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North Sea Basin

Sascha Krüger1, Walter Dörfler1, Ole Bennike2, Steffen Wolters3

How to cite: Krüger, S., Dörfler, W., Bennike O. & Wolters, S. (2017): Life in Doggerland – palynological investigations of the environ-
ment of prehistoric hunter-gatherer societies in the North Sea Basin. – E&G Quaternary Science Journal, 66 (1): 3–13. DOI: 
10.3285/eg.66.1.01

Abstract: Analyses of two vibrocores from the sea floor of the submerged Doggerland within the centre of the North Sea provide a record 
of late Pleistocene and early Holocene vegetation history. Based on two high-resolution pollen diagrams of basal peat, the 
vegetation development and past environmental conditions were studied. The diagrams show that the vegetation history of 
Doggerland corresponds to that of the north European Plain during the late glacial and early Holocene. The concentration of 
micro-charcoal was determined, but no traces of human activity were found. 

 Leben in Doggerland – palynologische Untersuchungen zur Umwelt urgeschichtlicher Jäger- und Sammlerkulturen im heu-
tigen Nordseebecken

Kurzfassung: Die Analyse zweier Bohrkerne von Grund der Nordsee und dem in Analogie mit Doggerland bezeichneten ehemaligen Nord-
seefestland boten die Möglichkeit eines besseren Verständnisses pleistozäner und frühholozäner Vegetationsgeschichte. Basier-
end auf hochauflösenden Pollendiagrammen an Basalen Torfen wurden Vegetationsentwicklungen und Umweltbedingungen 
untersucht. Die Diagramme zeigen, dass sich die Mitteleuropäische Grundsukzession in weiten Teilen nachverfolgen lässt. Eine 
Bestimmung der Holzkohlekonzentrationen wurde vorgenommen, jedoch konnten keine sicheren Nachweise für menschliche 
Aktivität erbracht werden. 
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1. Introduction

The former land area in the North Sea region, named Dog-
gerland by Coles (1998) has for long been considered a 
potential settlement area of Palaeolithic and Mesolithic 
hunter-gatherer societies. Regardless of their low number, 
finds of retouched flint artefacts and harpoons are indisput-
able evidence of former human presence. Countless mam-
mal bones are witness of a rich and changing environment 
(Bjerck 1995: 132; Coles 1998: 47; Glimmerveen et al. 2006: 
242; Peeters & Momber 2014: 55; Schwabedissen 1951: 76). 

A systematic archaeological exploration of Dogger-
land is obviously impossible because the area is now sub-
merged. However, the history of the region can be studied 
by palaeoecological methods. Here we used palynology, a 

particular consideration of non-pollen-palynomorphs and 
the counting of micro-charcoal of two sediment cores from 
the bottom of the North Sea (fig. 1) to throw light on the 
development of this region, where classical archaeological 
methods are of limited value.

One of the questions we wanted to investigate is what 
were the living conditions in Doggerland at the Pleisto-
cene–Holocene transition and what was the impact of sub-
mergence on potential settlement areas?

The combination of rising temperatures and conse-
quently melting ice sheets during the late glacial and early 
Holocene resulted in a rise of the sea level. The simulta-
neously rising groundwater level close to coastal areas 
caused fen formation in wide areas in the hinterland of the 
coast, and the so called basal peats developed (Behre 2008: 
21; Behre et al. 1979: 94; Firbas 1952: 146; Jansen et al. 
1979: 182; Lange & Menke 1967: 30; Overbeck 1975: 46). 
The permanent rising sea level led inevitably to submer-
gence of coastal fens that hence were often eroded by the 
sea. Big lumps of peat − the so called moorlogs − that once 

1  Christian-Albrechts University Kiel
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were part of the basal peat layer are often found in the 
nets by fishermen. Such lumps of peat may result from ero-
sion of peat layers (Erdtman 1924; Whitehead & Good-
child 1909). An aim of this investigation is to reconstruct 

the peat formation at the cored locations in order to reason 
out whether these are basal peats.

Micro-charcoal in pollen samples can shed light on cli-
mate induced fires in the natural ecosystem but may also 

Doggerbank

Jutland bank

Geat Fisher Bank

Norwegian Channel

8.700 BP

8.700 BP

10.300 BP

8.700 BP

100 km 200 km

core locations

approx. Sea level after
Jelgersma (1979)

N

DOG 1

DOG 2

Fig. 1: Geographical setting of the cored locations with estimated sea level for the Preboreal and Boreal period.

Abb. 1: Geografische Position der Bohrstandorte mit ungefährem Verlauf der Küstenlinie während des Präboreals und Boreals.

Great Fisher Bank
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be used to infer man-made changes (Kangur 2002: 289; 
Moore 1996: 63; Tipping 1996). Assured evidence of human 
activity during the Mesolithic is mostly associated with 
high amounts of micro-charcoal in the pollen record. In 
many parts of Scotland, the Shetland Islands and northern 
Germany early Holocene forest opening and high quanti-
ties of micro-charcoal are correlated and discussed as evi-
dence of anthropogenic activities (Edwards 1996: 34−36; 
Edwards & Sugden 2009: 15; Innes et al. 2013: 88; Tipping 
1996: 45; Robin & Nelle 2014: 62; Welinder 1985). At the 
Mesolithic site of Hohen Viecheln (Mecklenburg-western 
Pomerania, Germany) “… finds of micro-charcoal can be 
referred to fires of Mesolithic people…” (Schmitz 1961: 31). 
Against this background we wanted to find an explanation 
for the given signal from micro-charcoal. Is it possible to 
find evidence of anthropogenic activity and human-envi-
ronment-interactions based on pollen- and micro-charcoal 
counting even long before the Neolithic period?

 
2. Geographical setting

Core DOG 1 (55°44’36.98’’N, 3°46’27.88’’E) was collected in 
the centre of the North Sea at the northern edge of the Dog-
ger Bank at a water depth of 38.8 m. The coring position of 
DOG 2 (56°20.788’N, 6°6.615’E) is located 200 km closer to 
the west coast of Jylland near the Lille Fisker Banke at a 
depth of 42.1 m. According to the relative sea-level curves 
of Behre (2003), Streif (2004) and Jelgersma (1979) both 
settings must have been flooded during the second phase 
of the late Weichselian and Holocene North Sea transgres-
sion. During this phase areas from about 72 to 25 m below 
present-day sea level were inundated (fig. 1).

3. Material

Based on a number of pollen analyses (Behre & Menke 1969; 
Menke 1996; Wolters et al. 2010) and pioneering studies of 
submerged peat beds (Reid 1913; Whitehead & Goodchild 
1909) as well as more recent geological investigations, it is 
well-known that during the Preboreal and Boreal basal peats 
were deposited in wetland areas in the North Sea. In some 
areas such peats have been preserved from erosion during 
the transgression. In contrast to sandy and clayey sediments, 
peat provides good conditions for preservation of pollen 

grains. In both cores preliminary investigations confirmed 
that pollen grains were well preserved, and hence it was de-
cided to conduct a high-resolution study of the peat deposits.
Both sediment cores were sampled with a vibrocorer. Sam-
ples from core DOG 1 were provided by the Lower Saxony 
Institute for Historical Coastal Research (cored by the Fed-
eral Institute for Geoscience and Natural Resources within 
the project Geopotential of the German North Sea – Ma-
rine CSEM and provided for further research before) and 
DOG 2 by the Geological Survey of Denmark and Green-
land. The sediment successions extend into the Pleistocene 
at the bottom of the cores. The sediment stratigraphy of the 
cores is shown in Table 1 and 2.

4. Methods

4.1 Sampling and sample treatment

Both cores were sub-sampled at 5 mm intervals throughout 
the peat sections. The clay, silt and sand sections were sam-
pled at least at 2 cm intervals. Sample preparation was car-
ried out according to standard techniques (Fægri & Iversen 
1989: 76−84; acetolysis after Erdtmann 1960: 561−62). A Ly-
copodium spore tablet was added to each sample to calculate 
pollen and charcoal concentrations (Stockmarr 1971). Pol-
len counting was performed at a total magnification of x400 
for routine counting and x1000 for critical objects. A total 
pollen sum of at least 300 TTP (total terrestrial pollen) and 
if possible 500 TTP was achieved. Pollen grains were identi-
fied with the help of literature, mainly Beug (2004), Fægri 
(1993) and Moore (et al. 1991). A reference collection at the 
Institute of Pre- and Protohistoric Archaeology in Kiel was 
also used. Micro-charcoal was counted as a possible indica-
tor of human activity (Warren et al. 2014: 630; Behre 1988: 
637; Tipping 1996: 40). Charcoal particles >10μm were iden-
tified by asymmetric shape, deep black colour and sharp 
fraction edges (Patterson et al. 1987: 9; Wiethold 1997: 
48). Considering the multiple fractioning caused during the 
preparation process sizing was neglected. 

The pollen diagrams were constructed using the CountPol 
software developed by I. Feeser, University of Kiel. Percent-
age values shown in the diagrams were calculated based on 

Tab. 1: lithological description of DOG 1 (top core edge -38,8 m NN)

Tab. 1:  Lithologische Beschreibung des Kerns DOG 1 (Kernoberkannte 
-38,8m NN).

Depth (cm) Lithology

0−12 Medium to coarse grained sand, interspersed with shells 
and many small stones, calcareous, 7.5YR N7 olive-grey

12−58 Clayey sediments, calcareous, 5Y 4.1 dark grey

58−62 Clayey sediments and peat, gradual transition to peat 
below, 10YR 3.1−4.1 very dark grey

62−73 Peat, highly compressed, no organic macro-remains 
visible, partly sand lenses, 10 YR 2.1 black

73−86 Fine to medium grained sand, sharp transition, 2.5Y 
4.2 dark grey-brown 

86−100 Fine to medium grained sand, 2.5Y 5.3 light olive-brown

Tab. 2: lithological description DOG 2 (top core edge -42.1 m NN)

Tab. 2: Lithologische Beschreibung des Kerns DOG 2 (Kernoberkannte 
-42,1m NN).

Depth (cm) Lithology

0−110 Medium-grained homogenous sand, calcareous, with 
scattered shells of marine molluscs, 5Y 5/2 olive grey. 
Lower boundary erosive

110–504 Bioturbated clay, calcareous, 5Y 4/1 dark grey. Lower 
boundary sharp

504–515 Peat, in situ roots from the top to the bottom, 2.5Y N2 
black. Lower boundary sharp

515–530 Sandy silt with small sand lenses, 10YR 2.1 black. 
Lower boundary sharp

530–535 Medium-grained sand, 2.5Y 4.2 dark grey-brown. 
Lower boundary sharp

535–540 Medium-grained sand with scattered pebbles, 2.5Y 6.2 
light brown-grey
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the total terrestrial pollen sum. The diagrams were imported 
to Inkscape (vers. 0.91-1) where zone boundaries were drawn 
and minor modifications were made. Zone boundaries were 
placed at marked changes in pollen assemblages. 

4.2 14C-dating

Two 14C ages of bulk sediment samples from DOG 1 were 
available at the beginning of this project. In DOG 2 no suit-
able seeds or fruits for dating could be found. Hence, three 
bulk samples were taken. The dates were calibrated using 
the calibration programme OxCal 4.2 (Bronk Ramsey 2009) 
and the IntCal13 dataset (Reimer et al. 2013). The results are 
found in Table 3.

5. Results

5.1 Pollen analysis

The pollen diagram DOG 1 (fig. 2) is based on 33 pollen 
spectra between 38.0 and 78.0 cm. The diagram was divided 

into five pollen assemblage zones. DOG 2 includes 55 pol-
len spectra between 490.0 and 528.0 cm. The diagram DOG 
2 (fig. 3) was divided into six pollen assemblage zones. 
Their main features are compiled in Table 4 and 5.

The pollen diagram DOG 1 spans the chronozones of 
the Younger Dryas, Preboreal and Boreal. The develop-
ment of an open birch forest and mass-expansion of hazel 
are pollen stratigraphical events that allow a chronologi-
cal classification. The vegetation of the Younger Dryas was 
dominated by grasses and can be characterized as tundra 
vegetation. It is conspicuous that juniper (Juniperus) and 
mugwort (Artemisia) are underrepresented or not present 
in this chronozone. The transition to the early Holocene is 
documented by a shift in vegetation. Tree birches occupied 
favourable habitats in the region and formed an open for-
est interspersed with pines during the course of the Prebo-
real. On a local scale the development of a groundwater 
influenced wet heathland can be inferred.

The onset of the Boreal is indicated by mass-expansion 
of hazel and a drop of birch. A conspicuous change in the 
local vegetation can be observed at the transition from 

Depth (cm) Lab. no δ13C 14C age cal. years BP (2σ)

(DOG 1)

63.0−64.0 POZ-47110 -28,8 ± 0,3 9068 ±  44 10366–10173

72.0−73.0 POZ 47111 -31,6 ± 0,2 9954 ±  52 11620–11240

(DOG 2)

506.5−507.0 KIA-51169 –27,96 ± 0,17  9547 ±  60 11101–10701

510.5−511.0 KIA-51170 –30,19 ± 0,35 9311 ±  51 10664–10298

513.0−513.5 KIA-51171 –29,43 ± 0,14 9505 ± 51 11083–10593

PAZ depth (cm) pollen analytical key features period

3b 38.0−58.5 Corylus rise, Pinus dominates, Quercus, Alnus Ulmus continuous below 5%, Spar-
ganium-type,  Pediastrum, Botryococcus continuously present

Boreal

3a 58.5−62.25 drop of Corylus, Betula min., Pinus increase, Ulmus, Alnus, Quercus < 5 % Cheno-
podiaceae, Sparganium-type, Cyperaceae, Pediastrum slowly increase, Calluna 
and Sphagnum decrease

Boreal

2b 62.25−65.75 drop of Betula, strong rise and max. of Corylus, Poaceae min. Boreal

2a 65.75−73.5 Betula max., continuous presence of Corylus with an enhanced rise towards the 
end, Calluna and Sphagnum increase above 10 %, Poaceae steeply decrease 

Preboreal

1 73.5−78.0 decrease of Pinus, rise of Betula towards the end, Poaceae max., Calluna rise c.f. Younger 
Dryas

PAZ depth (cm) pollen analytical key features period

4b 490.0–495.75 Pinus dominant, closed Quercus and Ulmus curves, Sparganium-type, Pediastrum 
and Botryococcus curves closed, Ilex and Tilia occure

Boreal

4a 495.75–505.75 Pinus rises and reaches max., Betula slowly drops, Ulmus and Quercus curves 
partly closed but below 5%, Poaceae increase, Sparganium-type, Equisetum (part-
ly), Pediastrum and Botryococcus curves are closed

Boreal

3b 505.75–509.75 slow rise of Pinus, Cyperaceae max., Poaceae max., Quercus and Ulmus occure Boreal

3a 509.75–514.5 Betula ̴ 30 %, Pinus  ̴ 20 %, Corylus continuous but below 15%, Poaceae increase, 
Filipendula max. 

Preboreal/ 
Boreal

514.5 Hiatus

2 514.5–521.0 Betula min., no other AP as Betula, Pinus and Picea, Poaceae min., Cyperaceae 
min.

c.f. Younger 
Dryas

1 521.0–528.0 Pinus max., low values of Betula, Poaceae and Cyperaceae (generally bad preser-
vation)

c.f. Younger 
Dryas

Tab. 3: radiocarbon ages from DOG 1 and 2

Tab. 3: Radiokarbonalter von DOG 1 und 2.

Tab. 4: DOG 1 pollen 
assemblage zones 
with key features

Tab. 4: DOG 1 Pollen-
sammelzonen mit 
Hauptmerkmalen.

Tab. 5: DOG 2 pollen 
assemblage zones 
with key features

Tab. 5: DOG 2 Pollen-
sammelzonen mit 
Hauptmerkmalen.
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PAZ 2b to PAZ 3a. Heather and peat moss steeply decrease 
and at the same time lacustrine species such as bur-reed 
(Sparganium-type) and green algae such as Botryococcus 
or Pediastrum appear, indicating the formation of a fresh-
water lake. Non-pollen-palynomorphs indicating marine 
influence, such as foraminifera and hystrichospheres are 
recorded (Bakker & van Smeerdijk 1982: 150), indicating 
that the marine inundation of the North Sea is seen in the 
investigated core section.

The pollen diagram DOG 2 most probably spans the 
chronozones of the Younger Dryas and the Boreal. A hia-
tus complicates the interpretation. The immigration of spe-
cies of the mixed oak forest and the continuous presence 
of hazel are used as pollen stratigraphic events. The early 
Holocene development with open birch forests and the Bo-
real hazel maximum is not registered in the pollen diagram. 

The local vegetation of the Younger Drays was most 
probably dominated by ferns, grasses and dwarf shrubs. 
The high pine pollen percentage values may indicate local 
pine stands. However, pine pollen are produced in huge 
numbers and dispersed very well by wind, and it is also 
possible that the pine pollen represent long-distance trans-
port of pollen from pine forests to the south. In Denmark 
numerous macrofossil studies of Younger Dryas sediments 
have failed to show local presence of pine (Mortensen et 
al. 2014). Nothing can be said about the Preboreal vegeta-
tion at this locality due to a hiatus. Also the onset of the 
Boreal is not recorded, it would be expected between PAZ 
2 and PAZ 3. PAZs 3a to 4b is referred to the Boreal be-
cause of decreasing birch pollen quantities, a continuous 
presence of hazel and the presence of elm, oak and alder. 
Pollen taxa like Poaceae (grasses), Cyperaceae (sedges) and 
Salix (willow) indicate a fen development until PAZ 4a. A 
marked change in local vegetation during the Boreal period 
can be seen at the transition between PAZ 3b and PAZ 4a. 
Lacustrine taxa such as bur-reed, green algae like Botryo-
coccus and Pediastrum increase and even water lily occur. 
Again the formation of a fresh-water lake can be assumed. 
The diagram shows no evidence of the marine inundation.

5.2 Chronology

Peat formation occurred at location DOG 1 mainly during 
the Preboreal and partly during the Boreal period accord-
ing to the composition of pollen taxa. The radiocarbon ages 
confirm this assumption and specify the time of peat for-
mation to between about 11,620 and 10.170 cal. years BP. 

At core location DOG 2 the time of peat formation is 
less clear. On one hand the pollen composition indicates 
that peat formed during the Boreal period but a hiatus 
complicates the interpretation of the pollen diagram. On 
the other hand three radiocarbon samples yielded ages be-
tween 11,100 and 10,300 cal. years BP − equivalent to the 
Preboreal period but the three dates are inverted. However, 
it is possible that the radiocarbon ages are influenced by a 
reservoir effect, which can give too old ages. It is also possi-
ble that the pollen diagram reflects a very local vegetation 
development. A large proportion of pollen in peat deposits 
may come from plants growing at the core site.

In any case the quantity and quality of the 14C dates do 
not allow the reconstruction of a reliable age-depth model. 

However, it is clear that peat formation at the core loca-
tions occurred during the very early Holocene.

 
6. Discussion

6.1 Peat formation

As the investigated peat layers are of early Holocene ori-
gin, dating as well as lithology and the reconstructed local 
vegetation reassure the assumption that DOG 1 contained 
in-situ basal peat. A hiatus and an inversion of 14C dates do 
not allow the same assertion for DOG 2.

The pollen diagrams DOG 1 and 2 contain indications for 
the development of fresh-water lakes with bur-reed, green 
algae or water lilies. In both cases there is a change in the 
sediment composition from peat to clay at the same time. 
For both locations it can be assumed that peat developed in 
coastal depressions which in the course of the Boreal pe-
riod were flooded by the permanently rising groundwater 
level before they were covered by marine clay. This process 
is also seen in the Baltic Sea region in Mecklenburg-west-
ern Pomerania, Germany. Here, the Littorina transgression 
first led to the development of coastal fens. These were 
subsequently flooded due to the permanent sea level rise 
(Michaelis 2002: 120). Peats in this case represent an eleva-
tion above sea level. Marine influence indicated through 
inundation and submergence show the vicinity to the sea. 
Hence, this study provides two more points to the sea-level 
curve of the southern North Sea.

In the case of DOG 1 and 2 grasses, sedges and spe-
cies from the goosefoot family can be seen as evidence for 
coastal influence. Constantly occurring hystrichospheres 
indicates occasional incursions of seawater into the fresh-
water system. However, the permanent presence of green 
algae and bur-reed that are intolerant to salt water, ex-
cludes total marine inundation at both locations during the 
time of peat deposition.

6.2 The abundance of hazel

The pollen diagram DOG 1 contains maximum values of 
40% Corylus. Diagrams from surrounding areas show simi-
lar maxima. For example, in southern Norway Prøsch-Da-
nielsen (1993) reported 42%, in north-western Denmark 
Odgaard (1994) reported 40%, in the south-eastern North 
Sea Basin Menke (1996) reported 42%, Wolters (et al. 2010) 
28%, and Overbeck (1975: 447) reported 30–50% on poor 
sandy soils of the lower moraine area in northern Germa-
ny. This peak values are equivalent to the Boreal period in 
northern Europe (Firbas 1949: 49; Dörfler & Nelle 2008: 
56; Lang 1994: 231; Overbeck 1975: 446). The highest val-
ues for Corylus in diagram DOG 2 are 7%. The high resolu-
tion of the diagram excludes the possibility that the hazel 
maximum was not recorded in the sampling.

PAZ 3a and PAZ 4b of diagram DOG 2 is referred to the 
Boreal period, based on the occurrence of species of the 
mixed oak forest. An explanation for the missing Boreal 
hazel maximum is most probably a hiatus in the sediment 
record. It is suggested that peat formation was interrupted 
until the Boreal. 
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6.3 Micro-charcoal as human indicator

Both pollen diagrams presented in this article show dis-
tinct changes in the micro-charcoal record. A comparison 
with four parameters explains these changes (fig. 4 and 5).

The blue curve shows the sum of aquatic and semi-
aquatic species (Typha latifolia, Spagranium-type, Equise-
tum, Myriophyllum, Nymphaea), not only pollen but also 
algae (Botryococcus, Pediastrum) and other relevant NPPs 
(foraminifera and hystrichosphers). The next curve dis-
plays the micro-charcoal percentage value calculated ac-
cording to total terrestrial pollen (charcoal TTP). The third 
curve shows the micro-charcoal concentration per cm³ sed-
iment where Lycopodium spores were used for calculation. 
The fourth curve shows the concentration of Cenococcum 
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Fig. 4: Composite diagram (DOG 1) for improved interpretation of given char-
coal signals. Given charcoal concentration values refer to 1 cm³ sediment.

Abb. 4: Kompositdiagramm (DOG 1) zur besseren Interpretation des Holzkoh-
lesignals. Die angegebenen Prozentwerte der Holzkohle-Konzentration bezie-
hen sich auf je 1cm³ Sediment.

Fig. 5: Composite diagram (DOG 2) for improved interpretation of given char-
coal signals. Given charcoal concentration values refer to 1 cm³ sediment.

Abb. 5: Kompositdiagramm (DOG 2) zur besseren Interpretation des Holzkohle-
signals. Die angegebenen Prozentwerte der Holzkohle-Konzentration beziehen 
sich auf je 1cm³ Sediment.
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geophilum sclerotia per cm³ sediment. The concentration of 
sclerotia of this soil fungus can be used as a proxy for soil 
erosion (Eide et al. 2006: 77; Kroll 1988: 111).

Both profiles presented in the figures can be divided into 
three sections (1, 2, 3). In section 1 of both diagrams the 
micro-charcoal TTP-curve shows around 10%. In contrast 
to that the actual micro-charcoal concentration is below 3 
(DOG 2) and 1 % (DOG 1). The micro-charcoal concentra-
tion curve indicates that the higher values in the micro-
charcoal TTP-curve are the result of a low pollen density4.

In both second sections (2) the micro-charcoal concen-
tration in the sediment increases − an actual signal is given. 
In both cases these signals correlate with high concentra-
tions of Cenococcum geophilum sclerotia in the sediment. 
Actually occurring fires might be the reason but most prob-
ably soil erosion indicated by Cenococcum geophilum can 
be assumed as source of secondary micro-charcoal.

The third section (3) shows in both cases the highest val-
ues of micro-charcoal TTP and micro-charcoal concentra-
tion. The increase in both diagrams corresponds with an 
increase in the aquatic species sum curve. This is the sec-
tion when the development of a freshwater lake at both 
locations starts, as described above. It can be assumed that 
additionally to input by wind, water transport led to high-
er micro-charcoal accumulation rates. This assumption is 
supported by the high pine values. Pinus pollen have two 
air sacs and are hence more easily dispersed by wind and 
water than other pollen types (Firbas 1952: 148). Simulta-
neously with the increase in aquatic species the pine val-
ues increase in both of the diagrams. Increasing pine val-
ues have often been linked to inundation and some kind 
of bank or shore situation, respectively (Bokelmann et al. 
1981: 34). 

The Boreal Chronozone is characterized by a dry and 
continental climate. The vegetation of north-western Eu-
rope at that time was dominated by an open birch-pine-
forest with strong occurrence of hazel (DOG 1&2; Bokel-
mann et al. 1981: 33; Dörfler & Nelle 2008: 57; Odgaard 
1994: 131; Prøsch-Danielsen 1993: 30; Overbeck 1975: 
445). Macro-charcoal from Pleistocene and early Holocene 
deposits mainly come from pine. The combination of pine-
rich forests and dry climate resulted in an increased occur-
rence of natural fires during the Boreal period (Robin & 
Nelle 2014: 61). This circumstance and the transition from 
a peat bog to a shallow lake at both coring locations led to 
an increase in micro-charcoal. 

The micro-charcoal distribution indicates that no local 
fire events occurred at the investigated sites. Also no phas-
es with distinctly higher values were recorded that could 
have originated from human induced fires. Of course one 
cannot exclude anthropogenic activity and human-envi-
ronment-interactions from the pollen record and the char-
coal signal but according to the micro-charcoal record it is 
unlikely that either Palaeolithic or Mesolithic camp sites 
existed in the vicinity of the investigated core sites.

7. Conclusion

Even though, artefacts or other evidence for human pres-
ence during the Palaeolithic and early Mesolithic are scarce 
(Coles 1999: 55; Bjerck 1995: 132; Clark 1932: 115; 1936: 
15; Louwe Kooijmans 1972: 32) it is today far more than a 
hypothesis that humans once crossed and lived in Dogger-
land. Pollen diagrams are important tools for an improved 
understanding of the development of this submerged re-
gion and its suitability for humans.

As suggested by Coles (1998: 63) pollen diagrams from 
the region show that the vegetation development fol-
lowed the fundamental succession of forest development 
in northern central Europe. This implies that the vegetation 
in Doggerland equates to the vegetation of the northern 
European Plain during the late glacial and early Holocene. 
Paludification on Pleistocene mineral-rich sediment caused 
by a rising groundwater level and finally the development 
of fresh-water lakes can be inferred from both diagrams 
described in this paper. The beginning of the marine in-
undation is indicated by sporadic occurrence of indicators 
of marine ingressions and finally, marine clay overlies the 
sequence. Hence, the vicinity of the sea is evident. In addi-
tion, the results show that the quantity of micro-charcoal 
is at a natural level. There is no evidence of anthropogenic 
changes of the environment based on micro-charcoal at 
the core sites. Human presence is not excluded from the 
data but the existence of camp sites of prehistoric hunter-
gatherers in the vicinity of the core sites seems unlikely. 
This result raises the question, what kind of coastal areas 
of Doggerland were of high importance as potential settle-
ment areas.

8. Outlook

This research investigates cores from the North Sea con-
taining peat sections. The cored sites had been part of 
the coast of Doggerland in the course of the early Holo-
cene and it is often claimed that a marine orientation of 
the inhabitants of Doggerland is obvious (Weninger et 
al. 2008: 14 ). Subsistence strategies of preboreal and bo-
real mesolithic hunter-gatherers and fishers and their sea-
sonal exploitation of resources that had been obtainable 
in Doggerland are known from different sites in the North 
European Plain as e.g. Duvensee (Bokelmann 1971; 1995; 
Bokelmann et al. 1981; 1985; Holst 2009; Schwantes et 
al. 1925). Though, camp sites of late Palaeolithic or early 
Mesolithic hunter-gatherers could not be proven at any of 
the investigated sites through the defined human indica-
tor. It might be possible that humans that once roamed the 
dry North Sea area were living in lacustrine and riverine 
areas of the morainic landscape rather than at the highly 
dynamic and shifting coastline. A recent study on stable 
isotopes of human bones from the Southern North Sea 
supports this hypothesis (van der Plicht et al. 2016: 117). 
Hunter-gatherers of Doggerland probably sporadically 
frequented the seaside depending on season and availabil-
ity of resources.

Nevertheless, the study area of Doggerland comprises 
a high potential for Palaeolithic and Mesolithic research. 
Further investigations, as seismic mapping (Gaffney et al. 

4 The relation between the counted Lycopodium spores and the TTP 
shows the pollen density (Stockmarr 1971: 615). In the bottom part of 
e.g. DOG 2 this relation is 6000 to 150.



12 E&G / Vol. 66 / No. 1 / 2017 / 3–13 / DOI 10.3285/eg.66.1.01 / © Authors / Creative Commons Attribution License

rison, A. (eds.): The Early Prehistory of Scotland: 23−38; Edinburgh 
(Edinburgh University Press).

Edwards, K.J. & Sugden, H. (2009): Palynological visibility and the Meso-
lithic Colonisation of the Hebrides, Scotland. – In: Larsson, L. (ed.): 
Mesolithic on the move: papers presented at  the Sixth International 
Conference on the Mesolithic Europe 04.-08.09.2000 in Stockholm: 
11−19; Oxford (Oxbow).

Eide, W., Birks, H.H., Bigelow, N.H., Peglar, S.M. & Birks, H.J.B. (2006): 
Holocene forest development along the Setesdal valey, southern Nor-
way, reconstructed from macrofossil and pollen evidence. – Vegeta-
tion History and Archaeobotany 15: 65−85.

Erdtman, G. (1924): Microanalyses of “moorlog” from the Dogger Bank. 
– Essex Naturalist XXI: 107−112.

Erdtman, G. (1960): The Acetolysis Method. A Revised Description. – 
Svensk Botanisk Tidskrift 54/4: 561−564. 

Fægri, K. & Iversen, J. (1989): Textbook of Pollen Analysis. IV Edition. – 
328 S.; Chichester (Wiley).

Fægri, K. (1993): Bestimmungsschlüssel für die nordwestdeutsche Pollen-
flora. – 85 S.; Jena (Fischer).

Firbas, F. (1949): Spät- und nacheiszeitliche Waldgeschichte Mitteleuropas 
nördlich der Alpen, Erster Band: Allgemeine Waldgeschichte. – 480 
S.; Jena (Fischer). 

Firbas, F. (1952): Spät- und nacheiszeitliche Waldgeschichte Mitteleuropas 
nördlich der Alpen, Zweiter Band: Waldgeschichte der einzelnen 
Landschaften. – 256 S.; Jena (Fischer).

Gaffney, V., Thomson, K. & Fitch, S. (2007): Mapping Doggerland. The 
Mesolithic Landscapes of the Southern North Sea. – 131 S.; Oxford 
(Archaeopress).

Glimmerveen, J., Mol, D. & van der Pflicht, H. (2006): The Pleistocene 
reindeer of the North Sea - initial palaeontological data and archaeo-
logical remarks. – Quaternary International 142/143: 242–246.

Holst, D. (2009): „Eine einzige Nuss rappelt nicht im Sacke“ - Subsisten-
zstrategien in der Mittelsteinzeit. – Mitteilungen der Gesellschaft für 
Urgeschichte 18: 11–38.

Innes, J.B., Blackford, J.J. & Rowley-Conwy, P. (2013): Late Mesolithic 
and early Neolithic forest disturbance: a high resolution palaeoeco-
logical test of human impact hypotheses. – Quaternary Science Re-
views 77: 80−100.

Jansen, J.H.F., van Weering, T.C.E. & Eisma, D. (1979): Late Quaternary 
sedimentation in the North Sea. Uppsala: Acta Universitatis Upsali-
ensis, Symposia Universitatis Upsaliensis Annum Quingentiesimum 
Celbrantis 2: 175–188; Uppsala (Almquist & Wiksell).

Jelgersma, S. (1979): Sea level changes in the North Sea basin. Uppsala: 
Acta Universitatis Upsaliensis, Symposia Universitatis Upsaliensis 
Annum Quingentiesimum Celbrantis 2: 233–248; Uppsala (Almquist 
& Wiksell).

Kangur, M. (2002): Methodological and practical aspects of the presenta-
tion and interpretation of microscopic charcoal data from lake sedi-
ments. – Vegetation History and Archaeobotany 11: 289−294.

Kroll, H. (1988): Das Allerletzte. Cenococcum geophilum. – Archäologi-
sche Informationen. Mitteilungen zur Ur- und Frühgeschichte 11/1: 111.

Lang, G. (1994): Quartäre Vegetationsgeschichte Europas. Methoden und 
Ergebnisse. – 462 S.; Jena (Fischer)

Lange, W. & Menke, B. (1967): Beiträge zur frühpostglazialen erd- und 
vegetationsgeschichtlichen Entwicklung im Eidergebiet, insbeson-
dere zur Flußgeschichte und zur Genese des sogenannten Basistorfes. 
– Meyniana 17: 29−44.

Louwe Kooijmans, L.P. (1972): Mesolithic Bone and Antler Implements 
from the North Sea and from the Netherlands. – Berichten van de 
Rijksdienst voor het Oudheitkundig  Bodermonderzoek 20/21: 27−73.

Ludwig, G., Müller, H. & Streif, H. (1979): Neuere Daten zum holo-
zänen Meeresspiegelanstieg im Bereich der deutschen Bucht. – 
Deutsche Beiträge zur Quartärforschung in der südlichen Nordsee. 
Geologi sches Jahrbuch A 32: 3−22.

Menke, B. (1996): Palynologische Untersuchungen des Vibrokerns Gauss 
1987/5 aus der südlichen Nordsee. – Deutsche Beiträge zur Quartärfor-
schung in der südlichen Nordsee. Geologisches Jahrbuch A 146: 177−182.

Michaelis, D. (2002): Die Talmoorgenese im Bereich der unteren Reck-
nitz (Mecklenburg) - Moore zwischen Ostseeanstieg und autonomen 
Torfwachstum. – Greifswalder Geographische Arbeiten 26: 167−170. 

Moore, P.D., Webb, J.A. & Collinson, M.E. (1991): Pollen Analysis. Sec-
ond Edition. – 216 S.; Oxford (Blackwell Scientific Publications).

Moore, J. (1996): Damp Squib. How to fire a major deciduous Forest in 
an inclement Climate. – In: Pollard, T. & Morrison, A. (eds.): The 
Early Prehistory of Scotland: 62−73; Edinburgh (Edinburgh Univer-
sity Press).

2007) are both desirable and necessary and can help to spot 
kettle holes, lagoons and former water bodies – suitable as 
home ranges of prehistoric people.
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Abstract: Spring fed raised calcareous peat hummocks in Schleswig-Holstein (Northwest-Germany) were investigated by means of geo-
logical methods, pollen analysis and 14C-dates. Artesian water discharges locally cause the growth of hills and ridges consisting 
of peat, organic / calcareous mud and tufa. Spring discharges at the Northern Farbeberg hill (near Hohenwestedt) are active 
since at least the beginning of the Eemian. Eemian interglacial deposits with a thickness of more than 7 m are built from mas-
sive tufa and yellow lacustrine sequences with varve-like layering. Eemian pollen from zones E-I, E-II, E III, E-IVa, b, and E-VII 
according to Menke & Tynni (1984) were found. The Eemian deposits occur together in superposition with Holocene carbonate 
sediments intercalated in peat. Pollen analysis shows Preboreal, Boreal, Atlantic period and Subboreal at the southern Farbe-
berg; Meiendorf-Interstadial, Preboreal, Boreal, Atlantic period and Subboreal at the northern Farbeberg. Intercalated carbonate 
deposits indicate a tufa formation also during the Weichselian interstadials, which harmonizes with the idea of   a continuously 
existing talik. Despite unreliably high 14C-ages of the carbonates these generally are in accordance with the pollen age indica-
tions. The younger tufa precipitation at the Farbeberg hills begins in the Weichselian Lateglacial and ends in the Preboreal 
(12,520 until 10,750 cal a BP, southern Farbeberg) at the boundary Boreal / Atlantic (12.520 14C cal a BP until 8.354 14C cal a BP, 
northern Farbeberg). The data indicate an enhanced decalcification of the near-surface sediments in the Lateglacial / Early 
Holocene and preferred tufa deposition occurring during the climatic optimum phases from Preboreal to Atlantic period.

 Quellmoor-Kuppen mit Sinterkalk-Bildungen der Farbeberge (Nordwest-Deutschland): Aufbau, Genese und paläoklima-
tische Aussagen (Eem-Warmzeit, Holozän)

Kurzfassung: Quellkalkmoor-Hügel in Schleswig-Holstein wurden mittels geologischer Methoden, Pollen- und 14C-Datierungen untersucht. 
Quellaustritte gespannten Grundwassers führen örtlich zur Bildung von morphologischen Kuppen und Wällen aus Torf, Orga-
nik- und Kalk-Mudde sowie Quellkalk. Quellschüttungen am nördlichen Farbeberg sind spätestens seit dem Beginn der Eem-
Warmzeit aktiv. Hier treten bis zu 7 m mächtige Eem-warmzeitliche Ablagerungen in Form von massiven Kalksinterbildungen 
und gelben limnischen Sequenzen, teilweise mit Warven-artiger Schichtung auf. Es wurden die Eem-Pollenzonen E-I, E-II, E III, 
E-IVa, b, and E-VII nach Menke & Tynni (1984) nachgewiesen. Die Quellablagerungen der Eem-Warmzeit finden sich zusam-
men mit vergleichbaren Ablagerungen des Holozäns in Superposition. Die Pollenanalyse zeigt Präboreal, Boreal, Atlantikum 
und Subboreal am südlichen Farbeberg, sowie Meiendorf-Interstadial, Präboreal, Boreal, Atlantikum und Subboreal am nördli-
chen Farbeberg. Zwischengeschaltete Kalkbildungen in den Weichsel-Ablagerungen weisen auf eine Quellkalk-Sedimentation 
auch während der Weichsel-Interstadiale hin, was mit der Vorstellung eines kontinuierlich existierenden Taliks im Quellbereich 
harmoniert. Trotz der hohen 14C-Alter der Kalke ist eine generelle Übereinstimmung mit den Pollendatierungen vorhanden. Die 
jüngere Kalkausfällung an den Farbebergen beginnt im Weichsel-Spätglazial und reicht bis in das Präboreal (12,520 until 10,750 
cal a BP, südl. Farbeberg), bzw. an die Grenze Boreal / Atlantikum (12.520 bis 8.354 14C a BP, nördl. Farbeberg). Es wird von einer 
Kombination aus zeitlich begrenzter, verstärkter Entkalkung der oberflächennahen Sedimente im Spätglazial / Frühholozän und 
klimatisch bevorzugter Kalkausfällung während der Wärmeoptima von Präboreal bis Atlantikum ausgegangen. 
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1. Introduction

Spring fed raised peat hummocks in valleys and bogs of 
Schleswig-Holstein (Northern Germany) are primarily hy-
drogeological phenomena associated with the localized 
more or less vertical entry of confined groundwater or lat-

eral flowing groundwater to the near surface geosphere 
(Grube & Usinger 2016). Due to the special hydrological 
conditions and the corresponding nutrient and pH-condi-
tions found at these sites often a rare flora and fauna exists 
(Martin & Brunke 2012). At such locations, in addition to 
the most dominant limnic-telmatic sedimentation, deposi-

http://www.ecosystems.uni-kiel.de/abt_palaeo.shtml
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tion of calcareous deposits occurs in the form of massive 
tufa. This paper is addressed to the spring fed raised peat 
hummocks of the “Farbeberge” in the area of   the stream 
of the Rüterbek near Nindorf / Hohenwestedt (fig. 1). The 
term “Farbeberg” means “color hummock” and refers to 
the digging of calcium carbonate used in the production 
of color in former times. While the southern Farbeberg is 
mentioned in the literature (Petersen 1892), the northern 
Farbeberg was “discovered” during the investigations and 
examined in greater detail. The latter is of particular impor-
tance for the objective of this work. Additionally spring fed 
raised calcareous peat hummocks in Habernis (Flensburg 
Fjord) and Curau (near Ahrensbök, Ostholstein; Grube & 
Usinger, 2016) are discussed. The objectives of this study 
are to explore the structure and stratigraphic position of 
the Farbeberge, regarding the genesis of the structures, tak-
ing into account the groundwater conditions and the pale-
oclimatic conditions. The intention is to consider whether 
the (late) Holocene tufa decline (Goudie, Viles & Pente-
cost 1993, Pentecost 2005) described elsewhere, can also 
be found in Northern Germany. This trend is supposed to 
apply to older interglacials also (Lozek 1965). This is rais-
ing the question whether this lack of “replenishment” of 
calcium carbonate is because of decalcification of near-sur-
face sediment, variable temperature-pressure conditions 
or changing conditions in the aquifer. Comparison of the 
carbonate sediments of the Eemian with those of the Holo-
cene – both occur in superposition at the site northern Far-
beberg – permits a new study of the processes of formation 
of tufa sediments.

2. Formation of tufa and spring fed peat / tufa 
hummocks

There exists a manifold of terms to describe calcareous 
spring deposits in Germany. The term “Kalktuff“„ (Gros-
chopf 1969) is frequently used. According to Hinze et al. 
(1989) “Kalktuff„ is referred to as “cellular-porous uncon-
solidated and/or solid rock, mainly calcite, rarely aragonite, 
usually with imprints of plants (leaves, stems) and remains 
of snails, mussels etc.”. Here we use the international term 
“tufa” for solid, limestone-like material; and “calcareous 
mud” for softer calcareous sediment. The precipitation of 
calcareous sediments is mainly dependent on the carbon 
dioxide content of water, key factors are increasing the 
temperature and a reduction of pressure (Heykes 1931, 
Jäger & Ložek 1968, Groschopf 1969, Bakalowicz 1990). 
The photosynthetic activity (CO2 extraction by algae and 
other plants) and the built-in calcareous shells of snails, 
etc. may also play a greater role. Calcite dominates over 
aragonite as main mineral phase. Generally, calcareous 
precipitates in peat are limited to small horizons (Moore 
& Bellamy 1974); massive limestones (tufa) in contrast 
are rare. The calcium carbonate precipitation is expected 
to form mainly subaerially. However, according to Sendt-
ner (1854) the formation of “Wiesenkalk” takes place below 
peats by dissolving snail and mollusc shells by humic acids 
and subsequent deposition of calcium carbonate under the 
influence of oxygen-rich groundwater. The opposite is the 
re-dissolution of limestones by oxidation. Decalcification 
of the layers during the Holocene is e. g. described by von 

Vreeken (1981), lower temperatures lead to an increased 
resolution of carbonate sediments.

To date, little information exists about the absolute ages 
of calcareous spring deposits in Central Europe. Dobro-
wolski, Durakiewicz & Pazdur (2002) examined spring 
fed calcareous hummocks in eastern Poland. Their stud-
ies, based on isotope analyses (14C, 18O), showed preferred 
phases of calcium carbonate precipitation at 10.3 to 9.9; 8.0 
to 7.5; 6.7 to 6.5; 6.0 to 5.6; 2.5 to 1.7 and 1.0 to 0.6 ka BP. 
These periods correspond with relatively warm and rainy 
phases of the Holocene. Pazur et al. (2002) suggest that 
the main stage of formation was during the climatic opti-
mum around 5.0 to 6.0 ka B.P. Jäger & Lozek (1968) found 
a more continuous formation of limestone mostly in the 
Atlantic / Subatlantic period, after that a discontinuous 
formation is observed. The beginning of carbonate forma-
tion is given here as to be the Preboreal. Laumets, Kalm & 
Zohar (2010) provide a comparison of different research 
findings: the main phase of tufa formation is summarized 
with 9.4 to 7.4 ka BP. The reasons for changing Holocene 
calcium carbonate precipitation are discussed. In summary, 
most authors believe in climate-controlled calcium carbon-
ate sedimentation, a corresponding exchange between car-
bonatic and telmatic sedimentation, or rising groundwa-
ter temperatures (Schuster 1926, Goudie et al., Vreeken 
1981, Almendinger & Leete 1998, Dramis, Materazzi & 
Cilla 1999).

The hydrogeological conditions required for the for-
mation of spring fed peat/calcareous hummocks are dis-
cussed in various studies. The concepts include sites char-
acterized by glacigenic soft sediments, such as glacilimnic 
sediments, underlain by confined aquifers, that are locally 
penetrated (by features such as sand banks or veins). Ex-
amples are given for the Midwest USA (Ciolkosz 1965, 
Wilcox, Shedlock & Hendrickson1986, Thompson & 
Bettis 1994, Carpenter 1995, Amon et al. 2002, Glaser et 
al. 1997). Water budgets for such sites are extremely com-
plex and descriptions of such are largely absent (Carpen-
ter 1995).

3. Existing knowledge about tufa formation with focus 
on Northern Germany

Quaternary carbonate precipitation in northern Germa-
ny is usually formed in lacustrine environments (Gei   - 
nitz 1920, Thienemann 1922, Lenz 1924, Schuster 1926, 
Mende 1956, Strehl 2001, Dörfler et al. 2012). Extensive, 
thick carbonate sediments typically occur as fine lacus-
trine detritus calcareous muds partially filling larger de-
pressions. These do not lead to morphological forms such 
as hummocks on slopes. Typically, carbonates in bogs are 
most often found in areas with underlying massive lime-
stones, such as the “Thüringer Muschelkalk” area, the 
chalk on the Rügen island, chalk deposits in East Anglia, 
Canada and the USA (Succow & Joosten 2001, Paul-
son 2001, Gilvear et al. 1993, Vreeken 1981, Amon et al. 
2002). Alaily et al. (2001) describe tufa from the area Tegel 
Creek / Blankenfelde, that are very young and occur small 
scaled and shallow. Spring fed calcareous bogs are a wide-
spread phenomenon in North-West Germany. According 
to Raabe (1980) these in Schleswig-Holstein occur main-
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ly in the eastern hill country (Weichselian moraine land-
scape; fig. 1). Thienemann (1922) describes the combined 
occurrence of tufa and calcareous muds. Gripp (1964) lists 
several spring fed bogs on slopes (Farbeberg at Nindorf, 
Farchau, Sechendorf, Sühlen).

In the presence of calcium-rich ground waters, morpho-
logically prominent forms can be formed in soft rock areas 
with Pleistocene sediments, such as till. Spring-fed raised 
calcareous peat hummocks and other morphological land-
scape forms containing tufa, have variously been described 
in the literature from North Germany, and North / Cen-

tral European region (Weber 1907, Keilhack 1928, von 
Bülow 1929, Jäger 1966, Kirchner 1971, Succow 1988). 
Weber (1907) mentions small-scale spring fed raised peat 
hummocks with calcareous layers frequently occurring in 
the end moraine areas of Northern Germany. Kirchner 
(1975) investigated small peat hummocks fed by artesian 
ground waters in the sandy, today swampy floodplains as 
exfiltration areas – he mentions the following identifying 
features: The presence of tufa, a strong peat decomposition, 
an increased incidence of iron precipitates or ocher as well 
as the specific type of soil wetness.

Fig. 1: Occurrence of locally elevated bog spring areas (red; according to Biotope Register Schleswig-Holstein / LLUR SH, supplemented by own survey), calcar-
eous spring mires (green) according to Raabe (1980), position of wider investigation area (fig. 2, with red dashed line) in front of glacitectonically influenced 
areas (blue, according to Stephan 2004, modified by authors). LGM shown with dashed orange line. Abbr.: CU=Curau, BM=Brenner Moor, DE=Delvenau, 
FA=Farchau, FB=Farbeberge, GA=Geltinger Au, GV=Groß Vollstedt, HB=Habernis, KS=Kellersee, Kl=Klensby, LA=Langballigau, MT=Maurinetal, 
Ri=Riesewohld, SD=Sechendorf, ST=Seevetal, SÜ=Sühlen, TS=Tiergarten Schleswig, St=Stollberg, Wa=Wacken.

Abb. 1: Vorkommen von Quellbereichen mit Kuppen-förmiger Ausbildung (rot; nach Biotopkataster Schleswig-Holstein / LLUR SH, ergänzt durch eige-
ne Aufnahmen) und Kalkquellmooren (grün) nach Raabe (1980), Lage des weiteren Untersuchungsgebietes (Abb. 2, rot gestrichelt) vor dem Hintergrund 
glazitektonischer Stauchungen (blau, nach Stephan 2004, ergänzt durch Autoren). Maximale Ausdehnung der Weichsel-Kaltzeit orange gestrichelt dar-
gestellt. Abkürzungen: CU=Curau, BM=Brenner Moor, DE=Delvenau, FA=Farchau, FB=Farbeberge, GA=Geltinger Au, GV=Groß Vollstedt, HB=Habernis, 
KS=Kellersee, Kl=Klensby, LA=Langballigau, MT=Maurinetal, Ri=Riesewohld, SD=Sechendorf, ST=Seevetal, SÜ=Sühlen, TS=Tiergarten Schleswig, 
St=Stollberg, Wa=Wacken.

http://dict.leo.org/ende/index_de.html#/search=identifying&searchLoc=0&resultOrder=basic&multiwordShowSingle=on&pos=0
http://dict.leo.org/ende/index_de.html#/search=feature&searchLoc=0&resultOrder=basic&multiwordShowSingle=on&pos=0
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Tüxen (1985a, b) reports on peat hummocks and peat 
walls from Lower Saxony (see also Tüxen 1990). Bremer 
(1996) describes numerous watch glass formed calcareous 
spring bogs from the area of   the Maurine Valley (Schön-
berg, Mecklenburg-Vorpommern), which have a height 
of 1 to 5 m and a diameter of up to a few 100 m. In the 
top 2 m here, calcareous peats of different compositions 
occur besides mud-like deposits with calcareous layers, 
calcium carbonate grains and mollusc remains (see also 
Dann 2003). The majority of the described hummocks are 
situated in the valleys, growing from the valley floors. 
Some appear on valley slopes and ridges of Pleistocene 
material in peaty areas, or adjacent to these. Deposition 
of carbonate sediments is explained by the reduced pres-
sure of ground water, warming of the spring water and 
the contact with oxygen. Succow, Stegmann & Koska 
(2001) describe examples of hill-shaped bogs as a result of 
lateral ground water discharge at Prenzlau and Werder / 
Beseritz (Neubrandenburg). Paulson (2001) reports small 
scale bulged bog surfaces in karstic peatlands on Rügen. 
He interprets these as bog initials resulting from a radial 
bog water dewatering, rather than as spring fed cupolas. 
Stegmann (2005) examined bogs situated on slopes in the 
Sernitz valley (Brandenburg) and identifies strongly cal-
careous peats, moderate calcareous peats and spring fed 
peats with low CaCO3 content. Hummocks of 20 m in di-
ameter and 2 m in height are also found at Lake Malchin 
(Mecklenburg-Vorpommern; W. Schulz, personal comm., 
March 2010). 

Observations are also reported from Schleswig-Hol-
stein. Meyn (1848) mentions tufa  at Sielbek (presumably 
near Ratekau / Lübeck), due to solution of underlying “cor-
al sandstone” (Quaternary sands, rich in calcium carbon-
ate). Schuster (1926) describes the massive spring calcar-
eous sediments at the Keller lake (see also Heck 1946b). 
Schuster (1926) mentions a spring fed swamp delta as a 
morphological form at the Keller Lake, which was formed 
by the ground water exfiltration and corresponding calcar-
eous sedimentation. Unfortunately this delta was removed 
by limestone quarrying (Thienemann 1922, Peters 1955). 
According to Schuster (1926), the formation of spring-re-
lated calcareous sediments at the Keller lake started during 
the Atlantic period. This author mentions increased rain-
fall and spring water formation /source activity associated 
with higher temperatures as reasons for an enhanced for-
mation of spring-related calcareous sediments at this time. 
The same author sees the Subboreal to hold favorable con-
ditions for the sedimentation of spring-related calcareous 
sediments, with drier and warmer conditions compared to 
today’s environments, resulting in more water and less car-
bon dioxide in the system. Raabe (1980) describes spring-
related calcareous hummocks as visible morphological ele-
ments from the Curau bog as well as the valleys of Lang-
balligau, Geltinger Au, Delvenau, Steinau and Habernis 
(fig. 1). These sites are concentrated on the Weichselian 
moraine landscape with its calcium carbonate-rich sedi-
ments, such as tills. With the Prussian Geological Survey 
calcium carbonate-rich sediments (tufa) were documented 
at least partially systematically, as with the occurrence in 
Schleswig Tiergarten and south of Klensby (Heck 1943, fig. 
1). The biotope register for Schleswig-Holstein (first ver-

sion from 1978 to 1994) has systematically mapped a large 
number of existing spring fed peat hummocks. The main 
occurrences are in the Weichselian moraine landscape, es-
pecially in the valleys. Most of the hills consist of peat, so 
that calcareous sediments only play a minimal role (Han-
sen & Martin 2013). Grube & Usinger (2016) report on 
actual studies of structure and age of peat hummocks at 
Habernis and Curau bog (fig. 1). All forms from North Ger-
many mentioned are of Holocene age.

So far little information exists about the hydrogeological 
conditions of spring areas in Schleswig-Holstein (Martin 
2004). This situation, as well as the neglect of hydrogeolog-
ical aspects in the practical implementation of moorland 
protection programs are also reported from the federal 
state Mecklenburg-Vorpommern (see Precker 2001, Dann 
2003, Kaiser et al. 2012). In summary at least for northern 
Germany, little recent information is available on the geol-
ogy-hydrogeology of natural springs and the correspond-
ing tufa.

4. Geological and hydrogeological conditions at the 
Farbeberge

At the Farbeberge a salt structure in the form of a Keu-
per-pillow forms the deep geology (Hinsch 1991, Bald-
schuhn et al. 2001; Reinhold, Krull & Kockel (2008, fig. 
1). According to Hinsch (1991) the investigation area is lo-
cated over a north-south trending buried valley offshoot, 
ending slightly to the north and being connected to an El-
sterian buried valley system cutting >100 m below ground. 
The area is situated on the western flank of an ice-pushed 
moraine (see Picard 1962, Stephan 2004), which sweeps 
from Oldenbüttel over Nindorf towards Tappendorf (fig. 
2). Its surface is characterized by a cohesive, chalk rich till 
of the Middle Saalian (MIS 6; Ehlers et al. 2011). The val-
ley of the Rüterbek down from Nindorf shows a filling of 
solifluction material, partially covered by peats and sub-
ordinate sands. According to Picard (1962) and Stremme 
(1966) the southern Farbeberg is a fen-area (“Niedermoor”), 
the northern Farbeberg was mapped as a raised bog-area 
(“Hochmoor”) (fig. 3). Stremme (1966) mentions the oc-
currence of bog iron ore adjacent to the peat hummocks. 
The calcium carbonate deposits at the southern Farbeberg 
were previously mined for amelioration material and for 
the production of color raw material. Petersen (1892) ob-
served walls of 5 m high calcareous muds in the former pit, 
covered by 1 m peat (“Moorerde”; see also Wetzel 1927, 
Heck 1946a). Petersen (1892) described in great detail the 
deposits, that obviously were precipitated in association 
with plants. In the sediments he found a remarkable num-
ber of gypsum crystals. Blue iron ore (Vivianite) was also 
encountered in larger quantities. This author sees leach-
ing of the chalky till as source for the calcareous parts of 
the peat hummocks. Overviews of groundwater levels are 
prepared by the LLUR (State Agency for Agriculture, En-
vironment and Rural Regions, Flintbek; H. Angermann). 
Thereafter the groundwater flow within the subsurface 
aquifer is directed to west-northwest, the interpolated 
groundwater levels range between +35 and +30 m a.s.l. at 
the two hummocks.
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5. Material und Methods 

In addition to the evaluation of archival boring documents 
(Geological Survey Schleswig-Holstein) several new bore-
holes were drilled. Hydrogeological information was col-
lected as part of this process. However groundwater mon-
itoring wells are missing in the investigated area, so the 
groundwater potential distribution and the spatial ascent 
behavior of groundwater could only be approximated. 
Nine cores were drilled using the Usinger Drill (Mingram 
et al. 2007) in order to obtain undisturbed material for pa-
lynological investigations and the recovery of materials for 
14C- determinations (calcium carbonate, peat, wood) in the 
years 2011 to 2014. The core drill used was driven by man 

power, starting at a depth of about 3 metres in very solid 
sediments on the northern Farbeberg an engine hammer 
had to be used. This was necessary due to the high ductil-
ity of the deposits and the specific mechanical properties 
(interlocking of the irregularly shaped, tufa deposits). The 
very high mechanical strength of the underlying depos-
its partly led to discontinuation of drilling. Cores Fab1-1 
and Fab1-2 were supplemented by machine driving core 
drillings to reach the sediments underlying Eemian organ-
ic sediments. The preparation of the pollen samples was 
carried out at the Institute for Ecosystem Research at the 
Christian-Albrechts-University of Kiel. 

45 soil samples collected in the cores were examined in 
the Building Materials and Soil Testing Office of the State 

Fig. 2: Large-scaled morphology (DGM). Outline of salt structures according to Reinhold, Krull & Kockel (2008, blue dotted line). Glacitectonically 
influenced areas shown in hatched signature and red outline (according to Stephan 2004). Detailed study area (fig. 3) is shown as a rectangle (data basis 
topography: LVermGeo-SH). 

Abb. 2: Großräumige Morphologie (DGM). Umrandung der Salzstrukturen nach Reinhold, Krull & Kockel (2008, blau, diagonale Signatur). Glazitek-
tonisch beeinflusste Bereiche (nach Stephan 2004, Kreuzsignatur, rote Umrandung). Das engere Untersuchungsgebiet (Abb. 3) ist als Rechteck dargestellt 
(Datengrundlage Topographie: LVermGeo-SH). 
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Office of Transport Schleswig-Holstein (Kiel) and the State 
Laboratory in Neumünster (Division 5, environmental 
monitoring) for grain size distributions (E DIN ISO 11277: 
06.1994, DIN 19683 Part 1 + 2, DIN 18123), loss on ignition 
(organic constituents; DIN ISO 10694: 08.1996) and calcium 
carbonate content (DIN 18129). 

Spring water sampling for chemical analysis was car-
ried out by the LLUR at 2 locations in Habernis, 1 sample 
from the Wolsroi spring, 2 samples from Curau bog and 2 
from the southern Farbeberg. Suitable spring areas on the 
northern Farbeberg were not available. Basic parameters 
were recorded on site and the samples tested by the State 
Laboratory Neumünster on main parameters. 

As basis for digital terrain models and their evaluation 
DGM1 data of the State Office for Surveying and Geoin-
formation Schleswig-Holstein (LVermGeo-SH) were avail-
able with a height resolution of ca. 0.2 m (laser scanning 
aerial survey from 2005–2007). Morphological analysis was 
executed with SURFER (Golden Software Inc., Colorado, 
USA). 

The mineralogical investigations were carried out at 
the Mineralogical-Petrographic Institute of the University 
of Hamburg (J. Ludwig) by powder diffractometer from 
Philips (X`pert System) with the following components: 
Cu fine focus X-ray tube (glass), Wavelength = 1.540598 
A; Graphite monochromator secondarily, automatic diver-

gence aperture increment 0.02 ° 2 theta, beat 1sec / step. 
Samples were taken of two cores of the following depths: 
Fab1: 0.86 m, 3.6 to 4.00 m, 4.7–5.2 m, 6.70 m, 7.78 m; Fab2: 
2.46 m, 3.06 m, 3.10–3.20 m. 

Well preserved gastropods from the Eemian tufa were 
identified by Professor Klaus Bandel (Buchholz / Nordheide). 

The 14C AMS datings were carried out at the Leibniz In-
stitute of Kiel University. The samples were treated by Dr. 
A. Dreves (written message, 2014) as follows: “The peat and 
mud probes were inspected and freeze-dried. To obtain the 
carbonate fraction the dried material was hydrolyzed with 
a 60% H3PO4 at 90 ° C. The CO2 of all samples was then re-
duced with H2 at 600 ° C over an iron catalyst to graphite 
and pressed the iron-graphite mixture in a sample holder 
for the AMS measurement. The 14C concentration of the 
sample is obtained from the comparison of the determined 
simultaneously 14C, 13C and 12C contents with those of the 
CO2 measurement standards (II oxalic acid) as well as suit-
able effect zero samples. The conventional 14C age is cal-
culated then by Stuiver & Polách (1977) a correction to 
isotope fractionation using the same measured with AMS 
13C / 12C ratio was applied. The translation into calendar 
ages was made for the organic samples using the OxCal 
V4.2 program (Bronk Ramsey, C., Radiocarbon 51 (2009), 
337–360) and the IntCal13 calibration sets (Reimer, P., et al., 
Radiocarbon 55 (2013), 1869–1887) “.

Fig. 3: Map of 
the investigation 
area with locally 
elevated calcare-
ous bogs, position 
of boreholes, core 
sampling, geologi-
cal cross sections 
and mapped springs 
(TK25, LVermGeo-
SH). Soils according 
to Picard (1962) 
and Stremme 
(1966). 

Abb. 3: Lageplan 
des Untersuchungs-
gebietes mit Quell-
kuppen der beiden 
Farbeberge, Lage 
der Bohrungen, 
Kernbohrungen, 
Profilschnitte und 
kartierte Quel-
laustritte (TK25, 
LVermGeo-SH). 
Böden nach Picard 
(1962) und Stremme 
(1966).
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6. Results

The Farbeberge area comprises two distinct hills of similar 
size that are located on the northern flank of a wide valley 
(Rüterbek), most probably formed during the Weichselian. 
Another round and flat peat hummock is situated east of the 
northern Farbeberg (see Picard 1962). A lineament is indi-
cated which could pass through the two Farbeberge and an-
other roundish peat area about 300 metres to the east. This 
linear glacitectonic structure has not yet been adequately 
explored. The southern Farbeberg has a height of about 3 m 
(+30.30 to +33.30 m a.s.l.). It is slightly elongated NW-SE per-
pendicular to the large-scale morphology of the slope (fig. 
4). The southern edge of the hummock is characterized by a 
steep side as a result of the former extraction of carbonate 
sediments. The original shape of the hummock was changed 
through the reduction in volume and subsequent slumping 
(Heck 1946b reports 4.6 m peat). The hill today is mainly used 
as pasture. The northern Farbeberg has a height of about 2 
m; it lies higher (+36.75 to +38.75 m a.s.l.) on the slope than 
the southern Farbeberg. It is slightly elongate, SE-NW nor-
mal to the slope and perpendicular to the large-scale mor-
phology. Two small valleys at the NW’ and NE’ flanks of the 
northern Farbeberg (water flows into the Limbrookgraben 
after 300m) are probably due to strong spring activity during 
the Holocene. A yet stronger spring activity is assumed un-
der natural conditions. The southern half of the hummock is 
used as pasture; to the north trees and reed dominate.

6.1 Southern Farbeberg

The geology of southern Farbeberg shows a 3 metres thick 
sequence of calcareous, clearly layered deposits (fig. 5) on 
top of glaciofluvial sediments. The younger, Holocene cal-
cium carbonates form mainly calcareous muds with in-
tercalated tufa. Carbonate concentrations are generally 

more abundant in the lower parts than in the upper. To 
the top a peat follows, approximately 1 m thick. The geo-
logical cross section (fig. 6) shows that the calcareous mud 
reaches a thickness of more than 1 m. The described con-
ditions are representative for typical tufa/-peat hummocks 
of North- West Germany. As mentioned above, larger parts 
of the southern part of the hill were removed (Petersen 
1892), thus this part of the hummock information is miss-
ing. 14C-ages on the lower tufa range between about 10,750 
and 12,520 cal a BP (Tab. 1; lowermost sample is not con-
sistent with upper samples, samples possibly interchanged). 
Accordingly, the majority of calcium carbonate sedimenta-
tion took place during the Preboreal – an interpretation that 
is supported by the pollen analysis (3.95 m; 3.70 m). Pollen 
analysis indicates that the Boreal is between 2.95 and 2.35 m, 
Atlantic between 1.65 and 0.80 m and Subboreal at 0.20 m.

6.2 Northern Farbeberg

6.2.1 Saalian and Eemian deposits

The northern Farbeberg (fig. 7) in contrast, is stratigraphi-
cally much older and shows a much more complex struc-
ture (fig. 8, 9). The base of the drilled organic sequence is 
composed of Middle Saalian (MIS 6) till at ca. 11 m depth. 
The till is relatively soft in the top 2 metre and shows some 
intercalated sands, which show partial flow structures with a 
vertical orientation, attributed to artesian groundwater con-
ditions. The sands at the base of the depression show organic 
constituents in places. These sediments belong to the Saalian 
lateglacial. The base of the depression is irregular (fig. 9), two 
steep sided cavities in the profile section can be interpreted 
as flushing areas of the artesian groundwater. Alternatively 
a glaci-tectonic influence may be the cause with the sand 
blocks serving as climbing paths for groundwater.

Fig. 4: Digital terrain model (data basis: LVermGeo-SH) with the two prominant peat cupolas Northern and Southern Farbeberg. Distance between coordinate 
units is 500 m. 

Abb. 4: Digitales Geländemodell (Datenbasis: LVermGeo-SH) mit dem südlichen und nördlichem Farbeberg. Die Distanz zwischen Koordinateneinheiten 
beträgt 500 m.
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Fig. 5: Photo of drill core from the southern Farbeberg (Fab2). Visible are the peats and intercalating calcareous precipitates (bright colors), the base is built 
up from sandy deposits of the Pleistocene. Length of a core-liner is 1m.

Abb. 5: Kernphoto des südlichen Farbeberges (Fab2). Erkennbar sind Torfe und Mudden (dunkel) und eingeschaltete Kalkausfällungen (hell), die Basis wird 
durch sandige pleistozäne Ablagerungen gebildet. Die Länge eines Bohrkernliners beträgt 1m.

Fig. 6: Simplified geological cross section through the southern Farbeberg (height exaggerated). The shape of the hummock prior to mining of carbonates 
estimated. Abbreviations: qs=Saalian; qw=Weichselian, qh=Holocene).

Abb. 6:  Vereinfachter, stark überhöhter geologischer Profilschnitt durch den südlichen Farbeberg (überhöht). Ungefähre Form der Kuppe vor dem Abbau von 
Kalken. Abkürzungen: qs=Saale-Komplex; qw=Weichsel-Kaltzeit, qh=Holozän).
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Fig. 8: Photo of drill core from 
Farbeberg (Fab1-3). Visible 
are the underlying stadial 
and interstadial humic sedi-
ments of the late-Saalian, 
succeeded by yellowish 
fine sediments and coarse 
tufa of the Eemian, sandy 
deposits of the Weichselian 
(partly brownish oxidized) 
and finally Weichselian Late 
Glacial to Holocene peats. The 
diameter of the drill core is 55 
mm, the length of a core-liner 
is 1m.

Abb. 8: Kernphoto des nörd-
lichen Farbeberges (Fab1-3). 
Erkennbar sind liegenden 
stadialen und humosen Inter-
stadial-Lagen der Spät-Saale, 
im Hangenden gelbliche 
Feinablagerungen und grobe 
Quellkalke und des Eems, die 
liegenden Weichsel-Ablage-
rungen (teilw. braun oxidiert) 
sowie die spätgla zialen bis 
holozänen Torfe. Der Durch-
messer des Kernrohres beträgt 
55 mm, die Länge eines Bohr-
kernliners 1m.

Fig. 7: View of the northern Farbeberg. Visible in the foreground the groundwater exfiltration at the foot area of the locally elevated bog. Two persons for scale.

Abb. 7: Blick auf den nördlichen Farbeberg. Im Vordergrund der nasse Fußbereich des Quellhügels mit Grundwasseraustritten. Zwei Personen als Größen-
maßstab.
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Fig. 9: Geological cross section through the northern Farbeberg (height exaggerated), constructed on the basis of 8 full core drillings. Calcium carbonate 
dispersal shown in small detail figure.

Abb. 9: Geologischer Profilschnitt durch den nördlichen Farbeberg (überhöht), konstruiert anhand von 8 Kernbohrungen. Kalkverteilung dargestellt in kleiner 
Nebenabbildung.
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Above the glacigenic deposits there is up to ca. 5 m of fine 
to medium sands and intercalated tufa. In some parts of the 
hollow massive tufa with a thickness of several metre oc-
curs. In another area the sediments are rhythmically bed-
ded. The pollen diagram for core Fab1-1 (fig. 3) is shown in 
fig. 10. The Eemian sequence shows pollen zones E-I, E-I-II, 
E-III and E-IVa, b and E-VII. E-IVb shows a large quantity 
of reworked material. Zones E-V and E-VI are missing. A 
higher-resolution pollen analysis is in progress.

The tufa forms the bulk of the sintered calcium carbon-
ate deposits of the section (fig. 8). These are represented by 
solid white to grey (locally ocher), cellular-porous limestone, 
often sharp edged, partly roundish, partly with a columnar 
shape. In many cases, prints of plants can be recognized in 
the tufa. Larger pieces of several cm in length often show 
massive, bulbous tufa, which are associated with platy to 
circular elements that were enclosed by calcium carbonate. 
Tube-shaped tufa is found in core Fab1-2 between 6.5–7.5 m. 
The columnar forms are thought to have been formed by cal-
cium carbonate precipitation around reed-caulis. The precip-
itated material is predominantly calcite, gypsum and pyrite. 
Aragonite occurs only locally (analysis by R. Ludwig, Univ. 
of Hamburg). Some well preserved snails and mussels have 
been found. The gastropods Bithynia tentaculata, Planorbis 
planorbis , Gyraulus cf. laevis and Radix peregra / baltica were 
identified by Prof. Klaus Bandel (Buchholz i. d. N.). 

Partly layered sediments occur, that have a honeycomb-
like appearance. The sequence is characterized by an alter-
nation of clayey-silty and fine sand layers. According to 
the macroscopic investigation this is a sedimentary deposit 
without major plant and larger animal remnants. The en-
tire sequence is strongly calcareous, and could show an an-
nually layered sediment (e. g. Andrews & Brasier 2005). 
Several hundred layers are differentiated with sub-milli-
meter thickness. The thickness of the layers is variable; in 
the clayey and silty parts they are difficult to differentiate, 
even under a binocular microscope. While showing yellow 
colors in a fresh state, the sediments appear as being brown 
after drying. Sometimes reddish-brown areas are present 
apparently having a high iron content.

The overall carbonate content in the cores of the north-
ern Farbeberg (Fab1-2, Fab1-3, Fab1-4, Fab1-5) reaches up to 
100% (45 samples). The CaCO3 contents in the Eemian de-
posits are significantly higher than in the Holocene. Total 
carbon (total C) contents amount to 12–45 cg/g and 9 and 
34% by mass. The Eemian sediments have a lower areal ex-
tent than the peat formed during the Lateglacial and Hol-
ocene, most likely owing to erosion during the Weichse-
lian. Spring areas (fig. 3) are mainly found to the northern 
side of the northern Farbeberg. They have been destroyed 
or hidden because of the agricultural as pastures on the 
southern side.

Fig. 10: Pollen diagram Farbeberg-Nord (core Fab1-1). Pollen versus depths.

Abb. 10: Pollendiagramm Farbeberg-Nord (Kern Fab1-1). Teufe gegen Pollenzahl aufgetragen.
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6.2.2 Weichselian deposits

Medium to fine sand overlies the Eemian carbonates. It is up 
to 3 m thick and contains gravel with smaller erratics. This 
layer is assumed to belong to the Weichselian. The horizon is 
complex in structure and partially organic (fig. 8, 9). In the 
eastern part, the upper areas show a higher organic content, 
but overall the proportion of humic content is higher in the 
bottom half of the total sequence. In the upper sequence 
(core Fab1-3), there are also thin peat layers. On the basis of 
the calcium carbonate content a subdivision into a lower and 
an upper section is possible: The lower part of the sand is 
calcareous, the upper part is decalcified. The general bound-
ary of calcium carbonate parallels the base of the raised peat 
hummock and the top of the till. Since the Saalian tills at the 
east are higher, the boundary of calcium carbonate is higher 
here also. Local depressions of the boundary can be ob-
served, possibly being a result of a local concentration of 
organic deposits and a greater influence of humic acids. Lo-
cally flow textures can be noticed, that include cone-shaped 
sink marks, structures resembling cryoturbations and solif-
luction movements as well as en-echolon offsets. Organic 
constituents are found floating around erratics (core Fab1-4), 
possibly being dislocated periglacially. Other dislocations 
may be a result of flow movements and mass wasting in an 
environment with a strong vertical ground water activity. 
Eye catching in this sequence is the brown colouring caused 
by oxidation, the result of seepage by oxygen-containing 
groundwater. Sandy intercalations are present, locally pos-
sibly due to frost lenses or fluvial input. Calcium carbonates 
have been dated by 14C method (tab. 1) giving ages from core 
Fab1-3 of 44,785 + 1819 / -1482 14C cal a BP (2.46 m below 
ground), and 8,354 at + 58 / -57 14C cal a BP (2.85 m below 
ground). A sample from a depth of 2.12 m below ground gave 
an age of >51,050 14C cal a BP years.

6.2.3 Weichselian Lateglacial and Holocene deposits

A limnic-telmatic sequence forms a peat hummock above 
the Weichselian sediments. This Lateglacial to Holocene se-
quence is characterized mainly by peat of up to 3 m thick-
ness. The peats are strongly calcareous to decalcified (fig. 
8). In the central areas of the northern Farbeberg hummock 
thicker calcareous deposits are intercalated in the peat. The 
Holocene calcareous deposits are thinner than those at the 
southern Farbeberg. Locally wood can be found at the base 
of peat accumulations. 14C age determinations on the   calci-
um carbonate deposits, taken from depths of 0.86, 1.27 and 
2.42 m below surface in core Fab1-1 at the highest point of 
the hummock (fig. 8; tab. 1) show ages between 12,430 and 
11,280 14C cal a BP. Although these ages are vertically in-
consistent, the values are   in the transition between Weich-
selian Lateglacial to Preboreal. Core Fab1-3 is located a few 
metre further to the west at a more marginal position and 
shows an age of 11,385 14C years BP (Preboreal) at 1.51 m 
below surface and of 8,870 cal a 14C BP (Boreal) at 0.98 m be-
low surface. Even further to the margins of the hummock 
core Fab1-4 shows an age of 10,004 14C cal a BP (Boreal) at 
1.55 m below surface. Pollen analyses of the upper organic 
part of core Fab1-1 on top of the dominantly Weichselian 
material hints to the Meiendorf-Interstadial (2.75 m), cov-
ered by Preboreal sediments (fig. 10). The sediments above 
belong to the Preboreal (2.50 m), transition to the Boreal 
(2.10 m), Boreal (1.80 m), Atlantic (1.40 m, 1.10 m, 0.70 m) 
and Subboreal (0.70 m, 0.20 m). 

The water table is usually located only a few decime-
ters below surface. The groundwater is under artesian 
pressure, presumably being built up under the cohesive 
till. The recharge areas are expected to be in the hilly, ice 
pushed areas north and east of the Farbeberge. This idea 
is supported by the formation of hummocks on the north-

Tab. 1: 14C-values from the Northern Farbeberg (Fab1) and Southern Farbeberg (Fab2).

Tab. 1: Ermittelte 14C-Werte an den Standorten Farbeberg-Nord (Fab1) und Farbeberg-Süd (Fab2).

Core-nr. Lab.-number Depths
[ m b. surface]

cal 14C-age 
BP [a]

Stand. Deviation
[a]

Material Samples

Fab1-1 KIA48730 0,86 m 11.280 +/- 55 tufa 1

Fab1-1 KIA48731 1,27 m 12.430 +/- 60 tufa 1

Fab1-1 KIA50016 2,41 - 2,42 11.670 +/- 50 tufa 1

Fab1-3 KIA50347 0,98 m 8.870 +/- 35 peat 1

Fab1-3 KIA50348 1,51 - 1,52 11.385 +/- 45 peat 1

Fab1-3 KIA50857 2.46 m 44.785 + 1819 / -1482 peat / organic mud, leaching residue 1

Fab1-3 KIA50856 2,85 m 8.354 + 58 / -57 plants from sediment, leaching residue 1

Fab1-4 KIA50349 1,55 m 10.004 +/- 39 wood 4

Fab1-4 KIA50858 2.12 m > 51.050 - carbonate* 1

Fab2 KIA 48732        1,77 m 10.995 +/- 55 carbonate * 1

Fab2 KIA 48733       2,46 m 12.110 +/- 60 carbonate * 1

Fab2 KIA 48734       2,78 m 12.520 +/- 60 carbonate * 1

Fab2 KIA 48735       3,38 m 12.230 +/- 60 carbonate * 1

Fab2 KIA 48736       4,08 m 10.750 +/- 45 carbonate * 1

* interpreted as tufa
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ern flank of the valley and the very well drained and com-
pletely water-filled aquifer in the valley itself with a free 
ground water surface. Only slightly artesian groundwater 
conditions were encountered in the boreholes that did not 
penetrate the confining till. Strong, areal groundwater out-
flow was observed at the southern artificial flank of the 
southern Farbeberg at the   former mining area. The spring 
outflows show an anthropogenic influence being located 
in the area of   drainage ditches on the northern Farbeberg. 
The preferred groundwater outflow at the N / NW slope of 
the northern Farbeberg is in accordance with the proposed 
groundwater surface. The same applies to the sources at the 
northeastern edge of the southern Farbeberg.

7. Discussion

7.1 Geological structure

Raised peat hummocks such as at Nindorf (Farbeberge), Hab-
ernis and Curau occur in both Weichselian and Saalian mo-
raine areas and are characterized by the occurrence of peat, 
organic mud, calcareous mud and tufa. They have diameters 
of up to 160 m and are up to >3 m high (hummock at Hab-
ernis) and lengths of >500 m (peat wall at Curau bog; Grube 
& Usinger 2016). The hummocks show similar dimensions 
as those mentioned by Tüxen (1985a, b) from Lower Sax-
ony and Bremer (1996) from Mecklenburg-Vorpommern. 
The cupolas of the Farbeberge are independent of areal pure 
carbonate sediments in the deeper subsoil. The hydrogeo-
logical conditions show no adjacent contact springs or over-
flow springs (cf. Von Wichdorff 1904, Von Wichdorff & 
Range 1906, Von Wichdorff 1914). The groundwater out-
flows from the Farbeberge are obviously linked to structur-
ally controlled pathways, probably formed glacitectonically 
with ground water ascending from deeper aquifers. 

When comparing the occurrence of spring water hum-
mocks with the distribution of areas influenced by glaci-
tectonism in Schleswig-Holstein, a clear relationship is in-
dicated (fig. 1). Ice pushed areas are often characterized by 
hydraulic contacts to deeper, artesian aquifers. The disloca-
tion of sediments allow for the built up of stronger arte-
sian pressures and frequent spring outflows. Comparable 
geological settings with respect to the spring areas are also 
found in different morphologically high-altitude areas of 
Schleswig-Holstein, such as the Stollberg and surround-
ings (Bredstedt, Nordfriesland), where among others, glac-
itectonically disturbed Miocene mica clays and Holstein-
ian clays are found, and at the Westensee lake (Rendsburg-
Eckernförde). In the Riesewohld area (to the west of Alber-
sdorf, Dithmarschen) on a moraine area (+55 to +60 m a.s.l.) 
string-like bogs occur, possibly retracing glaci-tectonic 
structures. In the intensively glaci-tectonically affected 
area Wacken (Steinburg) numerous springs occur in mor-
phological high positions, which may have partly already 
existed during the Eemian (Stephan 1981). Spring water 
outflows in top position on the > +75 m a.s.l. moraine areas 
northeast of Groß Vollstedt (pers. comm. W. Mevs, LLUR) 
are likely to be due to glacitectonic deformations.

The chemical composition of the spring waters is very 
similar at the sites studied (Farbeberge, Habernis and 
Curau). It is a calcium bicarbonate water with low total 

mineralization (300 mg/l at the Farbeberge). The tempera-
tures were 10° C, the pH   at 7.00 (Farbeberge) to 7.5, the 
conductivities at 35–50 µS/cm. There is no indication for 
geogenic salinization of the deep groundwater (e. g. Gr-
ube et al. 2000), the NaCl-concentrations are in the order 
of about 30 mg/l. Influences from agricultural use (nitrate 
and ammonium) are comparibly low or even missing. Since 
the studied areas all are regionally situated in agricultural 
land, it can be assumed that the ascending groundwater 
comes from moderate or greater depth, the proportion of 
shallow groundwater is likely to be rather small.

Most Eemian deposits in Schleswig-Holstein are formed 
in limnic to telmatic environments. Furthermore local dia-
tomite deposits occur, as in central Schleswig-Holstein 
(Menke & Ross 1967, see also Menke in Stremme & Men-
ke 1980) and western Holstein (Menke & Tynni 1984). Sim-
ilar deposits have been described from Denmark (Ander-
sen 1965). Eemian tufa has been reported from the Swabian 
Alb (Dehm 1951). Well known are the Middle Pleistocene 
tufa from central Germany (Steiner 1981, Kahlke 1984, 
Mania & Altermann 2004). However, the Eemian tufa and 
the calcareous honeycomb-like, varved sediments from the 
northern Farbeberg have not previously been described in 
Northern Germany. They allow for valuable climatic state-
ments. It has to be further investigated whether annual 
laminations are present at the varve-like sediments (see 
Frenzel & Bludau 1987). 

The presence of tufa deposits is very diverse at the sites 
studied. Massive, several metre thick, pure tufa occur at 
the northern Farbeberg in the lower parts (Eemian). In the 
Holocene deposits on the northern Farbeberg, in Haber-
nis and the Curau bog calcareous sediments occur as ir-
regular horizons in organic muds and peats, preferably in 
the lower parts of these sediments. This matches results 
from other locations, where calcium carbonate precipitates 
are generally sparsely found in peats, massive calcareous 
sediment or tufa are but rarely found (Moore & Bellamy 
1974). In general, continuation of calcium carbonate sedi-
mentation obviously is very diverse, being rather continu-
ous in Eemian deposits and rather discontinuous in Holo-
cene strata.

At the northern Farbeberg the most massive Holocene 
carbonate sedimentation are found in the center of the 
spring fed raised peat hummock, whereas carbonate con-
centrations are diminishing towards the flanks of the hum-
mock. This can be attributed to stronger dissolution at the 
flanks due to the stronger percolation of water. The mode 
of formation of the Holocene carbonates remains uncer-
tain. Though here a subareal genesis is favored, a sub-sur-
face growth of tufa and calcareous muds is – at least in part 
– generally also possible. An argument for the latter are the 
peat layers of 1–2 metre thickness that cover the carbonate 
sediments at the sites Farbeberge, Habernis and Curau. The 
deposited carbonate could, according to Sendtner (1854), 
have been formed by humic acids and subsequent re-pre-
cipitation by the resolution of snail housings and mussel 
shells. The massive Eemian tufa shows a precipitation of 
calcium carbonate around vegetation bodies. This should 
preferably have occurred subaerial or at least close to the 
surface or in shallow water. This is also confirmed by the 
accompanying fauna. The gastropods species composition 
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with Bithynia tentaculata, Planorbis planorbis, Gyraulus cf. 
laevis and Radix peregra / baltica (ident. by Klaus Bandel) 
argues for small, open water areas with shallow waters 
during sedimentation. A further differentiation of the sev-
eral metres thick sediments, mainly consisting of carbon-
ate, with respect to the palaeo-life conditions of the gas-
tropods was thus not possible. The eye catching change of 
sedimentation style during the Eemian, from yellow-gray, 
finely layered deposits to almost pure tufa indicates a tem-
porarily altered characteristic of the spring waters. The 
distinct facies change in sedimentation between clay and 
tufa could possibly be explained by climatic changes dur-
ing the Eemian (Dansgaard et al., 1993, Björck et al. 2000, 
Turner 2000, Müller & Kukla 2004, Müller et al. 2005, 
Sirocko et al. 2005, Müller 2009).

Presumably, at the northern Farbeberg only a small 
hummock similar to the present one could have existed 
during the Eemian, but has since been removed by sub-
sequent erosional processes. Arguments for this are, that 
zone E-IVb shows a large quantity of reworked material 
and zones E-V and E-VI are missing; additionally the se-
quence does not emerge above the surrounding ground. 
Filling of a small depression – created by erosion of the soft 
Eemian sediments and / or sagging – during the Weich-
selian (“6” in fig. 9) by solifluction and periglacial slope-
wash took place, as well as a possible deposition of calcium 
carbonate during mid-Weichselian Interstadials. Starting 
already from the Meiendorf Interstadial (14.500–13.850 a 
BP) with a probable enhanced spring activity following the 
reduced occurrence of permafrost led to the deposition of 
peat and calcium carbonate. The general spatial extension 
of the Eemian and the Holocene deposits as a result of ar-
tesian ground waters at the northern Farbeberg has been 
constant since the Eemian. 

The locations Habernis (Weichselian landscape; Grube 
& Usinger 2016) and Farbeberge (Saalian landscape, this 
study) are comparable from a geological point of view with 
respect to the composition of subsurface geology, since co-
hesive sediments are dominant at both sites: thick, chalk-
rich till (Weichselian and Middle Saalian) has widespread 
occurrence in the shallow. The decalcification of the glaci-
genic deposits (CaCO3-content up to >20%) during a warm 
period such as the Holocene, is low – due to the imperme-
ability of these sediments. However, the till of the middle 
Saalian at the Farbeberge has – despite its age – hardly 
been decalcified (decalcification depths only a few decime-
ter) during the Eemian, though this period was more pre-
destined to leaching of calcium carbonate than the Holo-
cene (Menke 1981; Frenzel, Pecsi & Velichko 1992, Mül-
ler 2009).

7.2 Age relationships and climatic aspects 

The question why tufa deposition are found in the Eemi-
an sections and in the lower parts of the Holocene sedi-
ments, can be answered as follows. The catchment area of   
the outflowing artesian groundwater at the investigation 
sites must be large scaled, because a pressure gradient of 
several decimeters above ground level cannot be set up lo-
cally. Anyhow this does not mean that only deeper geo-
logical strata are acting as the provenance for the calcium 

carbonate precipitations. Rather, the artesian setting can be 
built up in deep aquifer sections, letting surface groundwa-
ter be incorporated into the emerging spring water. This 
can be explained by the hydraulic pressure conditions in 
aquifers, in which the flow velocities grow upwards. Cal-
cium carbonate is released from the still calcareous layers 
at greater depths which allows for a sedimentation in the 
form of tufa during a complete interglacial. A decrease in 
the Holocene carbonate deposition could be explained with 
the decreasing decalcification (leaching) in the shallow un-
derground during an interglacial. The decalcification along 
fissures, where the majority of groundwater flow in the till 
takes place could also have an influence. The Holocene cal-
cium carbonate precipitation at the Farbeberge shows that 
the decalcification of the landscape in the Lateglacial may 
still have had an impact. Especially the disintegration of 
permafrost must have had an influence, it again allowed an 
extensive flow through the subsurface pore aquifers. Since 
the underlying sediments still contain much calcium car-
bonate and an access of the spring water is expected from 
a greater depth, also changing temperature conditions, and 
the following variable hydrogeological conditions as well 
as impacts of vegetation are likely to have influenced the 
tufa formation. This is consistent with published literature 
(Gilvear et al. 1993). In summary it can be said that the 
sedimentation at the Farbeberge reflects a combination of 
aging and decalcification of the near-surface sediments oc-
curring during the Lateglacial / Early Holocene – which 
led to preferred calcification during the climatic optimum 
phases until the end of the Atlantic period. 

The spring discharges are likely to be active since the 
end of the Middle-Pleistocene. However, the Saalian-Lat-
eglacial deposits on the northern Farbeberg are of telmatic 
origin, they do not contain calcium carbonate sediments. 
Anyhow in principle, dissolution of existing sediments 
from this period is possible. 

The calibrated radiocarbon ages of the Lateglacial to 
Holocene deposits show a heterogeneous signal. The oldest 
tufa are found on the southern Farbeberg (12,520 14C years 
BP), the corresponding deposits on the northern Farbeberg 
show an age of 11,385 14C years BP. The Lateglacial activity 
of the springs is in accordance with sites in Poland (Ma-
zurek et al. 2014). It is noteworthy that the dates from the 
southern Farbeberg indicate predominantly Weichselian - 
Lateglacial carbonate sedimentation. The 14C-ages on the 
northern Farbeberg show a much more complex picture. 
Parts of carbonate and humic sediments in the center of 
the hummock give Lateglacial ages at shallow depth. This 
implies that since then, hardly any sedimentation has oc-
curred – or even removal of material (e.g. volume loss by 
oxidation). At the margins, at least locally, younger sedi-
ments are present. This would represent a sedimentation 
period of only about 3,500 years. Much of the recent car-
bonate sediments of the Weichselian Lateglacial and Holo-
cene are thus older than the average sediments mentioned 
by Laumets, Kalm & Zohar (2010) drawn from different 
works, thereafter the main phase of tufa formation is sum-
marized with 9.4 to 7.4 ka BP. Accordingly the “late Holo-
cene tufa decline” is irrelevant at the investigated sites.

The dating of carbonates is problematic, due to the hard 
water effect, possibly even a reservoir effect (Srdoc et al. 

http://dict.leo.org/ende/index_de.html#/search=predestined&searchLoc=0&resultOrder=basic&multiwordShowSingle=on&pos=0
http://dict.leo.org/ende/index_de.html#/search=predestined&searchLoc=0&resultOrder=basic&multiwordShowSingle=on&pos=0
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1980, 1983; Wagner 1995; Lowe & Walker 2015). Uncer-
tainties also occur through the use of different dating ma-
terial (calcareous mud / tufa, peat). Mostly, there are prob-
lems in the allocation of the carbonate / tufa deposits in 
terms of their genesis. Carbonates with a small thickness it 
cannot be decided without detailed investigation, whether 
these chronostratigraphically belong to the correspond-
ing unit or are influenced by older calcareous waters mov-
ing into a younger peat body. The high 14C-ages even at 
low depth at the Farbeberge suggest such processes (core 
Fab1-3 shows an age of 11,385 14C cal a BP / Preboreal at 
only 1.51 m below ground). This effect would be expected 
in principle, on the northern Farbeberg, due to the massive 
carbonates in the Eemian deposits, which are traversed by 
the artesian groundwater. However, this aspect can possi-
bly be neglected, because the carbonates on the neighbor-
ing southern Farbeberg also show high ages, while massive 
carbonates of the Eemian here are missing. At the south-
ern Farbeberg the limnic to telmatic sedimentation and 
tufa sedimentation started already during the Weichselian 
Late glacial. At the northern Farbeberg similar ages with 
12,520 14C cal a BP are present. Although the determined 
ages do not show a continuous age series, the values   are 
similar and provide a plausible picture.

Thickness, type and composition of the Eemian deposits 
prove a much stronger carbonate sedimentation during the 
Eemian than during the Holocene. As a result of the higher 
mean annual temperatures (cf. Menke in Stremme & Men-
ke 1980, Menke 1981, Kühl et al. 2007) higher groundwa-
ter temperatures are to be expected, which in turn led to a 
reduced solubility of CaCO3 in the subsurface. Menke (in 

Stremme & Menke 1980) sees the quantitative preserva-
tion of diatoms, or diatomaceous earth in the Eemian to be 
an effect of greater supply of silica due to intense weather-
ing and greater seepage (higher precipitation, or leachate). 
The same is assumed for the solution of CaCO3 from the 
surface sediments. After the dissemination of climate indi-
cators such as Ilex and Hedera the climate optimum corre-
lates to the Younger Eemian (Menke, in Stremme & Men-
ke 1980 Rundgren, Björck & Hammarlund 2005). This is 
in accordance with the detected pollen zones (Zones V and 
VI are missing) at the Farbeberge.

Currently it is unclear whether the 14C-dated carbonates 
in the intermediate layer between the Eemian and the Hol-
ocene sediments are due to an interstadial sedimentation, 
or go back to solution and re-precipitation of Eemian tufa. 
The striking age-differences can possibly be explained by 
contamination of the samples. Anyhow within the closely 
spaced dates at the northern Farbeberg a carbonate pre-
cipitation during Weichselian interstadials seems possible. 
This is consistent with interpretations of Jäger & Lozek 
(1968), that mention interstadial carbonates (“impure trav-
ertine”) above travertinized Eemian tufa. The drilled car-
bonates could allow for future investigation of Weichselian 
carbonate deposition at the Farbeberge site, because car-
bonate precipitation is not likely in permafrost conditions 
(Makhnach et al. 2004).

Fig. 11: Climate curve of the Holocene showing the 14C-ages from this study (tufa, peat, wood) in front of climatic curve since the Weichselian Late Glacial 
(deviation T [°C]; data: ice core Greenland, Vinther et al. 2009). Absolute ages for Holocene taken from draft Subcommission Quaternary 2015. 

Abb. 11: Klimakurve des Holozäns mit Darstellung der 14C-Alter dieser Studie (Kalke, Torf, Holz) vor dem Hintergrund einer Klimakurve seit dem Spätglazial 
(Abweichung T [°C]; Daten: Eiskern Grönland, Vinther et al. 2009). Absolute Altersangaben Holozän nach Entwurf Subkommission Quartär 2015. 
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dagegen als Füllung der tiefen subglazialen Rinnen erreichen sie Maximalmächtigkeiten bis zu 170 m. Saalezeitliche Becken-
schluffe, darunter auch Bändertone, sind in geringer Verbreitung bei Alfeld im Leinetal und an der Weser bei Rinteln seit lan-
gem bekannt. Zur Ausbildung großer und tiefer Stauseen ist es in beiden Flussgebieten jedoch nicht gekommen. Im Flachland 
sind insbesondere in Nordostniedersachsen Beckenschluffe bis zu einigen 10er m Mächtigkeit und mehrere 100 m Ausdehnung 
nicht selten. Die Ursachen für diese unterschiedlichen Verhältnisse sind vermutlich in den topographischen Gegebenheiten 
und im unterschiedlichen Verlauf der Vereisungen zu suchen.

 Pleistocene (Elsterian and Saalian) glaciolacustrine clays and silts in Lower Saxony, NW Germany

Abstract: A short account is given of the glaciolacustrine clays and silts of Lower Saxony. They show considerable differences from those 
of Central Germany with regard to their distribution and thickness; in particular the extensive varved clays, well known in 
Central Germany, are more or less absent. Elsterian glaciolacustrine deposits are very rare in the Lower Saxony hilly areas, 
although in the lowlands they fill deep subglacial channels and attain a thickness of up to 170 m. Saalian glaciolacustrine silts 
with minor varved clays have long been known near Alfeld in the Leine valley and near Rinteln on the River Weser. However, 
no large or deep proglacial lakes developed in either of these two river systems. In the lowlands, particularly in NE Lower 
Saxony, glaciolacustrine silts several tens of metres thick and several 100 m in extent are by no means rare. The contrasting 
glacial geology in Lower Saxony and Central Germany is probably due to the different topography and the course oft the 
glaciation.
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1. Einführung

Glazilimnische Sedimente gehören mit glazifluviatilen San-
den und Kiesen zu den wichtigsten Schmelzwasserablage-
rungen Norddeutschlands; zwischen beiden vermittelnd 
stehen feinkörnige, oft schluffige Beckensande. Während 
letztere namentlich im Küstengebiet noch als Füllsande 
oft im Nassabbau gewonnen werden, stellen die bindigen 
Schichten oftmals eher lästigen Abraum dar, wogegen sie 
früher zu den wichtigsten Ziegelrohstoffen gehörten. Heu-
te werden nur noch an wenigen Stellen pleistozäne Tone 
abgebaggert, womit auch der Großteil der Aufschlüsse ver-
loren geht, teils durch Absaufen oder Rekultivierung.

Neben der Bedeutung als Rohstoff verdienen die bindi-
gen Quartärsedimente auch Aufmerksamkeit wegen ihrer 
ingenieurgeologisch problematischen Eigenschaften, na-
mentlich der Rutschungsgefährdung. Die hydrogeologi-
sche Bedeutung solcher schwer durchlässigen Schichten 
braucht nicht weiter betont werden, obgleich dieselben 

trotz manchmal größerer Mächtigkeit vergleichsweise ge-
ringe Ausdehnung besitzen.

Trotz der oft relativ geringen Ausdehnung kommt den 
Beckenablagerungen auch eine stratigraphische Bedeutung 
zu, insbesondere dem Lauenburger Ton, der im Unterelbe- 
Unterwesergebiet ein guter Leithorizont ist, zumal er di-
rekt von Holstein-interglazialen Schichten überlagert wird. 
Auch von diesem international wichtigen Leithorizont gibt 
es kaum noch Aufschlüsse in Niedersachsen, ein Grund 
mehr, die jetzige Situation zusammenfassend darzustellen.

Obgleich glazilimnische Sedimente praktisch in allen 
Abschnitten des Mittelpleistozäns vorkommen, gibt es 
noch zwei Bereiche, in denen sie besonders stark vertreten 
sind, und zwar zu Beginn (Vorstoß-Beckenbildungen) und 
am Ende (Rückzugs-Beckenbildungen) einer Vereisungs-
phase. Allerdings sind dieselben in den einzelnen Ländern 
bzw. Landesteilen unterschiedlich stark verbreitet, worauf 
hier aber nur kurz verwiesen werden kann. Die Feldunter-
suchungen und Probenahmen erfolgten hauptsächlich im 
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Rahmen der Geologischen Landesaufnahme beim früheren 
Niedersächsischen Landesamt für Bodenforschung (NLfB) 
/ Hannover, jetzt LBEG, in den Jahren 1963–2001. Bezüg-
lich der Lage der im Text zitierten Spezialkarten sei auf die 
Geologische Übersichtskarte 1 : 200 000 und die Quartär-
geologische Übersichtskarte von Niedersachsen und Bre-
men 1 : 500 000 verwiesen.

2. Elster-Kaltzeit

2.1 Niedersächsisches Bergland

Zur Elster-Kaltzeit sind die Gletscher in die Leipziger Tief-
landsbucht und in das Thüringer Becken weiter als in der 
nachfolgenden Saale-Kaltzeit vorgedrungen, von welcher 
ihre Sedimente einerseits stark erodiert wurden, anderer-
seits aber auch bei Bedeckung erstaunlich gut erhalten 
sind, wie in den riesigen Braunkohle-Tagebauen gut zu se-
hen ist, was auch für die südlichen Landesteile Branden-
burgs und Sachsen-Anhalts gilt. Im Leipziger Raum liegt  
unter den beiden Elster-Grundmoränen (Zwickauer und 
Markranstädter Phase; Eissmann 1975) flächenhaft ein 
meist geringmächtiger Bänderton, wie im Thüringischen 
(Unger 1974) mit speziellen Namen belegt. Es sind Vor-
stoß-Bändertone, während die Rückzugsbildungen haupt-
sächlich an die Becken- und Rinnenstrukturen gebunden 
sind (Junge 1998).

In Niedersachsen gestalten sich die Verhältnisse abwei-
chend: weitflächige glazilimnische Vorstoßbildungen sind 
unbekannt, vermutlich weil wegen des Fehlens großer Tief-
landsbuchten die geomorphologischen Voraussetzungen 
zum Aufstau solcher größerer Seen nicht gegeben waren. 
Aber auch in den größeren Tälern wie denjenigen von We-
ser und Leine fehlen elsterzeitlich-glazilimnische Sedimen-
te weitestgehend, was nicht allein auf spätere Ausräumung 
zurückgeführt werden kann. Zwar ist die Reichweite des 
Elster-Eises nur ungefähr bekannt, aber nach einem Fund 
nordischer Gerölle in einer Lößfolge bei Ahlshausen (Jor-
dan 1986; Jordan & Schwartau 1993) reichte das Elster-
Eis vermutlich bis in den Raum Einbeck.

Ein kleines Vorkommen von elsterzeitlichem Beckenton 
beschrieb Herrmann (1958, 1968) aus dem Innern der Hils-
mulde SSE Wallensen in 165–190 m Höhe als Ablagerung 
eines vom Eis gegen den Berghang gestauten Schmelzwas-
serbeckens. Es mag sein, dass unter anderen, bislang un-
datierten Vorkommen im niedersächsischen Bergland sich 
weitere elsterzeitliche befinden.

2.2 Niedersächsisches Flachland

Im nördlichen Niedersachsen sind mit dem Lauenburger 
Ton (Schucht 1912) glazilimnische Ablagerungen in gro-
ßer Mächtigkeit bekannt, deren Areal sich vom Unterel-
be- über das Unterwesergebiet zur Ems erstreckt, von dort 
bis in die Niederlande („Potklei“); jenseits der Elbe nach 
Hamburg, Schleswig-Holstein und nach Brandenburg. 
Früher wurde der Ton von vielen Ziegeleien abgegraben, 
heute arbeiten nur noch im Oldenburgischen wenige Wer-
ke. Zur Zeit der Neukartierung des Geestanteils der GK 25 
Lauenburg Nr. 2629 (Meyer 1965) war die große Tongru-
be nördlich der Stadt noch in Betrieb, wo gestauchter Ton 

unter einer dünnen Schicht von Geschiebemergel erschlos-
sen war (Abb. 1). Die stratigraphisch hangenden Sedimente 
des Holstein-Interglazials konnten in den verfallenen Gru-
ben am östlichen Geesthang nur noch erschürft bzw. am 
Elbsteilufer erbohrt werden.

Das Holstein überlagert in mariner Ausbildung im Unterel-
be-Gebiet entweder direkt den Lauenburger Ton (Linke 
1993) oder es schalten sich dazwischen einige Meter spät-
elsterzeitliche Feinsande und limnische Bildungen wie in 
Bossel bei Stade (Müller & Höfle 1994) und Breetze bei 
Bleckede (Benda & Meyer 1973).

Petrographisch handelt es sich beim „Lauenburger Ton“ 
um eine Abfolge von fetten Tonen, Schluffen und Feinsan-
den, sodass auch von einem „Komplex des Lauenburger 
Tons“ gesprochen wird. Der Tongehalt kann 80 % errei-
chen, wie in Lauenburg selbst (Bohrung 182, Meyer 1965, 
Abb. 1) sowie anderen Lokalitäten, während im gesamten 
Verbreitungsgebiet die Tongehalte oft um 50 % liegen (Tab. 
1). Nicht selten handelt es sich um tonige bis schwach toni-
ge Schluffe. Der Karbonatgehalt liegt in der Regel um 10 %, 
mitunter ist der Ton gut geschichtet, wie Abb. 115 und 116 
bei Dewers et al. 1941 zeigen. Einmal sind auch in einem 
warvenartigen Ton im Oldenburgischen Lebensspuren ge-
funden worden (Dahm & Otto 1953).

Die Mächtigkeit des Lauenburger Tons erreicht in der 
Bohrung 145 bei Lauenburg 96 m. In der Reeßelner Rinne 
östlich Lüneburg, wo mit 502 m die größte Quartärmäch-
tigkeit in Niedersachsen erbohrt wurde, entfallen 150 m auf 
den Ton, und mit einigen sandigen Zwischenlagen in der 
Bohrung UWO 6 sind es 170 m (Kuster & Meyer 1979: 142). 
Ähnlich große Mächtigkeiten kennt man aus Hamburg. 
Diese großen Tonmächtigkeiten sind an die elsterzeitlichen 
Rinnen gebunden, die in Norddeutschland tief in das Ter-
tiär eingeschnitten sind, mit der bislang größten erbohrten 
Quartärmächtigkeit von 584 m in der Hagenower Rinne im 
südwestlichen Mecklenburg. Über ihre Entstehung durch 
druckhafte subglaziale Schmelzwässer besteht heute weit-
gehend Einigkeit, da das von Eissmann (1967, 1975, 1987) 
vorgestellte Modell der „Glazihydrodynamischen Struktu-

Abb. 1: Lauenburger Ton (qL), gestaucht, Geschiebemergel (qD 2 // Mg) der 
Jüngeren Drenthe. Tongrube ca. 2 km NNW Lauenburg, GK 25 Nr. 2629 Lau-
enburg. Foto K.-D. Meyer 1963.

Fig. 1: Lauenburg Clay below Younger Drenthian Till. Old clay pit 2 km 
NNW Lauenburg.
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ren“ bestens mit den Verhältnissen übereinstimmt. Im Un-
terelbegebiet sind die Rinnen besonders gut in Hamburg in 
ihrem Verlauf bekannt (Grube 1979) und der Mechanismus 
der Verfüllung untersucht (Ehlers & Linke 1989, Janszen 
et al. 2013).

Im Bereich der Rinnen wurde durch die starke Strömung 
der Schmelzwässer die elsterzeitliche Grundmoräne wei-
testgehend zerstört, die auf den „Rinnenschultern“ erhalten 
ist, wie das z.B. auf dem Profil durch die Buxtehuder und 
Wintermoorer Rinne auf Bl. GK 25 Nr. 2524 gut zu sehen ist 
(Kuster & Meyer 1979, Abb. 10). In beiden Rinnen schwillt 
die Mächtigkeit des Tones übrigens kaum an, der ansonsten 
fast flächenhaft auf dem Blattgebiet verbreitet ist. Gleiches 
trifft für die Nordhälfte der GK 25 Stelle Nr. 2626 zu (Meyer 
1985). 

An der Basis der Rinnen sammelt sich das Grobkorn der 
zerspülten Grundmoränen an, wovon allenfalls verstürzte 
Teilschollen erhalten bleiben (Eissmann 1987, Abb. 1; Eh-
lers et al. 1984, Fig. 6). Wenn, wie im Tagebau Schöningen 
bei Helmstedt, ein intakter elsterzeitlicher Geschiebemer-
gel von gut 10 m Mächtigkeit (Meyer 2012) über die ganze 
Abbauwand erhalten war, kann es sich dort nicht um eine 
subglaziale Rinne gehandelt haben, wie Lang & Winse-

mann (2012) annehmen. Damit in Einklang steht, dass in 
Schöningen elsterzeitliche glazilimnische Ablagerungen 
im Hangenden der Grundmoräne nur geringe Verbreitung 
haben (Urban et al. 1988, Elsner 2003). Mitunter zeigt 
der Ton eine diskrete Schichtung, die in den oberen 57 m 
der Forschungsbohrungen qho 4 HH-Dockenhuden (Lin-
ke 1993: 55) so regelmäßig war, dass eine Jahresschichtung 
gefolgert wurde mit einem Ablagerungszeitraum von ca. 
2000–2500 Jahren. Der Tongehalt in diesem Abschnitt stieg 
bis auf 40 %. Die unteren 56 m (bis 208 m u. Gelände) waren 
mehr schluffig-sandig entwickelt.

Auch in NW-Niedersachsen wurde gelegentlich gut ge-
bänderter Lauenburger Ton erschlossen, wie im Hangen-
den einer Sandgrube bei Hahn, TK 25 Nr. 2714 Wiefelstede, 
Abb. 2 (NW Oldenburg). Solche geringmächtigen, auskei-
lenden Vorkommen wurden mehrfach im Unterweser-
gebiet im Raum Bremen sowie zwischen Oldenburg und 
Wilhelmshaven gefunden, sie können dort direkt die ex-
trem sandig ausgebildete („Geschiebesand“) Jüngere Elster-
Grundmoräne überlagern. Dies war beispielsweise in der 
großen Sandgrube bei Freißenbüttel (TK 25 Nr. 2718 Os-
terholz-Scharmbeck) gut zu sehen (Abb. 3), ein Schlüssel-
profil, da hier im tieferen Teil der Grube auch noch die Els-

Probe Nr. 1 2 3 4 5 6 7 8 9 10

Tiefe in m 
unter Gelände

22 - 
24

24 - 
26

20 - 
30

30 -  
45

36 - 
60

4,5 - 
  5

1,7 - 
 2

30 - 
32

4 - 
 8

 8 - 
15

gS
2.000 - 1.000 0,2

1.000 - 630 0,7 0,1

mS
630 - 315 1,2 1,3 0,3

315 - 200 3 3,1 0,3 0,9 0,3 0,1

fS
200 - 125 8,4 6,4 0,3 1,8 0,6 1,1 0,2

125 - 63 12,4 4,6 20,1 11,7 4,2 5,8 4 2,4 7 2,4

U

63 - 20 0,7 1,8 19,7 6,1 17 39,8 3,8 8,8 17,1 8,9

20 - 6,3 0,9 2,1 2,9 6,7 14,2 23,2 4,3 9,5 19,1 9,8

6,3 - 2 2,5 12,5 5,1 10,8 17,1 9,4 7,5 17,6 13,5 17,4

T < 2 83,5 79 38,9 53 46,6 21,8 77,4 60,8 42,1 61,2

Tab. 1: Korngrößenanalysen (Gew. -%, φ in μ) von elsterzeitlichem Beckenton und -schluff (Lauenburger Ton) im Unterelbe- und Unterweser-Gebiet

Tab. 1: Grain size analyses of Elsterian clays and silts in Lower Saxony

T = Ton, U = Schluff, fS = Feinsand, mS = Mittelsand, gS = Grobsand.

Probe 1 und 2: "Bohrung 181 Wasserwerk Lauenburg (Meyer 1965, Abb. 1)
  GK 25 Nr. 2629 Lauenburg, R 44 03 030, H 59 16 520."

Probe 3 und 4: "Drillbohrung GE 30, SW Bretze (Meyer 2004, Tab. 9)
  GK 25 Nr. 2730 Bleckede, R 44 13 640, H 59 04 230."

Probe 5:  "Drillbohrung GE 55, 2 km SSW Stelle (Meyer 1985, Tab. 2)
  GK 25 Nr. 2626 Stelle, R 35 73 360, H 59 15 720."

Probe 6:  "Handbohrung C 231, alte Lehmgrube S Drangstedt
  GK 25 Nr. 2318 Neuenwalde, R 34 83 570, H 59 42 030."

Probe 7:  "Handbohrung C 340, alte Tongrube E Drangstedt (Meyer & Schneekloth 1973, Tab. 1)
  GK 25 Nr. 2318 Neuenwalde, R 34 84 510, H 59 42 280."

Probe 8:  "Drillbohrung D 17, 5 km SSW Rastede (Meyer 2012, Tab. 1)
  GK 25 Nr. 2715 Rastede, R 34 45 870, H 58 97050."

Probe 9 und 10: Drillbohrung D 6, 2 km E Rastede, R 34 48 700, H 59 02 430.
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Abb. 3: Lauenburger Ton (qL), direkt Geschiebesand (qe // Sg) der Jüngeren Elster-Grundmoräne überlagernd. Zuoberst Geschiebelehm der Drenthe-Haupt-
moräne (qD // Lg). Sandgrube Freißenbüttel, TK 25 Nr. 2718 Osterholz-Scharmbeck. Foto K.-D. Meyer 1995.

Fig. 3: Lauenburg Clay, below Younger Elsterian sandy Till. Sandpit Freißenbüttel.

Abb. 2:  Lauenburger Ton (qL), warwig geschichtet, verfaltet, über elsterzeitlichen Schmelzwassersanden (qe / S / gf). Sandgrube 2 km WNW Hahn, TK 25  
Nr. 2714 Wiefelstede. Foto K.-D. Meyer 1968.

Fig. 2: Lauenburg Clay, varved, overlain elsterian fluvioglacial sand. Sandpit 2 km WNW Hahn.
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ter-Hauptmoräne aufgeschlossen war sowie zuoberst die 
Drenthe-Moräne (Feldmann & Meyer 1998). Leider waren 
alle Bemühungen, einen Abschnitt dieses geowissenschaft-
lich einmaligen Profils zu erhalten, trotz Zusage des Land-
kreises vergebens (Meyer 1997).

Auf die zum Lauenburger Ton-Komplex gehörenden Fein-
sande soll hier nicht weiter eingegangen werden, da sie weit 
seltener als die bindigen Schichten aufgeschlossen waren und 
in Bohrungen auch schlechter zu identifizieren sind. Beson-
ders im Raum Oldenburg-Ostfriesland enthalten sie häufig 
lagenweise umgelagerte Braunkohle (Abb. 4) mit nicht we-
nig Bernstein (Alexander 2002). Allein eine im Nassabbau 
betriebene Sandgrube bei Altjührden (TK 25 Nr. 2614 Varel) 
hat bis zu ihrer Stilllegung schätzungsweise ½ t Bernstein 
geliefert, der vermutlich zumindest teilweise (ebenso wie die 
Kohle) mitsamt dem durch Eisschmelzwasser ausgespültem 
Rinnenmaterial aus Mitteldeutschland entstammt und auf 
dem Wege zum Nordseebecken unterwegs deponiert wurde.

3. Saale-Kaltzeit

3.1 Niedersächsisches Bergland

Wie zur Elster-Kaltzeit transgredieren die saalezeitlichen 
Grundmoränen in Mitteldeutschland über Bändertone, die 
auch hier mit speziellen Ortsbezeichnungen versehen sind 
(Bettenstaedt 1934, Schulz 1962, Eissmann 1975). Ver-
gleichbare flächenhafte Sedimente fehlen in Niedersach-
sen, immerhin kam es am nordwestlichen Harzrand zur 
lokalen Ausbildung von Stauseen, die Pilger (1991) zusam-
menfassend dargestellt hat. Es sind insgesamt sieben nicht 
sehr ausgedehnte Vorkommen.

3.1.1 Leinebergland

Im westlich des Harzes anschließenden Leine-Gebiet sind 
bei Alfeld Bändertone in einer Mächtigkeit bis zu 3 m 
seit langem bekannt (Lüttig 1960, Abb. 1); wie in Mittel-
deutschland auf Mittelterrasse liegend und ihrerseits von 

Grundmoräne überlagert. Nach Jordan (1994, Abb. 10 und 
11) kommt lokal auch über der Moräne Bänderschluff in 
einer Höhenlage von ca. 100 m vor.

Vom östlichen Nachbarblatt beschreibt Harms (1983) 
aus einer Baugrube einen ca. 50 cm mächtigen tonig-fein-
sandigen feingeschichteten Beckenschluff, Mittelterassen-
Kies der Leine überlagernd. Dieses Vorkommen liegt ca. 1 
km SE der Fredener „Endmoräne“, in der ebenfalls zeitwei-
se örtliche Schlufflagen aufgeschlossen waren.

Weiter das Leinetal aufwärts sind keine glazilimnischen 
Bildungen mehr nachgewiesen, lediglich 10 km SE Freden 
in einem Nebental der Gande östlich Orxhausen, wo Jor-
dan (1993) Beckentone bis Schluff über Schmelzwassersan-
den fand und in einem Profil (Abb. 6) darstellte, vgl. auch 
Kaltwang 1986; 1992: 59 und 137. Auch Rausch (1977) er-
wähnt in seinen Aufschlussbeschreibungen keine derarti-
gen Sedimente über der Mittelterrasse der Leine.

Die Stauseen im Leinetal samt ihren Nebentälern sind 
also von sehr begrenzter Ausdehnung gewesen, es gibt kei-
ne Beweise für einen riesigen „glacial Lake Leine“ (Win-
semann et al. 2011) mit einer maximalen Seespiegelhöhe 
von 200 m + NN. Die von diesen Autoren auf Fig. 3 dar-
gestellten „Fine grained bottom sediments“ sind teils älter 
als saalezeitlich (unter Mittel- und Oberterasse lagernd), 
teils sind es mächtige Absätze in Subrosionssenken, wie 
auf den GK 25 Nr. 4125 Einbeck (Jordan 1993: 45), Nr. 4225 
Northeim West (Jordan 1986: 44) oder Nr. 4325 Nörten-
Hardenberg (Jordan 1984:46). Selbst Interglaziale wurden 
einbezogen wie die cromerzeitlichen von Bilshausen und 
Sohlingen. Manche dieser Sedimentfüllungen sind einige 
10er m mächtig, maximal 50 m. Selbst wenn Stauseesedi-
mente im oberen Leinetal existiert haben sollten, wären 
solche Mächtigkeiten wenig plausibel, noch weniger in Ne-
bentälern wie dem der Rhume.

3.1.2 Weserbergland

Auch für das Wesergebiet wird von Winsemann et al. 
(2011) ein großer saalezeitlicher Stausee („Glacial Lake 
Weser“) angenommen, dabei eine Vorstellung von Thome 
(1983) aufnehmend. Im Wesertal sind im Bereich zwischen 
der Porta und Hameln seit langem Stauseeablagerungen 
bekannt, von Spethmann (1908) einem „Rintelner Eisstau-
see“ zugeordnet, dessen Sedimente auf der betreffenden 
Talstrecke im Bereich der GK 25 Nr. 3719, 3819, 3820, 3821 
und 3822 nachgewiesen wurden. Auch auf dem westlichen 
Anschlussblatt Herford Nr. 3818 tritt unter Grundmoräne 
Beckenschluff und -ton auf (Deutloff 1995); die Verhält-
nisse in Nordrhein-Westfalen (Meinsen et al. 2011) sind je-
doch nicht Gegenstand dieser Arbeit.

Die Mächtigkeit des Rintelner Beckentons liegt meist bei 
einigen m. Kulle (1985) hat die damals auf GK 25 Hess. 
Oldendorf Nr. 3821 in den Ziegeleigruben Helpensen und 
Heeslingen in je 2,5 Meter Mächtigkeit aufgeschlosse-
nen Bändertone untersucht, die jeweils von mehreren m 
Grundmoräne überlagert waren. Dabei ist die Überlage-
rungsgrenze messerscharf, ohne dass Störungen der Bän-
dertone erkennbar waren, ein auch in Mitteldeutschland 
nicht ungewöhnlicher Fall (Junge & Eissmann 2000). In 
Helpensen wurden 51 Warven gezählt, in Heeslingen 66. 
Obwohl natürlich mit einer gewissen Erosion und damit ei-

Abb. 4:  Elsterzeitlicher Beckensand (qe /S /b) mit umgelagerter tertiärer 
Braunkohle, Bernstein-führend. Ehemalige Sandgrube Altjührden, TK 25  
Nr. 2614 Varel.

Fig. 4: Elsterian fluvioglacial sand with redeposited tertiary lignite, contain-
ing Amber. Old sandpit Altjührden.
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ner entsprechenden Schichtlücke zu rechnen ist, so ist von 
einem Ablagerungszeitraum für den Beckenton von rund 
100 Jahren auszugehen. 

Interessant ist ferner, dass unter den von Kulle (1985) 
gezählten Dropsteinen etwa ¾ nordischer Herkunft waren. 
Zusammen mit den Ergebnissen der Schwermineralanalyse 
deutet das klar auf eine dominierende nordische Herkunft 
des Materials. Dabei ist zu fragen, was aus dem damals von 
Süden in das Staubecken transportierten Material gewor-
den ist.

Auf dem westlich an Bl. Hess. Oldendorf anschließen-
den Blatt Rinteln Nr. 3820 hat Rausch (1975) in einem süd-
lich Krankenhagen damals abgebauten Staubeckenschluff 
ebenfalls reichlich eingestreute nordische Geschiebe be-
schrieben, wobei er das Fehlen von Buntsandstein und Kie-
selschiefer betont. Das von Rausch als „Bögerhofton“ be-
zeichnete Sediment hat eine Basishöhe von über 100 m. In 
diesem Zusammenhang ist auch auf ein Profil in der aufge-
lassenen Kiesgrube westlich Möllenbeck zu verweisen, in 
der drei, z.T. allerdings nur eng begrenzte Schluffschichten 
auftraten. Die Position des Bögerhoftons zur Grundmorä-
ne ist unklar; vermutlich handelt es sich um eine Bildung 
während des Eisrückzugs.

Flussaufwärts von Hameln sind keine Vorkommen des 
Rintelner Tones mehr bekannt, obwohl die vorhandenen 
Mittelterrassenflächen genügend Platz geboten hätten und 
der Ton auch außerhalb der Reichweite der Gletscher vor 
Erosion hätte verschont bleiben können. Bei allen anderen 
von Winsemann et al. (2011) im Wesereinzugsgebiet dar-
gestellten Vorkommen von „Fine-grained lake bottom sedi-
ments“ handelt es sich um Fehlinterpretationen. Die nörd-
lich Holzminden eingetragenen Vorkommen sind nach der 
GK 25 Nr. 4022 Ottenstein feinkörnige Einlagerungen in der 
Mittelterrasse. Auf GK 25 Nr. 4322 Höxter wird am N-Hang 
der Nethe, einem Seitental der Weser, unter Löß ein gering-
mächtiger Ton angegeben, undatiert und ohne Beziehung 
zur Weser. Das Vorkommen im Bereich der GK 25 Nr. 4322 
Karlshafen bleibt unklar.

Der letzte an der Weser gelegene Punkt auf GK 25 Nr. 
4323 Uslar (Lepper 1977) bei Bodenfelde nahe der Schwül-
me-Mündung liegt oberhalb der Mittelterrasse und ist ei-

ne zur Oberterrasse gehörende periglaziale Schluff-Sand-
Wechselfolge (Preuss & Rohde, in Lepper 1977, S. 46/47).

Ebenfalls auf GK 25 Uslar liegt in etwa 200 m NN (= 90 m 
über der Mittelterrasse) am Hang des Ahle-Tales das zum 
Cromer-Komplex gehörende Sohlingen-Interglazial (Ho -
mann & Lepper 1994).

Als letztes verbleibt ein Punkt auf GK 25 Nr. 4421 Bor-
genteich, wo bei Daselburg am W-Hang des Eggeltales, 
einem Nebental der Diemel, in ca. 180 m Seehöhe in ei-
ner alten Ziegeleigrube 4 m kaltzeitlicher Ton abgegraben 
wurde. Eine verlässliche Datierung liegt nicht vor. Es ist 
wenig glaubhaft, dass im gesamten Diemeltal, sofern es tat-
sächlich vom „Lake Weser“ bedeckt gewesen wäre, nicht 
noch weitere Vorkommen erhalten geblieben wären, zumal 
vom Diemeltal eine ausführliche Untersuchung von Wort-
mann (1937) vorliegt, der auch ein exzellenter Kenner des 
Wesersystems war.

Weiterhin wird von Winsemann et al. (2011) im Einzugs-
gebiet der Weser (merkwürdigerweise nicht auch der Lei-
ne) „Ice rafted debris“ angegeben. Kein Fund davon wurde 
in situ gemacht, weshalb eine Verdriftung als nicht erwie-
sen gelten muss, zumal alle Punkte im Bereich des früher 
vereisten Gebietes liegen (Kaltwang 1992), mit zwei Aus-
nahmen. Eine davon bezieht sich auf die Angabe von Gru-
pe (1923), dem Fund eines angeblich nordischen Quarzits in 
den interglazialen Tonschichten der Zeche Nachtigall bei 
Höxter, GK 25 Nr. 4122 Holzminden. Dazu schreibt Lüttig 
1955, S. 83: „Diese Angabe ist von verhängnisvollem Ein-
fluß vor allem auf die seither herausgegebenen Kartenwer-
ke gewesen und muß endlich korrigiert werden. Ich kann 
Grupe in keiner Weise folgen und halte den „kambrischen 
Quarzit“ entweder für eine Fehlbestimmung oder ein ver-
schlepptes Geschiebe.“ 
Dem ist hinzuzufügen, dass auch Mangelsdorf (1981) 
in den Tonen zwar Weser-Kiese als Driftmaterial fand, 
darunter aber kein einziges nordischer Herkunft. Eigene 
Aufsammlungen während der Neubearbeitung (in Rohde 
et al. 2012: 139) können das bestätigen. Die Probe stammt 
von der Nordwand des damaligen Aufschlusses aus dem 
Schluff über der untersten Torfbank (Abb. 5) und war ga-
rantiert frei von nordischen Komponenten. Nur Stücke 

Abb. 5: Ziegeleitongrube „Zeche Nachtigall“ 
bei Höxter (Saale-Komplex), Blick nach 
Westen, GK 25 Nr. 4122 Holzminden. An N-
Wand rechts im Bild der Proben-Entnahme-
punkt der „Dropsteine“ aus dem Schluff über 
dem untersten Torfband, Rohde & Lepper 
2012, S. 139. Foto K.-D. Meyer 1997.

Fig. 5: Interglacial (Saalian complex) Clay 
pit „Nightingale“ near Höxter, containing 
Weser-river dropstones.
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aus dem sicheren Anstehenden wurden entnommen, wie 
Abb. 6 zeigt. Im Übrigen gibt es keine roten kambrischen 
Quarzite; möglicherweise war es ein Buntsandstein. Wie 
auch immer, die Position in den interglazialen Tonen macht 
das fragliche Geschiebe als Kronzeuge für einen frühdren-
thezeitlichen Bänderton unbrauchbar.

Das zweite Vorkommen von angeblichem „Ice-rafted de-
bris“ liegt auf GK 25 Nr. 4523 Hann. Münden, wo bereits in 
den Erläuterungen von Feuersteinen berichtet wurde, die 
über die Werra aus Thüringen dorthin gelangt sein sollen. 
Wiegers (1955) hat das Thema erneut aufgegriffen, was von 
Unger (1974) dahingehend korrigiert wurde, dass es sich 
um umgelagertes elsterzeitliches Material aus dem Thürin-
ger Becken handelt. Jedenfalls zeugen auch diese beiden 
angeblichen Fundpunkte von „Ice-rafted debris“ weit au-
ßerhalb der Vereisungsgrenze in keiner Weise für die Exis-
tenz eines großen Stausees.

Im Leine- und Wesergebiet sind, außer den in unmit-
telbarer Nähe des Eisrandes abgelagerten, lange bekannten 
Staubeckensedimenten wie die von Alfeld und Rinteln, kei-
ne weiteren Vorkommen nachweisbar. Sämtliche von Win-
semann et al. 2011, Fig. 2 aufgeführten Vorkommen, soweit 
sie Verf. nicht z.T. seit über 50 Jahren bekannt waren, wur-
den anhand von Bohrungen oder geol. Karten überprüft 
und erwiesen sich als unrichtig datiert oder undatierbar. 
Die Existenz großer und bis 200 m Höhe aufgestauter Stau-
seen muss also als unbewiesen gelten und daher auch der 
subaquatische Charakter der „Fan and delta complexes“ 
von der Porta bis zum Harzrand bei Bornhausen. In diese 
aus glazifluviatilem Sand und Kies aufgebauten, früher oft 
(Grupe 1930, Stach 1930) als Kames-Bildungen gedeute-
ten Körper sind zwar gelegentlich auch Schluffbänke und 
flow till-Lagen eingeschaltet, aber das ist in dieser Position 
nicht ungewöhnlich. Im Übrigen sei auf die vorliegenden 
Bearbeitungen dieser Körper verwiesen: Porta: Attig 1965, 
Röhm 1985; Emme: Merkt 1980, Rakowski 1990; Freden: 
Harms 1983; Möllenbeck-Krankenhagen: Wellmann 1990; 
1998; Coppenbrügge: Lüttig 1960; Bornhausen: Ueber-
sohn 1990.

3.2 Niedersächsisches Flachland

Im niedersächsischen Flachland sind saalezeitliche glazi-
limnische Tone und Schluffe erheblich weiter verbreitet als 
im Bergland; kaum eine GK 25, wo dieselben nicht an der 
Oberfläche oder in Bohrungen vorkommen. Das trifft be-
sonders für Nordostniedersachsen zu, wohl weil dort die 
jüngeren Eisvorstöße für ein unruhigeres Relief und damit 
für geeignete Ablagerungsräume sorgten. Am deutlichsten 
wird das im Uelzener Becken, wo früher viele Ziegeleien 
noch bis in die 60/70er Jahre des 20. Jhd. Einblick gewähr-
ten, aber heute sämtlich stillgelegt sind. Auch gut gewarv-
te Bändertone waren dabei wie in Emmendorf, GK 25 Nr. 
2929, wobei der Jahresschichten-Charakter nicht erwiesen, 
aber aufgrund der sehr regelmäßigen Ausbildung gut mög-
lich ist (Dewers et al. 1941, Abb. 46 bis 47). In Emmendorf, 
wo direkt über dem Bänderton eine rote ostbaltische Morä-
ne liegt, wäre ein solcher Nachweis besonders interessant 
(Gauger & Meyer 1970), weil damit eine Zeitmarke für den 
Ablagerungszeitraum dieses mutmaßlich von einem Eis-
strom abgelagerten Geschiebemergels gegeben wäre (Mey-
er & Roland 2016).

Die Mächtigkeit der saalezeitlichen Beckensedimente 
reicht nicht an die elsterzeitlichen heran, da es keine ver-
gleichbar tiefen Rinnenstrukturen gab. Immerhin sind ei-
nige 10er m nicht außergewöhnlich. Die Ausdehnung der 
Vorkommen an der Oberfläche geht meist nicht über 1 km 
hinaus, oft sind es nur wenige 100 m bis 10er m. Die Ver-
teilung ist sehr ungleichmäßig, z.B. häufen sich die Vor-
kommen wie im SW und in der Mitte der GK 25 Nr. 2830 
Dahlenburg (Meyer 2009), was sowohl morphologische 
wie geologische Gründe haben kann, wie z.B. das Vorkom-
men von tonigem Geschiebemergel als geeignetes Abdich-
tungsmittel (ehemalige Grundmoränenseen), zusammen 
mit diesen auch für nachfolgende warmzeitliche Sedimen-
te dienend.

Auf anderen Blättern, wo an der Oberfläche kaum Be-
ckenbildungen vorkommen, sind sie im Untergrund durch-
aus vorhanden, wie das Profil der GK 25 Nr. 2524 Buxte-

Abb. 6: Zeche Nachtigall, Höxter, Buntsand-
stein-Dropstein in situ im Schluff über dem 
untersten Torf. Foto K.-D. Meyer  1.9. 1997.

Fig. 6: Nightingale clay-pit: Buntsandstein-
dropstone in situ.
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hude zeigt, obgleich sie hier auch in Sandgruben in einer 
Ausdehnung von m bis 10er m vorkommen (Meyer 1982). 

Petrographisch handelt es sich meist um schwach bis 
sehr stark tonige Schluffe mit Tongehalten bis 40 % (Pr. 7 
und 8, Tab. 2), während fette Tone eher selten sind. Beim 
Schluff gibt es große Unterschiede, manchmal dominiert 
der Mittelschluff (Pr. 6 mit 45 %), manchmal der Grobschluff 
(Pr. 4 mit 48 %).

Die Beckenschluffe kommen in allen Etagen der saale-
zeitlichen Abfolge vor, d.h. als Einschaltungen in Schmelz-
wassersande, oft nur in geringer Mächtigkeit und Ausdeh-
nung wie im Tagebau Schöningen, wo an der Südwand des 
„Bahnpfeilers“ im Jahre 2009 ein bis zu 9 m mächtiger, seit-
lich schnell auskeilender gelblicher Beckenschluff aufge-
schlossen war, teils direkt von der Drenthe-Hauptmoräne 
überlagert (Meyer 2012, Abb. 14 und 15). Die Korngrößen-
analyse (Pr. 1, Tab. 2) zeigt mit 51 % das deutliche Überwie-
gen des Grobschluffs.

Solche Schluffe sind Stillwassersedimente in lokal nur 
kurzfristig existierenden Depressionen innerhalb der nor-
malen Vorschüttsedimente, die andererseits auch Grob-

kiesbänke enthielten, welche in Schöningen Leitgeschiebe-
zählungen  ermöglichten (Meyer 2012, Tab. 2). Im gleichen 
Profil wurde direkt über der Drenthe-Grundmoräne ein 
2–3 dm mächtiger, rötlich-brauner, stark toniger (39,5 % T) 
Schluff (Pr. 2, Tab. 2) mit brecciösen Strukturen aufgeschlos-
sen, als „Brockenschluff“ bezeichnet. Vermutlich gehen sol-
che Strukturen auf periglaziale Einwirkungen nach der Ab-
schmelzphase zurück. Möglicherweise handelt es sich um 
ähnliche Erscheinungen, wie sie von Junge et al. (1999) aus 
Bändertonen des Tagebaus Delitzsch-SW im Hangenden 
der ersten Saale-Grundmoräne beschrieben wurden, in ähn-
licher Position wie in Schöningen, auch wenn es sich hier 
nicht um Bändertone handelt und eine Gleichsetzung nicht 
erwiesen ist. Mit dem „Brockenschluff“ endet in Schönin-
gen die Schmelzwasser-Tätigkeit in der Abschmelzphase. 
Ein größerer Stausee mit mächtigen Ablagerungen, wie von 
Lang & Winsemann 2013 angenommen, kann hier nicht 
existiert haben, dafür gab es auch in frühen Abbau-Schnit-
ten in Schöningen keine Hinweise (Elsner 2003).

Wie im Profil Schöningen, kommen Beckenschluffe be-
vorzugt im unmittelbaren Liegenden und Hangenden der 

Probe Nr. 1 2 3 4 5 6 7 8 9 10

Tiefe in m 
unter Gelände

7 5,5 4 12 3 10 48 - 
53 1 2 3

gS 1.000 - 630 0,3 0,2

mS
630 - 315 0,7 1,3 1

315 - 200 1,7 4,5 2,1 0,1

fS
200 - 125 2,1 6,5 2,9 3,8 0,4 0,4

125 - 63 6,4 5,5 7,2 20,2 2 0,8 3,9 2,9 8,2 3,8

U

63 - 20 51 6,4 34,2 48,4 28,2 12,6 13,2 28,4 70,3 29,6

20 - 6,3 16,5 14,9 26,6 11,6 40 45 17 14,4 21,9 14,6

6,3 - 2 6,5 21,9 5,3 2,8 9,2 22,6 19 13,1 1,8 17,3

T > 2 15,1 39,5 26,7 14,1 20,6 19 40,1 40,3 5,6 34

Tab. 2: Korngrößenanalysen (Gew. -%, φ in μ) von saalezeitlichen Beckenschluffen in NE-Niedersachsen.

Tab. 2: Grain size analyses of Saalian glaciolacustrine silts in NE Lower Saxony

T = Ton, U = Schluff, fS = Feinsand, mS = Mittelsand, gS = Grobsand.

Probe 1:  "Beckenschluff, bis 3 m mächtige, seitlich auskeilende Einschaltung in drenthezeitliche Vorschüttsande. Tagebau  
  Schöningen, S-Wand des “Bahnpfeilers” 2009.
  GK 25 Nr. 3731 Schöningen, R 44 30 820, H 57 79 280."

Probe 2:  “Brockenmergel”, in 2 - 3 dm Stärke den hangenden Geschiebemergel überlagernd. Fundpunkt wie Probe 1 (Meyer 2012).

Probe 3:  "Beckenschluff, feingeschichtet, steilstehend und die Drenthe-Hauptmoräne überlagernd. (Meyer 1965, Taf. 1)
  GK 25 Nr. 2629 Lauenburg, R 44 02 960, H 59 16 510."

Probe 4:  "Beckenschluff, über Jüngerer-Drenthe-Moräne, Elbsteilufer Lauenburg,
  GK 25 Nr. 2526, R 44 02 865, H 59 16 510."

Probe 5:  "Beckenschluff, Jüngere-Drenthe-Moräne unterlagernd, alte Mergelkuhle 1 km SSW Breetze (Meyer 2004, Tab. 9)
  GK 25 Nr. 2730 Bleckede, R 44 13 240, H 59 03 310."

Probe 6:  "Beckenschluff-Lage in Drenthe-Schmelzwassersand, Kiesgrube E Breetze (Meyer 2004, Tab. 9)
  GK 25 Nr. 2730 Bleckede, R 44 14 840, H 59 04 320."

Probe 7:  "Beckenschluff, Drillbohrung G 19 (Meyer 2009, Tab. 3)
  GK 25 Nr. 2830 Dahlenburg, R 44 12 450, H 59 92 540."

Proben 8 bis 10:  "Beckenschlufff, alte Ziegeleigrube Scharmbeck (Meyer 1985, Tab. 4)
  GK 25 Nr. 2626 Stelle, R 35 75 640, H 59 13 200."
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Drenthe-Grundmoräne vor, insofern an die Verhältnisse in 
Mitteldeutschland erinnernd, auch wenn im Flachland kei-
ne flächenhaft auftretenden Bändertone bekannt sind.

Ebenfalls die Drenthe-Hauptmoräne direkt überlagernd 
und mit dieser zusammen gestaucht (Meyer 1965), steht am 
Elbsteilufer von Lauenburg in steiler Lagerung ein 20 m 
mächtiger, hellgelblicher Beckenschluff an (Abb. 7). Es ist 
ein toniger Grob- bis Mittelschluff (Pr. 3, Tab. 2), ziemlich 
homogen und ähnelt der Pr. 1 von Schöningen. Die Schicht 
konnte am Elbsteilufer in Bohrungen und Schürfen etwa 1 
km weiter elbabwärts verfolgt werden.

Am Lauenburger Steilufer ist ein weiterer, jüngerer Be-
ckenschluff aufgeschlossen, allerdings nur die Eemtorf-
Mulden auskleidend und mit diesen auf Profil I bei Meyer 
1965 zusammengefasst. Vom unteren gelben Beckenschluff 
ist er durch die Kreidekalk-reiche Jüngere Drenthe-Moräne 
und deren Vorschüttsanden getrennt. Der 1–2 m mächtige 
Schluff ist von grauer Farbe; seine Korngrößenzusammen-
setzung (Pr. 4, Tab. 2) ähnelt, abgesehen von einem etwas 
höheren Feinsandgehalt, der Pr. 1, Tab. 2, von Schöningen.

Ein toniger, lagenweise feinsandiger Mittelschluff (40 %, 
Pr. 5, Tab. 2) ist in einer alten Mergelkuhle 1 km SW Breetze 
aufgeschlossen, muldenförmig Jüngeren Drenthe-Geschie-
bemergel unterlagernd (Meyer 2004, Abb. 4). Mit 20,1 % ist 
sein Karbonat-Gehalt relativ hoch, weshalb er zur Zeit der 
Kartierung (1988/90) noch gelegentlich abgegraben wurde. 
Sehr ähnlich ist die Analyse (Pr. 6, Tab. 2) einer Schluffbank 
aus der aufgelassenen Kiesgrube östlich Breetze, nur ist 
hier der Grobschluff zugunsten des Feinschluffs erniedrigt. 
Der Karbonat-Anteil ist mit 19 % fast identisch mit Pr. 5.

Im Bereich des Blattes Bleckede wurden ferner mehr-
fach unter den dort sehr häufigen Eem-Vorkommen (insg. 
37) lokale Beckenschluffe erbohrt, die ihrerseits in Grund-
moräne eingetieft sind. Bemerkenswert ist, dass auch im 
Hangenden des Interglazials Beckenschluffe bis zu einigen 
m Mächtigkeit vorkommen können, und dies in einer heute 
rein sandigen Umgebung. Dies bedeutet, dass noch zur frü-
hen Weichsel-Kaltzeit mehr oder weniger schluffige Sub-
strate ausgespült und in den betreffenden Depressionen 
deponiert werden konnten, und somit nicht alle limnischen 
Sedimente auf der Geest auch glazilimnisch sind.

Auf dem südlich an Bleckede anschließenden Blatt GK 
25 Nr. 2830 Dahlenburg sind sowohl an der Oberfläche wie 
im Untergrund Beckenschluffe in Mächtigkeiten über 20 m 
weit verbreitet. Der Tongehalt kann 40 % erreichen, wes-
halb sie gern verziegelt wurden. Ihre Häufung ist einmal 
durch die Position im Dahlenburger Becken bedingt, an-
dererseits durch die Anlehnung der Grundmoräne an den 
Moränenrücken im SW des Blattes, wo sich auch hier Eem-
Vorkommen häufen (insg. 36). Damit sind auf den beiden 
Blättern 73 Eem-Vorkommen bekannt, es könnten gut dop-
pelt soviel sein, da nicht nur in den Trockentälern weitere 
Vorkommen völlig überschüttet wurden, wenn auch nur 
von sehr geringer Ausdehnung. Jedenfalls dürfte die Ge-
gend nach Abschmelzen des letzten Saale-Eises von Toteis-
löchern überzogen gewesen sein, jedoch nicht so lücken-
los wie in den jetzigen Jungmoränen-Gebieten, wo auf den 
Quadrat-km bis zu 10 Toteislöcher entfallen können – die 
zehnfache Menge wie hier.

Teils oberflächennah unter Bedeckung von Schmelzwas-
sersand, teils unmittelbar an der Oberfläche anstehend und 

von km-langer Ausdehnung sind einige Beckenschluff-Vor-
kommen auf GK 25 Stelle Nr. 2626 (Meyer 1985, Tab. 4). Die 
noch Anfang der 80er Jahre arbeitende Ziegelei Scharmbeck 
betrieb eine flache Grube, aus der die Pr. 8–10 der Tab. 2 ent-
nommen wurden. Während die Pr. 8 und 10 sehr hohe Ton-
gehalte (40,3 bzw. 34 %) zeigten, ging derselbe in Pr. 2 auf 5,5 
% zurück, dafür stieg der Grobschluff auf 70,3 % an, bei un-
gewöhnlich niedrigem Feinsandgehalt. Der Kalkgehalt war 
mit 8,4 % relativ niedrig. Die Mächtigkeit des Schluffs nimmt 
außerhalb des Vorkommens offenbar rasch ab, wogegen der-
selbe in dem zwischen Scharmbeck und Ashausen gelegenen 
Gebiet in der Drillbohrung G 84 mit 50 m nicht durchteuft 
wurde. Ebenfalls auf Blatt Stelle war in der NW-Ecke dessel-
ben beim Autobahn-Neubau im Jahre 1974 gut gebänderter, 
sandstreifiger Beckenschluff in stark verfaltetem Zustand 
angeschnitten, diskordant z.T. mit Steinsohle an der Basis 
von Schmelzwassersand überlagert (Abb. 8). Das Profil ist in 
den Erläuterungen auf Abb. 5 dargestellt sowie in etwas ver-
änderter Form von Grube & Ehlers 1975 beschrieben.

Westlich der Hamburger Berge wurden größere Becken-
schluff-Vorkommen mehrfach durch Bohrungen im Liegen-
den der Drenthe-Hauptmoräne nachgewiesen wie auf GK 25 
Buxtehude Nr. 2424 (Meyer 1982) und GK 25 Hollenstedt Nr. 
2524 (Höfle 1982). Vom südlichen Anschlussblatt Nr. 2725 
Tostedt beschrieb Harms 1986, Abb. 7 und 8 zwei kleine-
re Vorkommen an der Oberfläche nahe Tostedt: eines von 
Jüngerer Drenthe-Moräne überlagert, ein anderes direkt im 
Hangenden derselben aufgeschlossen an der Bundesbahn-
Ausbaustrecke am Bahnhof Tostedt. Es sind feingeschichtete 
Schluffe mit Feinsandlagen (Foto-Abb. 8 in Harms 1986).

Mächtige Beckenschluffe, vielleicht nicht zufällig über 
einer mit Lauenburger Ton gefüllten elsterzeitlichen Rinne 
liegend, stellte Höfle (1995) auf dem Profil der Grundkarte 
des Blattes 2826 Egestorf dar, ebenfalls die Drenthe-Haupt-
moräne unterlagernd und ihrerseits im Luhetal bei Schwin-
debeck von eemzeitlicher Kieselgur überlagert.

Von den zahlreichen früheren Ziegeleien namentlich im 
Uelzener Becken liegen kaum Untersuchungen vor, und die 
alten Erläuterungen sind für stratigraphische Bewertun-
gen nicht ausreichend. Das ist besonders deshalb bedauer-
lich, als hier mit warthezeitlichen Beckenablagerungen zu 
rechnen ist. Da warthezeitliche Vorschüttsande und Kiese 
selten sind, wären zwischen Warthe- und Drenthe-Grund-
moräne eingeschaltete Beckenschluffe wie offenbar im be-
reits erwähnten Emmendorf ein wichtiger Hinweis für ei-
nen Eisrückzug oder zumindest Stillstand zwischen beiden 
Vorstößen bzw. Eisströmen.

Es ist die gleiche Fragestellung wie in der benachbarten 
Altmark, wo der auf den alten GK 25 dargestellte warthe-
zeitliche „Rote Altmärker Geschiebemergel“ so enge Bezie-
hungen zu Beckenbildungen zeigt, dass warthezeitliches 
Alter auch für letztere wahrscheinlich ist. Die Häufung 
saalezeitlicher Beckenschluffe in NE-Niedersachsen wird 
auf der quartärgeologischen Übersichtskarte 1 : 500 000 
von Niedersachsen und Bremen deutlich, ebenso deren Sel-
tenheit in den übrigen Gebieten. Eine gewisse Ausnahme 
bilden die GK 25 3125 Bergen, 3224 Westenholz, 3121 Hu-
sum und 3422 Neustadt, wo sandig-tonige Schluffe zumeist 
unter der saalezeitlichen Grundmoräne liegen. Dazu treten 
auch schluffige Feinsande. Über die Mächtigkeiten dieser 
Bildungen ist wenig bekannt.
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4. Schlussfolgerungen

In Niedersachsen sind glazilimnische Tone und Schluffe  in 
den einzelnen Regionen und auch stratigraphisch sehr un-
terschiedlich verbreitet. Sehr selten sind Bändertone, die in 
Mitteldeutschland eine so große Rolle spielen. Elsterzeit-
liche Beckenbildungen sind im Bergland kaum bekannt, 
spielen dafür im Flachland eine desto größere Rolle, be-
sonders als Füllung in den höheren Abschnitten der tiefen 
subglazialen Rinnen, wo sie mit dem Lauenburger Ton ma-
ximal 170 m Mächtigkeit erreichen können.

Zur Saale-Eiszeit erreichte das Eis den Harznordrand 
und es kam zum Aufstau lokaler Becken bis in einige Täler 
hinein. Dies war auch im Leine- und Weser-Bergland der 
Fall, in beiden Tälern mit Absatz von Bändertonen auf der 

frühdrenthezeitlichen Mittelterrasse. Anschließend kam es 
zur Überfahrung durch den Drenthe-Gletscher und Über-
lagerung mit dessen Grundmoräne, wobei Schmelzwasser-
Aufschüttungen einschließlich lokaler Beckenbildung noch 
etwas über die Maximalgrenze des Eises hinausgegangen 
sein können wie im Raum Gandersheim. 

Zur Ausbildung großer Stauseen, die weit in die Ne-
bentäler des Leine- und Wesersystems hineinreichten mit 
einer Seehöhe von über 200 m ist es jedoch offensichtlich 
nicht gekommen. Bei den namentlich im Leinegebiet von 
Winsemann et al. (2011) angegebenen Fundpunkten von 
„lake bottom sediments“ handelt es sich entweder um stra-
tigraphisch ältere Schichten oder die Füllung von Subro-
sionssenken, auch um Interglazialsedimente wie von Bils-
hausen und Sohlingen.

Abb. 7: Beckenschluff, steilgestellt, 
zwischen Drenthe-Hauptmoräne 
und Jüngerer Drenthe-Moräne, 20 m 
mächtig. Elbsteilufer Lauenburg, GK 
25 Nr. 2629, Lauenburg. Foto K.-D. 
Meyer 1963.

Fig. 7: Drenthian glaciolacustrine silt, 
steep folded. Bluffs oft he Elbe River W 
Lauenburg.

Abb. 8: Bänderschluff, gestaucht, dis-
kordant von Schmelzwassersand über-
lagert. Autobahn-Einschnitt, N-Seite, 
bei Karoxbostel, GK 25 Nr. 2626 Stelle. 
Foto K.-D. Meyer 1974.

Fig. 8: Drenthian Varved silt, folded, 
overlain by fluvioglacial sand. Con-
struction pit Karoxbostel.
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Kein Beweis für große Stauseen ist auch das angeblich 
von Eisschollen verdriftete Material, da die Punkte aus-
schließlich innerhalb des ehemals vergletscherten Gebietes 
liegen und alle nicht autochthon sind, mit Ausnahme sehr 
zweifelhafter Funde oberhalb Holzminden und bei Hann.-
Münden.

Hätte es tatsächlich so große Stauseen gegeben, müss-
te man auch entsprechende Ablagerungen finden. Da die-
se bis auf die Randgebiete der Vergletscherung fehlen, 
ist auch die angeblich subaquatische Bildung der großen 
Sandfächer von der Porta bis zum Harzrand nicht akzep-
tabel.

Im Gegensatz zum Bergland sind Beckenschluffe im 
Flachland weit verbreitet, besonders in Nordost-Nieder-
sachsen, wo sie nicht selten in km2-großen Vorkommen bis 
zu einigen 10er m-Mächtigkeit verbreitet sind, in geringe-
rer Mächtigkeit auch in Tagesaufschlüssen, wo sie früher in 
zahlreichen Ziegeleien abgebaut wurden.
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Abstract: The area between the Pomeranian end moraine and the town of Eberswalde, located in the Torun-Eberswalde ice marginal val-
ley (IMV), has long been considered to represent a sequence of proglacial landforms in good agreement with the model of the 
glacial series of Penck & Brückner (1901–1909). The most prominent geomorphological feature in the area is the Pomeranian end 
moraine which was formed at about 20 ka. However, the meltwater deposits in the research area were not only formed by melt-
waters from the Pomeranian ice margin but also by those draining the Parstein and the Angermünde subphases of the retreating 
Scandinavian Ice Sheet (SIS). The main meltwater discharge was assumed to have followed a major valley structure, which today 
forms a gap in the end moraine ridge.  The analysis of the landforms, their altitudes as well as the surface features, by means of  
a high-resolution digital elevation model (DEM) based on light detection and ranging (LiDAR) data now allow a new interpreta-
tion. The newly reconstructed relative chronology of meltwater drainage in the area shows a much more complex picture: The 
Britz Forest, the highest glaciofluvial landform which was formerly considered to be a sandur of a recessional subphase, is now 
interpreted as a pre-Pomeranian meltwater deposit, because of its altitude and its smoothened surface. The Ragöse Sandur, the 
Stadtforst and the Mönchsheide, as well as the Amtsweg Sandur were previously considered to be either sandurs of the Pomera-
nian phase, partly underlain by dead ice, or to represent sandur of a recessional subphases.  However, DEM analysis clearly shows 
that Ragöse sandur lacks any fluvial pattern and consists of sedimentary lobes perpendicular to the front of the end moraine. A 
similar structure can be identified on the Amtsweg sandur. Both are therefore attributed to several small meltwater outlets at the 
Pomeranian end moraine. The Klosterbrücke Sandur was formed by different successional processes but its initial formation is 
also now attributed to the Pomeranian phase of the SIS. In contrast, the Stadtforst and the Mönchsheide show a distinct east-west 
directed fluvial pattern, and are therefore not sandur deposits of the Pomeranian phase.  The Stadtseerinne and Neuhütter Rinne 
can be traced across the IMV and their origin can therefore be attributed to a pre-Pomeranian ice advance and subsequent conser-
vation by dead ice during the Pomeranian phase and the following subphases. According to the DEM based landform analysis, a 
lower meltwater discharge than that derived from previous reconstructions is very likely. In addition, the landforms are likely to 
have experienced a longer and more complex genesis then previously assumed. The DEM analyses also support the assumption 
that at least in parts, transformation of the landscape by periglacial processes also played a significant role. 

 Die geomorphologischen Einheiten zwischen der Endmoräne des Pommerschen Stadiums und dem Eberswalder Urstromtal 
(Deutschland) – eine kritische Überprüfung mittels eines hochaufgelösten  Digitalen Geländemodells

Kurzfassung: Die Geländeformen im Gebiet zwischen der Pommerschen Endmoräne und der Stadt Eberswalde, die im Thorn-Eberswalder 
Urstromtal  (IMV) liegt, sind  lange Zeit als eine typische proglaziale Abfolge im Sinne der Glazialen Serie von Penck & Brück-
ner (1901–1909) gedeutet worden. Die deutlichste morphologische Erscheinung ist die Pommersche Endmoräne, die um 20 ka 
gebildet wurde. Die Schmelzwasserablagerungen gehören jedoch nicht nur zur Pommerschen Eisrandlage sondern wurden 
auch durch die Abflüsse der jüngeren Parsteiner und Angermünder Staffeln während des Abschmelzens des Skandinavischen 
Inlandeises gebildet. Es wurde davon ausgegangen, dass der Hauptabfluss durch einen Taldurchbruch, der heute eine Lücke 
in dem Endmoränenrücken bildet, erfolgte. Die Analyse der Geländeformen hinsichtlich ihrer Höhenlagen und ihrer Oberflä-
chenformen mittels eines LiDAR-gestützten Höhenmodells  (DGM) erlaubt nun eine neue Interpretation. Die  neue, relative 
Chronologie  der Schmelzwasserabflüsse in dem Gebiet zeigt ein deutlich komplexeres Bild: Der Britzer Forst, die am höchsten 
gelegene glazifluviale Geländeform, wurde bisher als ein Sander einer Rückzugsstaffel angesehen; nun wird das Gebiet als 
eine prä-Pommersche Schmelzwasserablagerung gedeutet. Diese Interpretation basiert auf der Höhe und der geglätteten Ober-
fläche. Der Ragöse Sander, der Stadtforst, die Mönchsheide  und auch der Amtsweg Sander wurden entweder als Sander des 
Pommerschen Stadiums, die teilweise von Toteis unterlagert waren, oder als Sander von Rückzugsstaffeln beschrieben. Aber in 
dem DGM wird deutlich, dass die Oberfläche des Ragöse Sanders keine fluvialen Muster aufweist, sondern aus sedimentären 
Loben besteht, die von der Endmoräne ausgehen. Ein ähnlicher Aufbau kennzeichnet auch den Amtsweg Sander. Beide werden 
daher auf viele kleine Schmelzwasser-Ausflüsse an der Endmoräne zurückgeführt. Der Klosterbrücke Sander ist durch mehrere 
aufeinander folgende Prozesse gebildet worden, aber seine Anlage wird auf Schmelzwässer der Pommmerschen Eisrandlage 
zurückgeführt. Im Gegensatz dazu zeigen der Stadtforst und die Mönchsheide eine deutlich ost-west ausgerichtete fluviale 
Oberflächenstruktur und sind daher keine Sanderablagerungen vor der Pommerschen Eisrandlage. Die Stadtseerinne und die 
Neuehütter Rinne können quer durch das Urstromtal verfolgt werden, ihre Entstehung wird daher auf einen prä-Pommerschen 
Eisvorstoß zurückgeführt mit anschließender Konservierung durch Toteis während des Pommerschen Stadiums und der fol-
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1 Introduction 

The end moraines northeast of Eberswalde are prominent 
landforms of the Weichselian glaciation. They belong to the 
Pomeranian phase (qw2) (Terms according to Symbolschlüs-
sel Geologie 2015), which is considered to be a glacial re-ad-
vance from the Baltic Sea depression. The Pomeranian phase 
followed the down-wasting of the of the Brandenburg phase 
ice lobe (qw1), the latter representing the maximum Weich-
selian ice advance (Lippstreu 1995, Lüthgens & Böse 2011).

 After their first description by Berendt (1888), these 
end moraines and the areas surrounding them played major 
roles in establishing and discussing theories concerning the 
glaciation history of northern Central Europe. The research 
area itself focusses on the morphological units adjacent to 
the end moraines between the Pomeranian ice-marginal 
position and the Toruń-Eberswalde  IMV (see Fig.1). The 
research area has been considered as a classical model for 
the glacial series landform concept of Penck & Brückner 
(1901–1909), extending beyond the glacier’s front. Neverthe-
less it has been under controversial discussion concerning 
sedimentary and drainage patterns. In addition, there are 

different opinions on the development and the timing of the 
meltwater flow in the IMV in relation to the Oder valley. 
Liedtke (1956/57; 2001) postulates that the continuous east-
west flow in the IMV was only possible from the Anger-
münder subphase onwards, as dead ice in the Oder basin 
(Oderbruch) blocked it during the Pomeranian phase and 
the meltwater streams flowed to the Warsaw-Berlin IMV. 
According to Liedtke (1956/57) the lower lying Oder val-
ley was preserved by dead ice whereas Brose (1978) attrib-
utes the distinct lower valley bottom to Late Glacial-Early 
Holocene fluvial erosion. Börner (2007, Fig. 64) postulates 
an east-west flow through the IMV during the Angermünde 
subphase. All theories imply the formation of a pre-Pomer-
anian IMV which has been transformed during the Pomera-
nian phase. The research area was also influenced by melt-
water streams from more northerly ice margins of the qw2 
Parstein and Angermünde (qw2AN) subphases. 

The main end moraine is a defining part of the Pomera-
nian phase and has been dated to about 20 ka by means of 
Optically Stimulated Lumincescence (OSL) (Lüthgens et al. 
2011).  In addition, Heine et al. (2009) dated the main end mo-
raine by Surface Exposure Dating (SED) with 10Be of erratic 

genden Rückzugsstaffeln. Aufgrund der Reliefanalyse auf der Basis des DGM wird nunmehr davon ausgegangen, dass die 
Schmelzwasserabflüsse geringer waren als bisher angenommen. Außerdem haben die Geländeformen offensichtlich eine länge-
re und komplexere Entstehungsgeschichte. Die Reliefinterpretation auf der Basis des DGM stützt auch die Annahme, dass die 
Veränderung der Landschaft durch periglaziale Prozesse eine bedeutende Rolle gespielt habt. 

Keywords:  Pomeranian phase, meltwater deposits, ice-marginal valley, glacial geomorphology, Germany

Fig.1: The lo-
cation of the 
research area 
and the geo-
morphological 
units according 
to the classifica-
tion of Liedtke 
(1956/57) and 
Brose (1978) 
(simplified).

Fig. 1: -Die Lage 
des Untersu-
chungsgebietes 
und der geomor-
phologischen 
Einheiten 
nach Liedtke 
(1956/57) und 
Brose (1978) 
(vereinfacht).  
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boulders. The results gave a wide range of ages, mainly in the 
Weichselian Late Glacial (15.6 ±0.7, 17.1±0.9 and 14.7±0.5 ka). 
Recently the surface exposure data published by Heine et al. 
(2009) have been recalculated by Hardt & Böse (2016), giving 
slightly older ages and therefore confirm the OSL results.   

The area has been studied  by Berendt 1888, Liedtke 
(1956/ 57), Brose (1978), Gärtner et al. (1995), Börn-
er (2007), Lüthgens et al. (2011) and Pisarska-Jamroży 
(2013).  The numerical dating work by means of OSL and 
SED of the Pomeranian main advance and the Angermünde 
retreat phase by Lüthgens et al. (2011), Heine et al. (2009), 
and Hardt & Böse (2016) provides the above-mentioned 
temporal framework.

The inconsistencies between the recent numerical data 
and the older geomorphological interpretations led to the 
present study, for which a geomorphological approach has 
been adopted. Using newly available data, which promise 
better insights on the surface in combination with an in-
terpretation of sediment archives known from literature, 
new aspects of the relative chronology of the processes in-
volved are revealed.

2 Methods

The DEM consists of data acquired and preprocessed by the 
Landesvermessung und Geobasisinformation Brandenburg 
(LGB) via airborne LiDAR in March 2011. The horizontal 
resolution is set at 5 m, the vertical accuracy is estimated at 

± 0.3m. Data outside the research area were obtained from 
the topographical map 1:25.000.

The DEM was then processed to reveal slope, surface 
flow and hillshade, which were afterwards analysed visu-
ally with the help of profiles taken from the DEM. The main 
regional focus of the work lies in densely forested areas 
that were only scantily surveyed in the past. 

The DEM results were compared with lithological prop-
erties given in literature, and the genesis of the landforms 
was then interpreted in a relative chronology. 

 
3 The research area

The research area is almost triangular in form and lies be-
tween the Chorin village to the north and the part of the 
IMV west of the Oderbruch depression and east of the city 
of Eberswalde (Fig. 2).

The end moraine of the Pomeranian phase, marking the 
northeastern edge of the area, is a very distinct ridge with 
relative altitudes reaching 60 to 70 m a.s.l. A well visible gap 
in the end moraine ridge as part of a glaciofluvial channel 
system is caused by repeated locally concentrated meltwater 
flows from northerly directions. In this gap, the ruins of the 
Chorin monastery are located, therefore this morphological 
distinct interruption in the end moraine will be named the 
Chorin gap in the following text. The possible sandurs have 
been attributed to different phases of meltwater activities 
belonging the Pomeranian phase, the Parstein subphase and 

Fig. 2: Elevation model with hillshade (5-fold exaggerated), names of the main geomorphological units and sites of geochronological samples (PO-05-01 (Heine et 
al. 2009), EBE (Lüthgens et al. 2011), Macherslust (Schirrmeister 2004, Lüthgens et al. 2011, Pisarska-Jamroży 2013).  

Fig. 2: Höhenmodell mit Schummerung (5fach überhöht), Namen der wichtigsten geomorphologische Einheiten und Lage der Probenentnahmestellen für geochro-
nologische Datierungen (PO-05-01 (Heine et al. 2009), EBE (Lüthgens et al. 2011), Macherslust (Schirrmeister 2004, Lüthgens et al. 2011, Pisarska-Jamroży 2013).
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the Angermünde subphase (Liedtke 1956/57, Brose 1978, 
Marcinek & Brose 1987, Brose 1995, Börner 2007). 

It is thought that the IMV was not active as a continuous 
stream when the glacier formed the Pomeranian end mo-
raine (Liedtke 1956/57, Kozarski 1966). The main discharge 
of the IMV has been rerouted through southern overflows, 
because the Oderbruch depression was blocked by dead ice 
at this time (Liedtke 1956/57). The occurrence of this is bar-
rier is controversial (cf. the discussion by Liedtke (2001) vs. 
Brose et al. (2003)). The latter authors consider the Oder-
bruch as a fluvial erosional feature formed after deglacia-
tion, having a higher valley bottom at the time of the IMV.

For the research area itself the main qw2 glaciofluvial 
sediments were thought to be represented by the Ragöse 
Sandur, derived from the north, described as a sandur val-
ley originating at Althüttendorf, north of the research area 
(Liedtke 1956/57:11; Fig.1). The Amtsweg Sandur links di-
rectly to the terminal moraines and is of similar age; this 
phase corresponds to accumulation of terrace deposits at 47 
m a.s.l. southwest of Eberswalde (Liedtke 1956/57) (Fig.1).

Following the glacial retreat from the Pomeranian ice-mar-
ginal position, the IMV became active in an east-west direc-
tion, albeit for a short period. The glaciofluvial breakthrough 
at the terminal moraines east of Oderberg, east of the research 
area, marks the end of the IMV activity. The meltwaters then 
followed the modern Oder valley towards the Noteć-Randow 
IMV further north (Marcinek & Brose 1987, Börner 2007).

Therefore, the Eberswalde IMV should have been occu-
pied during the Angermünde subphase (qw2AN) (Liedtke 
1956/57, Kozarski 1966). At that time, meltwaters from the 
north-northeast followed a channel through the Chorin gap, 
a transverse valley in the end moraine of Pomeranian phase. 
To the south, the alluvial fan merges with the main terraces 
of the IMV at Eberswalde at about 37.5 m a.s.l.,i.e. the “main 
terrace” level  of Liedtke (1956/57). 

Brose (1978) and Marcinek & Brose 
(1987) introduced an additional subphase 
between the Pomeranian phase and the An-
germünde subphase, the Parstein subphase 
(qw2PA). The meltwater deposits related to 
this still stand correspond to terrace surfaces 
at 40–42 m a.s.l. (Marcinek & Brose 1987) 
in the IMV. The waters passed through the 
gap at the Chorin monastery and another 
gap at Klosterbrücke to merge with the main 
terraces at an unspecified location.

In addition, banded lake deposits, docu-
mented and dated in terrace outcrops east of 
Eberswalde gave ages of Late Glacial time 
and represent the youngest Weichselian de-
posits in this area. 

According to the high-resolution DEM 
showing the relief in detail and permitting alti-
tudinal profiles, the following questions arise:

1. Do the Ragöse Sandur, the Stadtforst 
and the Mönchsheide really represent the de-
posits of a meltwater stream from the Althüt-
tendorf area according to Liedtke (1956/57)?

2. What is the relative age of the the Britz 
Forest terrace in relation to the other land-
forms located in the northern part of the IMV? 

3. What could be the origin of the Amtsweg Sandur and 
the Klosterbrücke Sandur just in front of the Pomeranian 
end moraine?

4. What is the relative age of the formation and conser-
vation of the Stadtseerinne and Neuhütter Rinne?

5. What is the relation of Late Glacial lake deposits in 
the IMV to the other landforms?

4 The morphological units in the research area – 
description on based on the DEM

Despite the previous research, differences emerge in the 
genetic interpretation and chronological positioning of 
landscape units in the foreland of the Pomeranian end mo-
raine. Surface structures and differences in altitudes can be 
evaluated. The landscape units are represented by distinct 
landforms with local names cited in the above mentioned 
literature (Fig. 2). 

The DEM derived from LiDAR data offers new possibili-
ties to reveal the detailed morphology in a spatial context. 
This is particularly so in forested areas, as recently shown on 
the Barnim till plain, where a succession of ice-marginal fans 
has been detected using a LiDAR DEM (Hardt et al. 2015).

4.1 The Ragöse Sandur

The name of this sandur was derived from a Holocene 
stream incised into the glaciofluvial deposits.  In all previous 
publications, the Ragöse Sandur is linked to the glaciofluvial 
activities of the Pomeranian phase at Althüttendorf, to the 
northwest of the research area. It is considered by Liedtke 
(1956/57) to be of the same age as the Amtsweg Sandur east 
of the Chorin gap. However, there is no direct continuation 
of these two units. At its southern margin, the Ragöse San-

Fig. 3: The Ragöse Sandur (2), lying at the northwestern edge of the research area (northern part 
DEM based on topographic map 1:25000, southern part DEM based on LiDAR data; hillshade 
with 5-fold exaggeration). The end moraines of Pomeranian phase are clearly visible to the east 
(1). The steps to the Britz Forest (4)  are marked with arrows. The present-day Limnitz-Ragöse 
valley (3) is incised into Ragöse Sandur and Britz Forest.

Fig. 3: Der im Nordwesten des Untersuchungsgebietes liegende Ragöse- Sander (nördlicher Teil 
DGM aus der topographischen Karte 1:25000, südlicher Teil DGM auf der Basis von LiDAR Da-
ten, Schummerung mit 5facher Überhöhung). Deutlich erkennbar ist die östlich anschließende 
Pommersche Endmoräne (1) und der stufenartige Übergang zum Britzer Wald im Süden (4). 
Die Stufen sind mit Pfeilen markiert. Das heutige Limnitz-Ragöse-Tal (3) ist sowohl in Ragöse-
sander als auch in den Britzer Wald eingeschnitten. 
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dur is separated by a step from the lower lying Britz Forest 
plain and the northernmost part of the Stadtseerinne, a gla-
ciofluvial channel to the east of the former (Fig. 3). 

The sandur is dissected by the present-day Ragöse-Lim-
nitz valley system, which will be described below.

4.2 The Amtsweg Sandur

The Amtsweg Sandur is a fringe of glaciofluvial sediments 
in front of the end moraine, southeast of the Chorin gap. It 
is separated by a distinct change in the inclination from the 
end moraine and a step from the Mönchsheide, a forested 
area stretching to the southwest. 

Taking into account the whole area between the end 
moraine slope and the Mönchsheide, several topographical 
units can be differentiated (Fig. 4). 

The upper area represents a sandur formed by merged sed-
imentary fans. It can be clearly separated from the end mo-
raine in terms of slope and elevation. The end moraine has 
slope angles of 10° to 30°, whereas the sandur shows a gra-
dient of less than 5°. The dividing line between end moraine 
and sandur  is at about 70 m a.s.l., and the sandur gently 
declines to about 55 m a.s.l. This upper part is separated by 
a step, running in a straight line from southeast to north-
west, from the lower area. This lower area consists of four 
overlapping sedimentary fans, of which the proximal parts 
are indistinct. The lower limit to the Mönchsheide is very 
clearly visible as an irregularly curved margin formed by a 
distinct step at 42 m a.s.l. Nevertheless, the step is formed 
by the depositional front of the fans and doesn’t show any 
erosional undercutting.

Brose (1978) classified the Amtsweg sandur as a sandur 
belonging to the end moraine. Liedtke (1956/57) described 
two different  genetic phases involved in its’ formation: the 
upper part from the end moraine itself to the step at about 
60 m a.s.l. is a sandur, the lower part between the sandur 

sensu stricto and the Mönchsheide, consisting of fans, is in-
terpreted by Liedtke (1956/57) as periglacial fan deposits.   

4.3 Mönchsheide  

The adjacent area to the southwest is the Mönchsheide which 
has an apparently irregular surface; the altitudes vary be-
tween 32–42 m a.s.l. and can be separated into the “37.5 m”  or 
into the “40–42 m” levels when discussing terraces of the IMV.

According to Liedtke (1956/57), the Mönchsheide forms 
part of the Pomeranian sandur complex, which was de-
posited onto dead ice. According to his interpretation, 
late melting of the dead ice potentially explains the slope 
change observed towards the Amtsweg sandur and the ir-
regular surface of the Mönchsheide. 

Following Brose (1978), the Mönchshei-
de is classified as a sandur of a later sub-
phase that originated at the breakthrough 
at the Chroin gap. It is attributed to the 
Angermünde (Brose 1978) or Parstein sub-
phases (Marcinek & Brose 1987). 

Scamoni (1975) questions the interpre-
tation of the area as originating as a sandur, 
and points out that the Mönchsheide rath-
er resembles gravelly fluvial valley sedi-
ments. That corresponds to the signatures 
of the 1:25000 geological map (Berendt & 
Schröder 1899). 

The DEM provides some new insights 
for the interpretation. The area shows a 
surface that reflects a fluvial shallow chan-
nel pattern that discharged from southeast 
to west-northwest as part of a bend in a 
braided river system. It follows the mean 
direction of the IMV with a slope of about 
0.6‰. The discharge used several channels 
with ridges between them, reaching from 
several centimetres to two meters in alti-
tude. Excluding local dead-ice kettle holes 
the fluvial pattern is continuous through 
the Mönchsheide (Fig. 5).

There is no indication of an inclination from north to 
south, as would be expected in the case of a sandur fan (Fig. 
5), nor is there evidence of a gradient towards the south-
west as a prolongation of the Amtsweg Sandur (Fig 5c). The 
northern part of the Mönchsheide is even lies somewhat 
lower, at about 33–36 m a.s.l., than the southern part. The 
main area of the Mönchsheide is structured by west-trend-
ing depression lines. Some minor elevations up to 41.5 m 
a.s.l. are preserved, thus 3 m higher than the bottom of the 
nearby depression. The southern part of the Mönchsheide 
around the Kahlenberg, at the margin of the deepest sec-
tion of the valley, the present-day Finow valley, reaches 
up to 42 m a.s.l. The Kahlenberg has been considered as an 
erosional residual of a former higher landscape (Scamoni 
1975).

The Mönchsheide is dissected by a small north-south 
trending channel that cuts the fluvial structures, with an 
irregular floor and a blind end to the south. A second chan-
nel is directed from north-east to south-west, but it is not 
continuous and is only partly visible in its northern part.

Fig. 4: Morphology  of the Amtsweg Sandur. This sandur has a distinct gradient towards the 
southwest and a step in the profile. This morphological unit in total has a sharp border to the 
Mönchsheide (2). 

Fig. 4: Morphologie des Amtswegsanders. Der Sander hat eine deutliche Neigung nach Süd-
westen und eine Stufe in seinem Längsprofil. Die Mönchsheide (2) ist deutlich gegen diese 
morphologische Einheit abgegrenzt. 
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4.4 Klosterbrücke Fan   

The prominent fan at Klosterbrücke (Fig. 6) has been de-
scribed as a sandur deposited during the Parstein sub-
phase (Brose 1978) or was formed as periglacial forma-
tion (Scamoni 1975). Its position is linked with a small 
breakthrough in the end moraines, a valley which abruptly 
ends at the hinterland of the end moraine (Fig. 2; Fig.6: A). 
There is no connection to any landscape feature north of 
the end moraine. Conflicting opinions concerning whether 
this sedimentary fan is younger or older than the adjacent 
Mönchsheide have been voiced by Liedtke (1956/57) and 
Brose (1978).

OSL data from a sand pit in the distal part of the Kloster-
brücke fan provided an average age of three very consist-
ent determinations of 19.4 ± 2.4 ka, while four samples col-
lected from the sandur deposits in front of the end moraine 
of Pomeranian phase close to Althüttendorf gave an aver-
age OSL age of 20.1 ± 1.6 ka (Lüthgens et al. 2011). There-
fore the formation of the main ice margin and that of the 
Klosterbrücke sandur fan can be considered contempora-
neous. The sediments of the Klosterbrücke fan are classified 
as well sorted fine to medium sand at the OSL sampling 

site (Dörschner 2008, cited in Lüthgens 2011), neverthe-
less the fan is covered by “Geschiebedecksand”, a cover 
sediment characterised by clasts (including ventifacts) in a 
sandy matrix, also described by Liedtke (1956/57).  

The fan at Klosterbrücke shows several steps in its to-
pography. On the western and eastern sides, a definite 
step separates the fan from the lower lying Mönchshei-
de, whereas in the southwest a gentle transition to the 
Mönchsheide occurs. Four fan generations can be deduced 
from these steps:

The first generation was undercut at about 55 m a.s.l. 
(Fig. 6: U). This corresponds to the step in the Amtsweg 
Sandur, stretching in a northwesterly direction. This step is 
only partly preserved in the Klosterbrücke fan, mainly in 
the northwestern part.

1) The second generation, with a broader extent, is sepa-
rated from the Mönchsheide at about 42 m a.s.l. (Fig. 6: L) 
and has apparently almost concealed the first step. 

2) The most distal part, stretching in southwesterly di-
rection, does not show the distinct step (L) to the Mönchs-
heide.

3) A younger incision, probably of periglacial origin, 
dissects the northern part of the Klosterbrücke fan. 

Fig. 5: Morphology of the Mönchsheide, sharply separated from the Amtsweg- Sandur (1), the Finow valley (3) and the Neuehütter Rinne (4). – B: The WNW-
ESE orientated profile is the longitudinal profile according to the supposed fluvial pattern. – C: A profile perpendicular to the supposed fluvial pattern, show-
ing that the Mönchsheide has no gradient from the end moraine to the central part of the meltwater valley. Dashed line indicates the 37.5 m  level, the main 
terrace level according to Liedtke (1956/57). 

Fig. 5: Die Morphologie der Mönchsheide, deutlich abgesetzt gegen Amtswegsander (1), Finowtal (3) und Neuehütter Rinne (4) – B: Das WNW-OSO ausgerich-
tete Profil entspricht dem Längsprofil des als fluvial interpretierten Oberflächenmusters. – C: Ein Querprofil über das als fluvial interpretierte Oberflächen-
muster, das zeigt, dass die Mönchsheide keine Neigung von der Endmoräne zum zentralen Teil des Urstromtales aufweist. Die gestrichelte Linie markiert das 
37,5 m – Niveau, nach Liedtke (1956/57) die Höhe der Hauptterrasse.
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4.5 The Britz Forest

The Britz Forest is a flat, slightly inclined area in the west-
ern part of the research area (Fig.7). The plain, at present 
showing no distinct natural structure at its surface, is 
separated by steps (up to 8 m high) from the till plain in 
the west, the Ragöse Sandur in the north, and the Stadt-
seerinne in the east. It is considered to be the part of a 
meltwater stream related to the Angermünde subphase 
(Liedtke 1956/57:25). The plain is inclined to the southwest, 
the elevation is about 48 m in the north and about 37.5 m in 
the south; the gradient is slightly steeper than at the rest of 
the Angermünde valley sandur (Liedtke 1956/57). 

The NE-SW inclination is indeed exceptionally regular 
and steeper than typical IMV terraces (2.3‰). 

The hypothetical prolongation of the Britz Forest plain 
to the northeast shows no direct connection to the Cho rin 
gap. The Britz Forest plain is definitely higher than Mönchs-
heide and Stadtforst on the other side of the Stadtseerinne.

4.6 Stadtforst 

Another prominent plain is that at Stadtforst, between the 
Britz Forest and the Mönchsheide, separated from them by 
channel landforms. The Stadtforst has a similar altitude as 
the southern part of the Britz Forest, but with a less reg-
ular surface. Altitudes here vary between 35 m and 40 m. 
Whether the surface in the smaller northern part represents 
the continuation of the fluvial pattern at the surface of the 
Mönchsheide is not clear but likely (a in Fig. 8). The south-
ern part, separated from the northern part by a small valley, 
shows two east-west extending elevations, but the rest of 
the plain is strongly influenced by artificial constructions, 
including the Oder-Havel-channel. Nevertheless the south-
ernmost part (b in Fig. 8) is a somewhat lower (about 2 m), 
corresponding to a small isolated remnant further east in the 
Neuehütter Rinne (c in Fig. 8). The latter areas may be attrib-
uted to the IMV terrace system. On the opposite side of the 
IMV, a terrace remnant (Eichwerder), has a similar altitude 

and has been mapped as “Talsand” (fluvio-glaciofluvial de-
posit) already by Berendt & Schröder (1899).

4.7 Stadtseerinne and Neuehütter Rinne

The Stadtseerinne and Neuehütter Rinne are deeper lying, 
elongated, channel-like landforms, separating the before 
described landforms Britz Forest, Stadtforst and Mönchs-
heide from each other. Both channels are broad, irregular 
and interfere with each other (Fig. 9).

4.7.1 Stadtseerinne

The Stadtseerinne is a northeast-southwest trending elon-
gate landform at about 24.5–25 m a.s.l.. The steep but irregu-
lar margins to the neighbouring plains, the Britz Forest plain 
and the Stadtforst are striking. Spurs at the edge of the Britz 
Forest protrude into the Stadtseerinne. The floor itself is full 
of depressions, some of which are filled by lakes.

This landform can be traced to the north beyond the 
Chorin gap, while further to the south it is following par-
allel to the IMV in a westerly direction.  In this area it can 
be traced by depressions and marshy areas at least as far 
as Finowfurt.

 
4.7.2 Neuehütter Rinne

The Neuehütter Rinne occurs at an even lower elevation 
and is also characterized by an irregular topography and 
several branches. Some depressions are infilled by lakes. 
The Ragöse stream crosses the Stadtseerinne and then fol-
lows the western branch of the Neuehütter Rinne, having 
formed terraces at several levels between 15–26m a.s.l. 

The depression itself has a different origin.  It begins fur-
ther north at the Chorin gap, in the end moraine. Further 
south, in the area of the IMV terrace, the channel subdi-
vides into two parts. The Neuehütter Rinne can be traced 
southwards across the IMV and the Finow valley to the 
Barnim till plain. Its name here is the Schwärzerinne. 

Fig. 6: Depositional generations of  
the Klosterbrücke Sandur and the 
dating site of Lüthgens et al. (2011). 
Combined elevation and slope;  
arrows marking distinct steps.

Fig. 6: Ablagerungsgenerationen des 
Klosterbrückesanders und Lage des 
datierten Profils von Lüthgens et al. 
(2011). Kombination aus Höhen- und 
Hangneigungsdarstellung, Pfeile 
markieren deutliche Stufen.
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Fig. 8: The Stadtforst area with morphology similar to that of the Mönchsheide. It is more heavily transformed by human activities such as the Oder-Havel-
channel (6) and the outskirts of Eberswalde (around b). 

Fig. 8: Der Stadtforst hat eine der Mönchsheide ähnelnde Oberflächenstruktur. Sie ist jedoch stark verändert durch menschlische Eingriffe, wie den Oder-
Havel-Kanal (6) und die Außenbezirke von Eberswalde (bei b). 

Fig. 9: Pre-Pomeranian channels of subglacial origin in the foreland of the end moraine of the Pomeranian phase and their interpreted connection to the 
south across the IMV. 

Fig. 9: Vor-pommernzeitliche subglazial angelegte Rinnen im Vorland der Pommerschen Eisrandlage und die vermutliche Verbindung nach Süden quer durch 
das Urstromtal. 
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4.8 The terraces of the IMV

The “main terraces” of the IMV represent a vague descrip-
tion of fluvial terraces at about 37.5 m a.s.l.; they have never 
been clearly defined.  Liedtke (1956/57) classified the south-
ern part of the Mönchsheide as “main terraces”, whereas 
this separation is justified by the artificial Oder-Havel chan-
nel. Marcinek & Brose (1987) placed these “main terraces” 
at 36–37 m a.s.l. and considered them as representing the 
discharge level related to the Angermünde subphase. 

All areas from 32–40 m a.s.l. that have not been de-
scribed as sandurs are attributed to “the main terrace”. Ar-
eas at lower levels are seen either as dead ice topography 
or Holocene fluvial formations.  Most of these areas, espe-
cially the Mönchsheide south of the Oder-Havel channel, 
have been transformed by the construction of the channel. 
A geomorphological interpretation of this area is therefore 
almost impossible.

South of the Finow valley, a spur at Eichwerder has the 
same elevation as the “the main terraces”.

4.9 Laminated silts 

In the area of Macherslust, outcrops of laminated silty de-
posits, as well as clay deposits, have repeatedly been de-
scribed and were also exploited by mining (Berendt 1896, 
Berendt & Schröder 1899, Beschoren 1934, Liedtke 
1956/57). They are located at the margins of the IMV and in 
the Neuehütter Rinne, but not in the Stadtseerinne. 

Most of the sites (Fig. 2) are now inaccessible, but the 
remnant outcrop at Macherslust, east of Eberswalde, has 
been repeatedly studied over the last decades (Schirrmeis-
ter 2004, Lüthgens et al. 2011, Pisarska-Jamroży 2013). 
These glaciolacustrine laminated deposits include sliding 
and deformation structures and are located on the northern 
fringe of the Holocene Finow valley to the Stadtforst. The 
sediments have been dated by OSL to 14 ± 1 ka (Lüthgens 
et al. 2011), and by Infrared Stimulated Luminescence (IRSL) 
to 17 ± 4.4 ka (data from M. Krbetschek, Freiberg, published 
in: Schirrmeister 2004).  Pisarska-Jamroży (2013) also pre-
sented two OSL ages of 14.6 ± 6.5 ka and 12.18 ± 4.5 ka from 
these deposits. These results show a high uncertainty, and 
the information about the applied methodology is sparse. 
Pisarska-Jamroży (2013) attributes the sedimentation to a 
hyperconcentrated meltwater flow of the Angermünde 
subphase. At any case, the statement by Schlaak (in: Gärt-
ner et al. 1995:249) that laminated clays in the Eberswalde 
IMV belong in general to the Saalian glaciation, cannot be 
sustained at least in the case of the Macherslust outcrop 
and at the Kienwerder site in Eberswalde. 

 
5 Interpretation of the landforms 

The revised interpretation of the landforms is given accord-
ing to their relative ages. The geomorphological results are 
bracketed by the existing geochronological data of the Po-
meranian phase and the silty limnic sediments in the IMV 
terrace. The IMV itself is considered to be at least partly a 
pre-existing landform which was already occupied during 
the downwasting of the Brandenburg phase. It cannot be 
excluded that there was already a Saalian valley system as 

clays west of Eberswalde suggest even a pre-Weichselian 
depression that has been re-occupied by Weichselian melt-
waters (Chrobok 1987). 

The Britz Forest is the highest terrace remnant in the 
study area of the IMV. These deposits were sourced from 
northeasterly direction and their surface gradient was di-
rected to the southwest. The surface of this area is very 
flat and shows no fluvial pattern at its surface, probably 
resulting from a relatively long and intense periglacial 
transformation smoothening the surface by gelifluction. 
Therefore the formation is considered to be older than the 
other accumulation landforms in the IMV, and is attributed 
to the down wasting of the Brandenburg phase. This inter-
pretation is not in accordance with the interpretation of 
Liedtke (1956/57) who has seen the Britz forest as part of 
the youngest meltwater stream from the Angermünde sub-
phase. He reconstructed a meltwater stream through the 
Chorin gap from northeasterly directions to the main ter-
race of the IMV. 

The Mönchsheide, repeatedly classified as a sandur in 
front of the end moraine of Pomeranian phase (Liedtke 
1956/57), shows a former fluvial surface with channels and 
bars. It was formed by a braided river in a bend with water 
flowing from easterly to westerly direction. Such braided 
rivers (Paola 2006), found in periglacial areas and typical 
for the IMVs in northern Germany, suggesting a high sedi-
ment supply. At an elevation of about 38–38.5 m a.s.l. the 
Mönchsheide forms a continuous braided river valley bed, 
roughly corresponding to the “main terrace” altitude, but 
about 2 m higher than the actual IMV terraces. The DEM-
based surface contradicts the interpretation of being part of 
a sandur deposited from meltwaters from the Pomeranian 
end moraine. Furthermore, the area of Mönchsheide shows 
no indication of being a sandur related to the Parstein or 
Angermünde subphase. Its gradient neither slopes from the 
end moraines nor from the Chorin gap.  

This fluvial pattern of the Mönchsheide is also found 
in the Stadtforst. Eichwerder at the southern fringe of the 
IMV is of similar altitude, but owing to the artificial con-
structions of Eberswalde, the surface is poorly preserved. 
Therefore it is suggested that during an early stage of the 
Pomeranian phase, water was flowing from an easterly di-
rection through the IMV, incising older deposits and under-
cutting the Britz Forest. It is not clear whether this fluvial 
system also cut into the Amtsweg Sandur deposits, form-
ing the upper step at 60 m.  This part of the IMV must have 
been connected to a meltwater and fluvial system to the 
east and was a passage to the west.

During the formation of the Pomeranian end moraine 
the extent of fluvioglacial deposition was much more re-
stricted than proposed by Liedtke (1956/57) and Börner 
(2007). 

The Ragöse Sandur, as well as the Amtsweg Sandur, 
were formed as small fans along the end moraine by lo-
cal, small meltwater outlets. On the Amtsweg Sandur this 
happened during two phases, the upper step likely being 
formed by a mudflow-type event.  A second generation of 
fan deposits with steep frontal steps but without erosional 
forms at the distal parts was formed afterwards, but ac-
cording to the geochronological data of the Klosterbrücke 
Sandur also belongs to the Pomeranian phase.  
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As a main result from this study, we propose that it is 
highly likely that no major meltwater stream reached this 
area. The main water stream from the Althüttendorf gla-
cier mouth continued to the southwest along the Werbellin 
lake depression. The area of the Ragöse Sandur received 
some fluvioglacial deposits from the end moraine forming 
small fans, and the water was collected in a small stream, a 
predecessor of the Ragöse, which formed a flat fan on the 
Britzer Forst (Fig. 7D). At the same time the upper part of 
the Amtsweg Sandur was deposited. 

The Klosterbrücke fan can partly be seen as a continu-
ation of the Amtsweg Sandur, but it drained a far greater 
catchment area. Whereas for the Amtsweg Sandur possi-
ble sedimentation sources do not extend further than the 
terminal moraine itself, the Klosterbrücke fan must have 
had a connection to the end moraine’s hinterland. Either 
it was an outburst from a meltwater pocket in the ice, or a 
small lake was dammed between the ice and the end mo-
raine. The overflow can still be seen in the small, abruptly 
terminating valley (Fig. 6 A). The timing is provided by the 
dating results available for the Klosterbrücke fan, approxi-

mately dating to the Pomeranian phase, but later activity is 
well within the error margin of the dating.

No major meltwater activity is seen in the IMV at that 
time and therefore a rerouting of IMV waters (as discussed, 
for example, in Liedtke 1956/57, Kozarski 1966) is likely. 

The glaciofluvial gap at the Chorin Monastery is related 
to the younger retreat subphases, such as the Parstein or 
Angermünde subphases, when the meltwaters eroded into 
the sediments of the Mönchsheide-Stadtforst. The continu-
ation cannot be traced further because the area has been 
strongly remodelled by the melting of dead-ice and fluvial 
processes of the Finow. 

According to this interpretation, the formation of the 
Neuehütter Rinne and the Stadtseerinne are attributed to a 
pre-Pomeranian ice advance as subglacial meltwater chan-
nels, which were filled with dead ice. The present day ir-
regular geomorphological forms cannot be attributed to a 
proglacial meltwater stream of the Pomeranian phase or 
the subsequent subphases. Thus, they did not exist as land-
forms neither during the formation of the fluvial pattern 
with the east-west trending bars on the Mönchsheide and 

Fig. 10: Model of the formation of the landscape elements
A: An early stage of the IMV during the down melting following the Brandenburg ice advance. Deposition of the glaciofluvial deposits in the Britz Forest.
B: Fluvial to glaciofluvial discharge from east to west, incision into the eastern side of the Britz Forest, formation of the Mönchsheide and Stadtforst sediment 
structures. 
C: Formation of the Pomeranian end moraine and the meltwater fans of the Amtsweg Sandur and the Ragöse Sandur; deposition of the alluvial fan on the 
Britz Forest sequence. 
D: Meltwater flow from the northern Parstein and Angermünde subphases through the gap at Chorin Monastery.
E: Late-Glacial dead-ice melting inducing the appearance of the Stadtseerinne and the Neuehütter Rinne, as well as the initiation of the Late Glacial to 
Holocene fluvial system.

Fig. 10: Modell der Genese der Reliefformen
A: Ein Vorläufer des Urstromtales während des Abschmelzens des Eises des Brandenburger Stadiums. Glazifluviale Ablagerung des Sedimentkörpers des 
Britzer Forsts.
B: Fluvialer und glazifluvialer Abfluss von Ost nach West. Unterschneidung der Ostflanke des Britzer Forsts und Anlage der Oberflächenstrukturen der 
Mönchsheide und des Stadtforsts.
C: Bildung der Pommerschen Endmoräne und der Schmelzwasserkegel des Amtswegsanders und des Ragöse Sanders; Ausbildung des Schwemmfächers auf 
dem Britzer Forst. 
D: Schmelzwasserabfluss der nördlich gelegenen Parsteiner und Angermünder Staffeln durch den Durchbruch beim Kloster Chorin. 
E: Spätglaziales Toteistauen und Erscheinen von Stadtseerinne und Neuehütter Rinne sowie die Anlage des spätglazialen bis holozänen Flußsystems. 
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the northern Stadtforst, nor during the formation of the 
Pomeranian end moraine. The channels were inexistent 
probably until the substantial dead-ice melting phase. This 
process also induces the incision of the Ragöse-Limnitz 
valley down to the level of the Stadtseerinne. 

The dated clays and silts of Macherslust occur in the de-
pressions of the Neuehütter Rinne. The data obtained imply 
late deposition during the downmelting of dead ice, pre-
dominantly during the Weichselian Late-Glacial Bølling-
Allerød interval. They are too young to follow the interpre-
tation of Pisarska-Jamroży (2013). She attributed them to 
meltwater streams of the Pomeranian phase, but according 
to the OSL data of the landscape stabilisation during and 
after the melting of dead ice (Hardt 2017: 110), the surface 
deglaciation happened significantly earlier and the relief 
was only later on influenced by periglacial processes and 
the melting of buried dead ice.

 
6 Conclusions

 - The Mönchsheide, as well as the Stadtforst, are not part 
of a sandur related to the Pomeranian end moraine 
position north of the area as postulated by Liedtke 
(1956/57), but are part of a fluvial or glaciofluvial system 
that flowed from east to west. It can be argued that the 
Mönchsheide, the Stadtforst and the remnants at Eich-
werder all form parts of the same fluvial system.

 - The Britz Forest is not directly linked to the glacioflu-
vial gap at the Chorin monastery but is considered to be 
older, representing only a remnant of a pre-Pomeranian 
meltwater deposit.  

 - The Neuhütter Rinne and the Stadtseerinne are also pre-
Pomeranian by formation, but reappear as landforms 
only after the downmelting of buried dead ice. 

 - The main Pomeranian end moraine, deposited during 
the LGM at 20 ka in MIS 2 (Cohen et al. 2011), supplied 
little meltwater in the research area and only small fans 
accumulated at its margin.  The meltwater from the gla-
cier mouth at Althüttendorf did not pass through this 
area, and small local fans formed the Ragöse Sandur.

 - The lacustrine deposits at Macherslust and Eichwerder 
predate the final Late-Glacial dead-ice melting as the 
banded silts show deformations, but are too young to be 
linked to the meltwater flow of the Parsteiner and An-
germünder subphases. The final melting of dead ice not 
only led to the reappearance of the Neuehütter Rinne 
and Stadtseerinne as morphological features, but also 
terminates the paraglacial reorganisation of the land-
scape including the infill of small depressions with melt-
water and sediments reworked by periglacial processes.
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1  Introduction 

Möhliner Feld is a key area in the Swiss Pleistocene stratig-
raphy of the Northern Alpine Foreland. It is located at the 
River Rhine, about 20 km east of the city of Basel, and its 
topography sticks out from the Low Terrace surrounding 
on the northern flank (Fig. 1). Already Gutzwiler (1894) 
describes till outcropping in the still open gravel pit ‘Bünt-
en’ and interprets a shallow ridge on Möhliner Feld as a 

terminal moraine formed by an alpine glacier advancing 
from the East. Penck & Brückner (1901–1909) follow 
this conclusion and describe another, slightly more exte-
rior, terminal moraine. This ridge is interpreted to result 
from a glacier tongue within the Rhine Valley and is as-
signed to the Rissian glaciation, the penultimate glaciation 
in the classical Alpine stratigraphy. The Rissian is usually 
correlated to Marine Isotope Stage (MIS) 6, i.e. an age of 
180–140 ka.

Fig. 1: Overview map of the study area with location of the drill site. / Abb. 1: Übersichtskarte des Untersuchungsgebietes mit Lage der Bohrstelle.
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A schematic log of the gravel pit ‘Bünten’ by Dick et 
al. (1996) shows till containing Alpine material 30  m be-
low surface (not accessible today). This till is overlain by 
two glaciofluvial aggradations separated by a palaeosol, 
topped by weathered till ca. 5 m below surface and cov-
ered by loess (Fig. 2). This weathered till does not show 
any Alpine material, but consists completely of crystalline 
components from the Black Forest, north of Möhliner Feld. 
This evidence indicates two ice advances reached Möhliner 
Feld, the first from the Alps, the second from the Black For-
est, separated by soil development during interglacial or 
interstadial conditions. Graf (2009) compiles borehole data 
from the Möhliner Feld, partly directly located on top of 
the ridges, but in none of the drillings glacigenic material 
was identified (Fig. 2). The ridges rather contain up to 10 m 
thick silty material, which is interpreted as loess. The un-
derlying gravel, mainly composed of Black Forest material, 
is noticeably weathered in the uppermost 2–3 m, implying 
a substantial time-lag between its deposition and accumu-
lation of the loess. The abundant loess cover of Möhliner 
Feld is possibly explained by a special phenomenon in the 
area, the ‘Möhlin Jet’. The Möhlin Jet is a wind of southern 
direction that develops mainly in winter when cold air in 
the Swiss Lowlands overflows the eastern Jura Mountains 
and dries while falling down into the Rhine valley. In the 
area of Möhliner Feld the wind speed reaches typically 5 
to 10 m s-1 and this phenomenon is likely to have occurred 
also during Pleistocene glaciations. Together with the geo-
logical evidence this leads to the hypothesis that the ridges 
of the Möhliner Feld may rather represent aeolian dunes 
than glacial features. 

Möhliner Feld is considered as marking the Most Ex-
tensive Glaciation (MEG) of the Swiss Northern Alpine 
Foreland. In fact, although the morphology is not glacial, 
the lowermost till in the gravel pit Bünten is evidence for 
the presence of Alpine glaciers in an area well beyond the 
boundaries of the last glacial maximum. The timing of this 
MEG, however, remains speculative. Schlüchter (2004) 
states that the MEG ice advance stratigraphically post-
dates the Early Pleistocene ‘Deckenschotter’ (gravel sheet) 
aggradations and pre-dates the loess cover of the Möhlin-
er Feld. At the Thalgut site close to the Alpine border, till 
overlying bedrock and lacustrine sediments are interpreted 
based on magnetostratigraphy being located just above the 
Brunhes/Matuyama boundary. Schlüchter (2004) there-
fore concludes that the MEG ‘occurred close to, but clearly 
after this last magnetostratigraphical reversal’. However, it 
is not stated where the magnetostratigraphic reversal has 
been identified and how the findings from Thalgut indicate 
an extent of the corresponding glaciation at Möhliner Feld.

This report focuses on a drill core penetrating the loess 
cover of the glacial deposits on Möhliner Feld, with the aim 
to constrain the age of the loess deposition by lumines-
cence dating and by this better establish the minimum age 
for the glacial deposits.

2  Methods

A rotary core drilling (diameter = 203  mm) was low-
ered on the ‘crest’ of the inner ridge (Fig. 2, coordinates 
47° 34’ 5.00” N, 7° 52’ 53.60” E). It reached a depth of 12.3 m. 
The core was placed in core boxes and logged on site simul-

Fig. 2: Cross section through Möhliner Feld with the geological setting elaborated by Graf (2009).

Abb. 2: Profil durch das Möhliner Feld mit dem geologischen Rahmen wie von Graf (2009) ausgeabreitet.

Fig. 1: Overview map of the study area with location of the drill site. / Abb. 1: Übersichtskarte des Untersuchungsgebietes mit Lage der Bohrstelle.

Table 1: Results of high-resolution gamma-spectrometry, resulting dose rates and ages. Weff: effective water content for dose-rate calculation, 
DR Q: dose-rate of quartz, DR PM: dose rate of polyminerals.

Sample Depth 
(m)

K  
(%)

Th  
(ppm)

U  
(ppm)

Weff

(%)
DR Q 

(Gy ka-1)
DR PM 

(Gy ka-1)
OSL (ka) IR50 (ka)

Möh 1 1.3 1.59±0.03 11.71±0.22 3.38±0.08 25±5 3.08±0.26 3.34±0.27 19.5±1.8 19.1±1.6

Möh 2 3.0 1.25±0.02 9.86±0.32 3.00±0.06 24±5 2.58±0.23 2.81±0.23 34.6±3.1 31.3±2.7

Möh 3 3.8 1.23±0.02 9.93±2.57 2.96±0.04 22±5 2.58±0.23 2.82±0.23 33.2±3.2 32.3±3.1

Möh 4 5.0 1.24±0.02 10.38±0.29 3.02±0.04 21±5 2.65±0.33 2.89±0.24 33.5±4.3 34.1±3.2

Möh 5 5.7 1.53±0.03 12.79±0.30 3.56±0.09 21±5 3.20±0.28 3.48±0.29 31.0±3.4 43.0±3.6

Möh 6 6.8 1.35±0.03 10.54±0.30 2.80±0.03 17±5 2.78±0.24 3.02±0.25 68.1±6.9 58.1±5.9
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taneously to the drilling progress. Seven samples were tak-
en for luminescence dating, concentrated on the upper part 
of the core (Fig. 3, Table 1). It was assured that the sam-
ples were taken as compact cylinders of ca. 20 cm length 
in order to have enough non bleached material for lumi-
nescence dating. Additionally, along the whole core every 

20  cm ca. 400  g of material were taken for other labora-
tory tests, i.e. granulometry using a Malvern Hydro 2000S 
Mastersizer, and total carbon (Ctotal) measurements using a 
Bruker G4 Icarus CS TF element analyser. 

All luminescence sample preparation was performed 
under subdued red light and the light-exposed outer rim 
was amply removed with a knife, and only the innermost 
part (ca. 5×5×5 cm) was used for dating. Water content was 
assessed by drying the samples in an oven at 50° C until 
constant mass was reached. Samples were decarbonatised 
using HCl (32%) and subsequently organic components 
were removed with H2O2 (30%). Samples Möh 1, 2, 3, 4 and 
5 showed mediocre, Möh 6 and 7 a strong exothermal reac-
tion to H2O2. The latter two beakers were placed in water to 
discharge heat. However, sample Möh 7 developed such a 
high temperature that is was decided to discard this sample, 
because an effect on the luminescence signal could not be 
excluded. The remaining samples were washed with deion-
ised water and stored in a C2Na2O4-solution to prevent co-
agulation of particles. The grain size fraction 4-11 μm was 
separated using the Atterberg settling technique following 
Stoke’s law (cf. Frechen et al. 1996). Half of the fraction 
4–11 μm was left in H2SiF6 (34%) for ten days in order to 
dissolve feldspar grains and obtain a purified quartz sep-
arate. Subsequently, the quartz fraction was treated with 
HCl (32%) and washed with deionised water. Aliquots for 
luminescence measurements were prepared by settling ca. 
2 mg of sample material dispersed in 1 ml of acetone onto 
stainless steel discs until all acetone evaporated.

The outer part of the sediment cylinders was used for 
determination of the external dose rate. It was dried, dis-
aggregated in a mortar and bulk samples of ca. 450 g were 
filled into Marinelli beakers. After a storage time of mini-
mum 30 days to allow for Rn-equilibrium to establish, the 
dose-rate relevant elements (U, K, Th) were measured us-
ing high-resolution γ-spectrometry (Table 1). There is no 
indication for a disequilibrium in the Uranium decay chain 
when comparing the activities of 238U and 226Ra (Preusser 
& Degering 2007). Potassium content of the polymineral 
samples was set to 12.5 ± 1.0% following the estimates of 
Huntley & Baril (1997). An a-value (efficiency of alpha 
particles in causing radiation damage) of 0.05 ±  0.01 was 
used for the polymineral fraction (Preusser 1999) and 
0.03 ± 0.01 for the quartz fraction (Mauz et al. 2006). Dose 
rates, including the cosmogenic contribution, were calcu-

Table 2: Luminescence protocols used for the dating of loess samples. OSL was applied to quartz, IR50 was applied to polyminerals. OSL: stimulation with 
blue LEDs, IRSL: stimulation with IR LEDs. 1: Omitted in 1st cycle to measure Ln, 2: only applied in last cycle.

Observed OSL IR50

1Dose 1Dose

Preheat at 230 °C for 10 s Preheat at 250 °C for 60 s

2IRSL at 50°C for 60 s

Ln/Lx OSL at 125°C for 60 s IRSL at 50°C for 300 s

Test dose Test dose

Preheat at 230 °C for 10 s Preheat at 250 °C for 60 s

Tn/Tx OSL at 125°C for 100 s IRSL at 50°C for 300 s

Fig. 3: Drilling profile with carbon content as well as OSL (open symbol) 
and IRSL ages (closed symbols).

Abb. 3: Bohrprofil mit Kohlenstoffgehalt sowie OSL- (offene Symbole) und 
IRSL-Altern (ausgefüllte Symbole).
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lated using the ADELE software. Water content was set 
stable over time to the measured value with an uncertainty 
of 5% of dry mass.

Luminescence measurements were made on automated 
Risø TL/OSL DA-20 readers equipped with 9235QA photo-
multiplier tubes. Palaeodoses were determined using modi-
fied single-aliquot regenerative-dose (SAR) protocols (Ta-
ble 2). Feldspar contamination of the quartz fraction was 
monitored using the IR-depletion ratio but no contamina-
tion was detected in any of the samples. Dose response 
curves were fitted using a single saturating exponential 
function for both quartz and feldspar, none of which was 
close to saturation. A measurement error of 1.5% was in-
cluded in the De determination and the error on curve fit-
ting is included. For age calculation the Central Age Model 
(CAM) was used.

Feldspar is known to lose some of its signal with time, 
referred to as ‘anomalous fading’ that can be estimated in 
the laboratory and a correction has been suggested (Hunt-
ley & Lamothe 2001). However, the correction is only 
valid for doses within the linear part of the dose response 
curve, whereas the samples of this study are beyond that 
range. Furthermore fading tests have been questioned, as 
they apparently show laboratory artefacts rather than the 
fading observed in nature (Lowick et al. 2012). Neverthe-
less, fading tests were performed on two samples revealing 
fading rates of g = 1.9 ± 0.2% (Möh 2) and 3.1 ± 0.5% per dec-
ade (Möh 6). Considering the above-mentioned limitations 
of the fading tests and correction, however, no correction 
for fading was carried out.

3  Results

Dating results are given in Table 1. The age of sample Möh 
1 (OSL:  19.5  ±  1.8  ka, IR50: 19.1  ±  1.6  ka) is distinctively 
younger than samples Möh 2, 3, and 4, which have indis-
tinguishable OSL and IR50 ages of ca. 33 ± 3 ka. The con-
sistency of OSL and IRSL ages implies that fading does not 
significantly affect these samples. Sample Möh 5 is more 
difficult to interpret, as the IR50 age is significantly older 
than the OSL age, which again is indistinguishable from 
the samples overlying Möh 5. Sample Möh 6 is significantly 
older than the other samples, with an age difference be-
tween OSL (68.1 ± 6.9 ka) and IR50 (58.1 ± 5.9 ka). The fact 
that IR50 yields a younger age than OSL could indicate sig-
nal loss (fading) in the polymineral fraction, but it is inex-
plicable why this is not observed for any of the other sam-
ples. In this case favour should be given to the OSL. There 
is a substantial time lag between the samples Möh 2-5 and 
Möh 6 indicating a stop in loess accumulation. The decalci-
fied layer between 5.9 and 6.2 m lies just between the two 
samples Möh 5 and Möh 6 (Fig. 3). Decalcification probably 
happened accordingly in the time window missing in the 
loess accumulation record. 

4  Discussion and conclusions

The drill core penetrating the ‘Rissian Moraine’ of Möhliner 
Feld did not reveal glacigenic material. While the origin of 
the morphology of these shallow ridges is not completely 
solved, interpreting theses as aeolian dunes appears likely 

(cf. Pye 1995). First loess accumulation occurred during MIS 
4, a period when glaciers likely advanced into the Western 
and Central Swiss Alpine Foreland (Preusser et al. 2007). 
A hiatus after ca. 60 ka is identified by luminescence dating 
and supported by a decalcified layer in the core. The stop in 
loess accumulation is interpreted to be caused by warmer 
climate, when vegetation cover stabilised dust in the source 
area. Decalcification likely represents initial soil formation. 
Interstadial conditions at the time of the hiatus at Möhliner 
Feld are also identified at other sites in Switzerland and in 
loess records of Central Europe (cf. Preusser 2004). Main 
loess accumulation at Möhliner Feld took place around 
33 ka in latest MIS 3. This seems to slightly antedate the end 
of soil formation in the interstadial complexes found in the 
Swiss Lowlands and in loess records. The uppermost age 
estimate of ca. 19 ka indicates loess deposition also shortly 
after the last glacier advance into the foreland.

Considering the age of the MEG, the luminescence ages 
presented here clearly show that the loess cover was de-
posited during the Late Pleistocene. This implies a mini-
mum age of MIS 6 for the underlying till originating from 
the Black Forest (i.e. the Wehra Glacier). In contrast to the 
assumptions of Schreiner (1995), ice from the Black Forest 
may have crossed the Rhine Valley during the Rissian. The 
lower, alpine till at Bünten (MEG), separated by a palaeosol 
from the upper till (Fig. 2), hence likely pre-dates MIS 6, but 
there appears no evidence to support an early Middle Pleis-
tocene age, as suggested by Schlüchter (2004).  
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In the beginning of the 20th century, Albrecht Penck und 
Eduard Brückner (1909) developed the concept of four 
large scale Quaternary alpine glaciations extending into 
the alpine foreland. Since then, the Northern Alpine Fore-
land (NAF) has played a major role in the investigation of 
glacial and furthermore paleo-climatic events. However, a 
numerical chronology has not been established yet. This 
study focuses on applying luminescence dating to the gla-
ciofluvial deposits attributed to the penultimate glaciation 
(Riß glaciation, correlated to marine isotope stage 6) when 
vast areas of the inner Alps were completely glaciated (Fig-
ure 1). In the easternmost part of the Alps, the glaciers did 
not reach the foreland, but formed valley glaciers confined 
by the mountainous terrain. 

Samples for luminescence dating purposes were taken 
from glaciofluvial sediments mainly deposited in the form 
of river terraces in the alpine foreland. Samples were col-
lected from 6 river basins for analysis within this PhD thesis 
(rivers from East to West: Ybbs, Enns, Steyr, Krems,Traun, 
and Salzach).

On the one hand, this study explored the luminescence 
properties of quartz and feldspar regarding their potential 
as robust dosimeters for dating glaciofluvial sediments of 
the penultimate glaciation in the Austrian NAF (Bickel et 
al. 2015a, Bickel 2016). On the other hand, the main goal 
was the construction of a reliable and robust chronology 
of the deposits. 

A highly dynamic depositional environment, such as a 
glacier-fed river system, implies the possibility of incom-
plete resetting of the luminescence signal – in particular 
when transport distances are short. In an environment like 
this, quartz is the mineral of choice over feldspar, espe-
cially if dose rates are low and theoretically allow gaining 
quartz ages beyond 150 ka. 

However, detailed analyses of the quartz OSL signal 
characteristics had revealed the presence of a thermally un-
stable medium component in some samples. Because of the 
lack of independent age control in the expected age range, 
it remained unclear whether this medium component may 
result in significant age underestimation for the affected 
samples (Bickel 2016). Therefore, the luminescence prop-
erties of coarse grain potassium-rich feldspar (100–200 µm) 
were analyzed as well and revealed a general suitability 
for luminescence dating purposes. To obtain a robust data-
set and reliable age estimates for the samples, three lumi-
nescence signals were investigated for each sample: blue 
stimulated quartz OSL, infrared stimulated feldspar lumi-
nescence at 50°C (IRSL) and at an elevated temperature of 
225°C (pIRIR). By comparing the results gained from all 
three analytical approaches, it was possible to discern be-
tween samples that were well bleached prior to deposition 
and samples for which the luminescence signals were not 
properly reset (Bickel 2015a,b). 

Using this comparative dating approach, it was possible 
to establish a reliable chronology for the glaciofluvial de-
posits attributed to the penultimate glaciation in the NAF. 
For the first time, it was possible to establish a methodo-
logically and stratigraphically coherent age determination 
of the formation of terrace sediments during the penulti-
mate glaciation in the Austrian NAF. Additionally, in com-
parison with previous studies from other alpine regions it 
was possible to show, that the transition between glacial 
and interglacial conditions happened relatively fast in late 
MIS6/starting MIS5 (Bickel et al. 2015b). Even though the 
dating results allow to discern between glacial and intergla-
cial periods, a finer resolution on a stadial/interstadial level 
cannot be obtained solely using the current state-of-the art 
methods of luminescence dating as applied in this study. 
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Fig. 2: Overview of the main working area – the „Traun-Enns-Platte“ (Traun-Enns-Plateau). Red: High Terrace, green: Younger Cover Gravel, yellow: Older 
Cover Gravel. Blue crosses represent sampling locations.
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The Alps and the Alpine foreland have been shaped by re-
peated glaciations during Quaternary glacial-interglacial 
cycles. Extent, timing, and impact on landscape evolution 
of these glaciations remain, however, poorly constrained 
due to the fragmentary character of proximal terrestrial ar-
chives. In this context, the sedimentary infill of subglacial-

ly eroded, ‘overdeepened’, basins may serve as important 
archives to complement the Quaternary stratigraphy over 
several glacial-interglacial cycles. In this thesis, the infill of 
deep subglacial basins in the Lower Glatt valley (N Swit-
zerland, Fig. 1) are explored to better constrain the Mid-
dle- to Late Pleistocene glaciation history and landscape 
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evolution. Five drill cores gave direct insight into to the up 
to ~190 m thick valley fill at the study site and allowed for 
detailed analysis of sedimentary facies, age, and architec-
ture of the basin fills.

In a first step, the characteristics and origin of the infilled 
sediments were studied using core descriptions, micro-sed-
imentology in thin-sections, and compositional analysis 
of different grain-size fractions. The study by Buechi et al. 
(2017a) focusses on the sedimentology of coarse-grained 
diamictons with sorted interbeds, which overlie bedrock 
in the deepest depressions and mark the onset of deposi-
tion in many other glacial bedrock troughs. The macro- and 
micro-sedimentology suggest that these sediments are em-
placed subglacially and reflect deposition, re-working, and 
deformation in response to repeated coupling and decou-
pling of the ice–bed-interface promoted by high basal wa-
ter pressures (Fig. 2, see Buechi et al. 2017a). These results 
therefore give insights into the subglacial conditions that 
existed in these otherwise inaccessible bedrock troughs. 
The overlying valley fill is dominated by submarginal to 

proglacial glacio-deltaic, glacio-lacustrine, and later lacus-
trine sediments that document glacier retreat from the ba-
sin. Interbedded subglacial tills indicate later glaciations 
forming nested, or ‘inlaid’, overdeepened basins with par-
tial preservation of the older valley fill.

In a second step, an absolute chronology of the dep-
ositional and erosional periods was developed using lu-
minescence dating of glaciolacustrine silts. Quartz OSL 
was identified as the luminescence signal of choice as it 
met all performance criteria and is least affected by in-
complete bleaching. The results suggest glaciolacustrine 
deposition and infilling of the thick sedimentary sequence 
during different stages of the MIS6 Beringen Glaciation 
period. However, the resulting burial ages were relative-
ly close to the upper dating limit of the method and the 
reliability had to be tested extensively in signal stability 
experiments (Buechi et al. 2017b). The burial ages of the 
lower glaciolacustrine units partly coincide with the ice-
free MIS7 interglacial period. This overlap is interpreted 
to result from an overestimation of the true burial age 

Fig. 2.  Schematic diagram showing different states of the ice–bed-interface in the deepest part of the subglacial basin (Buechi et al. 2017a). In this model, 
the interbedding of subglacial tills with gravels and laminated fines results of repeated switching between a coupled and decoupled ice–bed-interface in 
space and time.
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most likely caused by admixture of unbleached older val-
ley fill material. 

This litho- and chronostratigraphic framework was then 
used to reconstruct the local to regional glaciation history 
and landscape evolution (Buechi et al. in review). The val-
ley fill is grouped into nine formations, which are related 
to the Birrfeld Glaciation (~MIS2), the Beringen Glaciation 
(~MIS6), and up to three earlier Middle Pleistocene glacia-
tions, tentatively correlated to the Hagenholz, Habsburg, 
and Möhlin Glaciations (Preusser et al. 2011). The complex 
valley fill and bedrock architecture are therefore interpret-
ed to be result of multiple erosion and infilling cycles and 
reflect the interplay of subglacial erosion, glacial to lacus-
trine infilling of overdeepened basins, and fluvial down-
cutting and aggradation in the non-overdeepened valley 
fill. Evidence suggests that in the study area deep bedrock 
incision, and/or partial re-excavation, occurred mainly 
during the Beringen and Hagenholz Glaciation, while older 
structures may have existed. Together with the observa-
tion of minor, ‘inlaid’ glacial basins, dynamic changes in 
the magnitude and focus of subglacial erosion over time 
are documented. The preservation of sediments in subgla-
cial basins over several glacial-interglacial cycles demon-
strates the importance of subglacial basins as archives for 
glaciation history and landscape evolution of the Alps and 
glaciated mountain ranges worldwide.
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Reconstruction of former extent and timing of Central 
Asian glaciers can provide valuable information about past 
atmospheric circulation variations. Further understanding 
of paleoenvironmental conditions in this area is of particu-
lar interest because several studies indicate that periods of 
extent and retreat of Central Asian glaciers were out of 
phase with global ice volume records and alpine glaciers 
from most formerly glaciated areas. However, the robust-
ness of paleoglacial reconstructions largely rests on the ac-
curacy of chronological constraints of glacial landforms, 
most often moraines. Glacial chronologies derived from 
moraines and glacio-fluvial deposits are largely based on 
cosmogenic nuclide exposure (CNE) and optically stimu-
lated luminescence (OSL) dating methods. Large scatter-
ing of CNE moraine boulders ages, due to geomorphologi-
cal processes (e.g. inheritance and post-exposure), often 
complicates the assignment of a glacial timing associated 
with moraine formation. Low sensitivity quartz common-
ly observed in high mountain environment and partially 

bleached sediments due to short light exposure during gla-
cial or glaciofluvial transport most often hamper the dating 
of glacio-fluvial deposits using OSL techniques. This thesis 
focuses on the methodological aspects of directly dating 
glacial landforms using CNE and OSL techniques, with an 
emphasis on OSL, in order to improve our understanding 
of glaciation pattern in Central Asia.

In order to deal with partially bleached sediments, it is 
essential to measure the luminescence signal at the single 
grain scale. In line with this need, this thesis contributes to 
the development of a new Electron Multiplying Charges 
Coupled Device (EMCCD)-based imaging system for sin-
gle grain luminescence dating. Such a system would offer 
a larger flexibility in term of stimulation source, grain frac-
tion and mineral type compared to the current and well-
established laser-based single grain attachment scanning 
system. However, three main issues hamper accurate single 
grain measurements when using an EMCCD-based imag-
ing system. These issues relate to the sample carrier mo-

Fig. 1: Single grain measurements using an EMCCD-based imaging system. Light reflected pictures (a) allow delineating the regions of signal integration 
along the grain borders, which are then used to segment the luminescence images (b). c): Example of single grain equivalent dose distribution obtained 
from a mixed doses sample (10 and 50 Gy). Cross talk effects hamper the recovery of two dose populations centred on 10 and 50 Gy.
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Fig. 2: Geomorphological mapping and cosmogenic as well as OSL (in italic) data obtained from the two palaeoglacial reconstructions conducted in the 
Chinese (A), and Russian (B) Altai (Central Asia). Ages in grey are discarded for glaciation timing interpretation. Ages in red (in B) represent the average 
age for each landform sampled. 

tion over repeated measurements, the absence of an auto-
matic and reproducible method to assign pixels per grain 
for individual signal integration, and the contamination of 
individual signals by signal emission from neighbouring 
grains (cross talk). An automated image processing proce-
dure has been developed to compensate for sample carrier 
displacement and to attribute pixels cluster for each grain 
to allow automatic signal integration (Greilich et al. 2015). 
While laboratory measurements and simulations demon-
strate that significant cross talk effects prevent the use of 
this system to perform routine single grain measurements, 
preliminary experiments using a basic image processing al-
gorithm suggests good potential for a software correction 
solution (Gribenski et al. 2015), encouraging further work 
in this direction.

Palaeoglacial reconstructions studies were conducted 
in the Altai Mountains in Central Asia (Russia and China; 
Gribenski et al. 2016, in review) to investigate uncertainties 
related to CNE and OSL dating techniques and their effects 
on the reliability of glacial chronologies. Resulting chron-
ological data demonstrate the importance of conducting 
luminescence measurements at the single grain scale for 
sediments deposited in glacial environments. Measure-
ments carried out with multi-grain aliquots were shown 
to yield large age overestimates of glacial landform age, 
due to partial bleaching effects. However, determining ac-
curate glacial landform age from single grain luminescence 
measurements remains challenging. The ages inferred from 
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single grain measurements can vary significantly depend-
ing on the statistical sub-sampling technique used for ex-
tracting luminescence data associated with well-bleached 
grains. In addition, fading corrections, associated with the 
use of the feldspar mineral as a dosimeter, increase the fi-
nal uncertainty. CNE dates of moraine boulders revealed 
important inheritance effects, in contrast to previous data-
compilation analyses and model-based studies that suggest 
a pre-dominance of post exposure effects. In general, CNE 
ages of moraine boulders exhibit significant scattering, 
however glaciation timing can be extracted from CNE age 
populations that are composed of a majority of ages con-
centrated within a few thousand years and a small number 
of older/younger outliers. Glaciation periods inferred from 
CNE ages ranging over a few thousand years are consid-
ered acceptable, as this time range can reflect still stands 
oscillations of the ice margin. The presented paleoglacial 
reconstruction studies show that combining CNE and OSL 
methods to directly date glacial landforms is a powerful ap-
proach for producing reliable glacial chronologies, in par-
ticular for pre-LGM glacial deposits for which source of 
uncertainties are typically larger when dated using a sin-
gle technique. Consistent CNE and single grain OSL ages 
strengthens our confidence in the chronologies despite un-
certainties related to each dating method individually. 

The palaeoglacial reconstructions conducted in the Al-
tai Mountains in this project clearly constrain glacial ad-
vances to the MIS 2 and are in line with the glaciation tim-
ing indicated by most of the well-constrained glacial chro-
nologies published in Central Asia region. In addition, our 
study also provides robust evidence for a local maximum 
extent beyond the MIS 2 glacial extent (Kanas Valley, Chi-
na; Gribenski et al., in review), which occurred somewhere 
during the MIS 4/late MIS 5 and so predated the global 
LGM. However, too few palaeoglacial reconstructions have 
been conducted in the Altai area to attribute a regional 
character to this pre-LGM glacial event. In general, abun-
dant geomorphological evidence indicates earlier Last Gla-
cial glaciation(s) exceeding the MIS 2 glacial extent in Cen-
tral Asia. In particular, a period of major glacial advances 
during MIS 3 in Central Asia has been suggested by several 
studies, which in addition to be out of phase with global ice 
volume records, corresponds to a period of relative global 
warmth. However, detailed analysis of chronological data 
set associated with major MIS 3 glacial advances in Central 
Asia indicate that most of the reconstructions are based on 
few or heavily and evenly scattered CNE ages of moraine 
boulders, or on OSL or Electron Spin Resonance (ESR) data 
for which potential partial bleaching of the samples has 
not been thoroughly investigated. Therefore, at this stage, 
available chronological data do not present a compelling 
case for a widespread MIS 3 glaciation in Central Asia. Fu-
ture detailed geomorphological and chronological studies 
of former glacial extents in this region are warranted to 
provide tighter constraints on the pre-LGM glacial activity 
in Central Asia.

Finally, this thesis highlights the importance of detailed 
geomorphological and sedimentological investigations to 
understand former ice dynamics, which is crucial for prop-
er paleoclimate inferences. Indeed, numerous non-climatic 
factors such as local topography, debris cover, or geological 

substrate can influence glacier expansion, interfering with 
the interpretation of climatically induced glacier extent 
changes. As such, geomorphological and sedimentologi-
cal data indicate that large outermost moraine belts mark-
ing prominent advances of the Chagan Uzun Glacier in the 
Russian Altai, and dated at ~MIS 2, were formed during fast 
flowing or surge-like event. Based on these interpretations, 
it would be inappropriate to reconstruct ELA from the out-
er moraine belts, as fast flowing/surge-like behaviour re-
flects a glacier not in equilibrium with climate. Although 
understanding palaeo ice dynamics might be challenging, 
detailed geomorphological and sedimentological investiga-
tions can help to identify non-climatically driven (or not 
mainly) paleo glacier expansions, and so prevent inappro-
priate ELA reconstructions and paleoclimate inferences. 
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man, Helvetica or Courier with 1.5 line spacing. 

The acceptable languages are English and German. The 
rules of the new German spelling reform apply to German 
texts.

Texts should be arranged in the following order:

1. The title of the thesis
2. Full name and e-mail address
3. Affiliation of the institution where the thesis was 

supervised
4. Present affiliation
5. Name of the main supervisor and the co-supervi-

sors
6. Http link (if available) referring to the electronic 

form of the thesis
7. The main abstract text should not exceed 1500 

words including references and captions. In case of 
chapter numbering use Arabic numerals.

8. The reference list has to be arranged alphabetical-
ly and should be conform to the standard rules for 
full-text manuscripts of the E&G Quaternary Sci-
ence Journal.

Illustrations and tables have to be submitted separately and 
may not exceed the total number of two. 

For figure, table and reference style see the standard 
rules of the E&G Quaternary Science Journal published on-
line.

Express Reports

Express Reports are short, quickly published papers on in-
novative aspects of Quaternary research. They are not 
equivalent to a full article and hence need no abstract or 
an extensive description of the state of research. A short 
and concise introduction to the topic or the underlying re-
search question is sufficient. The reports should cover no 
more than four pages in print, which equals to approx. 3000 
words (excl. references and figure captions). They may con-
tain a maximum of ten references and three tables/figures. 
Exceptions may be possible upon request.

The scope of the Express Reports are the following as-
pects of Quaternary research:

• Unusual or ambiguous discoveries which are pro-
vided to the public for discussion or comment.

• Interesting but perhaps incomplete results, which 
are not sufficient for a full article.

• Technical reports on lab or field methods, which 
foster Quaternary research but which are not suf-
ficient for a full article.

• Status reports on (small) finished research projects 
or surveys.

• Reports on field surveys.
• Results with difficult, limited or complex chronol-

ogy.

After submission, an Express Report will run through a 
quality check by a selected member of our board of ex-
perts. This is not meant to be an in-depth review process, 
but should guarantee a certain quality regarding scientific 
content and formal criteria. In case no major modifications 
of the manuscript are requested, online publication is an-
ticipated within a couple of weeks after submission.



76 E&G / Vol. 66 / No. 1 / 2017



77E&G / Vol. 66 / No. 1 / 2017



78 E&G / Vol. 66 / No. 1 / 2017

Committee / Vorstand

Die Deutsche Quartärvereinigung (DEUQUA) e.V. ist ein 
Zusammenschluss deutschsprachiger Quartärwissenschaft-
ler und wurde 1949 gegründet. Der Verein hat zum Ziel, die 
Quartärwissenschaft zu fördern, sie in der Öffentlichkeit 
zu vertreten, den Kontakt zu angewandter Wissenschaft zu 
intensivieren sowie öffentliche und politische Gremien in 
quartärwissenschaftlichen Fragestellungen zu beraten. Des 
Weiteren hat der Verein sich zur Aufgabe gemacht, die Kon-
taktpflege der Quartärforscher untereinander und zu ver-
wandten Organisationen im In- und Ausland zu betreiben.

Die DEUQUA veröffentlicht jährlich mehrere Ausgaben 
von „E&G – Quaternary Science Journal“. Dort werden For-
schungserkenntnisse aus dem Bereich der Quartärwissen-
schaft publiziert. Zusätzlich  werden Entwicklungen in der 
DEUQUA vierteljährlich in den Geowissenschaftlichen Mit-
teilungen (GMIT) bekannt gemacht. 

Im zweijährigen Turnus veranstaltet die Deutsche Quar-
tärvereinigung e.V. die DEUQUA-Tagung. Diese bietet ein 
Forum, in welchem aktuelle Forschungsergebnisse aus dem 
Bereich der Quartärwissenschaften vorgestellt und disku-
tiert werden.

PRESIDENT / PRäSIDENTIN
FRANk PREuSSER

Albert-Ludwigs-universität Freiburg

Albertstr. 23-B

D-79104 Freiburg i. Br., Germany

Tel.: +49 (0) 761 / 203-6476

Fax: +49 (0) 761 / 203-6496

E-Mail: frank.preusser(at)geologie.uni-freiburg.de

VICE PRESIDENTS / VIzEPRäSIDENTEN
DOMINIk FAuST

Technische universität Dresden

Helmholtzstr. 10

D-01069 Dresden, Germany

Tel.: +49 (0) 351 / 463-34603

Fax: +49 (0) 351 / 463-37064

E-Mail: dominik.faust(at)tu-dresden.de

 

MARkuS FuCHS

Justus-Liebig-universität Gießen

Senckenbergstr. 1

D-35390 Gießen, Germany

Tel.: +49 (0) 641 / 99-36205

Fax: +49 (0) 641 / 99-36259

E-Mail: markus.fuchs(at)geogr.uni-giessen.de 

TREASURER / SChATzMEISTER 
JöRG ELBRACHT

Landesamt für Bergbau, Energie und Geologie

Stilleweg 2

D-30655 Hannover, Germany

Tel.:+49 (0) 511 / 643-36 13

E-Mail: joerg.elbracht(at)lbeg.niedersachsen.de

EDITOR-IN-ChIEF / SChRIFTLEITUNG (E&G)

MARGOT BöSE

Freie universität Berlin

Malteserstr. 74–100

D-12249 Berlin, Germany

Tel.: +49 (0) 30 / 838-70 37 3

E-Mail: m.boese(at)fu-berlin.de

ARChIVIST / ARChIVAR
STEFAN WANSA

Landesamt für Geologie und Bergwesen 

Sachsen-Anhalt

Postfach 156

D- 06035 Halle, Germany

Tel. +49 (0) 345 / 5212-12 7

E-Mail: wansa(at)lagb.mw.sachsen-anhalt.de

ADVISORy BOARD / BEIRAT
CHRISTIAN HOSELMANN

Hessisches Landesamt für umwelt und Geologie

Postfach 3209

D-65022 Wiesbaden, Germany

Tel.: +49 (0) 611 / 6939-928

Fax: +49 (0) 611 / 6939-941

E-Mail: christian.hoselmann(at)hlug.hessen.de

 

DEUQUA

CHRISTOPHER LüTHGENS

universität für Bodenkultur Wien

Peter-Jordan-Straße 70

A-1190 Wien, Austria

Tel.: +43 (0) 1 / 47654-540

E-Mail: christopher.luethgens(at)boku.ac.at

 

BERNHARD SALCHER

universität Salzburg

Hellbrunnerstrasse 34

A-5020 Salzburg, Austria

Tel.: +43 (0) 662 / 8044-5410

E-Mail: Bernhard.Salcher(at)sbg.ac.at

 

DANIELA SAuER

Georg-August-universität Göttingen

Goldschmidtstr. 5

D-37077 Göttingen, Germany

Tel.: +49 (0) 551 / 39-8011

Fax: +49 (0) 551 / 39-8006

E-Mail: daniela.sauer(at)geo.uni-goettingen.de

 

BIRGIT TERHORST

universität Würzburg

Am Hubland

D-97074 Würzburg, Germany

Tel. +49 (0) 931 / 318-5585

E-Mail: birgit.terhorst(at)uni-wuerzburg.de

Deutsche QuartärvereinigungGerman Quaternary Association

The German Quaternary Association (DEUQUA) eV is an 
association of German-speaking Quaternary Scientists. The 
aim of the association is to promote the Quaternary Sci-
ence, to represent it in public, to intensify the contact to ap-
plied science as well as to advice public and political boards 
in quatarnary issues.

Furthermore, the association has set itself the task of op-
erating the contacts between the Quaternary Scientists and 
related organizations at home and abroad.

The DEUQUA published annually several editions of 
“E&G – Quaternary Science Journal”. In that journal re-
search results from the field of Quaternary Science are 
published. In addition, developments in the  DEUQUA are 
announced in the “Geoscience messages” (GMIT). GMIT is 
published quarterly.

Every two years, the German Quaternary Association 
held the DEUQUA-Conference. At this conference the la-
test research results of the Quaternary Science are present-
ed and discussed.



Reorder / Nachbestellung
Prices are understood plus shipping costs. VAT is included. The complete content is searchable at www.quaternary-science.net

Vol. Topics Price

Vol. 56 No 1–2 Special issue: Stratigraphie von Deutschland – Quartär 54,– €
Vol. 56 No 3 Pfälzerwald, pollen types and taxa, Oberösterreich, Riß-Iller, Schatthausen 27,– €
Vol. 56 No 4 Nußloch, Rangsdorfer See, Lieth/Elmshorn, Gardno Endmoräne/Debina Cliff 27,– €

Vol. 57 No 1–2 Special issue: Recent progress in Quaternary dating methods 54,– €
Vol. 57 No 3–4 Special issue: The Heidelberg Basin Drilling Project 54,– €

Vol. 58 No 1 Surface Exposure Dating, Bodensee, Living Fossil, Hochgebirgsböden 27,– €
Vol. 58 No 2 Special issue: Changing environments – Yesterday, Today, Tomorrow 27,– €

Vol. 59 No 1–2 Baltic Sea Coast, Rodderberg Crater, Geiseltal, Wettersteingebirge, Møn, Argentina 54,– €

Vol. 60 No 1 Special issue: Loess in Europe 27,– €
Vol. 60 No 2–3 Special issue: Glaciations and periglacial features in Central Europe 54,– €
Vol. 60 No 4 Special issue: Quaternary landscape evolution in the Peribaltic region 27,– €

Vol. 61 No 1 Calcareous Alps Austria, Löss, Holzreste Schweiz, Rinnen-Strukturen, Permafrost carbon  27,– €
Vol. 61 No 2 Rivers, Lakes and Peatlands NE Germany, Lavrado Region Brazil, Terna River Basin India  27,– €

Vol. 62 No 1 Special issue: Middle to Upper Pleistocene paleosols in Austria 27,– €
Vol. 62 No 2 Special issue: Environment – Man – Geohazards in the Quaternary 27,– €

Vol. 63 No 1 Northern Switzerland, Schleswig-Holstein, Rattlesnake Mountain, Peloponnese 27,– €
Vol. 63 No 2 Oberschwaben, Oberes Illergebiet, Allgäu/Bayern 27,– €

Vol. 64 No 1 Schleswig-Holstein, Lower Lech Valley/Northern Alpine Foreland, Thuringian Mountains  27,– €
Vol. 64 No 2 Northern Vosges/France, Jeetzel Valley, Kratzeburg, Klein Klütz Höved, Iserlohn/NRW  27,– €

Subscription / Abonnement
Title: E&G – Quaternary Science Journal 
Print-ISSN: 0424-7116
Issues per volume: 2

Prices (EUR) print per volume

End customers: 50,46 € (Free for DEUQUA-Members)
Wholesalers, booksellers: 32,80 €
VAT is not included.

Postage (EUR) per volume

within Germany:  2,50 €
World (Surface):  6,80 €
World (Airmail):  7,70 €

Special offer

Libraries which subscribe our journal can receive the vol-
umes 1951–2006 for free. Only shipping costs have to be paid.

Order address

Geozon Science Media
Pettenkoferstr. 16-18
10247 Berlin, Germany

tel.: +49 (0)30-20 23 83 19-0
fax: +49 (0)30-20 23 83 19-9
e-mail: info (at) geozon.net
web: www.geozon.net



E&G Quaternary Science Journal 
Volume 66 / Number 1 / 2017 / ISSN 0424-7116 / DOI 10.3285/eg.66.1

www.quaternary-science.net 

GEOZON SCIENCE MEDIA
www.geozon.net

Contents

DOI 10.3285/eg.66.1.01

Life in Doggerland – palynological investigations of the environment of prehistoric 
hunter-gatherer societies in the North Sea Basin
Sascha Krüger, Walter Dörfler, Ole Bennike, Steffen Wolters

DOI 10.3285/eg.66.1.02

Spring fed raised peat hummocks with tufa deposits at the Farbeberg hills (Northwest-
Germany): Structure, genesis and paleoclimatic conclusions (Eemian, Holocene)
Alf Grube, Hartmut Usinger

DOI 10.3285/eg.66.1.03

Pleistozäne (elster- und saalezeitliche) glazilimnische Beckentone und -schluffe 
in Niedersachsen/NW-Deutschland
Klaus-Dieter Meyer

DOI 10.3285/eg.66.1.04

The morphological units between the end moraines of the Pomeranian phase and 
the Eberswalde ice-marginal valley (Urstromtal), Germany – a critical examination 
by means of a high-resolution DEM
Maximilian Krambach, Margot Böse

DOI 10.3285/eg.66.1.er1

EXPRESS REPORT Age of the Most Extensive Glaciation of Northern Switzerland: 
Evidence from the scientific drilling at Möhliner Feld
Dorian Gaar, Frank Preusser

DOI 10.3285/eg.66.1.th1

THESIS ABSTRACT Luminescence Dating of Middle Pleistocene Glaciofluvial 
Sediments of the Austrian Northern Alpine Foreland
Lukas Bickel

DOI 10.3285/eg.66.1.th2

THESIS ABSTRACT Overdeepened glacial basins as archives for the Quaternary 
landscape evolution of the Alps
Marius W. Buechi

DOI 10.3285/eg.66.1.th3

THESIS ABSTRACT Comparison of dating methods for paleoglacial 
reconstruction in Central Asia
Natacha Gribenski

3

14

32

44

er 1

th 1

th 3

th 6


	Life in Doggerland – palynological investigations of the environment of prehistoric hunter-gatherer societies in the North Sea Basin
	Spring fed raised peat hummocks with tufa deposits at the Farbeberg hills (Northwest-Germany): Structure, genesis and paleoclimatic conclusions (Eemian, Holocene)
	Pleistozäne (elster- und saalezeitliche) glazilimnische Beckentone und -schluffe in Niedersachsen/NW-Deutschland
	The morphological units between the end moraines of the Pomeranian phase and the Eberswalde ice-marginal valley (Urstromtal), Germany – a critical examination by means of a high-resolution DEM
	EXPRESS REPORT Age of the Most Extensive Glaciation of Northern Switzerland: Evidence from the scientific drilling at Möhliner Feld
	THESIS ABSTRACT Luminescence Dating of Middle Pleistocene Glaciofluvial Sediments of the Austrian Northern Alpine Foreland
	THESIS ABSTRACT Overdeepened glacial basins as archives for the Quaternary landscape evolution of the Alps
	THESIS ABSTRACTComparison of dating methods for paleoglacial reconstruction in Central Asia
	Autorenhinweise
	Instruction to Authors
	Reorder / Nachbestellung
	Subscription / Abonnement
	Contents



