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Abstract:	 Geoarchaeological investigations close to a glacigenic kettle-hole provide evidence of human impact on a till plain in Vorpom-
mern in prehistorical and historical times and its geomorphic response. Basal sedimentary fillings of the investigated depression 
comprise peat, gyttja and aggradational peat reflecting Early to Mid-Holocene hydrological changes. The upper sequence of 
alternating colluvial and organic layers indicate varying human impact over time. Absolute AMS 14C-datings of buried peats 
and mineral horizons with partly high organic matter contents, proven by palynological and archaeological data, reflect interim 
phases of surface stability. In contrast, the colluvial sands reflect phases of accelerated prehistorical and historical settlement 
and land use. The sands can be dated relatively to the organic layers as well as linked to the adjacent archaeological finds. The 
increased erosion processes can thusly be placed during the Late Neolithic Period, the transition from the Late Bronze Age to 
Early Iron Age, the Medieval Period and finally during the Modern Era. Accumulation of the youngest colluvium leads finally 
to the filling of the outer portions of the kettle-hole up to the current surface. 

	 [Geoarchäologischer Nachweis des holozänen menschlichen Einflusses und Bodenerosion auf einer Grundmoränenplatte 
in Vorpommern (NE-Deutschland)]

Kurzfassung:	 Geoarchäologische Untersuchungen im Bereich eines glazigenen Solls verweisen auf den holozänen menschlichen Einfluss auf 
einer Grundmoränenplatte in Vorpommern in prähistorischer und historischer Zeit sowie dessen geomorphologische Rück-
kopplung. Die basale sedimentäre Füllung der untersuchten Depression besteht aus Torf, Mudde und Verlandungstorf und 
spiegelt früh- bis mittelholozäne hydrologische Schwankungen wider. Die obere Sequenz von wechselnden Kolluvien und orga-
nogenen Schichten deutet auf einen variierenden menschlichen Einfluss im Laufe der Zeit hin. Absolute AMS 14C-Datierungen 
von begrabenen Torfen und Mineralbodenhorizonten mit zum Teil erhöhten Anteilen organischer Substanz, abgesichert durch 
palynologische und archäologische Daten, belegen zwischenzeitliche Phasen von Oberflächenstabilität. Hingegen reflektieren 
die kolluvialen Sande Phasen erhöhter prähistorischer und historischer Besiedlung und Landnutzung. Die Sande können zum 
einen relativ durch die organogenen Schichten datiert und zum anderen zu den benachbarten archäologischen Funden in Bezie-
hung gebracht werden. Erhöhte Erosionsprozesse werden demnach in das späte Neolithikum, den Übergang späte Bronzezeit 
zur frühen Eisenzeit, das Mittelalter und letztendlich in die Moderne gestellt. Die Akkumulation des jüngsten Kolluviums führt 
im Randbereich des Solls zur völligen Verfüllung bis an die rezente Oberfläche.  

Keywords: 	 till plain, soil erosion, Vorpommern, kettle-hole, Holocene, human impact

Addresses of authors: 	M. Küster, S. Lorenz, W. Janke, University of Greifswald, Institute of Geography and Geology, Friedrich-Ludwig-Jahn-Str. 16, 
17487 Greifswald, Germany. E-Mail: mathias.kuester@uni-greifswald.de; F. Ruchhöft, University of Greifswald, Institute of His-
tory, Hans-Fallada-Str. 1, 17487 Greifswald, Germany. E-Mail: fred.ruchhoeft@uni-greifswald.de

1  Introduction

Investigations of past human impact on terrestrial environ-
ments in Central Europe have been well established by the 
geosciences over the last five decades. Studies often focus 
on soil erosion processes, which are anthropogenically in-
duced and triggered by geological forces (Bork et al. 1998; 
Dotterweich 2005; Starkel 2005). In contrast to the low 
mountain ranges, erosion processes within the lowlands 
of NE-Germany occur preferentially along the transitional 
zone of landscape components (Amelang, Janke & Kliewe 
1983). In the range of till plains in Vorpommern, colluvi-
al slope deposits are predominant. Accumulation occurs 
within river catchments, kettle-holes and other wet de-
pressions (Kaiser & Janke 1998; Helbig et al. 2002). The 
formation of colluvial sediments is closely related to the 
Holocene settlement and land use history. Anthropogen-
ic impacts differ in time and space, so colluviation is evi-
dent during different periods and in different accumulation 

areas (Niller 1998). Qualitative comparisons of regional 
records offer an appropriate instrument for deducing a 
spatiotemporal model of erosion processes und human im-
pact on a local, regional and global scale (Bork 1983; Bork 
et al. 1998; Bork 2006; Dotterweich 2008; Dreibrodt et 
al. 2010). Regional refinements of these general models are 
important to detect diachronisms due to differences in land 
use, vegetation and relief development as well as climate 
(Wilkinson 2003; Reiß et al. 2009). For a good understand-
ing of human impact in the past, it is therefore important 
to blend geoscientific records and archaeological findings 
into a geoarchaeological context, providing a comprehen-
sive palaeo-perspective of environmental history (Kalis, 
Merkt & Wunderlich 2003; Zolitschka, Behre & 
Schneider 2003). The Kühlenhagen site reveals new data 
concerning land use history, settlement pattern and the 
landscape’s geomorphological response, as an example for 
till plain sites in Vorpommern (NE-Germany). 
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Fig. 1: Location of the study area in Germany (A). The geological situation of the young morainic landscape around the study site in NE-Germany 
(B; GLA 1996). Geoarchaeological fieldwork took place in the NW of the village Kühlenhagen (C). The archaeological section in the range of the partly 
buried kettle-hole (D). The investigated exposures (A-B, C-D) and reference core KH-1 are described in detail in Fig. 2.

Abb. 1: Lage des Untersuchungsgebietes in Deutschland (A). Die geologische Situation der Jungmoränenlandschaft in der Umgebung des Untersu-
chungspunktes in NE-Deutschland (B; GLA 1996). Die geoarchäologischen Untersuchungen fanden im Nordwesten der Ortschaft Kühlenhagen statt (C). 
Der archäologische Schnitt im Bereich des teilweise begrabenen Solls (D). Die untersuchten Aufschlüsse (A-B, C-D) und der Referenzkern KH-1 werden 
näher in Abb. 2 beschrieben.
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2  Study area

The investigation area is characterised by flat and undu-
lating till interlocked with outwash plains and transected 
by river valleys, mainly formed during the Mecklenburgian 
Phase of  the Weichselian glaciation (Rühberg et al. 1995, 
Fig. 1). Periglacial processes during the Late Glacial result-
ed in cryogenic destratification of glacigenic surface sedi-
ments, sedimentation processes on plain sites including 
formation of “Geschiebedecksand” (GDS, “cover sands”) 
and cryogenic sediment structures such as ice-wedges. 
Nival runoff, solifluction and abluation cause sediment 
runoff along slopes, resulting in a markable reshaping of 
glacigenic topography (Helbig 1999; Kliewe 2004). River 
valleys supplemented by tributary valleys (periglacial dry 
valleys) display major regional differences in elevation of 
10–30 m to the adjacent plain sites (Janke 1983), represent-
ing the base level of Holocene erosion processes. As a re-
sult of dead ice melting, till plains are apparelled by small 
basins like glacigenic kettle-holes, and furthermore wet or 
dry depressions of anthropogenic origin (Janke & Janke 
1970; Klafs, Jeschke & Schmidt 1973).

The Kühlenhagen site is located on the edge of a till 
plain between the towns Greifswald and Wolgast south to-
wards the Ziese Valley, with elevations of 16–30  m a.s.l. 
(Fig. 1). The further surroundings are currently used by for-
estry and agriculture.

3  Material and Methods

Field work 
In preperation for the construction of the OPAL gas pipe-
line, archaeological investigations took place at the Küh-
lenhagen site in August 2009. The OPAL is the southern 
terrestrial connection to the subaquatic Nordstream pipe-
line from Russia to Central Europe through the Baltic Sea. 
The investigated section at Kühlenhagen of c. 4000 sqm was 
divided into grids of 10 m x 10 m. All findings of each grid 
were marked, the exact location noted and recovered. Finds 
were described and classified in regional archaeological 
phases according to Endtmann (2004). At the transition 
zone of the till plain and an aggradated and marginally 
filled depression a cross-section was excavated (Fig. 2). The 
reference faces were cleaned and described after excava-
tion following the guidelines of the IUSS Working Group 
WRB (2006). The exposure was documented in photographs 
and a scaled drawing. For detailed laboratory analysis a 
sediment core of 8 cm diameter was recovered close to the 
cross-section to a depth of 2 m (KH-1, Fig. 1).

Laboratory methods
Dry-bulk-density (DBD) and water content were calculated 
after sample drying at 105°C based on 4 ml sample cylinder 
at 5 cm steps. The organic content was determined by loss 
on ignition (LOI) at 550°C for 2 hours. Afterwards carbon-
ates were removed by (10%) HCl (organic carbon was re-
moved by burning process) for grain-size analysis with a 
laser particle sizer (Fritsch-Analysette 22). Pollen samples 
from a buried soil surface horizon (Ahb, IUSS Working 
Group WRB 2006) as an age proof for AMS 14C-dates were 
extracted in 1  cm slices from the core and separated by 
acetholyses (Beug 2004). Non-arboreal pollen (NAP, spores 
and algae) were related to the amount of 100 tree pollen. 
Pollen zones (PZ) are related to Firbas (1949) and Kaiser 
et al. (2002). Four radiocarbon datings were determined at 
organic layers, comprising macrofossil remains from peat 
and one bulk sample of a mineral horizon rich in organic 
matter were determined (Tab. 1). Dates were calibrated us-
ing CALIB 5.0.1 (Stuiver, Reimer & Reimer 2005).

4  Results

Archaeological finds and settlements 
Field investigations yielded 50 finds comprising a typical 
settlement repertory. Most of them were hardly damaged 
or moderately preserved, but some of them were signifi-
cant and gave the opportunity to date the settlement site.

The mapped pits were used for storage purpose, others 
were mine pits. Adjacent to the pits seven fire places and 
one oven were documented. Almost 100 m south of the de-
pression four post-holes were found indicating the remains 
of a double-span house. House types like this (20 m long, 
6 m wide) are well documented in Late Bronze Age/Early 
Iron Age settlement sites in NE-Germany (Schmidt 2006).

Some meters beside the investigated depression a water 
intake was found (Fig. 1). The round pit has an average depth 
of 1 m and is filled with loamy sands rich in organic matter 
at the bottom and loamy sands at the top, comprising sev-
eral fragments of pottery and charcoal. The adjacent sandy 
till sediments are characterised by stagnic features. 

Pottery from the settlement belongs to funnel rim ves-
sels or vessels with bulbous body and slightly grooved rim. 
Another typical type of ceramic for the site are baking 
plates. This kind of ceramics is also described in other study 
sites in NE-Germany, typical for the transition Late Bronze 
Age to the Early Iron Age (Schoknecht 1978). It is espe-
cially significant for the “Usedom-Wolin-Group“, a cultural 
group of the Early Iron Age in the area around the mouth 
of the Oder River, at the very northern rim of the Lusatian 

Core Depth [cm] 14C yr BP Calibrated age (2σ)* Material δ13C Laboratory ID

KH-1 90–91 1699 ± 41 245–421 AD humic sand -29.4 Erl-13813

KH-1 115–116 2869 ± 42 1133–919 BC peat -30.3 Erl-13814

KH-1 162–163 9153 ± 62 8495–8271 BC peat -29.5 Erl-13815

KH-1 187–188 8876 ± 61 8238–7792 BC peat -28.3 Erl-13816

Tab. 1: Results of the AMS-dating of buried peats and humic sand samples. * Dates were calibrated using CALIB 5.0.1 (Stuiver, Reimer & Reimer 2005).

Tab. 1: Ergebnisse der AMS-Datierungen von Proben aus begrabenen Torfen und Anmoor. * Die Daten wurden unter Verwendung von CALIB 5.0.1  
(Stuiver, Reimer & Reimer 2005) kalibriert.
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Fig. 2: Detailed drawing of the lithological compositon of the kettle-hole in its margin (A). Lithology, chronology and sedimentary parameters of core KH-1 (B). 

Abb. 2: Detaillierte Zeichnung der lithologischen Zusammensetzung im Randbereich des Solls (A). Lithologie, Chronologie und sedimentologische Parameter 
des Kerns KH-1 (B).
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Depth [cm] 67 69 71 73 164 174 187

AP [%] 59.2 51.8 64.2 58.6 81.9 94.0 73.7

Shrubs [%] 1.8 4.7 0.6 1.2 5.5 3.2 5.1

NAP [%] 39.0 43.5 35.2 40.2 12.6 2.8 21.2

Pinus 19.0 21.0 21.5 50.2 39.3 71.1 39.6

Betula 3.0 8.0 2.0 3.0 13.5 3.4 41.6

Fagus 1.0

Quercus 8.0 9.0 6.0 7.0 12.5 4.9

Tilia 3.0 6.7 7.4

Ulmus 1.0 1.0 1.0 0.5 2.0

Alnus 3.0 9.0 5.0 10.0 22.0 11.3 1.0

Salix 66.0 50.0 64.5 28.8 4.0 1.5 15.8

Corylus 3.0 8.0 1.0 2.0 6.0 2.5 1.0

Juniperus 1.0 6.0

Wild grasses (undiff.) 5.0 6.0 17.0 12.0 4.8 1.0 5.0

Cyperaceae 7.0 16.0 8.0 6.0 3.9 3.0 20.0

Cereals (sine Secale) 5.0 3.0 3.0 12.0

Secale 6.0 4.0 1.0 15.0

Cultural indicators/Weeds 13.0 12.0 4.0 7.0 2.0

Artemisia sp. 1.0 2.0 1.0 1.0 1.0 1.0

Chenopodiaceae 1.0 1.0 2.0

Plantago lanceolata 2.0 3.0 1.0

Centaurea cyanus 5.0 4.0 1.0 4.0

Calluna vulgaris 3.0 4.0 1.0 2.0

Aster-Type 1.0 1.0 1.0

Fenestrate Compositae 25.0 34.0 17.0 6.0

Filipendula ulmaria 2.0 3.0 0.5 1.0

Apiaceae 1.0 2.0 2.0 1.0

Typha latifolia 2.0 0.5

Sphagnum-Type 6.0 2.0 1.0 2.0

Bryophyta-Type (sine Sphagnum) 34.0 100.0 38.0 28.0 64.0 70.0 16.0

Monolete Polypodiales 9.0 9.0 6.0 8.0 26.0 52.0 2.0

Pteridium aquilinum 2.0 1.0 2.0 2.0 2.0

Lycopodium inundatum 16.0 41.0 30.0 6.0 1.0

Equisetum-Type 11.0 14.0 8.0 4.0 6.7 5.0 22.0

Radiococcus nimbatus-Type 1.0 3.0

Pediastrum sp. 2.0

Botryococcus braunii 1.0 1.0

Pollen+Spores/mm3 sediment 4.0 4.9 14.2 342.6 435.2 1463.0 87.6

Pollen zones (Firbas 1949, Kaiser et al. 2002) Xb Xb Xb Xb VII/VIII VI IV

Chronozones (Mangerud et al. 1974) SA SA SA SA* AT/SB* AT* PB*

Tab. 2: Selected parameters of the palynological analyses of organic layer and the Ahb horizon. * SA – Subatlantic, AT – Atlantic, AT/SB – Atlantic/Sub-
boreal, PB – Preboreal. 

Tab. 2: Ausgewählte Parameter der pollenkundlichen Analysen der organischen Horizonte und des fossilen Bodenhorizontes, fAh.* SA – Subatlantikum, AT 
– Atlantikum, AT/SB – Atlantikum/Subboreal, PB – Präboreal.

culture, described by Horst (1963) and Lampe (1981, 1989). 
Another sign for dating the settlement to this time is the 
lack of flint artefacts, which are distinctive for the Early 
Bronze Age (Szczesiak 1999). 

Sedimentary and palynological records 
The basin of the depression is made up of a greyish-blue 
diamicton, which shows a dominant fine sediment matrix 
of silt and clay with subordinated gravel and stones (Fig. 2). 
Stratigraphically it can be classified as glacigenic till asso-

ciated with the Mecklenburgian Phase of the Weichselian 
glaciation. 

The thin sandy peat layer above is characterised by 
LOI of c. 32 %. A peat sample reveals a radiocarbon age of 
8876 ± 61 yr BP (Tab. 1) and dates the onset of peat forma-
tion to the Early Boreal. The absence of thermophilic pol-
len species and the high abundance of Betula, NAP and the 
total amount of pollen and spores/mm3 indicate a Preboreal 
palyno-age of that peat (Tab. 2, 187 cm depth). 

The coarse detrital gyttja above reflects a rising trend of 



460 E&G / Vol. 60 / No. 4 / 2011 / 455–463 / DOI 10.3285/eg.60.4.05 / © Authors / Creative Commons Attribution License

water table resulting in sedimentation of lacustrine sedi-
ments within the depression. In the same stratigraphic po-
sition with an off-set of almost 2 m to the organic gyttja 
detected in core KH-1 and exposure KH-2 (C-D) a calcare-
ous gyttja was identified during excavation. Thus, one can 
assume the intermediate existence of a small lake including 
alternating littoral sedimentation conditions on a small 
scale. In the shallow fringe wave effects of an open water 
body resulted in littoral sediment translocation, reflected 
by worked off lacustrine sands. 

Another, c. 20 cm thick peat section above shows maxi-
mum LOI values of c. 60 % and consists of reed rhizoms in 
growing position within a black amorphic matrix. While 
an AMS sample provides a radiocarbon age of 9153 ± 62 yr 
BP (Preboreal), the pollen content reveals a forest composi-
tion of the Early Atlantic (Tab. 2, 174 cm depth), displayed 
by a dominant amount of Pinus, Alnus and Tilia. A second 
pollen sample at 164 cm depth holds a higher proportion of 
NAP, while the arboreal pollen portion is dominated by Pi-
nus, Betula, Quercus and Alnus. Thus we assign this section 
to the Late Atlantic/Subboreal transition (Tab. 2).

The colluvium M1 (c. 1.50–1.30  m depth) consists pre-
dominantly of silt and in the range of the transition to the 
peat above of sand. Subordinated fine gravel and redepos-
ited plant material (reeds) are included. 

The overlying peat is partly mineralised at its base, but it 
is rich in wood remains and notable stones, gravel and sand 
in equal stratigraphic position. At c. 1.10 m depth there are 
single stray sands and several findings of municipal waste. 
Seventeen bones from sheep and goat and fragments of an 
elk have been recovered. A radiocarbon age of 2869 ± 42 yr 
BP dates the peat formation to the Subboreal. This age is 
proven by the archaeological context, which dates settle-

ment activity at the surrounding and artefacts within the 
peat to the Late Bronze Age.

The colluvium M2 is characterised by redeposited plant 
material, sand and fine sediment fraction (clay, silt), while 
within exposure KH-2 (C-D) fine and medium sand and al-
so gravel could be detected. This indicates a gradual reduc-
tion of grain size from the catchment towards basin cen-
tre, possibly due to a lowering of transport capacity during 
run-off (Auerswald 1998). 

The buried mineral horizon with high organic matter 
content reflects subsequent intermittent surface stability 
during wet conditions within the depression, emphasised 
by rather decomposed macrofossil remains of sedges. A ra-
diocarbon age of 1699 ± 41 yr BP reveals an approximate 
time mark of layer formation. 

Colluvial layer M3 is separated from colluvium M4 by 
a soil surface horizon (Ahb, IUSS Working Group WRB 
2006). The pollen sample at 73 cm depth contains high val-
ues of NAP and cereals including Secale. While cereals di-
minish between 67–73 cm depth, weeds increase. 

The buried soil surface horizon is related to the Younger 
Subatlantic (Middle Ages, Tab. 2). Both colluvial units 
show a grain size distribution dominated by fine and me-
dium sands. The ploughed horizon at the surface (Ap, IUSS 
Working Group WRB 2006) reflects current agricultural 
use at the investigation site. 

5  Discussion

The investigated depression can be classified as a glaci-
genic kettle-hole due to the record of a basal peat of Ear-
ly Holocene age, which covers the glacial parent materi-
al (till) after meltout processes of stagnant ice during the 
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Abb. 3: Prähistorische Funde und Siedlungen um Kühlenhagen. 1 vorneolithisch undiff., 2 Neolithikum, 3 frühe Bronzezeit, 4 späte Bronzezeit , 5 Vorrö-
mische Eisenzeit, 6 Römische Kaiserzeit, 7 Eisenverhüttung.



461E&G / Vol. 60 / No. 4 / 2011 / 455–463 / DOI 10.3285/eg.60.4.05 / © Authors / Creative Commons Attribution License

Ploughing horizon (Ap)

Colluvium Lacustrine sand

GyttjaParent soil
(Luvisol)

Till

Organic layer/horizon

Cover sand

Lake-level

Mesolithic (Boreal) Roman Iron Age - Slavonic Period

sedges

Mesolithic - Neolithic (Atlantic)

reeds

Medieval Times

Late Neolithic Late Medieval Times

Early Bronze Age Modern Times

Settlement pit

Water intake

Late Bronze Age - Iron Age Modern Times

Fig. 4: Idealised model of Holocene landscape development and human impact at Kühlenhagen. 

Abb. 4: Idealisiertes Modell zu holozäner Landschaftsentwicklung und menschlichem Einfluss bei Kühlenhagen.

Late Glacial period of the Weichselian glaciation (Klafs, 
Jeschke & Schmidt 1973). The change from peat to gyttja 
points to the existence of an open intermediate and shal-
low lake (Fig. 4). An increase in the ground water and thus 
increased water filling into the small closed depression can 
be concluded for the Boreal. Palaeohydrological studies at 
various lakes in NE-Germany show similar trends of ris-

ing lake-levels from the Boreal to the Mid-Atlantic (Kaiser 
et al. 2003; Lorenz 2007; Küster 2009; Lampe et al. 2009). 
The mineral sand peak (medium and coarse sand) at the 
gyttja-peat transition and the onset of peat formation itself 
reflect a shore displacement towards the lake basin due to a 
drop in lake-level and following aggradation (Digerfeldt 
1986; Harrison & Digerfeldt 1993). The pollen values 
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from the aggradational peat allow this to be clearly dis-
tinguished from the Boreal and put it in the Early Atlan-
tic Period. Based on the palynological data, the obtained 
14C-age (Erl-13815) from the peat can be regarded as too old 
possibly due to allochthonous input of older organic mate-
rial and minerogenic matter during mean erosional proc-
esses. Slope erosion during the Early to Mid-Holocene is 
documented from various sites in Germany, summarised 
by Dreibrodt et al. (2010). 

The accumulation of colluvium M1 shows a first promi-
nant phase of anthropogenic influence in the study area. As 
a prerequisite for erosional input to the basin, forest clear-
ing resulting in a partly exposed surface in the kettle-hole 
surroundings must be assumed. The peat above is AMS-
dated to the Late Subboreal. This age is proven by findings 
within the peat at the same depth and the archaeological 
context of the reconstructed settlement close to the kettle-
hole, set to the Late Bronze Age/Early Iron Age. The instal-
lation of the water intake close to the depression reflects 
the importance of water withdrawal for settlement ac-
tivities during the aggradation process. Because of recon-
structed rates of peat growing from regional sites from the 
Mid-Atlantic to the Subboreal of 0.1 mm/a (Kloss 1987) and 
about 0.3 mm/a during the Subboreal (Lampe et al. 2009) 
and taking the palynological and radiocarbon datings into 
account, giving a maximum and minimum age of underly-
ing and overlying peat, the accumulation of the colluvium 
M1 can be adopted for the Mid-Subboreal, the Late Neo-
lithic Period in this region (Endtmann 2004). This period is 
proven within the study area by many single finds, while 
at least two places close to Kühlenhagen site can be indi-
cated as small settlements (Ruchhöft 2009, Fig. 3). There-
fore a geomorphic response on Neolithic human impact is 
assumed, however evidence of colluvial sediments of this 
period have not been discovered for the area of Vorpom-
mern, exceptionally demonstrated by Kaiser, Endtmann 
& Janke (2000) in a similar morphological situation in the 
south of the Darß-Zingst peninsula (southern Baltic coast). 
The human impact during the Neolitic is more significantly 
recorded in regional pollen sequences, reflecting secondary 
succession cycles on small previously agricultural fields 
(Kalis, Merkt & Wunderlich 2003).

After accumulation of colluvium M2 an interim postsed-
imentary phase of surface stability occured reflected by the 
formation of a soil horizon of high organic content within 
the colluvial parent material under increased groundwa-
ter influence at least during the Roman Iron Age. The ex-
tracted 14C-age, Erl-13813, gives a minimum age of organic 
layer formation (Lüders 1961; Lessmann-Schoch, Kahrer 
& Brümmer 1991). Therefore a sedimentation period of the 
colluvium M2 between the Late Bronze Age and the Roman 
Iron Age can be traced. 

Many settlements from the Younger Bronze Age up to the 
Roman Iron Age were discovered around Kühlenhagen in 
the last years. Some hundred meters in the south of the in-
vestigated depression a Germanic settlement with cemetery 
from the Late Roman Iron Age was detected (Reineke 1988; 
Rauchfuss & Schmidt 2004). Thus settlement activities 
from the Younger Bronze Age up to Late Roman Iron Age 
might be seen as a continual process, indicating that human 
activities at Kühlenhagen during this period were significant 
in prehistorical times, resulting in soil erosion processes. 

The deposition of both colluvial sediment units on top 
leads to the final filling of the edge of the kettle-hole. The 
palynological data of the buried surface horizon indicate 
an approximate time frame from the Late Medieval to the 
Early Modern Era giving a maximum age of the colluvium 
M3, which thus comprises the Slavonic Period up to the 
German Medieval. Based on a few regional Slavonic find-
ings, the mineral sediment influx is rather explained by soil 
erosion due to deforestation for areas of settlements and 
agricultural use during the Eastern Colonisation of the 13th 
century AD. This is also recorded sedimentologically in ad-
jacent areas in formation of aeolian drift sands (Janke 1971). 

The pollen samples from the buried Ahb horizon give 
evidence of intense human impact close to the kettle-hole 
due to forest clearing and subsequent extensive agricultur-
al use. During the Modern Era up to the recent past, soil 
erosion leads to the final filling of the outer part of the 
depression up to the present level. Based on numerous col-
luvial records in adjacent till plains, this period appears to 
be the dominant historical erosion phase throughout Vor-
pommern (Helbig et al. 2002).

6 Conclusions

This study represents qualitative data of the Holocene 
landscape development in Vorpommern. Thereby geoar-
chaeological investigations at a glacigenic kettle-hole give 
sedimentary evidence of prehistorical and historical phases 
of soil erosion, reflecting human impact and geomorpho-
logical response at a till plain. The first sedimentological 
fingerprint of human impact at Kühlenhagen is reflected 
by colluvial sediments dated to the Late Neolithic. How-
ever, regional land use intensities were relatively low. An 
almost continuous settlement process within the investiga-
tion area occurred from the Late Bronze Age up to the Late 
Roman Iron Age. Land use and settlement activities at the 
transition from the Late Bronze Age to the Early Iron Age 
led to soil erosion. Taking the density of settlement finds 
into consideration one can assume that human impact dur-
ing this prehistorical period was significant. After follow-
ing moderate to low human influences up to the Slavonic 
Period, deforestation during the Eastern Colonisation in 
the 13th century stripped the surface bare initialising a third 
phase of soil erosion ending in the Late Middle Ages, where 
an interim phase of surface stability could be reconstruct-
ed. Agriculture related soil erosion during the Modern Era 
led to a final silting of the kettle-hole.
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