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Abstract
This geomorphological research questions the genesis of the Lange Horst Berge
dunes located in the Central Baruth Ice-Marginal valley (Brandenburg Germany).
The genesis is investigated with the help of remote sensing consisting of LiDAR
and drone images. During the fieldwork the surroundings of the Lange Horst
Berge are described and soil are classified in order to determine the environment
and period in which the Lange Horst Berge was formed. Also the occurance of
marker horizons in the Lange Horst Berge could help determine the period in
which the dune was formed. Using the remote sensing technologies, the shape of
the dune was investigated. A relatively new way of creating third dimensional
maps with the help of a drone was tested. This however, had no additional value
for the determination of the Lange Horst Berge. Through creating digital
elevation models in geological information systems characterizing features of the
Lange Horst Berge were found.
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Introduction
The Baruth ice-marginal valley situated in the Brandenburg young moraine
landscape was formed by periglacial and glacial processes during the Late
Pleistocene (Hirsch, Fischer, Raab, & Schneider, 2017). The maximum range of
the ice in the so called Brandenburg stage is determined differently from 21 to
34 ka (Hirsch et al., 2017). This is the last glacial that occurred during the
quaternary period in Central Europe and that reached to the north east of
Germany. Large areas of the Brandenburg young moraine landscape are covered
with sand. This is mainly fine and middle fine sand and sometimes loessic sand
which is driven by wind forces and is dated from the late Weichselian glacial (de
Boer, 1994,1995). Figure one shows the area where these sands have been
deposited. As seen in figure one (red mark) the Baruth ice-marginal valley lies
directly in this aeolian sand belt. The belt is located around and between the two
maximum extents of the Weichselian and Saalian ice sheets. Material from both
glacial periods can be found in this region. The Saalian glacial was followed by
the Weichselian glacial. As seen in figure one the Saalian ice sheets reached
further south than the younger Weichselian ice sheets did. Between these two ice
margins
the
Baruth
ice-marginal
valley
was
formed.

During the Weichselian glacial, organic remains were very rare (Kasse, 2002).
cold desert-like conditions or a sparse tundra vegetation probably prevailed. In
these conditions several aeolian sand formations were constructed by wind
forces. For instance the extended parabolic dune formations found in EastGermany and in Poland (de Boer, 2000). In this area there are still various
undefined sand formations which need further examination in order to
understand the complete geomorphology of the Baruth ice-marginal valley. One
of these formations is the dune complex or 'Lange Horst Berge' marked in figure
2. It is still unknown when the Lange Horst Berge has been formed, what the
exact length, genesis and geomorphological classification is. Dune formations are
usually formed during the last part of a glacial period (Kasse, Vandenberghe,
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Huissteden, Bohncke, & Bos, 2003). In this research the Lange Horst Berge seen
in the marked area of figure two will be investigated.

Figure 2 Baruth ice-marginal valley with the sand formation marked (de Boer, 1995)

Research question and sub questions
the main research question that will be answered during this research is the
following:
How can the Lange Horst Berge be classified and what is its genesis,
using remote sensing technologies, information acquired through coring
and observations done in the field?
In other words, what is the shape of the Lange Horst Berge and what soil profiles
can be found on and in the area surrounding the Lange Horst Berge. Still, this
research question needs to be further divided in sub questions:
How can the soil profiles of the Lange Horst Berge be classified, using
the knowledge acquired by previous studies done on soil profiles in
dunes, with specifications to buried soils?
When the soil profiles have been described, more knowledge about the genesis
of the dune is acquired and leads to the following question:
When the soil profiles have been described, classified and dated, is it
possible to determine the genesis of the Lange Horst Berge and does it
contain marker horizons?
The shape of the dune is also important to investigate, this way more conclusions
considering dominant wind directions during the period the dune was being
formed can be made. For this subject the following sub question is provided:
What kind of dune formation is the Lange Horst Berge?
The dune formations occurring in this area can be investigated in several ways.
Recent technologies have made it possible to make detailed visualizations of the
area that is being researched. LiDAR (Light Detection And Ranging of Laser
Imaging Detection And Ranging) data is used to create three dimensional point
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clouds. These point clouds can be further analyzed through several ways using
the software program ArcGIS from ESRI. Also a new way for third dimensional
mapping has become available through the invention of drones. The drone
makes aerial photos during a programmed flight and these photos can eventually
be processed into a third dimensional map. In this research the possibilities using
drones for third dimensional mapping are also tested. The dunes are a major
characterisation of the Baruth ice-marginal valley. Unfortunately some of the
dunes have already been flattened and destroyed. With the help of scientific
research and classification of these landscape archives it might be possible to
protect the dunes from anthropological activity in the future. Describing the land
forms in scientific research creates awareness of the rarity and unique features
of the Baruth ice-marginal valley.

Methods
Literature study

In order to get a better understanding in the history of the subject area and the
theory behind dune formation, a literature study is done. This literature study will
also help to better understand the observations done during the fieldwork. The
soil profiles found during the fieldwork can be compared to marker horizons
found in study areas comparable to the Baruth Ice-Marginal valley. If the soil
profiles found can be classified or contain one of these marker horizons, an
indication on the age of the soil can be given and the genesis is better
understood. Furthermore the shape of the Lange Horst Berge can be classified.
The theoretical dune types will be studied and briefly described. With the use of
the classifications the Lange Horst Berge is compared to the theories found in the
literature.
LiDAR & ArcGIS
Using airborne LiDAR data difficulties when making a geomorphological map can
be overcome. These difficulties include: land access, obstructed line of site
(Kaiser et al., 2009), vegetation cover and time constraints (Jones, Jones,
Brewer, Johnstone, & Macklin, 2007). These limitations generally made it hard to
create large geomorphological maps. However using the LiDAR data it is now
possible to create larger maps with less obstructions. LiDAR data sets are high
resolution and combine high vertical accuracy with the coverage of large areas
(Jones et al., 2007). The presence of tree and shrub vegetation obscures ground
heights directly underneath the canopy cover. However with the use of
geographical information software such as ArcGIS the LiDAR data can be
progressed and displayed at a continuous range of map scales using the
appropriate classification interval for elevation (Jones et al., 2007). With the use
of ArcGIS digital elevation models can be created. Digital elevation models are
easy to use maps for height profiles and other third dimensional features. There
are 49 LiDAR tiles available for usage of the Brandenburg area. However only a
few of these tiles contain information on the Lange Horst Berge. A mosaic
dataset with all LiDAR tiles overlapping the Lange Horst Berge is created. Tile
386768 is the tile which will be used most during this research because it
contains the part of the Lange Horst Berge that will be investigated during
fieldwork.
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Fieldwork

The fieldwork took place from the first to the fifth of May 2017. To be able to do
clear documentation, use precise GPS location determination and be able to use
ArcGIS in the field the Yuma 2 tablet with windows 10 and ArcGIS installed is
used. Using the ArcGIS software the exact location of drill points is preserved
using GPS location verification. An Edelman drill to create soil profiles is also
used during the fieldwork. This Edelman drill can drill up to several meters of
sediment from the drilling point depending on the amount of connection. For
innovative third dimensional mapping a drone is used. The drone will be
controlled using a smartphone with the application DJI GO and Drone Deploy in
order to make flight plans to make precise pictures which can later be merged
into a third dimensional map using Agisoft Photoscap Professional.

Results
Soils literature

In the study done by Hirsch et al., (2017) the investigations done on the Late
Quartenary landscape the Baruth ice-marginal valley are extended and validated,
marker horizons described in the studes done by Kaiser et al., (2009) showed
the existence of Finow and Usselo layer and from what period of time these
layers originate. In these studies the attention goes to these two
paleopedological marker horizons. These marker horizons are formed by the
process in which the soil horizon is buried. In this case the Finow and Usselo
layer are buried by aeolian sand deposits. With the help of radio carbon dating
of the charcoal containing layers, an estimate on the horizon's age can be given.
Table 1 shows the characteristics of the horizons and the period in which they
were formed. With the help of the studies done by Kaiser et al., (2009) and
Hirsch et al., (2017) it is plausible to state that the age of the soils is well
determined. Important to notice is that the Usselo layer is formed between two
periods where dune formation processes were common namely: The ‘Younger
Coversand I’ (attributed to the Older Dryas) and underlies the aeolian ‘Younger
Coversand II’ (attributed to the Younger Dryas)(Kaiser, Hilgers, Schlaak,
Bussemer, & Przegietka, 2009). The Finow layer does not specifically underlie or
overlie a classified horizon.
Table 1 describing the characteristics and age of the two marker horizons, the Finow and the Usselo layer. van
Holthe tot Echten (2017).

Horizon

Finow
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Characteristics

Age

The
Finow
horizon
represents a 5–30cm
thick
brownish,
charcoal-bearing
weathering
horizon
which is buried by
aeolian sands (Bwb
horizon).

Radiocarbon dates placed
the
Finow
soil
predominantly within the
Younger Dryas Stadial (c.
11 550–12 650 cal. yr BP)
(Kaiser et al., 2009)

7

Usselo

The Usselo horizon is
5–20cm thick and is
normally characterized
by
slight
humus
accumulation,
the
presence of charcoal
and bleaching of the
quartz grains (Ahb and
Eb horizons).

Radiocarbon dates place
the
Usselo
soil
predominantly within the
Allerod Interstadial (c. 12
650–13 900 cal. yr BP) In
NWEurope, the Usselo bed
overlies
the
aeolian
‘Younger
Coversand
I’
(attributed to the Older
Dryas) and underlies the
aeolian ‘Younger Coversand
II’
(attributed
to
the
Younger Dryas)(Kaiser et
al., 2009)

Figure 3 Two-dimensional cut through a single transverse dune proﬁle h(x) (solid line) and the sand
ﬂux q(x) (dashed line) over it. Thewind is coming from the left (Dunes & Herrmann, 2004).

Type of dunes

There are four main types of
dunes
in
Brandenburg:
transverse, longitudinal, barchan
and parabolic dunes, also shown
in figure 4. In this scientific
research the Lange Horst Berge
can be classified in possibly two
of these types of dunes, a
transverse dune or a longitudinal
dune. Transverse dunes usually
appear in unidirectional wind
areas and areas with high
amounts
of
aeolian
sand
availability (Dunes & Herrmann,
2004). Transverse dunes are found in terrestrial sand seas with little vegetation.
The Baruth ice-marginal valley has been like a sand sea in the past during glacial
periods and thus made it possible for dunes to form. A transverse dune has a
specific shape. it has two sides. One side directly facing the wind. It is essential
that the wind direction is coming from the same direction for a long period of
time. In figure three the shape of the two sides is shown. The windward side
which is less steep than the slip face. sand particles are blown over the dune and
are deposited on the slip face of the dune. It is also possible that the Lange Horst
Berge can be classified as a longitudinal dune. Longitudinal dunes are formed
when barchan dunes become highly elongated. The longitudinal dune is formed
parallel to the wind direction and usually has a symmetric kind of shape (Reffet,
Pont, Hersen, & Douady, 2010).
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Figure 4 simplified visualization of the four type of dunes. source: https://letslearngeology.wordpress.com/dune-types/

Soils found

In figure 5, the locations of the drill and observation points are shown. By default
in ArcMap, shadow and light are shades of gray associated with integers from 0
to 255 (increasing from black to white). The points have strategically been
chosen and are distributed homogeneously over the research area to prevent
locally influenced data. All soil profiles can be found in Appendix A. The points 11
until 16 are clustered because these points were chosen in order to confirm or
dismiss the presence of the humic horizon which could indicate a marker horizon
and help to determine the genesis and age of the Lange Horst Berge.

Figure 5 hillshade map containing the drill and observation points acquired during fieldwork, van Holthe tot Echten, 2017.
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In most of the soil profiles, except for drill points 2,1,15 and 16, found in the
research area around the Lange Horst Berge, a layer containing organic material
was found. The layer also contained very fine charcoal and in some cases loessic
material. In the area of Brandenburg several soil profiles are common. During
the fieldwork some of these profiles were found. The profiles that can be found in
the Baruth ice-marginal valley are the following: Haplic podzols from aeolian
sand, Haplic Arenosols from aeolian sand, Dystric arenosols, Podzols, Gleyic
Arenosols from aeolian sands and Gleyic podzols from aeolian sands. All these
soils mostly are formed within aeolian sand deposits. The classification of these
soil profiles is used to compare them to the profiles found during the fieldwork
and to identify them. In the appendix the soil profiles found during the fieldwork
are shown. With the help of the World Reference Base, the soils are classified.
The majority of the soils show one or more layers with a red colour. This colour
originates from the oxidation of iron.
Soil classification
ID
WRB: Dystric Gleysols 2
from river sand
WRB: Gleyic Arenosols 10,11,13
and Gleyic Podzols from
aeolian sand / fluvial
sand
WRB: Dystric Arenosols,
Podzols and Gleyic
Arenosols from aeolian
sand / fluvial sand
WRB: Haplic Arenosols 3,9,14
from aeolian sand

Environment
Soils saturated with groundwater
for long enough periods to
develop
reducing
conditions
resulting in gleyic properties.
Podzols have an illuvial horizon
with accumulation of black organic
matter and/or reddish Fe oxides.
Podzols are usually located in
humid areas in the boreal and
temperate zones.
Arenosols are deep sandy soils.
They can be found in recently
deposited sands such as dunes.
A Haplic soil means that the soil
has a typical expression of certain
features
with
no
further
meaningful characterization.

WRB: Haplic Podzols
from aeolian sand
Table 2 showing the soil classifications found in Brandenburg with the corresponding ID's of the soil profiles found during
fieldwork. van Holthe tot Echten, 2017.

LiDAR and ArcGIS
With the help of a LAS to DEM tool within the LAStools, which creates digital
elevation models from LiDAR data, a hillshade map was created for the research
area containing a part of the Lange Horst Berge. This figure is a so called
hillshade map. A hillshade map shows the hypothetical illumination of a surface
by determining illumination values for each cell in a raster. It does this by setting
a position for a hypothetical light source and calculating the illumination values of
each cell in relation to neighboring cells (retrieved from: http://pro.arcgis.com/en/pro-app/tool-reference/3d-analyst/how-hillshade-works.htm , 1-7-
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2017). Six digital elevation models (DEMs) have been formed into one mosaic
dataset. Using this hillshade mosaic and the spatial analysis tool provided by
ArcMap cross sections are made. These cross section are orientated in a north to
south direction.

Figure 6 Hillshade map of the Lange Horst Berge containing the three cross sections created with ArcGIS, van Holthe tot
Echten, 2017.

Figure 7 Three cross sections orientated in a north to south direction from left to right, van Holthe tot Echten, 2017.
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The cross sections show corresponding features. A steep slope on the northern
side of the Lange Horst Berge and a less steep slope. Cross section however has
a depression on top of the cross section. This could be due to anthropological
influences. But generally, the cross sections have the same shape. This shape
with a steep 'lee side' or 'slip face' and a less steep slope 'windward' side
describes the features of a transverse dune.
The slope degree map derived from the LAS dataset, shows that the northern
side of the Lange Horst Berge has a steeper slope than the southern slope. This
can be noticed by looking at the red colour occurring in figure 8 which in this
figure indicates a steep slope. Respectively the yellow and green colours follow
the red steep slope from steep to less steep.

Figure 8 Slope (degrees) map with three classification categories, van Holthe tot Echten, 2017.

Drone results

Unfortunately the drone images could not be made into digital elevation models.
The photos taken above the canopy cover in this case the tree tops, could not be
distinguished. The software program Agisoft could not process these images and
thus made it impossible to create the digital elevation models. No other
programs were used because the resolution of the DEMs would have been too
low for usage. In further research the drone can be used when making digital
elevation models of a terrain that does not contain vegetation like trees. No
other software program was used to create third dimensional maps since the
outcome would probably not provide necessary information to classify the
genesis of the Lange Horst Berge.
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Discussion
Shape of the dune

Figure 9

Figure 9 shows that longitudinal dunes can be transformed into transverse dunes
with the help of unidirectional wind for a longer period of time. This could also be
the case for the Lange Horst Berge where the old dune was transformed during a
dry period with little to no vegetation on the Lange Horst Berge and a
unidirectional wind blowing in a north direction transforming the longitudinal
dune into a transverse dune.
Since the Lange Horst Berge shows no signs of the arms that characterise the
parabolic and barchan dunes the Lange Horst Berge can not be classified as
either a barchan or parabolic dune. Also as stated in the results the cross
sections created from the hillshade map and the slope degree map both show
that the Lange Horst Berge has a steep slope, the northern side and a less steep
slope, the southern side. This confirms the characteristics of a transverse dune.
However, the marker horizon found in the soil profiles does not show the shape
of a transverse dune. And there is no scientific literature that supports the
unidirectional winds that are needed to form a transverse dune. It might be
possible that the Lange Horst Berge was originally formed as a longitudinal dune.
Later during the Younger Dryas where dune formation and dune transportation
occured, the Lange Horst Berge might have been transformed into a transverse
dune.
Genesis of the Lange Horst Berge
The layer containing organic material and charcoal fragments found in soil
profiles are indications that could identify the marker horizons described in the
literature study. Comparing the soil profiles found during the fieldwork to the soil
profiles found in the studies done by Hirsch et al., (2017) and Kaiser et al.,
(2009), the probability that one of these two paleopedological marker horizons is
the humic layer identified in the soil profiles is becoming very likely. In the dark
layer the occurrence of organic material was noticeable. Charcoal was in some
cases, also preserved by the marker horizon. Since most of the layers contained
the humic marker horizon this might indicate that the horizon can be classified as
the Usselo layer. The Usselo marker horizon originates from the Allerod
interstadial (c. 12 650–13 900 cal. yr BP) (Kaiser et al., 2009). If this is the case,
Universiteit van Amsterdam
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the dune that uderlies the Usselo layer originates from the Older Dryas and
older. As stated before, the Usselo layer is formed between two periods where it
was possible for dunes to be formed namely the ‘Younger Coversand I’
(attributed to the Older Dryas) and underlies the aeolian ‘Younger Coversand II’
(attributed to the Younger Dryas)(Kaiser et al., 2009). The fact that the Usselo
marker horizon is formed in between these two cover sands and that in the soil
profiles found during the fieldwork the horizon lies on top of cover sand and is
buried by cover sand, the possibility to classify the marker horizon as a Usselo
layer grows. No second layer containing organic material was found and the old
dune was formed on top of the parent material originating from the Baruth icemarginal valley. Taking these observations into account, the Lange Horst Berge
probably consist out of two dunes formed in different periods of time. The old
dune was probably formed during the Older Dryas and the young dune was
probably formed during the Younger Dryas. Figure 10 shows an overview of the
dune formation periods and the periods in which the conditions were warmer and
wetter and made it possible for vegetation to grow without dune formation such
as the Allerod. If the marker horizon found in the Lange Horst Berge is a Finow
marker horizon, aeolian sand deposits underlying the horizon could originate
from the periods before the Younger Dryas Stadial (c. 11 550–12 650 cal. yr BP)
(Kaiser et al., 2009).

Figure 10 This figure shows the geological phases and the corresponding source: (Kaiser et al., 2009).

Also, the soils that were classified can be used to interpret the prevailing
envirorenments that were present at the time during the soil was formed. The
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soils that were found are Gleysols, Podzols and Arenosols. Gleysols are formed in
wet conditions. The soil is saturated with water which provides reducing
condistions resulting in gleyic properties. Soil ID 2 was classified as a Dystric
Gleysol and is located on the north side of the Lange Horst Berge. This could
indicate that prevailing conditions here were wet like in a swamp, also
characterising the Baruth ice-marginal valley. The Podzols that were found on
the Lange Horst Berge are formed in different conditions. As stated in table 2,
Podzols are formed in wet periods where it is possible for vegetation to grow.
Arenosols are typically found on sand formations like dunes (WRB, 2014).

Visualizing the results

When the soil profiles are combined with the cross section derived from the
hillshade map of the Lange Horst Berge, the position of the marker horizon either
classified as a Finow or Usselo horizon can be located through the Lange Horst
Berge. Important is to notice that the profiles found on top of the Lange Horst
Berge contain the marker horizon deeper in the soil profile. On the sides the
humic horizon is found more to the surface.
It is not safe to say that the marker horizon is found at these heights over the
whole length of the Lange Horst Berge. In order to prove this more drill points
need to be made. However with the results from this scientific research a
simplified cross section of the Lange Horst Berge has been created. Showing the
marker horizon in figure 11 and figure 12. Using the the soil profiles, the depth
of the humic horizon was sketched in a cross section created with ArcMap 3D
analyse tool. As stated before the humic horizon is located deeper in the soil
profiles on top of the Lange Horst Berge.

Figure 11 This figure explains the height of the marker horizon found in the Lange Horst Berge with the help of the soil
profiles found drilled at the corresponding heights.
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The simplified cross section shown in figure 12, is a simplification of figure 11
trying to put the observation done in the fieldwork into one figure. The results
from the fieldwork correspond with figure 12.

Figure 12 simplified cross section of the Lange Horst Berge with the north side (lee face) on the right and the windward side
on the left

Conclusion

In this scientific research the genesis of the Lange Horst Berge was questioned.
With the help of remote sensing, fieldwork observation and a literature study, the
genesis of the Lange Horst Berge is tried to explain.
To classify the Lange Horst Berge's shape, remote sensing, field observations
and literature was used to clarify. The cross section made with ArcMap all show
the asymmetrical shape of a transverse dune. Also, the observations done in the
field indicate that the Lange Horst Berge has the typical shape of a transverse
dune. However, no literature was found for the support of a unidirectional wind
coming from the south. This is needed to create the shape that is confirmed
during fieldwork and with the help of the cross sections. A possibility could be
that the Lange Horst Berge was previously formed as a longitudinal dune looking
at the humic layer shown in figure 12. this layer has a more symmetrical shape
than the present top of the Lange Horst Berge showing the characteristics of a
transverse dune. Eventually the Lange Horst Berge could have been transformed
into a transverse dune.
When looking at the formation time of the Lange Horst Berge, the marker
horizon found in the soil profiles is used to date the young dune but can also be
used for the determination of the age of the old dune because the Usselo marker
horizon and the age of its underlying material is known. This horizon indicates
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that the dune is formed during two periods of time. Based on the classification of
the marker horizon as either a Finow or Usselo marker horizon the formation
period differs. The Finow marker horizon is formed according to radiocarbon
dating within the Younger Dryas Stadial (c. 11 550–12 650 cal. yr BP). The
Usselo layer is formed according to radiocarbon dating predominantly within the
Allerod Interstadial (c. 12 650–13 900 cal. yr BP). However, the Usselo marker
horizon is mostly located between two cover sands. It overlies the 'Younger
Coversand I’ (attributed to the Older Dryas) and underlies the aeolian ‘Younger
Coversand II’ (attributed to the Younger Dryas) in North Western parts of Europe
where the Usselo layer is also located(Kaiser et al., 2009). Taking this into
account the marker horizon is likely to be the Usselo layer.
It is uncertain to say that the marker horizon is found across the whole length of
the Lange Horst Berge. To confirm this additional fieldwork is needed. Further
research could be conducted on other parts of the Lange Horst Berge since it's
full length is about 12 kilometres. If these parts of the dune complex are similar
to the observations done during this research the full length could be classified
and it might be possible to clarify if the Lange Horst Berge is one dune or that it
consists out of more dune complexes.
The use of the drone for third dimensional mapping needs to be further
investigated. It might be possible in the near future to use the drone as tool to
create digital elevation models above tree tops but this technique needs to be
further developed.
To give an overview of the knowledge acquired for the Lange Horst Berge, a
table was made. This table consists out of the different shapes the Lange Horst
Berge had and the formation period is also provided. Table 3 is provided on page
18.
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Simplified top view and cross section of the Lange Soils
Horst Berge first and second forming stage

Chronozones
in Lateglacial
and
Holocene

First stage of
dune forming

Haplic
Older Dryas
Arenosols
from aeolian
sand

Second stage
of dune
forming

Gleyic
Allerod
Arenosols
and
Gleyic
Podzols from
aeolian sand
/
fluvial
sand

Present

Haplic
Holocene
Arenosols
from aeolian
sand, Gleyic
Arenosols
and
Gleyic
Podzols from
aeolian sand
/
fluvial
sand

Table 3 Overview of the conclusions made during this research with generalized and simplified figures of the Lange Horst
Berge, Holthe tot Echten, 2017.
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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
Recignition 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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