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Abstract
The Central Baruth Ice-Marginal Valley originated during two glacial stages, the Saale and the
Weichselian. The area has been affected by glaciation and a wide variety of morphologic features are
known. Extensive research has been conducted into the extensive dunes known in the area, however
little to no detailed research has been done on lake development. What lacks is the detailed analysis of
the two circular depressions near Horstwalde. The depressions have a width of 300 meter and the
periphery is increased to a rim. This research will focus on the genesis of the two circular depressions
with the use of LiDAR data, field observations and literature. The data will be used to analyse the
palaeohydrology near Horstwalde. Knowledge of regional palaeohydrology is of great importance in
understanding current environmental issues, such as hydrologic changes, impact of land use strategies
and water restoration.
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Introduction
Northern Germany was repeatedly covered by an Ice sheet coming from the Scandinavian Islands
during the Quaternary glaciation (2,588,000 years ago to present) (Böse, Lüthgens, Lee, & Rose, 2012).
The last two glacial stages, the Saalian and the Weichselian, were of great importance in the
geomorphology of northeast Germany, especially the Baruth Ice-Marginal valley (Rinterknecht,
Braucher, Böse, Bourlés, & Mercier, 2012)
The field area is in the Baruth Ice-Marginal Valley or the ‘Baruther Urstromtal’, located about
50-60 km to the south of Berlin, Germany. The Baruther Urstromtal is assumed to be formed during the
‘Warthe’ stage in the Saalian. The ice sheet reached until the south of the Baruther Urstromtal
(Rinterknecht et al., 2012) and should have lasted from 148.000 BC to 128.000 BC (Habbe, Ellwanger,
& Becker-Humann, 2007). However, the genesis of outwash plains is more in association with the
‘Brandenburg’ stage during the Weichselian. This period lasted approximately from 24.000 BC to 20.000
BC and is presumably the cause of the erosion due to meltwater and thus the outwash plains in the area
(Lüthgens et al., 2011).
However, according to Lüthgens et al. (2011) the Brandenburg stage less substantial effect on
the development because the degree expansion is not entirely certain as can be seen in figure 1

Figure 1: Depressions in Baruther Urstromtal (‘Hohlformen’) that can be attributed to the extent of the Brandenburg stage. The
exact degree of expansion is still uncertain (Juschus, 2001).

Nonetheless, the area has been affected by glaciation, and a wide variety of morphologic
features are known. One of the most important features is that it is formed on a naturally sloped upwards
landscape from the north of Germany to the south of Poland. This means that the meltwater from the
glacier could only flow in the direction of the North-Sea. The movement of the meltwater also brought a
lot of sediments, which molded the region by pushing material that remains today as moraines and
several morphologic features such as, parabolic dunes, dead-ice induced forms (Lüthgens et al., 2011).
This research will focus on lake development. Lake formation in the young moraine landscape was
mostly driven by Weichselian dead-ice dynamics (Kaiser et al., 2012). The necessity of lake
development becomes important when the area is considered for human settlement. According to Kaiser
et al. (2010) in northeast Germany a ‘drying’ trend is occurring. This results in decreasing groundwater
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and lake levels along with river discharges. If this trend will continue ecosystem services will be
influenced negatively. For example fresh water for human use and wetland conservation.
To research the characteristics and changes of the morphologic features a better understanding
of the palaeohydrology can be obtained. Knowledge of regional palaeohydrology is of great importance
in understanding current environmental issues, such as hydrologic changes, impact of land use
strategies and water restoration (Kaiser et al., 2012).

Research question and objectives
A lot of earth scientific research has been done in the Baruth Ice-Marginal valley. However, very little to
no research has been done on lake development. In particular, the 2 circular depressions near
Horstwalde which are expected to be 2 lakes, shown in figure 2 and 3. In figure 2 an aerial photo of the
research area is shown. The red circle represents the place where the 2 circular depressions should be
but who are not yet visible. In figure 3 a DEM is made with LiDAR data and it shows the 2 circular
depressions. Mr Gerhard Maetz, employee at the Kreisverwaltung in Luckenwalde is one of the
researchers doing research about circular depressions. This research aims to discover and provide
more insight into the 2 circular depressions near Horstwalde using LiDAR data, ArcGIS, historic maps,
fieldwork, drone flights and literature. Therefore, the research question will be:
What is the natural and/or anthropogenic genesis of the 2 circular depressions near Horstwalde,
in the Baruth Ice-Marginal valley, Brandenburg, Germany?

Figure 2: aerial photo of research area (Bing maps)
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Figure 3: DEM of research area (Khymo Moestadja, 2017)

In other words, the research question aims to research the genesis of the 2 circular depressions. To
adequately research the genesis, several aspects and causes will be considered and validated. This
will be done by answering several sub-questions.

-

What are the possible causes of the formation of the 2 circular depressions?
Are the 2 circular depressions the same?
How deep are the depressions?
With which sediments are the depressions filled? And what can be concluded from this?
Is there a relation between the two circular depressions and the current Hammerfließ?
How unique are the two studied depressions? Are there similar depressions in the
neighborhood?

Various tools in ArcGIS will be used to analyze the data. LiDAR data of the field area is going to be
implemented in ArcGIS to discover and analyze the 2 circular depressions and determine the
emergence. Furthermore, photos of the area taken by a drone will be put together by Agisoft. And a 3D
of the are will be visualized of the area.
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Theoretical framework
In this section the key concepts and their interrelations regarding lakes in the Baruth Ice-Marginal valley
will be described. The purpose of this study will also be discussed. Furthermore, the boundaries of the
research will be illustrated.
Most of the small and medium lake basins in the Young moraine landscape originated from melting of
buried stagnant ice, called ‘dead-ice’ (Kaiser et al., 2012). Dead-ice is a term that refers to the temporary
conservation of former glacier ice in depressions or in sedimentary sequences. Several erosive
processes in the young moraine landscape produced depressions. The depressions were filled by deadice during the Weichselian Glacial. Dead-ice can also refer to the freezing of pre-existing water bodies
before being run over by glacier ice. Once a depression or pre-existing water body is frozen by glacier
ice, sediments and other materials will cover the dead-ice. In this situation, the dead-ice is no longer
connected to the active glacier. After melting of these dead-ice depressions, depending on the local
hydrologic environment, water-filled basins can appear, named a kettle hole. Between the dead-ice
formation and the melting tens of thousands of years can pass by (Kaiser, 2001). The process is
visualized in figure 4. The first kettle holes developed in the early Holocene (11.700 B.P.) (Kaiser et al.,
2012).

Figure 4: Process of dead-ice and kettle holes. (http://www.landforms.eu/cairngorms/kettle%20hole.htm)

After the melting of dead-ice a kettle hole remains, which can be filled with sediments and/or plants can
grow inside the holes. The holes can become basins, lakes and/or swamps (Kaiser et al., 2012). A soil
can be classified as a peat soil if the upper 80 cm consist out of peat for 50%. Peat consist mainly out
of non-decayed plant residues. Seeds, roots, and leafs can be found in peat layers. Peat can only form
in environments with a high-water level, the plant residues cannot decay due to the lack of oxygen. They
only decay a little, but enough to release substances that decreases the pH of the water, which in turn
decreases the growth of bacteria who can decay the plant residues. The peat plants ensure in this way
their own perfect environment. This results in thick peat layers. Furthermore, the area cannot have
flowing water, flowing water will cause too much oxygen in the water for peat to form (Berendsen, 2008).
Research by (Kaiser et al., 2012) Kopczynska-Lamparska et al. 1984, Nitz et al. 1995, Strahl &
Keding 1996 and Kaiser 2001 recorded in the subject area peats and gyttjas. Gyttjas are just as peat
layers’ organic sediments. However, gyttjas accumulate out of residues of micro-organisms, deposits of
calcium carbonates after the assimilation of CO2 by plants, as well as residues of animals and their
feces. So gyttjas are formed by the partial decay of peat. As explained above, peat creates its own
perfect environment for the accumulation of new peat. As the new peat is buried under new peat, the
oxygen reduces and further degradation by microbes can produces gyttja. Gyttja is a fine-grained, green
yellow-brown mud, also referred to as soil-silt and is often elastic after deposition. Gyttja is heavier than
peat and therefore gyttja slowly drains to the bottom. When peat is covered by new peat or when the
oxygen further reduces, for example during water logging or degradation by anaerobic microbes, there

7

will be an increase in the production of gyttja. Gyttja will continue to accumulate if new material is added
on top and the conditions are anaerobic (de Klerk et al., 2001). Gyttjas and peat layers are formed in
lakes and ponds with no flow (Kaiser et al., 2012).
It is unclear when the dead-ice finally thawed (de Klerk et al., 2001). Melting processes might
have modified the original basins sands and the substrates that covered the sands. Also, the steep
inclination of peat can be due to sinking of the original layers by post-sedimentary thawing of dead-ice
during the late glacial (Kaiser, 2001), but it can also find its origin in a floating vegetation on top of the
water level in the depressions that sank to the bottom and covered the original basin floor (de Klerk et
al., 2001). Nonetheless, after the melting of dead-ice a rim can occur alongside the edges of the
depressions. This is due to gravity and the sediments that covered the ice blocks during time. After the
melting a depression remains and it can be filled to form basins, lakes and swamps (Houmark-Nielsen,
2011).
To make an indication of the age of the depressions the accumulation rate of peat can be used. The
accumulation rate depends on the environment of the location of the peat. In colder climates, peat
accumulates slower due to the slow growth rate of plants in colder climates. After the Weichselian
glaciation, in northern Germany a cold climate occurred. It is hard to estimate the accumulation rate of
peat and several methods and calculations need to be used in order to estimate the peat accumulation.
These calculations are based on core samples, the bulk density, depth of peat and radiocarbon dates.
In general, a method developed by R.S. Clymo is used, which will not be further discussed in this paper,
only the average accumulation rates are used. Nowadays an average accumulation rate of peat in the
northeast areas in Germany is of 0.67 mm per year (Keddy, 2010). However, right after the Weichselian
ice-sheet, the overall temperature and conditions were harsher than it is nowadays and therefore a rate
of 0.67 mm/year is not accurate to estimate the age of the peat accumulation in the depressions near
Horstwalde. A research done by van der Linden, Heijmans, & van Geel (2014) showed that in a mire,
named Barschpful, located in a depressions, approximately 65 km north-east of Berlin, Germany 0.6 1 meter peat was accumulated within 300-400 years. And a slow accumulation rate was measured
between 1787-1960 (van der Linden et al., 2014). Therefore, in the absence of own core samples and
accumulation rates an average is taken based on the calculations of van der Linden (2014). This
because the depression Barschpful is relatively close to the depressions in this research and the
depression barschpful lies approximately on the Weichselian ice-sheet extent, when different extends
considered due to the uncertainty of the extent (Juschus, 2001). An average of 0.6-1 meter per 300-400
years is considered for this research based on calculation of van der Linden (2014) during the Holocene.
Besides dead-ice, the depressions can also find their origin in the periglacial landform term alas
(Juschus, 2001). Alases have a circular and oval form
with steep sides and flat floors. Sometimes the alases
are filled with water and a lake or swamp is formed.
Alases can have a diameter of 0.1 km up to 15 km and
a depth between 3-40m. Alas depressions on river
terraces are not dissimilar to kettle holes explained
above, forming a glacial outwash plain. According to
the encyclopedia of geomorphology (2004) an alas is
a type of thermokarst feature, a subsidence landform
arising from degradation and settlement of ice-rich
frozen ground. A prerequisite for an alas is a
permanent frozen ground, permafrost. Permafrost is
the phenomenon in areas above a certain altitude and
near the poles where the ground is always frozen.
Figure 5: Alas landforms, which are thermokarst features. https://planetarygeomorphology.wordpress.com/tag/periglacial/
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Another explanation for the small and medium
sized basins is a pingo basin. During the
Weichselian
glaciation
the
subsoil
was
permanently frozen. The groundwater underneath
the subsoil was constantly under pressure. At spots
in the soil where the subsoil was not totally frozen,
groundwater could push up the overlying ground
due to an upwelling ice lens. Over time cracks in
the overlying soil occurred and sunlight could melt
the ice lens. At the periphery soil accumulated and
a rampart appears. After the melting of the pingo
ice core a depression filled with melting water
remains, called a pingo basin. After the
Weichselian a warmer period began, the Holocene.
In the pingo basins plants started to grow.
Deceased plants did not decay but they formed
peat due to the anaerobic conditions in the pingo
basins (Makkaveyev, Bronguleev, & Karavaev,
2015).
Figure 6: Pingo formation. (http://gnomes-journal.blogspot.nl/2014_05_01_archive.html)

The last natural cause that is possible is a deflation hollow, however this is less likely. A deflation hollow
is enclosed depression produced by wind erosion. Deflation hollows can be found in deserts where
Aeolian processes can hollow the soil when it consists out of unconsolidated material, and in temperate
regions where protective vegetation has been removed from a sand dune. Deflation hollows can reach
a maximum depth of approximate 2 meter (Lancaster, 1986).
There has been a close relationship between the development of rivers, lakes and peatlands in the
Brandenburg area during the late Holocene (11,700 B.P.). In general, landscape hydrology was driven
by climatic, geomorphic and non-anthropogenic biotic factors. However, since the Neolithic or New
Stone age, which was the final stage of cultural evolution by prehistoric humans (7300 – 4000 B.P.),
direct human impact occurred in the form of peat cutting and hydro-melioration measures (Nützmann,
Wolter, Venohr, & Pusch, 2011). This led to a stagnation of peat formation and the disappearance of
older peat layers. Due to the peat cutting it can be assumed that depressions were dug by humans at
places where the peat formation was the thickest.
Another anthropological explanation for the depressions is during the German Medieval
colonization in the 12th century, when an increased need for hydropower occurred for the grinding of
grain, but also for saw mills and iron hammers. Therefrom, the water mill was introduced in Germany
by Dutch settlers. A water level difference of approximate 1 meter was required for the water mill to be
working. In order to obtain the water level difference constructions of mill dams and dammed lakes were
made (Nützmann et al., 2011). The constructions of hundreds of water mills together with fish ponds,
mill dams and dammed lakes let to changes in the Medieval hydrology in the region and it can be
assumed that it led to the digging of the depressions.
The last anthropological explanation that is possible is that the depressions find their origin in the
Hammerfließ. The Hammerfließ is a paleo river and it has partly been channelized by man in the past.
Research done by Koning (2017) shows that the stream in the Uhrstromtal between Baruth and
Luckenwalde is split up in two parts right after the two circular depressions. He calculated all the lowest
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points in the area and connected them together to visualize a hydrological map, shown in figure 7. A
complete flowpath DEM map is in appendix A. As can be seen in the DEM the two circular depressions
could be connected to the stream based on the calculations of the lowest points. It is possible that the
depressions were filled with sediments that were transported by the stream during time. The current
Hammerfließ, which was channelized around 1750 (Palmes, 2005), has the same direction flow as the
paleo river which is northwest. The channelization led to hydrologic changes in catchments due to its
land management (Kaiser et al., 2012). If the depressions find their genesis in the channelization of the
Hammerfließ onto which the depressions are possibly connected to, lacustrine sediments can be found.
Lacustrine sediments are well sorted and have beds of silts, clays and occasionally carbonates.

Figure 7: A map of the LiDAR-derived digital terrain model of the research area. The current Hammerfließ channel is shown in a
blue line. The mapped possible flowpaths are illustrated in purple (R. Koning, 2017).

Methods
In this section the different methods used to answer the main research question are explained. For this
research, 3 different methods were used to obtain information and knowledge about the subject.

Literature study
Literature research into the field area and its origin and general theories and processes is done.
Detailed research into the history of the subject area to find out if the 2 circular depressions could
have a natural and or anthropogenic genesis. Furthermore, detailed research into the different
morphologic features and their origin.
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LiDAR in ArcGIS
After literature study the research area can be analyzed using LiDAR data. LiDAR data is an
abbreviation for Light Detection and Ranging. LiDAR data consists out of a 3D point cloud data, which
are obtained by emitting laser beams from airplanes that are infrared. When the laser beams return to
the airplane the response time can be calculated, and thus the distance the beam must travel and thus
the height of the landscape features in (Zhang et al., 2003).
The LiDAR dataset was converted into hill shade, slope and aspect map to provide a good overview of
the research area with on each map different features who were visible. See appendix for the different
maps made.
The LiDAR data provided by the UvA consist out of 49 tiles. The data consists of files in ASCII format
with x, y and z coordinates (Zhang et al., 2003). Before the data can be used for analyzing the area the
raw data needs to be converted into LAS files using LAS tools. Each tile consists out of irregular spaced
data points with a density of approximate 1-2 points per square meter. Each tile is 2 by 2 km; this means
that one tile contains approximate 4.000.000 – 8.000.000 data points. LiDAR data is divided into first
and last returns. The data that is provided by the UvA consists only of last return data. Last return data
represents ground points and other points. Other points need to be classified in the analyzing process.
Tile 390770 and 392770 will be used for this research.
Hereafter, the LiDAR files can be used in ArcGIS for analyzing and visualization. ArcGIS is a software
program that can run the LiDAR files. ArcGIS stands for Geographical Information System (GIS). In
ArcGIS, several tools can be used; slope, aspect, elevation and hill shade maps. The advantage of
LiDAR data is that detailed anomalies in the landscape can be recognized by the LiDAR technique.
Furthermore, DEM’s can be made using the las2dem tool. The advantage of DEM’s comparing with
LAS files is the process swiftness in ArcGIS (Chen, 2007). LiDAR data is very detailed; however, one
downside of LiDAR data is data management. LiDAR datasets are usually very large and it is hard to
store every single data item in a proper way. Therefore, it is preferable to use LAS files instead of LiDAR
files (Liu & Zhang, 2007). Both with LiDAR and DEM files cross-sections can be made to visualize
profiles. In figure 9, 10 and 11 three different cross-sections were made with ArcGIS of the 2 circular
depressions. In figure 8 is shown were the cross-sections were made. The first 2 cross-sections
visualize depression 1 and 2. In both cross-section, a depth of at least 0.5 meter is visible and a depth
of at least 1.2 meter and a width of approximate 300 meter. Cross section 3 visualizes the connection
between the 2 circular depressions. Not a clear channel is seen and therefore fieldwork is necessary to
validate.
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Figure 8: DEM with cross sections

Figure 9: Cross section of depression 2, orientated in a North to South direction.

Figure 10: Cross section of depression 1, orientated in a North to South direction.

Figure 11: cross section between the 2 depressions, orientated in a North to South direction.
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To gain knowledge in all the possibilities of using LiDAR in ArcGIS, 3 E-learnings has been done. These
modules are provided by ESRI and they teach how to implement an LAS dataset in ArcGIS and how to
visualize and analyze them. The 3 E-learnings that are conducted are: Managing LiDAR data Using
LAS Datasets, Managing LiDAR Data Using Terrain Datasets and Managing LiDAR Data Using Mosaic
Datasets.

Fieldwork
After analyzing the LiDAR data and literature study, fieldwork has been done. In the field, preliminary
data and anticipated results were validated. This was done by observations, drills and drone flights.
Fieldwork was an important aspect in this research, not only to validate the knowledge gained by
preliminary research, but also to gain more insights by expert knowledge. In the research area, several
experts were presents who could tell more detailed information about the area. Some of them were
citizens in the nearby villages and have been living there their whole life. They could tell all the
developments in the area. Others were researchers themselves and could give specific information
about other depressions in the neighborhood.
In figure 12 hill shade map is with soil profile locations is visualized. With an auger, the points in figure
12 were drilled. On basis of the soil composition and the depth of the soil profile the genesis of the 2
circular depressions is researched and possibly determined.

Figure 12: Hil lshade map with soil profile locations

In the field, YUMA2 tablets were used. With this it is possible to use GIS into the field. Mobile GIS
module provided by the UvA uses 3 technologies and combines them: GIS, lightweight hardware, GPS.
In this way, it is possible to make alterations to the ArcGIS maps made as preparation for the fieldwork.
Furthermore, it was possible to use a drone to detect an analyze the area at 50 meters high.
This can be complimentary to the LiDAR files and ground observations. However, the 2 circular
depressions are mainly in a forested area. Aerial photographs made during drone flights were not
optimal in forested areas due to obstacles such as branches.
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Results
In this section the results will be presented and visualized.

LiDAR in ArcGIS
During the fieldtrip, a drone was brought. After making a drone flight and capturing pictures of the
research area, a 3D image could be made with the program Agisoft. Unfortunately, this was not
successful for this research area. This was due to the vegetation cover, which was forest. The program
Agisoft could not indicate the different trees and visualized it as 1 kind of tree, and thus the 3D image
was not useful.

Fieldwork
During the fieldtrip 6 soil profiles has been done. The positions of the soil profiles can be seen in figure
12. A detailed explanation of the soil profiles can be found in appendix B t/m H.
Soil profile 1 and 3 were similar and both on the rampart of the depressions. They both contain sand
throughout the whole layer, and underneath the organic layer is a reddish color visible. This can be
assigned to oxidation of Fe2+, which gives the reddish color.
The soil can be characterized as a Cambisols or ‘Braunerde’ in German. Cambisols are soils
with beginning soil formation. Beginning soil transformation is evident from weak, mostly brownish
discoloration and/or structure formation below surface (Dondeyne, Vanierschot, Langohr, Ranst, &
Deckers, 2014). Cambisols are very common in boreal and temperate regions because soil formation
is comparatively slow in cool and northern regions. Cambisols are in an early stage of soil formation,
however there are some signs of weathering of primary minerals of external and free internal drainage.
The hydrolysis of iron containing minerals in a weakly acid environment produces iron that is oxidized,
this is called a ‘free iron’. This free iron coats clay, sand and silt and it can aggregate clay, silt and sand.
This causes the soil to become structured and yellowish brown to reddish in color. There can be some
leaching but no migration of Fe, Al or organic matter (FAO). Cambisols or ‘Braunerde’ in German are
very common in the subject area and the sand is assigned to sand from the Uhrstromtal.
Soil profile 2 and 4 were both just inside the depressions. No sand was found in both soil profiles.
Groundwater level was in both depressions at 30 cm.
Soil profile 5 is just outside the depressions to validate that the 2 depressions have different soil profiles
than the area around it and thus a different genesis and period.
Soil profile 6 in the middle of the right depression. It was only done in one of the depressions due to
lack of time, however with soil profile 1, 2, 3 and 4 it was validated that the 2 depressions presumably
will find their genesis in the same period due to the similarity of the ramparts soils and just inside the
depression.
In soil profile 6, the first 40 cm were very hummic with residues of plants. It can be classified as
a peat soil if the upper 80 cm consist for 50% out of peat, so this soil can be classified as a peat soil.
After the 40 cm, it was not possible to dig with the normal auger and a gut had to be used. From there
on it was almost 4m of pure clay. This clay was so thick that the water stagnated and it accumulated in
the upper 40 cm. This creates a perfect environment for peat. Peat layers can only form in environments
with a high-water level so that the plants residues cannot decay due to the lack of oxygen.
The clay horizon was alternately dark from color and light. This varied in thickness, and it can be
assigned to different environments in which the clay was deposited. In the last 30 cm, small white spots
were visible. These are remnants of freshwater leeks and thus carbonates rich.
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Discussion
The main goal of this research was to determine the genesis of the two circular depressions near
Horstwalde. To adequately research the genesis, several aspects and causes will be considered and
validated. This was done by answering several sub-questions.
1.
2.
3.
4.
5.
6.
7.

What are the possible natural and/or anthropogenic causes of the formation of the 2 circular
depressions?
Kettle hole
Pingo
Deflation hollow
Alas
Dug by humans for peat
Made by humans for hydropower for the grinding of grains and iron hammers
Channelization of the Hammerfließ

-

Are the 2 circular depressions the same?

The 2 circular depressions find their origin under the same circumstances and in the same period.
This was validated by soil profiles 1 till 4.
Soil profile 1 and 3 were both on the rampart of the depressions. They both contain sand throughout
the whole layer and underneath a reddish color is visible. Both the soil profiles could be
characterized as a Cambisols, or in German a ‘Braunerde’. Soil profiles 2 and 4 were also similar,
but different than soil profiles 1 and 3. This can be an indication that the ramparts and the soils in
the depressions were made or developed under different circumstances and environments. But the
similarity between the soil profiles on the rampart and just inside the depression could indicate that
the left and the right depression are the same and made or have been formed in the same period.
-

How deep are the depressions?

A full depth soil profile was only done in the right depression. This was only done in the right
depression because it was validated that both depressions will find their genesis in the same period.
The deepest soil profile was only down to 5m, and it did not reach the C horizon. Only down to
5m was possible because there was not enough auger equipment available at the time of the soil
profile. In comparison with other depressions in the neighborhood, who reached a depth of 11m, it
is maybe also the maximum depth of the 2 depressions near Horstwalde. However, per a research
done by Juschus (2001) a maximum depth was reached of 4.8m in the 2 depressions near
Horstwalde. At page 36: ‘Sehr ausgedehnte und relativ mächtige Vermoorungen finden sich im
Horstwalder und Schöbendorfer Busch, zwischen den Dörfern Schöbendorf und Horstwalde
gelegen. Mit maximal 4,8 m bleiben die Mächtigkeiten aber hinter denen der anderen Hohlformen
zurück. ‘ Which means in english: Very extensive and relatively thick peat layers’ depressions were
found in the Horstwalder and Schöbendorfer Bush, between the villages Schöbendorf and
Horstwalde. With a maximum depth of 4.8m, however, the thicknesses remain behind in comparison
with other depressions in the neighborhood. After e-mail correspondence with Olaf Juschus about
the citation he reckoned that the maximum depth he drilled was 4.8m, and below there was sand.
However, he only drilled a few times and none of them were in the middle and therefore it is possible
that there are regions inside the depressions with thicknesses of peat and mud more than 5m and
11m is possible as well.
Other depressions which reached a depth of approximate 11m are near Lynow and Stülper See. In
those depressions, same vegetation was found and a same soil profile in the middle of the
depressions. Therefore, it can be assumed that the 2 circular depressions can also reach a depth
of approximate 11m. Another fieldtrip would be necessary in order to answer this sub-question.
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However, a depth of 5m was reached and therefore deflation hollows can be excluded because
deflation hollows reach a depth of approximate 2m.
-

With which sediments are the depressions filled? And what can be concluded from this?

The depressions are filled with a peat soil, which consist out of 40 cm pure peat and 450 cm of
gyttja. From this can be concluded that the depressions probably find their genesis in the Holocene.
The Holocene was after the Weichselian and it was a warmer period were plants started to grow.
Plant residues are essential for peat to grow. Furthermore, can be concluded that there was no flow
in the depressions because otherwise thick peat layers could not form. Peat can only form in
environments with a high-water level, the plant residues cannot decay due to the lack of oxygen.
When there is too much flow in the water, oxygen will arise and this means peat cannot form. The
peat accumulation rate used in this research is calculated by van der Linden (2014) and it is a rate
of 0.6 – 1 meter per 300-400 years.
Average accumulation rate
Barschpful depression

Horstwalde depressions

Peat thickness (m)

0,6

4,9

Year

300

(4,9 * 300)/ 0.6 = 2450 year

Peat thickness (m)

1

4,9

Year

400

(4,9 * 400)/ 1= 1960 year

Table 1: Calculations accumulation rate peat
This means that the thickness of the peat in the Horstwalde depressions corresponds with a
timespan of 1960 – 2450 years in which the peat has been accumulated. Based on those rates it
can be concluded that the peat started to form around 433 yr. B.C. – 57 yr. A.C. From this we can
state that the depressions were filled and peat accumulated in the Late Holocene. To be exact, the
depressions were filled during the Iron Age and the Roman time. Geologic time scale can be found
in Appendix C.
-

Is there a relation between the two circular depressions and the current Hammerfließ?

There is probably no relation between the two circular depressions and the current Hammerfließ.
If the hydrology maps created by Robin Koning are considered, a relation between the two circular
depressions and the current Hammerfließ is visible based on the calculations of the lowest points
in the landscape. The stream flows in a northwest direction and the two depressions are in the
beginning of the flow path, after the two depressions a separation can be seen. The depressions
could be filled with sediments that were transported by the stream, it is possible that one side dried
out due to the filling of the depressions. And that the stream followed the northern path or the
southern part. This can be investigated in a following research.
However, if there was a relation between the Hammerfließ and the depressions a flow would be
assumed. This is not in consensus with the thick peat layer that was found. It is not possible to form
peat when there is a flow in the groundwater, a flow would cause too much circulation and oxygen
in the water for peat to form.
-

How unique are the two studied depressions? Are there similar depressions in the
neighborhood?
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There are several other depressions in the neighborhood. In figure 1 a map is visualized created by
Juschus with other depressions or in German ‘Hohlformen’. All these Hohlformen are at the extent
of the Weichselian glaciation, however, it is still uncertain what the exact degree is of the Weichslian
glaciation. Nonetheless, it can be assumed that all these Hohlformen will find their origin in the same
period. 2 Hohlformen near Lynow and Stülpe have been studied extensively. In figure 13 a
schematic profile is shown of the depressions near Lynow. The vegetation cover and soil profiles
look alike the 2 depressions near Horstwalde. In the depression near Stülpe the researchers also
did pollen analysis and they found tephra. Tephra is fragmental material produced by volcanic
eruption. It is a brown compated layer of Cyperaceae-brownmiss peat or darkbrown/brown gyttja
covers the gyttja (de Klerk et al., 2001). The tephra found in the Stülper depression was from the
volcano Eifel, which erupted approximate 12.940 years ago. Due to the findings of Eifel tephra in
the Stülper depression, it is possible to date the genesis of the Stülper depression according to the
eruption of the volcano. The Stülper depression must been there before the eruption, otherwise the
tephra could not be found in the depression. It is likely that the tephra can also be found in the 2
circular depressions near Horstwalde, because the Stülper depression is located near the
Horstwalde depressions.

Figure 13: Schematic soil profile of Lynow depression. (Juschus, 2001)
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Figure 14: Laacher see Tephra photographed under a microscope.
https://www.researchgate.net/figure/228647103_fig1_Figure-1-Photograph-showing-tephra-shards-with-characteristic-flutedand-vesicular

Recommendations
Recommendations for further research are investigating the whole depth of the depressions. This is
needed to know the maximum depth of the depressions to validate some possibilities as a genesis and
maybe to find Laacher See Tephra (LST). When LST can be found a more precise age can be
determined. This has not been considered into this research due to lack of time.
Furthermore, a detailed research about the depressions in combination with the Hammerfließ would be
more complete. Especially a research into the split right after the depressions according to the hydrology
map created by Koning (2016). To investigate if the stream took a more northern course of southern
and if this had something to do with the filling up of the depressions. This has not been considered into
this research, because the main question was to find the genesis of the depressions.
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Conclusion
The main question of this research was to identify the natural and/or anthropogenic genesis of the two
circular depressions near Horstwalde. This with the help of remote sensing, fieldwork and literature
study.
The use of a drone was not useful for this research. It might be possible in the future to use a drone to
create digital elevation models above tree tops, however this method or technique needs to be further
developed in order to use it in forested areas.
Several natural and anthropogenic possibilities were found after literature study; Kettle hole, Pingo,
Deflation hollow, Alas, dug by humans for peat, made by humans for hydropower for the grinding of
grains and iron hammers and because of the channelization of the Hammerfließ.
After fieldwork in comparison with literature study, the 3 anthropogenic possibilities were ruled out. The
2 circular depressions cannot be dug by humans in the 12th century, when humans used the peat for
energy. The peat layers nowadays are too thick to be formed since the 12th century until now. The peat
accumulation rate used in this research based on calculations of van der Linden showed that the peat
in the Horstwalde depressions originated from 433 yr. B.C. – 57 yr. A.C. This is longer ago than the 12th
century. Furthermore, it cannot be dug by humans for hydropower. This would mean that there was a
flow, and peat cannot form when there is flowing water, because flowing water will create too much
oxygen for peat to form. This also applies for the channelization of the Hammerfließ possibility. The
depressions must have been there before the channelization of the Hammerfließ, this was around 1750.
It is possible that before the channelization, the primeval-stream of the Hammerfließ flowed through the
depressions. However, this was after the genesis of the depressions.
Concerning the natural possibilities. It cannot be a deflation hollow, because deflation hollows can only
reach a depth of 2m. The depressions are at least 5m.
This saves the periglacial landform Alas, the landform Pingo and a kettle hole. They all three have a
circular/oval form. The landform Alas is least likely. This is because an alas is a subsidence landform
arising degradation and settlement of ice-rich frozen ground. A prerequisite for an alas is a permanent
frozen ground, permafrost. Nowadays, Germany does not have a permanent frozen ground, but during
and right after the Weichselian extreme continental circumstances occurred in the area of the two
depressions, therefore it can be a possibility. When looking to the shape of the Horstwalde depressions
a rampart of 0.5 m can be recognized. Alases can be identified by its steep sides and flat floors, but a
rampart is not one of the characteristics of an Alas and therefore an Alas is excluded as the genesis of
the two depressions.
This leaves the landform pingo and a kettle hole. Both in a pingo and a kettle hole peat layers can be
found. This is the case in the depressions near Horstwalde.
The difference between a pingo and a kettle hole is that a pingo occurs by an upward movement
of frozen water and a kettle hole occurs during the melting of buried stagnant ice. Kettle holes mostly
occur at the edge of an ice-sheet. The expansion of the Weichselian is not entirely certain, however,
when the map of Juschus is considered the Horstwalde depressions are circa at the end of the
Weichselian expansion. This can be a pro argument for kettle-holes. However, a counter argument for
the periglacial genesis and thus kettle holes is that the depressions are only found in the southeast of
the Baruther Uhrstromtal and not in the east. And that the exact degree of expansions of the Weichselian
is not entirely certain. Taken these arguments into account the landform Pingo is more likely.
When looking to the shape of the two depressions, one of the most characteristics things is the
rampart alongside the depressions of 0.5m. After the melting of buried stagnant ice, a hole leaves
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behinds which is called a kettle, as the ice melts a rampart can form around the edges of a kettle hole,
however these ramparts are not characteristic for a kettle hole. It is possible that it can form, but not
likely. By a pingo on the other hand a rampart always forms.
Therefore, the genesis of the two circular depressions near Horstwalde is most likely a pingo ruine,
which has been originated between 433 yr. B.C. – 57 yr. A.C, based on calculations by van der Linden
(2014). It can be characterized as a pingo ruine due to the peat sediments found in the depressions and
the shape of the depressions. Furthermore, during and right after the Weichselian the circumstances
were so harsh that it was possible that the groundwater was frozen and a pingo could occur.
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Appendices
Appendix A: A map of the LiDAR-derived digital terrain model of the research area. The current
Hammerfließ channel is shown in a blue line. The mapped possible flowpaths are illustrated in purple
(R. Koning, 2017).
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Appendix B: Soil profile 1
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Appendix C: Soil profile 2
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Appendix D: Soil profile 3
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Appendix E: Soil profile 4
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Appendix F: Soil profile 5
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Appendix F: Soil profile 6 part 1
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Appendix H: Soil profile 6 part 2
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Appendix C: Geologocal time scale in Dutch
http://www.natuurinformatie.nl/sites/ndb.mcp/contents/i000410/ovn-fig135%20copy.jpg
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