
1 
 

 
 

The creation of a large scale Geomorphological map 

of the Central Baruth Ice-Marginal Valley 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bachelor Thesis Author:  Stef Zuidervaart 

Student ID:   11290986 

Supervisor:  Dr. W.M. de Boer  

Date: 01-07-2020  

Future Planet Studies - major Earth Sciences, University of Amsterdam  



2 
 

Abstract 
The Baruth Ice-Marginal Valley in Brandenburg, Germany is an interesting area were a lot of research 

has taken place. However, there is never a geomorphological map developed of the fieldwork area in 

the Baruth Ice-Marginal Valley. Due to Covid-19 it is not possible to visit the fieldwork area and thus 

this paper aims to see if it is possible to develop a detailed geomorphological map without visiting the 

fieldwork area, solely relying on the available (online) data of the fieldwork area. Different data 

sources as LiDAR data, Web Map Services (WMS) and known research data is utilised to develop a 

detailed geomorphological map. Next to the creation of the geomorphological map, this research also 

aims to identify potential Relic Charcoal Hearths (RCH) and to understand the genesis of two dune 

areas within the fieldwork area. The development of a detailed geomorphological map solely digitally 

is possible, although the precision of the geomorphological map still needs to be determined. 

Furthermore, several potential RCHs are identified within the fieldwork area and need to be validated 

in future study years. The genesis of the dune areas is constructed and indications of a north to south 

wind direction are found.    

 

Keywords: Geomorphological map, LiDAR data, Baruth Ice-Marginal Valley, Relic Charcoal Hearths, 

Dunes 
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Introduction 
The fieldwork area in the Central Baruth Ice-Marginal Valley between Luckenwalde and Baruth in 

south Brandenburg, has been subjected to many various research projects. Some of the research in the 

area considered research questions like: 

1. the exact location of the end moraine of the Weichselian glacial period, Juschus, 2001 and 

2010, the so-called Last Glacial Maximum (LGM) in the Fläming and the Baruth Ice-Marginal 

Valley. 

2. Aeolian processes in Late-glacial and Holocene times (De Boer, 1995). 

3. The localisation of Relic Charcoal Hearts (RCH) (Raab et al., 2015 and several Bachelor 

Research theses, University of Amsterdam, 2018 and 2019).  

The physical, geological, geomorphological and anthropogenic history of the area made this location 

so interesting for all of this research. With time, much data is gathered about the Baruth Ice-Marginal 

Valley. Although much research is done, there is never a detailed (large-scale) geomorphological map 

of the fieldwork area developed. A geomorphological map  shows the different landforms, different 

processes, forms and sediments at the surface of the Earth. A geomorphological map could therefore 

help future research to obtain quick detailed information about the area that is investigated. With the 

available data it should be possible to create such a geomorphological map.  

Due to the unique circumstances at the time of this research it is not possible to investigate the 

fieldwork area at a local level. As at the moment, the corona virus is active, whereby the government 

advices people to work from home as much as possible and only travel when it is really necessary. 

This way, the corona virus can be contained. However, this does not mean that the development of a 

geomorphological map is not possible. With the help of literature, LiDAR data, orthophotos, data from 

UvA bachelor research of previous years and available online maps it may be that the creation of a 

detailed geomorphological map is feasible, even without visiting the fieldwork area.  

 

1.1 Research Aim and Relevance 
The aim of this research is to create a detailed geomorphological map of the fieldwork area between 

Luckenwalde and Baruth, located in the Baruth Ice-Marginal Valley. This map needs to be as detailed 

as possible, so that future projects can use this map when doing research in the fieldwork area. The 

challenging part of the research is to investigate if it is possible to construct such a detailed 

geomorphological map with the available data, without visiting the fieldwork area. The following 

main research question is therefore formulated: 

To which extent is it possible to create a detailed geomorphological map, without visiting the 

fieldwork area in Horstwalde, Brandenburg, using only obtained and online available data? 

 

The macro-, meso- and micro landforms of the fieldwork area and/or their characteristics and genesis 

will be apparent on the map. They exist of materials, landforms, historical land forming processes etc. 

The leading legend will be the legend created by Pachur and Schultz (1983), modified by Frank 

(1987). The aim of the geomorphological map is to be a useful map for future bachelor theses, master 

students, researchers and planners. Although there is much information, the question is: which of the 

information is most useful and which method is best to design the geomorphological map. Therefore, 

the following sub questions are formulated: 

1. Which techniques are most valuable and applicable to create a geomorphological map? 

2. Which data is most valuable and applicable to create a geomorphological map? 

 

Next, one needs to test the quality of the geomorphological map. This could be done with the 

identification of RCHs in the fieldwork area. The identification of RCH is part of a bigger study in the 

region on the abundance and characteristics of RCHs (Raab et al., 2015; Schneider et al., 2018, 

Schneider et al., 2019). RCHs are difficult to find on a local level because the RCHs are overgrown by 

new vegetation through the years. With the derived Digital Elevation Models (DEMs) from the 
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LiDAR data, the locations of RCHs can be identified digitally (Schneider et al., 2016). This leads to 

the following sub question: 

3. What are possible RCHs locations? 

The validation of the possible RCHs locations will need to be done locally. Unfortunately, due to 

circumstances, already mentioned above, this will not be possible this year and thus will need to be 

done by future students.    

 

The final sub question is more about the deeper interpretation of the fieldwork area. The fieldwork 

area is known for its various dunes. The obtained maps could help to shed a light on why certain dunes 

are different oriented than most other dunes. Most dunes are formed with western winds at the end of 

the last glaciation, the Weichselian (de Boer, 1995, 2000). These western winds gave some of the 

dunes their illustrative parabolic shape. However, there are multiple dunes that are different oriented 

which does not stroke with the assumption that these dunes are developed under western winds. With 

this observation, the following sub question is posed:  

4. Under which wind circumstances are multiple different oriented dunes constructed? 

The dunes that are studied in detail in this respect are located directly south of Schöbendorf and 

between Stülpe and Lynow. To clarify the orientation of these dunes, these dunes will be analysed 

with ArcGIS Pro.  

 
 

2. Theoretical framework 
2.1) Fieldwork area  
The Baruth Ice-Marginal Valley (fig. 1)  is an interesting area in the south of Brandenburg. The main 

landscape forming period is the Quaternary, under influence of several glacial periods. The last glacial 

period, the Weichselian and the fore last glacial period, the Saalian, have created the main structures of 

the Baruth Ice-Marginal Valley. The Baruth Ice-Marginal Valley is the area between the endpoint of 

the Weichselian glacial ice, the young moraine landscape, created approximately 21,000 years BP 

(Cepek, 1965), and the end moraine of the Warthe stadium of the Saalian,, the old moraine landscape, 

created approximately 130,000 BP. 

 The glacial ice had an immense force on the bedrock, creating much loose and fine material, 

which was transported by melting water through the Baruth Ice-Marginal Valley. With the retraction 

of the glacial ice, the wind had the opportunity to influence the bare landscape severely. As a result, 

many aeolian sand deposits originate from this time, including dunes (de Boer, 1995, 2000). At the 

moment agricultural lands and forests are the main land uses. The forests are located mostly on lands 

where agricultural activity is difficult, such as the dry dunes or very wet areas (wetlands, peats). There 

are several villages within the area. 
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Figure 1: The schematic structure of the Baruther Ice-Marginal Valley, with the old moraine area in the south 

and the young moraine area in the north, separated by the Baruther Ice_Marginal Valley. Source: 

stadtenwicklung.berlin.de.  
 

2.2) LiDAR data, thematic maps and other sources 
Light Detection And Ranging (LiDAR), is a surveying method that is also known as laser scanning. It 

is an active Remote Sensing (RS) technology that determines the distance to an object or surface by 

illuminating it with a laser beam. The differences in response time are used to calculate the distance of 

the object from the airplane. With an airplane, data of a large area can be quickly obtained. The 

retrieved LiDAR data consists of a point cloud with 3D data in the x-, y-, and z direction. The LiDAR 

data contains multiple levels of returns. One can use ground, first, second, third and last returns, each 

point representing a different element of the landscape. The first returns are the elevated structures, 

such as high buildings and vegetation, while last return points, which are used in this research, are the 

points that reach the ground. LiDAR data is through the high amount of points a very accurate tool to 

construct different types of Digital Elevation Models (DEM).  

Furthermore, Web Map Services (WMS) are maps available on the internet, already created by other 

organisations. The WMS could help to interpret the fieldwork area in detail. As the geomorphological 

map is not constructed at a local level, information from a WMS could give a hint in the right direction 

when interpreting the LiDAR data or orthophotos. WMS that could be helpful in this research are 

geological maps, detailed orthophotos, soil maps or topographic maps. 

Next, already georeferenced maps or scanned maps created by previous research done in the area 

could help to make the right decisions while building the geomorphological map. These maps are 

available within the GeoPortal of the University of Amsterdam and contains various information about 

the fieldwork area.   

 

 2.3) RCHs and their genesis 
There has been much anthropogenic activity in the last centuries in the fieldwork area. One of these 

anthropogenic activities was the incomplete burning of wood for gaining charcoal, performed on man-

made circular elevations, creating Relic Charcoal Hearths (RCH). In pre-industrial times wood and 

charcoal where the main sources of energy (Rösler et al., 2012). To produce enough heat to melt iron 

ore and to produce products containing iron, the direct burning of wood was not enough. With the 

creation of RCH, energy-dense charcoal could be produced. The charcoal generated enough heat to 

melt the iron ore, resulting in production of clean iron (Hirsch et al., 2017). 

The charcoal was produced in the following manner. One made a pile of wood and covered the pile 

with primarily mud and leaves. The pile of wood was ignited and due to the anoxic environment the 

fire smoldered, resulting in a non-complete burning of the wood. Instead, the wood turned into 

charcoal. Around the pit a ditch was formed, to prevent forest fires. The ground from the ditch was 

used as seal material (Raab et al., 2015). Some charcoal fell into the ditch, resulting in the 
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characteristic black rings. These rings are only visible when the top layer of the soil is removed. The 

most RCHs in the fieldwork area were found on the Lange Horstberge, a small long stretched dune 

(Burger, 2019).   

The identification of RCHs is a great addition to gain more insight on the history and the development 

of the Luckenwalde/Baruth area in the past 400 years. and could explain why certain areas in 

Brandenburg are developed in a particular way.    

 

2.4) Assessment dunes 
As earlier mentioned, winds have had a big impact on the genesis of the Baruth Ice-Marginal Valley. 

With the retraction of the glacial ice a bare environment with no vegetation was left behind. The forces 

of the ice and meltwater caused that larger pieces of rock where crumbled into fine and loose material. 

The material could be easily transported by the winds. These aeolian processes created the dunes (de 

Boer, 1995, 2000). The migration of the dunes stopped when the vegetation in the region started to 

grow, functioning as a lock for the dunes. This happened approximately 10-11 kya, when the climate 

became warmer and wetter, marking the end of the Weichselian and the beginning of the Holocene 

(Warren, 2013). 

These dunes are fascinating landforms and a lot of research has been done in the last several decades. 

The research mainly focussed on wind directions by the genesis of the dunes and the age of the dunes 

(de Boer, 1995, 1996). There are four different dune forms found in the fieldwork area (fig. 2).  

 

figure 2: Different dunes found in the fieldwork area of the Baruth Ice-Marginal Valley, from top to bottom 

longitudinal dunes, transverse dunes, parabolic dunes and hummocky dunes. Source: de Boer, 1995.  

 

Due to the shape of the dunes south of Schöbendorf and between Stúlpe and Lynow at first glance, the 

next section will elaborate more on the characteristics of a parabolic dune. The parabolic dune is one 

of the dune forms found in the field work area. The parabolic dunes are U-shaped with convex noses 

and long arms (fig. 3). The slip face has a steeper angle than the back slope. The (theoretical) line on 

top of a dune is called a crest, the line where the slip face begins is the brink.  
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Figure 3: the structure of a parabolic dune. Source: Yan and Baars, 2017. 

 

The main orientation of the arms of the parabolic dunes in the Baruth Ice-Marginal Valley is west to 

eastward, indicating that the paleo winds in the region where predominantly from the west (Snoek, 

2016; de Boer, 1995). The dunes by Horstwalde are great examples of parabolic dunes that indicate a 

western wind (fig. 4).  

 

 
Figure 4: The dunes of Horstwalde. The black arrow indicates the wind direction. Source: Snoek, 2016. 

. 

3) Methodology 
3.1) Program and Sources  
The program ArcGIS Pro v. 2.5.1 is employed for the production of the geomorphological map. 

For the geomorphological map different data sources were used to establish the best possible detailed 

map. Multiple different types of data where utilized; LiDAR data, Web Map Services (WMS) and 

known research data. For a detailed overview on the different sources used, see Appendix A. In the 

next section the different sources are explained more thoroughly.  

 

The first step in the process is to explore the LiDAR dataset. The LiDAR data set contained 49 tiles of 

2 by 2 kilometers. Only 30 tiles where used for the construction of the map due to limitations in time 

and personnel (fig. 5). Each team member of the team got five tiles assigned. The five most eastern  

tiles, within the 30 tiles are the tiles explored in this thesis. These five tiles, contained almost 34 

million LAS points. This means that every tile contained around 6.8 million points, resulting in 

approximately 1.7 points per square meter (ArcGIS Pro LiDAR data attribute table; GISGeography, 

2020). The lidar dataset will be converted to a Las dataset in ArcGIS. Through the tool LAS dataset 

To Raster a DEM can be constructed. From the DEM, different maps can be constructed. These are 

Hillshade, Aspect and Slope maps. Several WMS maps will be used to give an indication of the 

fieldwork area and will be used as base for several subjects within the geomorphological map. 

Orthophotos are acquired through a WMS. Furthermore, data from previous research on the fieldwork 

area are available. This data contains information about RCHs locations, georeferenced maps with 

different subjects and other more specific subjects as dunes, hydrology and depressions in the 
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fieldwork area. When uncertain about the classification of an object or area, the knowledge of previous 

research and the expert knowledge of our supervisor, Dr. W.M. (Thijs) de Boer, will be very useful.  

For an overview of the different maps created with the use of the LiDAR data see Appendix B.  

 

 
Figure 5: The 30 tiles used for construction of the geomorphological map. Each team member had one strip of 

five tiles from north to south. The blue outlined tiles are tiles mapped in this thesis.  

 

3.2) Identification of RCHs 
RCH are difficult to identify at a local level. Due to vegetation the characteristic circle and knob are 

not recognizable. However, the LiDAR data consist of last returns, thus cancelling the vegetation out. 

This way, many patterns on the ground level will be recognizable. There are two specific maps 

through which RCHs are best identified. The hillshade map shows the RCH as an elevated circle (fig. 

6) The DEM map has a similar function but the characteristic ring is better visible. By combining the 

knowledge gathered from the two maps one can distinguish a RCH from their surroundings.  
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Figure 6: Identification of RCH on hillshade (A) and the characteristics of a RCH(B). Source: Raab et al., 2015.  

 

This method to identify is widely applied (Raab et al., 2015; Schneider., 2016) and there is potential to 

automate it (Witharana et al., 2018). Schneider had already identified several locations with potential 

RCHs in the fieldwork area (A. Schneider, personal e-mail communication to W.M. de Boer, April 16, 

2018). The data from Schneiders study was used and manually checked if these points could be a 

RCH. Furthermore, with a thorough manual inspection of the maps other potential RCHs will be 

identified. The manual personal inspection will mostly search for indications as illustrated in figure 6.  

 

 

3.3) Method evaluation dunes 
The assumed wind direction in late periods of the Weichselian is considered to be predominantly from 

the west, forming the parabolic dunes in the position and direction of the arms they are currently 

situated. However, orthophotos and retrieved DEM maps show two locations where the dunes do not 

seem to be west-east oriented (fig. 7)  

Figure 7: Location assessed dunes. 
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To investigate the genesis of these dunes, the dunes will be analysed with the help of the Editor tool 

within ArcGIS Pro. Here, the outline of the dunes will be drawn as well as the brinks of the dunes. The 

outline of the dunes will be drawn with the help of the DEM. The brinks of the dunes will be drawn 

with a combination of the slope and the aspect map, as the slope at the brink is zero. For potential 

parabolic dunes the orientation of the dunes will be determined with the help of a crest orientation line. 

This line will give a good indication from which direction the wind approached the dune, at the time 

the parabolic dune was in a developing stage.  

 

4) Results 
 

4.1) The legend 
This section will describe the geomorphological map. First off, the legend attributes within the map 

are based on the legend of Pachur and Schulz (1983) and altered by Frank (1987). This legend 

contains the various different attributes that are necessary for the development of a geomorphological 

map. Furthermore, this legend is very applicable for the fieldwork area as it is developed for Berlin-

Zehlendorf, a region nearby the fieldwork area, with a comparable geomorphological genesis. The 

final legend used is shown in figure 8. The different legend attributes are divided into 3 subcategories: 

macro structures, meso structures and micro structures. The main reason for the three categories is to 

create more clarity when constructing the geomorphological map. 

Figure 8: The legend used by the creation of the Geomorphological map. Source: Schadee, 2020. 
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4.2) The structures 
 

4.2.1) The macrostructures 
Description 

For the macrostructures there are two different legend attributes: geomorphological processes and 

material.  

The areas of geomorphological processes are the areas in the strip where different processes have 

occurred that shaped the environment throughout time (fig. 9). In the south of the strip, the location of 

the end moraine from the fore last glacial period, the Saalian (Warthe stadium)  is visible. From this 

end moraine, glacial accumulative material is transported to the lower areas. The material from the end 

moraine is transported by fluviatile processes. After the fluvial accumulative area in the south of the 

strip, the main valley of the Baruth Marginal-Ice Valley starts. This area is formed under the influence 

of meltwater from the inland glaciers. First, the glacier from the Saalian (Warthe Stadium) created the 

end moraine in the south of the strip. After the retraction of this glacier a bare landscape appeared and 

the meltwater made its way through the lower parts of the area, the valley. With the next glacial 

period, the Weichselian, the ice came less far south. This resulted into a valley between the 

Weichselian ice-front and the Saalian (Warthe Stadium) end moraine. The area between the glaciers of 

the Weichselian and the older end moraine of the Saalian was the only area where meltwater could go 

and all the meltwater was transported through this valley, creating the Baruth Marginal-Ice valley. As 

earlier mentioned aeolian processes had great impact on the bare landscape. As a result, dunes are 

scattered throughout the landscape. 

The soil material map illustrates which material is expected to be found in the soil.  The main part of 

the strip contains mainly sandy soils. These are the areas on the end moraine and its accumulative area. 

Furthermore, the soils of the dune areas contain sand. Just north of the glacial accumulative area in the 

south, the oldest and highest part of the valley starts. Here, the first peat content in the soils occur. 

However, the soil still mainly consists of sand. Due to the structure of the valley with the end moraine 

on the one side and the glaciers from the Weichselian on the other side there where limited directions 

for the melt water, resulting in a moisture area. The anaerobic conditions due to the water had as a 

result that many plants where not completely broken down, creating peat soils. The lower parts of the 

valley therefore mainly consist of peat soils.  

 

Data and Methods 

The most valuable data used to create the macro structures was for the geomorphological processes 

map multiple already existing maps and coherent literature. The Germany Geologische 

Uebersichtskarte 09 Teltow Fläming on a scale of 1:100.000 and the 

GÜK_CC3984_Berlin_1998georef (1:200.000) formed the main base of the map. Knowing the scale 

of a map is important so one can estimate the precision of the map. A scale of 1:100.000 is fairly high 

and could have some inconsistencies. With help of the DEM and hillshade maps, the different forms 

could be adjusted and the occurring inconsistencies where managed. This made the geomorphological 

processes map more precise. 

The soil material map was mainly constructed with the help of a WMS: Bodenarten und Substrate 

(1:300.000). As this research is done without fieldwork, no more precise data about the soil 

composition could be gathered. As a result, the map relies mainly on the WMS, with slight 

adjustments through information derived by the DEM and Hillshade maps. 
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Figure 9: The macrostructures. 
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4.2.2) The mesostructures 
Description 

There are three different legend attributes for the mesostructures: the Slope, Hydrography and Valley 

and Drainageways. 

The created legend implies that slope curves and angles needed to be mapped, however, due to time 

and technical difficulties with ArcGIS, the slope curves and angles are not mapped in the 

geomorphological map. Due to the many data points, much irregular patterns were created. As a result, 

the slope map would cancel out specific unique features and affects the level of detail of the 

geomorphological map. 

Next is the Hydrography and the Valleys and  Drainageways (fig.10). In the south there are multiple 

saucers originating from the end moraine. These are south to north orientated and these are the source 

of the erosion material. There is much agricultural activity in the middle and the north of the strip. As 

a result there are many perennial artificial and periodically artificial drainageways in the area. These 

artificial drainageways are to alter the water table when needed. North of  the Lange Horstberge the 

canal Hammerfliess can be found, streaming from the west to the east.   

 

Data and Methods 

For the construction of the Hydrography, orthophotos and the WMS BB-BE DTK10 (1:10.000) where 

the main data sources. The DTK10 is a very detailed WMS which is regularly updated, making this a 

fairly reliable data source. With the orthophotos and the hillshade map the precision of DTK10 was 

checked. By doubt, older topographic maps as the MTB-3846-Sperenberg-1937nachdruckcrgeoref and 

MTB-3946-Paplitz-1941ausgcrgeoref where consulted.  

The DEM was the base for the identification of the different types of Valleys and Drainageways. With 

the function  Dynamic Range Adjustment (DRA) enabled the differences in elevation where very clear 

and the main outline of the valleys and drainageways where good recognizable. DRA adjust the stretch 

of the DEM using only the data within the view. So when one is more zoomed in, the DEM is adjusted 

to the data within that view, resulting in a more detailed visualisation of the DEM on a smaller area. 

To distinguish saucers and V-shaped valleys the Interpolate Shape tool  was used. This tool is very 

precise and can identify the steepness and shape of a valley. 
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Figure 10: Macro- mesostructures. 
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4.2.3) The Microstructures 
Description 

There are several different legend attributes categorised as microstructures.  

First, the landforms. There are different landforms found throughout the strip. At the western part of 

the end moraine, a big elevation difference at the top of the moraine is visible. To determine what this 

could be, different maps where studied. The structure is defined as a kettle hole (fig. 11). One of the 

main reasons to defined it as a kettle hole is due it location. Kettle holes mostly occur at the edge of an 

ice- sheet. As the depression is located at the edge of the Saalian glacial ice and it has no rampages at 

the edges, it could be identified as a kettle hole.  

A                                                                           B                                                                             

 

C 
Figure 11: DEM of possible kettle hole (A), the creation of a kettle hole (B) and a profile graph of the kettle hole 

(from south to north)(C). Source 11B: Landforms.eu.  

 

North of the Lange Horstberge, two depressions are clearly visible (fig. 12). These depressions are 

thoroughly investigated by Moestadja (2017). Moestadja stated that these depressions could be a kettle 

hole or a pingo ruin due to their distinct shape. She concluded that as there is a rampart the depressions 

are more likely to be a pingo ruin, which is characterized for the rampart. The diameter of both pingo 

ruins are at both sides more than 300m, which is fairly wide. However, a pingo can be up to 1000m 

wide (Pidwirny, 2006). This makes it possible that these depressions are pingo ruins. 
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Figure 12: DEM of the two depressions, north of the Lange Horstberge. 

 

For the fieldwork area, Military Activities is added as an extra legend attribute. In the south of the strip 

an old military base is located, within the nature reserve Heidehof-Golmberg. This area is littered with 

tracks of military activity as tank depots, foxholes and fire trenches (fig.13).  

A                                                                                                        B 
Figure 13: Hillshade map with (A) vehicle depots along a road and (B) a fire trench with multiple foxholes. 

Coordinates included. 

 

 

Further legend attributes in the microstructures are anthropogenic activities, which include 

anthropogenic areas, buildings and roads. Furthermore, Supplementary information is also added as a 

microstructure. These are common objects or areas in the region of the fieldwork area. Some of these 
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objects are things as rubbish dump, sandpit, RCHs and fire protection ditches. The final result is 

shown in figure 14, where all the different legend attributes are visualised in one map. 

As earlier mentioned, a total of 30 tiles were geomorphological mapped, as a group effort. The final 

result of the total geomorphological map, including all 30 tiles, can be seen at appendix C. 

 

Data and Methods 

The LiDAR data was the most convenient source of data to identify the microstructures. As 

microstructures are often small, certain interesting points are hardly visible on a local level or 

overgrown throughout the years. With the help of LiDAR data these interesting sites are visible again.  

The hillshade map was from great value in the military terrain, identifying the different depots and fire 

trenches, which were invisible on orthophotos. The DEM maps were very helpful with the 

identification of certain landforms, as the different depressions are otherwise difficult to notice. 

For the anthropogenic activities the WMS DTK10 and orthophotos were used. Although DTK10 is an 

up to date topographical map, the WMS DOP20 with orthophotos was used to create a more precise 

map. 
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Figure 14: Macro-,meso- and microstructures 
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4.3 ) Locations of potential RCH 
RCHs are mostly found on elevated locations. For the fieldwork area this means that RHCs most 

likely occur on the dunes and the higher elevated area in the south. The research of Schneider (2017) 

brings us in the right direction. Schneider has already made a first impression of possible RCHs within 

the fieldwork area.  The points of Schneider are manual validated. A criteria is that the potential RCH 

needs to look similar as the RCH in figure 15A and 15B. The RCH must have a clear circle with a 

lighter outer circle on the DEM and the form of a knob on the Hillshade.  

A                                                        B 
Figure 15: Hillshade of a potential RCH (A) and a DEM of a potential RCH (B).  

 

In figure 16 the results are shown. This figure contains the locations of potential RCHs of Schneider 

(2017) after a personal inspection of the points and the results of a personal identification of potential 

RCHs throughout the whole strip. The most RCHs are found on the dunes in the north and on the 

elevated area in the south. These are as expected elevated wooded locations. Nonetheless, there are 

some potential RCHs found outside the higher elevated dune area in the north of the strip. This was 

unexpected, as known hotspots are often on elevated locations, such as the Lange Horstberge (Burger, 

2019). The elevated area in the south, although heavily used as a military area, still has quite some 

potential RCHs. In total, 63 potential RCHs where found in the strip area (fig. 16). 
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figure 16: potential relic charcoal hearths locations.  
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4.4) Genesis of the Schöbendorf dune and the Lynow/Stülpe dune 
The dune complex south of Schöbendorf is a relatively small dune complex. The dune complex is at 

the highest point 64 meters above sea level, whereas the Ice-Marginal Valley in this area is about 56 

meters a.s.l. (fig. 17). The southern arm of the dune seems part of a larger formation, however the 

direction of the arm suggest that this dune is an individual dune, that is formed separately than the 

bigger dune formation. On the northern arm of the dune complex a part of the village of Schöbendorf 

is build. In the fieldwork area this seems to be a common practice. Unfortunaly, the western part of the 

dune is not intact, making a cross section of the dune not accurate. The slopes on the eastside are steep 

and on the western part less steep, although this is difficult to say due to the damaged nose of the dune. 

A                                                                                      B 
Figure 17: DEM of the dune (A) and a Slope map of the dune(B). 

 

The identification of the shape of the dune is rather difficult. At 

some places the dune is breached or affected by potential human 

activities. At these points the contour and the brink of the dune are 

drawn on personal interpretation with help of the LiDAR derived 

maps. There are two different interpretations of the genesis of the 

dune. The first interpretation is shown in figure 17.  

 

The dune by Schöbendorf seems to formed under the influence of 

eastern winds as the convex nose is directed towards the west. The 

crestline indicates this direction. An assumption can be made that 

the wind must have had a period that it was not primarily from the 

west. The dune could be formed after the creation of the bigger 

dunes directly south of the dune. It may also possible that the wind 

came from a more northern direction, where the wind collided with 

the already established dune formation. As a result the wind bend 

towards the east, alongside the older dune formation. However, as 

seen in figure 2 and 3 a typical parabolic dune has one longer less 

steep backslope and a steep slipface, similar for both arms. In this 

case both arms have a different orientated backslope and slipface, 

making the case for this dune form less strong (fig. 19b and fig. 

19c). However, if the wind was at a later stadium from the 

southwest, then the slipface and backslope could be switched and 

altered by these SE-winds.                                                               

 

Figure 17: First interpretation 

Schöbendorf dune. 
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Another interpretation for the dunes by Schöbendorf is a 

more northern wind direction, whereby the development 

towards a parabolic dune was not complete (fig. 18). 

Instead, the dune formation started over, resulting in three 

more slightly bend dunes. To understand the 

determination of the three different dunes, the assumed 

genesis of the different dunes will be more thoroughly 

explained. The most southern dune, dune 1 is probably 

the first dune to develop, under the influence of NNE-

winds. With these winds, it is assumed that the glacier is 

still near, creating katabatic winds. The middle dune, 

dune 2, is developed in a similar way. There were still 

katabatic winds from the NNE and this dune collided 

with dune 1, resulting in the higher elevated area at the 

western part of the dune. The most northern dune, dune 3, 

is developed by SW-winds at a later stage. As dunes 1 

and 2 where already developed during the SE-winds, 

these winds could have had an effect on these dunes. By 

dune 1 this seems to be the case. As one can see figure 

19. the backslope and slipface of dune 1 do not indicate a 

NNO-wind. The SE-winds that developed dune 3 could have deformed dune 1, switching the 

backslope and the slipface with each other.                                            
                                                                   

A                                                                                       C 
Figure 19: DEM with brink (blue line) and different profile lines, all drawn in A to B direction (A). A profile 

graph of line 2 (B), A profile graph of line 3 (C). On both 19B and 19C it becomes apparent that the backslope 

and slipface are the other way around for both dunes. 

 

 

The dune between Stülpe and Lynow (fig. 20) seemed to be at first glance that it is a parabolic dune. 

After analysing the different thematic maps, derived from LiDAR data, the first hypothesis, that it 

might be a parabolic dune seems unlikely. In figure 20, it seems to be that the northern part of the 

dune, that is fairly straight, is an independent longitudinal dune. This dune, labelled as dune 1, lays 

Figure 18: Second interpretation, DEM with 

outline dunes south of Schöbendorf. 

B 
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parallel with the more faded green strips to the north of its location. Furthermore, the classification as 

a longitudinal dune is determined by looking at the profile graphs (fig 20B). The profile graphs of the 

dune do not have an clear backslope or slipface, indicating that it could be a longitudinal dune. To 

develop this longitudinal dune one has to have winds that flow parallel with the dune. Therefore, this 

dune is probably developed under NW-winds in a similar manner as the Lange Horstberge.  It might 

be that dune 1 has had some influences of katabatic winds of the glaciers creating the northern aspect.  

 

The part to the south of the longitudinal dune, dune 2, seems to be a heavily affected dune due to 

human activities.  It could be that after the last late glacial time period the dune had a more clear 

structure. Despite the damage to the dune, it may be possible to still try to understand the genesis of 

this dune. At the most elevated locations profile graphs are drawn, under the assumption that these 

locations are least affected by anthropogenic activities. The profile graph clearly shows a backslope at 

and a slipface (fig. 20C). This suggest that the dune was at some point an transverse dune or a not fully 

developed parabolic dune, developed by SW-winds.  

 

A                                                                                                      C 

Figure 20: Outline of the dune(s) between Stülpe and Lynow (20A), Profile graph of dune 1 from A to 

B (20B), profile graph of dune 2 A to B (20C). Both profile lines are drawn in A to B direction. 

 

 

5) Discussion and Recommendation 
 

5.1) Difficulties creating the geomorphological map 
It is possible to create a geomorphological map, but there are definitely some difficulties. The 

precision of the map is debatable. Most of the decisions made to create or define a particular area are 

based on literature, WMS and older thematic maps. Other choices were made with maps derived from 

LiDAR data. Using logical reasoning, these maps helped to make substantiated decisions. However, 

there is no guarantee that the map is hundred percent correct. There will be flaws in the 

geomorphological map due to wrong interpretation, miscalculation or not sufficient knowledge about 

the region. However, the overall precision of most of the themes will be improved due to the more 

detailed data and a closer look on fieldwork area. To estimate how precise the geomorphological map 

is, there will be fieldwork needed. The value of fieldwork to improve the geomorphological map is 

B 
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high and future students could help improve this map, when the fieldwork area is accessible again. 

Researchers in the future can use this map as a guidance.  

Another difficulty is that the fieldwork area is a fairly small specific area. Many maps are created on 

small scales such as 1:100.000 or smaller. These maps give a rough interpretation but are mapping an 

often too big area to work with on such a small area. With help of the LiDAR data it is possible to 

understand these small scale maps. This was mainly a problem with microstructures.   

 

5.2) Precision of potential RCHs 
The potential RCHs are fairly precise. The potential location of RCHs by Schneider are compared with 

actual findings of RCHs first found with LiDAR data and validated in the fieldwork area. With the 

comparison with actual proved RCHs on LiDAR data the margin of error is reduced, making the 

change of finding correct RCH bigger. Furthermore, the manual identification of potential RCHs 

resulted in additional potential RCHs. The most RCHs were found on elevated locations such as the 

Fläming and the dune areas in the north of the strip. However, there are some RCHs found in lower 

areas. This suggest that the search area should not be restricted to only elevated area, but rather the 

whole strip. To determine of this is really necessary, the potential RCH locations will need to be 

validated. Therefore, future fieldwork is necessary.  

 

5.3) Meaning findings dunes 
The Schöbendorf dune seem to be formed under eastern, north or north-eastern winds. This is contrary 

to the findings of most current research (de Boer, 1995) which implies that the dominant wind 

direction was from the west or southwest.  To develop a particular shape of dune, the wind has to blow 

from a certain direction for a longer period. This means that for a longer time the wind was from the 

north, north-east or east. To determine if this might be possible it is important to know at which stage 

the dune developed. For the first interpretation, suggesting an eastern wind, one needs to determine if 

there was a collision with the bigger dune complex, directly south of the Schöbendorf dune. If so, then 

the collision theory could be the answer. However, if the dunes are at the same stage or the bigger 

dune complex is developed at a later stage, a collision would not happen and another phenomenon 

could have had influence on the development of the dune. The second interpretation suggests a period 

of northern winds. Both interpretations indicate a different wind direction than the assumed dominant 

western winds. This could mean that there has been an other dominant wind direction in the fieldwork 

area. To determine if this is the case one needs no investigate the dunes more thoroughly and therefore 

further research about the development stages of the dunes near Schöbendorf is necessary. A research 

method that might help to determine the wind direction in the developing stages of the dunes could be 

a grain orientation analysis. This has already been done (de Boer, 1996) in the region for several 

dunes.  

The dunes between Stülpe an Lynow are developed under south-western and north-western winds. 

This is in line with most of the literature. However, these assumed wind directions come with great 

substantial uncertainty as the dunes are badly damaged. It may be that due to the anthropogenic 

activities the orientation and formation of the dunes, especially the more southern located dune, is 

altered. Due to the alternation a grain orientation analysis might not help in this case. 

 

 

6) Conclusion 
Firstly, it should be noted that the conclusions drawn in this section, could rather be considered 

assumptions as the geomorphological map is not verified. The conclusions drawn are based on the 

knowledge acquired from available online data and not on own local acquired data. 

 

The construction of a detailed geomorphological map, without visiting the fieldwork area could be 

possible. With supporting data such as LiDAR, WMS, orthophotos and literature it is possible to 

acquire the knowledge needed to develop a geomorphological map. The detail in some of the data, 

such as LiDAR, is so high that the methods to process this kind of data cannot be overlooked, making 

it almost a must use data source when constructing a geomorphological map. The information 



26 
 

retrieved from the maps that are constructed with LiDAR data are from great value. Orthophotos of the 

region give a good impression on the surroundings and the lay-out of the fieldwork area, while also 

giving information on current and past activities in the area. Think about agricultural activities or 

deforestation. With the help of WMS information about different subjects, such as the geology and 

soils was obtained. The literature available about the region or on certain objects helped to better 

understand the obtained knowledge from the different data sources.  

The evaluation of the data even showed objects that are difficult to identify at a local level, but were 

possible to derive through LiDAR data. The identification of RCHs are mainly possible this way. In 

the case of this thesis, 63 potential RCHs were identified due to LiDAR data. Furthermore, the 

evaluation of the genesis of the two dunes is primarily made possible through analysing the LiDAR 

data. This may also be possible at a local level, however, the LiDAR data gives more detail about the 

overall structure of the dune. The indications that there could have been a dominant north to south or 

east to west wind direction could have influence on existing literature, which suggest primarily 

western winds. 

 

Overall, the data and methods to evaluate the fieldwork area has improved significantly in the last 

decades. This development caused that the necessity to visit a fieldwork area is lower.  One of the 

more useful techniques to develop a geomorphological map is LiDAR data. The data allows to look 

beyond what is locally visible, which improves the quality and detail of the geomorphological map.  
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9) Appendices 
Appendix A 
 

Title Type Scale Date Organisation 

N-33-135-D-c_Stuelpe_1989Ausgcrop_UTM33N.tif Military/ 

Topographic 

1:10.000 1989 Geoportal 

UvA 

WMS BB-BE DOP20c Orthophotos 1:5.000 2019 LGB* 

WMS BB-BE DTK10 Farbe Topographic 1:10.000 2018 LGB* 

MTB-3946-Paplitz-1941ausgcrgeoref.tif Topographic 1:25.000 1941 Geoportal 

UvA 

MTB-3846-Sperenberg-1937nachdruckcrgeoref.tif Topographic 1:25.000 1937 Geoportal 

UvA 

Bodenarten und Substrate – INSPIRE View-Service (WMS-LBGR-

BOARTSUBSTR) 

Soil Material 1:1.000.000 2010 Geoportal 

Brandenburg 

Appendix_deBoer1992_Dissertation_Karte_BUSTgeoref2ndord.tif Geomorphological 1:10.000 1992 Geoportal 

UvA 

Germany_Geologische_Uebersichtskarte_09_Teltow_Fläming.tif Geology 1:100.000 2004 Geoportal 

UvA 

GÜK_CC3984_Berlin_1998georef.tif Geology 1:200.000 1998 Geoportal 

UvA 

LiDAR data - 1:5.000 2011 Geoportal 

UvA 

Relic Charcoal Hearths - - 2018 Schneider, A 

Data sources used by development geomorphological map. *LGB = LAndesvermessung und 

Geobasisinformation Brandenburg. 
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Appendix B 

   The different through LiDAR derived maps of strip. From left to right: Hillshade, slope, aspect and DEM. 
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Appendix C 
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The 30 tiles geomorphological map. Source: Geskus, 2020; Luimes,2020;  Nobel, 2020; Romar, 2020; 

Schadee, 2020; Zuidervaart, 2020. Coherent legend created by Schadee, 2020. 

 

Appendix D  
Building an aprx from a mxd for maps of Baruth Ice Marginal Valley in Brandenburg. 

 

This workflow will go through the steps to generate a aprx for use in ArcGis Pro with web services 

and local geodata, partly downloaded from the UvA Geoportal. 

Part of the maps that we will insert/use are also to be found at:  

https://bb-viewer.geobasis-bb.de/ 

http://www.geo.brandenburg.de/ows 

https://geobroker.geobasisbb.de/gbss.php?MODE=GetProductInformation&amp;PRODUCTID=253b

7d3d-6b42-47dc-b127-682de078b7ae 

 

__________________________________________________________________________________ 

Requirements for this module: 

ArcGis Pro (2.7 or higher) 

3D Analysis licence 

At least 10gb of free space on your drive 

__________________________________________________________________________________ 

To keep everything organized, store your downloaded files in the same map throughout the whole 

project. 

1. Start ArcGIS Pro. 

2. Create a project under the name ‘Bachelor_Research_year’ 

3. Right click map, under properties, head to coordinate systems. Use ETRS 1989 UTM Zone 

33N for XY (or search for 25833). 

4. Zoom in to the area of Luckenwalde – Lübben and later Luckenwalde – Baruth/Mark. 

a. Set the scale to 1:140.000 

b. Add as a bookmark so you can go back to this overview later. 

 

Now, the geological maps should be added. 

5. Add the geological maps. First go to the Surfdrive. Go to Data; Brandenburg. 

a. Download GK25 Geologische Uebersichtkarte 1 zu 25 tausend. 

b. Go to your catalog, add GK25 to the Table Of Contents (TOC) 

 

6. Next go to the Surfdrive. Go to Data; Brandenburg. 

a. Download GK100 Geologische Uebersichtkarte 1 zu 100 tausend. 

b. Go to your catalog, add GK100 to the TOC. 

7. These shp files do not contain any form of symbology, therefore we will add a basemap. 

a. This basemap is saved as a .TIF in the 1:100 folder. make sure this is below the other 

two shapefiles. 

 

These shp-files contain abbreviated labels under ‘(...)’. The xls file has the correct explanation for 

every abbreviation. 

8. Click on the insert window, add connections, New WMS Server. 

a. Add the following WMS Servers (make sure to also copy 

the question mark ‘?’): 

- https://isk.geobasis-bb.de/ows/dtk10farbe_wms? (This is a topographical map) 

https://bb-viewer.geobasis-bb.de/
http://www.geo.brandenburg.de/ows
https://geobroker.geobasisbb.de/gbss.php?MODE=GetProductInformation&amp;PRODUCTID=253b7d3d-6b42-47dc-b127-682de078b7ae
https://geobroker.geobasisbb.de/gbss.php?MODE=GetProductInformation&amp;PRODUCTID=253b7d3d-6b42-47dc-b127-682de078b7ae
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- https://inspire.brandenburg.de/services/bokarten_wms? (this is a soil map) 

- https://isk.geobasis-bb.de/ows/dop20c_wms? (these areaerial images) 

- https://inspire.brandenburg.de/services/borelief_wms?&amp;service=WMS&amp;request=Ge 

tCapabilities 

The WMS connection appears in your Catalog as Reliefverhaltnisse, search within the WMS layer to 

the Geomorphographische Karte. (This is a geomorphograpic map) 

- ://inspire.brandenburg.de/services/boartsubstr_wms?&amp;service=WMS&amp;request=GetCap 

abilities 

The WMS connection appears in your Catalog as Bodenarten und Substrate (This is a map containing 

detailed bodem types) 

 

b. Expand the WMS connections and add them to your TOC. 

 

9. Also add http://isk.geobasis-bb.de/ows/dnmbs.php? (make sure to copy the ‘?’). These contain the 

tiles and according numbers. 

a. Add the entire connection to your TOC as top layer. 

 

10. One of those files is the zipped file of the 49LiDAR Tiles and it should have a shapefile. Add 

this to your GDB. Right click your GDB select import feature class. Don’t forget to name your 

output feature class. 

a. Beware: a shapefile consists of several files (not only .shp but also .dbf, .sbn, and so 

on) thus making sure you download the entire folder, and not just the .shp 

extensions. 

b. If you’re getting an error message you have to define a projection: 

ETRS_1989_UTM_Zone_33N (=EPSG 25833). 

 

Change the color type to black outline so the basemap(s) are still visible. 

11. Zoom to layer on the 49 tiles and make a new bookmark and call it ‘49 LiDAR tiles’. 

 

12. From the Geoportal, download your assigned 5 LiDAR tiles. 

Field strips are divided in alphabetical order: 

Geskus (33382), Luimes (33384), Nobel (33386), Romar (33388), Schadee (33390), 

Zuidervaart (33392). 

 

13. Create a new las dataset in Catalog or use the tool Create a Las Dataset and give it the name 

PersonalLasDataset.lasd 

a. Add your personal LAS files to the dataset. 

b. Make sure the statistics are calculated. If not, the strip will be displayed in grey. 

c. Check if the horizontal coordinate system is ETRS 1989 UTM Zone 33N. 

d. Assign a vertical coordinate system to the las dataset: DHHN92. 

14. Add the las dataset to your TOC. 

15. Zoom in on one of your las tiles at a scale of 9,000. You should get a similar view as the 

image below: 

 

16. Make a visualization of the las dataset on the base of the elevation. In order to do this you 

need to select the Las dataset in your TOC. Next click the appearance header and click on 

Symbology &gt; surface &gt; elevation. By doing this your dataset will create intervals. It should 

look similar to the image below/on the next page. 

https://inspire.brandenburg.de/services/bokarten_wms
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17. Instead of 9 classes we would like to have 24. On the right, the symbology screen should be 

displayed. From the symbology screen change the amount of classes to 24. ArcGIS Pro 

should assign proper spacing by itself. Choose a proper color scheme; condition number 

 

18. Add a (military) Topographical Map 1:25,000 of Paplitz and Stuelpe to your TOC From the 

Surfdrive 

a. Go to Data -&gt; Geoportal -&gt; ClickableMaps -&gt; World -&gt; Europe -&gt; Germany -&gt; 

Brandenburg Berlin -&gt; Top 25 -&gt; TK25AS. From this list, download the Paplitz and 

Stuelpe .TIF (should be near the bottom if ordered alphabetically). Add both to your 

TOC. 

 

19. We will now create a cross section. In your toolbar head to View, then press convert and click 

‘to local scene’. It should look something like this: (use elevation as points instead of surface) 

 

20. Click the LAS dataset and go to Symbology. Then click the Elevation option under ‘Symbolize 

your layer using a Surface’. 

 

21. LAS TO DEM: use the LAS tools to convert a .las file to a DEM (Digital Elevation Model). 

a. From header appearance click dropdown menu LAS points and select ground. 

b. Next use the tool LAS Dataset To Raster 

c. in the menu set Void fill method to Linear and sampling Value to 0.5 (meter). 

 

22. Select PersonalLasDataset in your 2D map, click appearance 

a. Increase the Display limit to 5000000 (or more!). This limits the number or points 

used in the triangulation of the LAS Dataset layer surface. 

b. Slide the Density bar to max (fine point density). This option controls the density of 

points enforced by the LAS datasetDensity 

c. Set the full resolution scale to 1:1000. This scale is used to control when the LAS 

dataset will render itself without thinning, using 100 percent of the LAS points. It is 

used when the map scale is equal to or greater than the scale you specify. The point 

limit is still honored though, so if the number of estimated points for the current 

extent exceeds the limit, the LAS dataset will thin itself and not draw using all the 

data. When this occurs, an asterisk is displayed next to the data percentage listed for 

the layer in the table of contents. When the map display scale is less than the full 

resolution scale, thinning will occur based on the setting of the Point Density slider 

bar. 

 

23. How to create a cross section. 

a. Search in Geoprocessing for the Profile tool. 

b. Create your own line using the pencil symbol. 

c. Set DEM Resolution to 10m (sometimes the 10m results in errors, in this case change 

it to 24m). 

d. Click Run. 

e. Click in the TOC on the Output Line and click on create charts, next to the feature 

layer. 

f. In the dropdown menu, choose Profile Graph. 
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