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Summary 
 

 This research studied the geomorphological and anthropogenic history of the 

Lange Horstberge dune complex, located in the Baruth Ice-Marginal Valley, eastern 

Germany. The Baruth Ice-Marginal Valley is formed by melting ice from the ice caps 

during the Weichselian ice age. Aeolian processes transported large amounts of fine and 

loose material and formed various dunes, such as the Lange Horstberge.  

 This research studied the geomorphological and anthropogenic history of the 

Lange Horstberge using LiDAR data, old topographic maps, drone images and soil drills.  

LiDAR data points where processed with ArcGIS software. Derived products such as a 

slope map, an elevation map, profile figures and a Digital Elevation Model where created. 

These maps indicated a transverse shape of the Lange Horstberge. Results from the soil 

drills indicated an existence of a primary and secondary dune divided by an organic 

layer. This organic layer contains clay and peat on the sides of the dune, which indicates 

a wet and warm environment. Furthermore, anthropogenic influence on the Lange 

Horstberge has been extensive throughout history. Mainly due to sand excavation 

between 1841 and 1941. The photos taken by a DJI phantom 3 drone could not been 

processed by photo recognition software due to the vegetation on top of the Lange 

Horstberge, and therefore a 3D model could not be created. However, photos from a 

450m height did help determine anthropogenic influence and difference in vegetation 

growth on the Lange Horstberge.  

 A literature study about the paleo climate and paleo wind directions indicates that 

the organic layer could belong to the Allerød interstadial. Furthermore, the paleo wind 

directions from before and after the Allerød differ. Hence, the shape of the primary and 

secondary dune could be different.  
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Introduction 

 
 This research aims to study the Lange Horstberge dune in eastern Germany. The 

Lange Horstberge dune complex is located in the Glogau-Baruth Ice-Marginal Valley 

(short: Baruth Ice-Marginal Valley), the oldest of the Weichselian ice-marginal Valleys. 

The Valley is formed by the melting of ice from the ice caps in the Weichselian ice age 

(Marcinek, 1961; Juschus, 2001; de Boer, 2000). North of the Baruth Ice-Marginal 

Valley, the Brandenburg Young Moraine 

landscapes are found. These moraines 

are formed during the Weichselian ice 

age, roughly 115.000-20.000 years 

ago. In the south, the old moraine 

landscapes are found which are formed 

during the Saalian ice age, roughly 

300.000 – 130.000 years ago (Hirsch, 

Spröte, Fischer, et al. 2017). The 

possible genesis of a moraine landscape 

and the forming on an Ice-Marginal 

Valley like the Baruth Ice-Marginal 

Valley can be seen in figure 1. The 

melting of the ice caps resulted in large 

depositions of fine and loose material in 

the pro glacial Valleys. As a result of 

the meltwater, the relatively flat Baruth Ice-Marginal Valley or in German ‘Urstromtal’ 

was formed (Marcinek, 1961; de Boer, 1995). Due to winds, aeolian deposits where 

formed in the colder and dryer periods. During these colder periods many dunes where 

formed. For example, the sequence of parabolic dunes near Horstwalde, which has been 

intensively investigated by e.g. De Boer (2000).  

 This research will study the 10 km long Lange Horstberge dune and if this dune 

was formed during the colder periods after or at the end of the Weichselian ice age, the 

so-called Weichselian Late Glacial. The 2 km long section east and west of the 

Horstmühle will be investigated (Figure 2).  

 To summarize, the Baruth Ice-Marginal Valley has been formed by the following 

processes: first, (after the formation of 

moraines in the Saalian ice age) a 

deposition of fine and loose material by 

the melting of the Weichselian ice. 

Secondly, the streaming of the melting 

waters created the flat Baruth Ice-

Marginal Valley. After this event four 

terraces can be found in the Baruth Ice-

Marginal Valley between Baruth and 

Luckenwalde (Juschus, 2001). And 

finally, cold periods with few vegetation 

and western winds created various 

dunes, for example the parabolic dunes 

near Horstwalde (de Boer, 2000). 

 Research on the Lange Horstberge 

dune is limited. Knowledge about the 

shape of the Lange Horstberge dune, the 

classification, the paleo wind direction and the human influence on the genesis and the 

degradation of the dune is widely unknown. This research aims to describe the 

geomorphological and anthropogenic history of the Lange Horstberge dune. Moreover, 

whether the use of drones and LiDAR data can help to describe the shape of the Lange 

Horstberge dune and to classify possible dune forms.  

Figure 1: Representation of the Baruth Ice-Marginal Valley.  
Source: http://www.gemeinde-
michendorf.de/homepage/35heimatgeschichte/land/geo_karte2.p
hp. 

 

Figure 2: Digital Elevation Model of study area, Schuuring 
(2017) 
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Relevance 
 

 The study of the geomorphology of the Lange Horstberge is research out of 

scientific interest for other geomorphologists studying dunes. Furthermore, it can be of 

particular importance for other researchers studying the Baruth ice-marginal Valley. 

Knowledge about the geomorphological and anthropogenic history of the Lange 

Horstberge is limited.   

 Furthermore, what can be important for other geomorphologists is the methods of 

this research. Using satellite images and LiDAR in classifying geomorphological units has 

been widely acknowledged by researchers. However, the use of drones is only just 

starting. This research can show other geomorphologists that the use of drone images 

can be of particular interest in classifying units of the earth surface. Furthermore, the use 

of drones in scientific research can not only be important for geomorphologists but for 

many other disciplines as well. 

 

 

 

Aim of this research 
 
 This research aims to study the geomorphological and anthropogenic history of 

the Lange Horstberge dune. Hence, the research question that will be answered is: 

 

What is the geomorphological and anthropogenic history of the Lange Horstberge dune 

complex, located in the Central Baruth ice-marginal Valley, Germany? 

 

To provide a sufficient amount of information to answer the research question the 

following sub-questions will be answered. 

 

1. What was the paleo wind direction during the depositional phases of the Lange 

Horstberge? 

 

The first sub-question will be answered using data from 18 soil drills and observation 

points, conducted along the Lange Horstberge. Horizon features, sand particle size and 

soil information will be used to conduct research. In combination with a literature study, 

the results from the 18 points will be used to determine paleo wind directions. 

 

2. Can the combination of LiDAR and a phantom 3 drone help classify whether the 

Lange Horstberge dune is a transverse or a longitudinal dune? 

 

To answer sub-question 2, this research aims to use LiDAR and a Phantom 3 drone. As 

LiDAR is still rapidly developing, the use of LiDAR for geomorphologists is widely being 

accepted as a trustable source of information (Hofle, Rutzinger, 2011). This research will 

create various maps out of LiDAR data to help classify the Lange Horstberge dune. A 

more detailed description of LiDAR is found in the methods section.  

 The use of drones in geomorphology is only just starting. This research will 

elaborate how the deployment of drones can be used in classifying geomorphological 

units.  

 

 

3. What is the anthropogenic history of the Lange Horstberge dune? 

 

 To answer sub-question 3, this research has used topographic maps from 1841 

and 1941. By interpreting these maps and overlaying them with maps created using 

LiDAR conclusions about the anthropogenic history can be drawn.   
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Methods 

 

Literature study 

 In order to conduct research about the shape and occurrence of dunes this 

research includes a literature study. Previous studies about prevailing wind directions 

such as de Boer (1996, 2000) are crucial in interpreting the prevailing wind directions of 

the Lange Horstberge dune. Furthermore, to interpret the results from 15 soil drills 

conducted along the Lange Horstberge, literature such as Hirsch et al. (2017), Kaiser 

(2009), Schlaak (1997) and Renssen (2007) are needed. As research with LiDAR is 

widely acknowledged by geomorphologists, plenty of literature about LiDAR is available. 

Hofle (2011) described how important the use of LiDAR is in geomorphological studies.

  Furthermore, the knowledge of previous sand particle size experiments where 

needed to conduct research along the Lange Horstberge dune. For example, Kasse 

(2002) describes how sandy aeolian deposits can change on either side of various dunes. 

Articles such as (Kasse, Vandenberghe, Huissteden, Bohncke and Bos, 2003) and 

(Kaiser, Hilgers, Schlaak, et al. 2009) can contribute to knowledge about the primary and 

secondary dunes. 

 

LiDAR 

 This research used LiDAR point data to create various maps that were needed to 

examine the shape of the Lange Horstberge. Light Detection and Ranging or LiDAR, is a 

remote sensing technology where an airplane is sending laser beams to the surface and 

calculates the distance between the airplane and the surface. The difference in response 

time equals the height of the surface on a 10-30cm accuracy (Carter et al. 2012). LiDAR 

data enables the user to differentiate four different returns. The first, second and third 

return that the aircraft receives represents the vegetation cover along the surface. This 

research will only use the last returns, which represents the earth surface.  

 For this research the tiles 388768 & 386768 are obtained from the University of 

Amsterdam geoportal (Baruth, LiDAR data). These tiles are chosen because they 

represent the study area of the Lange Horstberge. Appendix A gives an overview of the 

tiles that are available in the UvA geoportal. The LiDAR data is bought by the UvA in 

2014 and in 2016. 

 

ArcGIS 

 In order to work with LiDAR data, three ESRI training modules were 

accomplished; managing LiDAR Data using mosaic datasets, managing LiDAR data using 

LAS datasets and managing LiDAR data using terrain datasets. Hereafter, multiple maps 

such as a Digital Elevation Model, mosaic map, profile graph, elevation map, hill shade 

and slope degree map will be used to determine the shape of the Lange Horstberge 

dune.  

 Old topographic maps from different ages can be used to estimate human 

influence on the Lange Horstberge. For this research topographic maps from 1841 and 

1941 have been used.  

 

Field-work 

 A 5-day fieldwork has taken place from May 1st until May 5th, 2017. During this 

fieldwork 14 soil drills where examined and various drone flights have taken place. 

Furthermore, various notes have been taken along observation points on the dune. The 

fieldwork was executed with four other bachelor thesis students. Their findings and soil 

drills will also be used in this research. 

 

Drone & AgiSoft 

 During the fieldwork, three flight plans have been executed to examine the shape 

of the Lange Horstberge dune. Every flight takes around 300 pictures with an 60% and 

70% overlap. These drone images where processed in AgiSoft PhotoScan Professional 

software and dronedeploy software, to create a 3D model. Furthermore, pictures from a 

450m height will be used.  
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Results 

 

 There are different forms of dunes (Figure 3). Dune A and C represents a 

Parabolic and Barchan dune which where formed through a prevailing wind direction 

coming from one way. Both of these dunes 

have long horns and a recognition of a slip 

face (Lee side of a dune). De Boer (2000) 

studied the sequence of parabolic dunes 

near Horstwalde. These parabolic dunes 

have been formed through western winds 

during 17.600 and 24.000 years ago (de 

Boer, 2000). 

 A transverse and longitudinal dune 

both lack the recognition of horns and arms 

and have a straight shape. A slip face on a 

transverse dune is formed due to a wind 

direction coming from one particular way.  

A longitudinal dune is formed through a 

changing wind directions and lacks a clear slip face. Hence, a transverse or longitudinal 

dune can be extinguished by looking at elevation profile graphs. An elevation profile of a 

transverse dune, with a clear recognition of a shorter slip face is visualized in figure 4.  

 

 

 

 
Figure 4:Elevation profile of transverse dune.  
Source: http://www.epgeology.com/gallery/image_page.php?album_id=2&image_id=22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Different dune types.  
Source: 
https://letslearngeology.wordpress.com/dune-types 
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Maps created in ArcGIS 
 

 

  
 Figure 5 represents the hill shade relief map of the study area of the Lange 

Horstberge. Areas that are flat or have few features are smooth on the map, whereas 

areas with steep slopes appear more rough (Hill shade relief map). Figure 6 visualizes 

the angle of the slopes of the dune complex. The darker it is on the map, the steeper the 

slope.  

 Features after examining the slope and hill shade map are: steeper slopes along 

northern side of dune complex, features such as horns (barchans dune) and arms 

(parabolic dunes) are lacking and the Lange Horstberge dune complex seems to follow a 

meander shape.  

 Furthermore, to define any more information about the shape of the Lange 

Horstberge elevation profiles are needed. Figure 5 (lines 1-4) represents the location of 

the elevation profiles.   

 

 
Elevation Profile 1, Schuuring (2017) 

 
Elevation Profile 2, Schuuring (2017) 

Figure 5 (above): Locations of elevation 

profiles on hill shade relief map, 
Schuuring (2017). 
Figure 6 (right): Slope map, Schuuring 
(2017). 
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Elevation Profile 3, Schuuring (2017) 

 

 
Elevation Profile 4, Schuuring (2017) 

 The four elevation profiles all indicate a transverse shape. Faces on northern side 

are all shorter and steeper along the Lange Horstberge. Furthermore, the slope degree 

map (figure 6) indicates steeper angle slopes along the northern side of the dune. This 

clearly collaborates with the elevation profiles that have been created. The hill shade 

relief map and the slope degree map also shows various spots that seems unnatural.  

 

Soil drills 

 
 Figure 7 displays the drill and observation points on a hill shade relief map, 

conducted on May 2nd and May 4th, 2017. The observation points and soil drills are added 

as appendix B.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results from the soil drills are: 

- Clay/peat layer along the sides of the Lange Horstberge on a 30-50cm depth. 

- Course 350 um sand found beneath peat layer. 

- Accumulation of very fine sand on northern side of Lange Horstberge (soil drill 2) 

- Recognition of primary and secondary dune divided by an organic layer in multiple 

soil drills. 

- Organic layer consists of buried fossil organic material. Also clear color difference 

between horizons. 

- Organic layer becomes thicker and clearer visible along the sides of the Lange 

Horstberg compared to the top and higher parts of the Lange Horstberge. 

- Fine aeolian sand (180-250 μm) was found along the Lange Horstberge. 

- Peat/clay layer found North and South of the Lange Horstberge, overlaying course 

sand. 

Figure 7: Drill and observation points, Schuuring (2017) 
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Figure 8 represents an illustration of important results from the soil drills. 

 

 
Figure 8: Side view of the Lange Horstberge with visualization of soil drills. Schuuring, 2017 

 

Anthropogenic history 
 

 As mentioned before, the Lange Horstberge shows locations which are unnatural 

for a dune shape. Sand is excavated for elevation of agricultural lands and improving 

drainage of soils. Old topographic maps help determining the periods of excavations of 

sand along the Lange Horstberge. Figure 9 and 10 represents old topographic maps from 

1841 and 1941.   

  

 

 Figure 9 indicates the existence of the road between ‘Mullersland’ and ‘Neuhof’ 

and the Horstmuhle in 1841. More importantly, the existence of the eastern road (blue 

line in figure 9) in the middle of the Lange Horstberge indicates human influences on this 

part of the dune. The eastern road is also visible on the hill shade relief map in figure 5. 

Furthermore, observations in the field also indicated excavation of sand and tree 

plantation along the eastern part of the dune. Furthermore, human influences on the 

western part was limited before 1841. Before 1841, there was the construction of the 

western road along the southern part of the Lange Horstberge. Excavation of sand was 

limited. However, points 2, 3 and 4 in figure 11 clearly shows the construction of roads 

between 1841 and 1941.  

Figure 9: Topographic map 1841.  

Source: University of Amsterdam, Geoportal Ur-
Messtischblatt – Alte Topografische Karte 
(UMTB) 

Figure 10: Topographic map, 1941 
Source: University of Amsterdam, Geoportal, 
Topographische Karte Brandenburg (Grossblatt) 
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 Figure 11 overviews the 

human influences on the Lange 

Horstberge between 1841 and 

1941. There has clearly been 

much construction and sand 

excavation between 1841 and 

1941. Observation point 6 

(appendix B) represents the sand 

excavation on point 2 in figure 11. 

The gully has been excavated 

using the road constructed north 

of the gully. Between 1841 and 

1941 the northern road was 

connected with the southern road 

on point 3 in figure 11. This also 

been observed along observation 

point 8 (appendix B). The same 

has happened at point 4. The dip along the elevation at point 4 is also visible in the slope 

degree map (figure 6). Furthermore, after 1841 the excavation at point 1 in figure 11 

has been intensified, elevation has decreased in the 1941 topographic chart and a new 

road was constructed. Excavation probably also started at point 5 and 6 in figure 11. 

These excavations where not intensified because elevation is still high at this point in the 

Lange Horstberge.  

 Figure 12 indicates one point which has been excavated after 1941. This was 

clearly visible in the field, as trees and shrubs where lacking. Figure 13 confirms this. 

Moreover, the trails observed at observation point 7 (Appendix B) also probably have 

been formed after 1941 because these trails have not been marked on the topographic 

chart of 1941.  

 To conclude, human influences on the Lange Horstberg has been extensive. 

Topographic maps from 1841 and 1941 showed that most of the excavation was between 

these years. LiDAR data and drone images can help determine recent excavation, as 

showed in figure 12 and 13. Consequently, almost the entire study area of the Lange 

Horstberge does not have its original shape due to its anthropogenic history.  
 

Results from the Phantom 3 drone 
 

 As described in the methods, this research aimed to use drone images to create a 

3D model and to create new Digital Elevation Models. The shape and occurrence of the 

dune would have been more visible using these 3D models. To begin with, a 6-minute 

drone flight from a 450-meter height visualized recent excavations and the variations of 

vegetation along the northern and southern slopes of the Lange Horstberge.  

 A 3D model could not be created due to the vegetation on top of the Lange 

Horstberg. AgiSoft PhotoScan Professional does not recognize the difference between the 

Figure 11: Human influences on the Lange Horstberge between 
1841 and 1941, Schuuring (2017) 

Figure 12: Excavation of sand after 1941, Schuuring (2017) 
Figure 13: Drone image from 450 m height. Black circle 
indicates recent sand excavation, Schuuring (2017) 
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trees (see figure 14). Furthermore, the photo recognition software of dronedeploy also 

does not recognize the difference between the photos that has been taken. The software 

did recognize photos of the sides of the Lange Horstberge. Figure 14 visualizes that a 3D 

model of the sides of the Lange Horstberge does not help determine the shape of the 

Lange Horstberge dune complex. To conclude, a 3D model of the Lange Horstberge can 

not be created due to the vegetation on top of the dune.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14: model of Lange Horstberge, created using AgiSoft PhotoScan software, Schuuring 2017 
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Discussion 
 

 As mentioned before, the Baruth Ice-Marginal Valley was formed during the 

melting of the Weichselian ice. During the late Weichselian ice age, in cold and dry 

periods aeolian deposits 

were formed, such as the 

Lange Horstberge dunes. 

The course sand that has 

been found in multiple soil 

drills could belong to the 

Urstromtal material. Figure 

15 illustrates the 

Weichselian late glacial 

period (24.000-11.500 BP). 

The Weichselian late glacial 

period consist of the 

following stadials and 

interstadials: Oldest Dryas, 

Bølling, Older Dryas, 

Allerød and Younger Dryas, 

followed by the Holocene. These stadials and interstadials all had different climates and 

paleo winds. 

 The different paleo wind directions are important in relation to the Lange 

Horstberge. The organic layer found in several soil drills is important to classify and 

determine its age. To summarize: the results indicate an organic layer divided by a 

primary and secondary dune. This discussion will further elaborate the different 

deposition phases of the Lange Horstberge. 

 

Elevation profiles 
 

 The results indicated that human influences on the Lange Horstberge has been 

extensive. At many points the Lange Horstberge does not have its original shape. For 

example, the dip in elevation profile 3 does not represent the natural shape of the Lange 

Horstberge. The only place where the topographic maps indicate that human influences is 

lacking is between point 2 and 4 in figure 11. Hence, elevation profile 2, which is 

between these locations seems to be the only elevation profile which indicates the 

original shape of the Lange Horstberge. This elevation profile appears to be the best 

example of a transverse dune elevation profile. 
 

 

The organic layer 
 

 Kaiser et al (2009) evaluated multiple buried soil horizons across northern central 

Europe. A dark charcoal-rich layer is found in a large area compromising the 

Netherlands, Belgium, Denmark and NW Germany (Kolstrup & Jorgensen 1982; 

Manikowska 1991; Walker et al. 1994; Hoek 1997; Schirmer 1999). There are two 

organic marker horizons; Finow and Usselo. Both contain charcoal and are rich in organic 

material. Both horizons are often found buried by aeolian sands (Kaiser, 2009). The 

marker horizons consist of humus accumulation, the presence of charcoal and bleaching 

of quartz grains. Usselo and finow soils often contain fine silt material (Kaiser, 2009). 

Radiocarbon dating places the Usselo soil in the Allerød interstadial (Litt, Brauer, Goslar, 

Merkt, Balaga, Muller et al. 2001). The Finow marker horizons dates to the Younger 

Dryas stadial. However, according to Schlaak (1998) the Finow horizon could also date 

back to the Allerød interstadial. Multiple soils such as; Melchow Finow-post-dune and 

Figure 15: Stadials of Late Weichselian, Kasse (2002) 
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Bledno 1, described by Kaiser et al (2009) are similar to soil drill 5 and 13 (see appendix 

A). Usselo and Finow marker horizons often contain fine silt material (Kaiser et al.  

2009). Information about whether there is silt material in the organic layer, lacks in this 

research.  

 Observations of charcoal are lacking in the organic layer found along the Lange 

Horstberge. The presence of clay in the organic layer along the sides of the Lange 

Horstberg could indicate the presence of water. A wet environment explains the absence 

of charcoal in the organic layer due to a lower risk of fire. Furthermore, there was fewer 

few vegetation on the top of the Lange Horstberge, which could also reduce fire risk.  

 On top of the secondary dune there is new soil formation. The thickness of the soil 

formation is thicker then the organic layer found along the top and the slopes of the 

Lange Horstberge. For example, soil drill 11 shows a podzol formation of about 60 cm 

depth, compared to the thin organic layer of about 10 cm. This could indicate that the 

warm and wet period which deposited the organic layer, is shorter then the period of soil 

formation on top of the secondary dune. Consequently, the Allerød (organic layer) must 

be shorter then the Holocene (soil formation on top of secondary dune). Figure 15 

confirms this theory.  

 Important to mention, these assumptions assume that the organic horizons on top 

of the dune are from the same period as the peat layer, found along the sides of the 

dune. Radiocarbon C14 dating could confirm this theory. By analyzing C14 isotopes from 

organic material in both the peat layer as in the organic layer, the dating of the organic 

material can be confirmed. However, for this research radiocarbon dating is not feasible. 

 Hence, if this research classifies the organic layer as either Finow or Usselo 

horizon, the primary and secondary dune are from before and after the Allerød. In 

relation to the shape and paleo wind directions this date is important. Table 1 

summarizes literature about paleo wind directions during the late Weichselian. 
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Table 1: Overview of the literature study of paleo wind directions and paleo climate, Schuuring (2017) 

 

  

 Except North-Eastern katabatic winds from Weichselian ice caps. The prominent 

wind direction from before the Allerød seems to be North-West, South-West and Western 

orientated. These wind directions correspond with a longitudinal dune wind direction (see 

figure 3). After the Allerød, prominent paleo wind directions moved more towards the 

South-West and South. Hence, these southern winds could have formed a transverse 

dune on top of the Allerød organic material. Consequently, the Lange Horstberge could 

consist of a transverse dune on top of a longitudinal dune, divided by an organic layer. 

Figure 16 provides a side view of the Lange Horstberge. Figure 17 illustrates paleo wind 

direction in the study area of the Lange Horstberge. 

Years before 
present 

Interstadials and 
stadials 

Wind direction Climate 

0 
 
 
 
 

11500 

 
              
         Holocene 

SW-S (Schlaak,1997) Rapid warming of climate. 
Formation of closed deciduous 
forests. Pronounced cold climatic 
events, which where relatively 
cold and dry.  

 
 
 
 
 

12800 

 
 
      Younger Dryas 

SW (Renssen et al.) 
WSW (Maarleveld, 1960) 
SW-W (Isarin, 1997) 
SW-S (de Boer, 1996) 

Rising temperatures until 4 OC at 
the end of Younger Dryas. 
Fluvial deposits became more 
prominent because of increase 
in aridity (Vandenberghe, 1991, 
Kasse, 1999). Nutrient poor 
sands were not easily colonized 
by pioneer vegetation (Kasse, 
2002) 

 
 
 
 

14000 

 
 
           Allerød 

SW (Renssen et al) 
 

No dune formation. Vegetation 
growth. Formation of Usselo and 
Finow soils. 

 
14300 

         
 
       Older Dryas 

WSW (Schlaak, 1997) 
NE-E (katabatic winds from 
van Huissteden et al 
(2001). 
SW (Renssen et al) 
WNW (Maarleveld, 1960) 

Mean annual temperature of 4 
OC. Fluvial deposits and 
vegetation growth.  

 
 
 
 

15700 

 
 
             Bølling 

WNW (Schwan, 1988) 
NE-E (katabatic winds from 
van Huissteden et al 
(2001). 
SW (Rensen et al.) 

Mean annual temperature starts 
to rise between 0 and 5 OC at 
the end of the Bølling. Sand 
sheet deposits, melting of 
permafrost.  

  
 
 
          Oldest Dryas 

WNW-W (Renssen, 
Maarleveld, Nowacyzk) 
WSW (Schlaak, 1997) 
Western winds (Paulissen 
and Munaut (1969, van 
Geel et al (1989) and 
Kasse (1999)  
NW (Maarleveld, 1960) 
W (Zeeberg, 1998) 

Mean annual temperature lower 
than -4 or -8 OC. Permafrost 
layer reduces infiltration of snow 
and rain. Floodplains during 
winter and summer (Woo and 
Winter, 1993). Fluvio-aeolian 
deposits are mostly restricted to 
the valleys (Kasse et al). 
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Figure 16: Side view of Lange Horstberge, Schuuring (2017) 

 

 

 

 

 
Figure 17:Prominent paleo wind directions, Schuuring (2017) 
Blue arrows: Oldest Dryas, Bølling, Older Dryas.  
White Arrow: Younger Dryas and Holocene 

 The transverse dune was probably formed by winds in the Younger Dryas. 

According to Hilgers (2007) the short and cold climatic events during the Holocene, such 

as the little ice age, where not cold and dry enough to trigger new aeolian deposits in 

Eastern-Germany. However, localized human impacts such as vegetation clearance could 

have triggered new dune reactivation. However, there was no charcoal found in the soil 

drills and the soil formation on top of the secondary dune is to thick to indicate recent 

deposition of the secondary dune. Furthermore, topographic maps indicate most of the 

human influence on the Lange Horstberge was between 1841 and 1941. Moreover, 

various old oak trees where found with a girth between 200 cm and 300cm. These oak 

trees could be between 200 and 300 years old (Woodland Trust).  

 These observations indicate that a new dune reactivation of the last 2000 years is 

not likely (Hilgers, 2007). Hence, formation of the transverse dune was likely to be 

formed during the beginning of the Younger Dryas until the beginning of the Holocene. 

 

The formation of a gallery forest 
 

 Zer (1972) observed in the frost areas of Kamchatka, East Russia, vegetation 

strips of about 50 meters wide along both sides of a body of water. The climate of 

Kamchatka is subarctic climate, with mean annual temperatures around 1 OC 

(climatetemps). The landscape of Kamchatka is eroded by the melting of ice in 

summertime (Vinogradow, 2017). The subarctic climate could represent the climate of 

the oldest Dryas and Bølling interstadial in Eastern Germany (Kasse, 2002). The thawing 
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of the permanent frost floor gives the plants a chance to grow. The vegetation consisted 

of herbal, shrubbery and a tree layer (de Boer, 1995). These vegetation lines, often 

called gallery forests, follow the meander shape of a river (Beard, 1955). Sand easily 

accumulates in these shrub lines (Lichter, 1998). These gallery forests may well have 

been the starting point of dune formation.  

 Figure 18 overviews the entire Digital Elevation Model of the Lange Horstberge. At 

some points the Lange Horstberge seems to show a meander shape. Hence, the Lange 

Horstberge could have been formed through dune formation along a gallery forest of an 

ancient river. Deeper soil drills could indicate an ancient river if fluvial deposits are found. 

Later research can confirm this. 

 To summarize, the Lange Horstberge could have been formed by accumulation 

along a gallery forests. North-West, South-West and Western paleo winds of the Oldest 

Dryas, Bølling and Older Dryas formed a longitudinal dune. During the warmer and 

wetter Allerød, pioneer vegetation started to grow on the Lange Horstberge. A dry and 

colder period, the Younger Dryas, formed a transverse dune on top of the longitudinal 

dune by prominent South-West and Southern paleo winds. These interpretations 

correspond with the results found in this research. However, the interpretations need to 

be further investigated.  

 

 
Figure 18: Digital Elevation Model of the Lange Horstberge, Schuuring (2017) 
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Conclusion 

 
 The main aim of this research was to study the geomorphological and 

anthropogenic history of the Lange Horstberg dune. 
 

- Elevation profiles and slope degree map indicates that the Lange Horstberge dune 

has a transverse shape.  

- Soil drills indicate primary and secondary dune divided by an organic layer. 

- Organic layer consists of clay and peat along the sides of the Lange Horstberg and 

becomes thinner and contains less organic material on the slopes and top. 

- Drone images helped recognizing recent human excavation of sand and 

vegetation differences along the Lange Horstberge. However, photo recognition 

software does not identify the difference between photos if it photographs 

vegetation. Hence, if a 3D model of a geomorphological unit wants to be created, 

it helps if it lacks vegetation on top of it. 

- The discussion described how the paleo wind directions indicate that the Lange 

Horstberge could consist out of a transverse dune on top of a longitudinal dune. 

- The Lange Horstberge could originate from an old gallery forest. 

 

Sub-questions: 

 

1. What was the paleo wind direction during the depositional phases of the Lange 

Horstberge? 

 

A literature study about paleo wind directions of the primary dune indicate a prominent 

North-West, West and South-West wind direction. A literature study and the transverse 

shape of the Lange Horstberge, indicates a South-West to Southern winds during the 

deposition of the secondary dune. 

 

1. Can the combination of LiDAR and a phantom 3 drone help classify whether the 

Lange Horstberge dune is a transverse or a longitudinal dune? 

 

 Various maps that have been created using LiDAR point data has helped classify 

the shape of the Lange Horstberge. However, a 3D model could not be created due to 

vegetation on top of the Lange Horstberge. Hence, the combination of LiDAR and drones 

can help classify the shape of a transverse or longitudinal dune. However, a drone does 

not help to classify the shape of the Lange Horstberge.  

 

2. What is the anthropogenic history of the Lange Horstberge dune? 

 

 1841 and 1941 topographic maps indicated much human activity along the Lange 

Horstberge. Moreover, a drone image indicated recent sand excavation due to a lack of 

vegetation. There are only a few points in the research area where the Lange Horstberge 

has its original shape and human influences are limited.  

 

Further research 
 
 This research only studied a small part of the Lange Horstberge dune complex. 

Further research needs to be conducted along the parts of the Lange Horstberg that has 

not been investigated in this research. Furthermore, to confirm paleo climate and 

deposition phases, radiocarbon dating of the peat and organic layer needs to be 

conducted. Hence, the age of the different layers can then be confirmed. Moreover, to 

verify the gallery forest theory, deeper soil drills needs to be conducted. Consequently, if 

fluvial deposits are found beneath the Lange Horstberge, the existence of a fluvial river 

beneath the Lange Horstberge could be further elaborated. Further research can also 

conduct a sand particle size experiment in the organic layer. Whether the organic layer 
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consist of silt material has not been investigated in this research. However, it can confirm 

that the organic layer is either a Finow or Usselo soil.  

 To confirm various anthropogenic influences on the Lange Horstberge a study in 

the archives is needed. Furthermore, knowledge from locals needs to be gained to 

confirm sand excavations.  
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Appendix 

Appendix A: LiDAR tiles 

 

 
Note: the black dots (tile 386768 & 388768) have been used for this research 
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Appendix B: Soil drills 
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Observation point 4:  

Grass on left, rights side leaves. Clear distinction between vegetation   
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Observation point 6: 
52O 3’’ 57’ N 

13O 22’’ 25’ O 

 

Recognition of gully towards north side. Hypotheses: excavated by humans due to old road on north side of 

gully.  

 

Observation point 7: 

52O 3’’ 56’ N 

13O 22’’ 16’ O 

 

Northern side of dune much steeper. Clear distinction between vegetation on either side of slopes. Southern side 

more grass and less steep. Trail on top of dune, which could be due to human influences. 

Meander shape of dune visible with vegetation.  

 

Observation point 8: 

52O 3’’ 56’ N 

13O 22’’ 1’ O 

 

excavation by humans and construction of road. Transverse shape of dune clearly visible due to excavation.  
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