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Abstract

Pre-industrial charcoal burning was an essential energy source for the iron industry in
Brandenburg, Germany. The remains of these charcoal production sites, relict charcoal hearths
(RCHs), are still visible in the current landscape. Previous studies have researched the
captivating dune formation in the Baruth Ice-Marginal Valley, northwest of Horstwalde, however
RCH mapping was lacking. In order to improve the overall knowledge and cultural
understanding of the Brandenburg landscape, this region was investigated with the assistance
of GIS, remote sensing and fieldwork. This research analyzed and mapped relict charcoal
hearths northwest of Horstwalde. This was achieved in three steps. Firstly, preprocessing: with
the use of Remote Sensing and GIS, possible RCHs were determined by their
geomorphological features. Then during fieldwork, field data containing the soil properties, land
use and RCH features were measured. Soil research and landscape features confirmed or
rejected possible RCHs. Finally, during the postprocessing, a map concerning the spatial
distribution of the RCHs was made and analyzed on spatial patterns. A total of 232 suspected
RCH points were identified, 44 of these sites were confirmed during fieldwork. 18 new points
and 14 high certainty points were confirmed RCHs. The majority of these sites were clustered
between 600 and 1300 meters north/ northeast of the study area. These RCHs were locationdependent. North/ northeast of the fieldwork area, parabolic dunes are more developed
compared to the west and therefore provide more wind protection. Also, the distance of
confirmed RCHs to the Horstwalde iron furnace and distance to the nearest roads were crucial
for historical charcoal production.
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Introduction
In the pre-industrial era, between the 16th and 19th century charcoal was a very common
energy source throughout western central Europe including Germany. In the Brandenburg
region, charcoal was primarily used as fuel for ironworks and other metalworking industries
(Raab, Bonhage, Schneider, Raab & Rösler et al., 2019) but also for glass- and brickworks
(Rösler, Bönisch, Schopper, Raab & Raab., 2012).
Charcoal smelting furnaces were used to obtain charcoal briquettes (Rösler et al., 2012).
In these furnaces mostly pine trees were stacked on one another, then covered with dirt and
other earth like materials and set alight (Hirsch et al., 2017). Soil overtopping was performed in
order to create close to anoxic conditions which were necessary to achieve high pressures and
acquire charcoal combustibles suitable as coking fuel (Hirsch et al., 2017). On average this
charring process took 20 days depending on the furnace size (Hirsch et al., 2017).
In the current landscape, the remains of this charcoal production are identified as relict
charcoal hearth (RCH), charcoal pits-, mounds-, or kilns. These features can be determined by
their geomorphological- and soil chemical properties. For instance, these artifacts are often
circular or elliptical platforms with a circumference of 6 to 20 meters and contain traces of
charcoal within the soil (Raab et al., 2019). Charcoal production was location-dependent,
specifically by physio-geographical factors such as availability of suitable wood for
charcoalization but also economic factors like the transport distance from the burning sites to
the ironworks (Raab et al., 2019).
Nowadays, experts are trying to understand the total impact of historic charcoal
production and landscape alteration and also improve already existing geomorphological maps.
Previous research has shown how human-made RCHs affect soil formation (Hirsch et al., 2017)
and wood chemical concentrations (Buras et al., 2020). Previously, geomorphological study has
mapped majestic parabolic dunes, North of Horstwalde (De Boer, 1992, 1995 and 2000).
However, a spatial analysis of RCHs in the dune section of the Ice-Marginal Valley is yet to be
discovered. Therefore, the following research question remains:
How are relict charcoal hearths spatially distributed on the parabolic dune formation in
the Baruth Ice-Marginal Valley, northwest of Horstwalde?
Sub Questions
●
●
●
●
●
●

What is the current knowledge of the geomorphology northwest of Horstwalde?
Which factors (natural and anthropogenic) influence the dispersion of relict charcoal
hearths?
How can the Trimble Yuma7 tablet and Propeller Aeropoints be used for identifying relict
charcoal hearths in the field?
How do relict charcoal hearths influence the surrounding soil?
What spatial patterns do RCHs have?
What potential explanations can be given about the distribution of the relict charcoal
hearths in the fieldwork area?

Fig 2: The fieldwork area in Horstwalde, Brandenburg, Germany. The Digital Ground Model (DGM1) data can be
used in accordance with the "Data License Germany - Attribution - Version 2.0" (https://www.govdata.de/dl-de/by-2-0)
and the DEM was derived from the LiDAR tiles available on the surfdrive
(https://surfdrive.surf.nl/files/index.php/s/piWOBHIlhEeRR3f/authenticate) (see also Appendix B).

Figure 3: The fieldwork area (blue) with digital orthophotos 20cm and terrain with label basemap. The data can be
used in accordance with the "Data License Germany - Attribution - Version 2.0" (https://www.govdata.de/dl-de/by-20) and was retrieved from WMS geospatial information website Brandenburg (https://isk.geobasisbb.de/ows/dop20c_wms) and ArcGIS pro (version 2.7).

Theoretical framework
The process from remote sensing to geomorphological mapping is complex. Therefore, to
obtain a clear understanding of the different aspects involved, short descriptions and theories
will be given in the following paragraph.

Key concepts

Geographic Information System (GIS)
A common method used for connecting data to maps. GIS is used to analyze information e.g.
through integrating location data and illustrative information, patterns and relationships in regard
to the environment can be understood (ESRI, 2022). GIS and remote sensing are inseparable.
Remote Sensing
The process of acquiring and observing physical characteristics of an area from a distance
(USGS, 2022).This can be useful for detecting spatial and temporal land changes. Satellite
imagery is a common (passive) remote sensing technique and takes place through obtaining the
reflected and emitted radiation of a surface area on earth from a distant satellite (USGS, 2022).
This is also a primary data source of our research.
Light Detection and Ranging (LiDAR)
An active remote sensing technique in which a laser scan provides information about the 3D
positions of the surface and objects on the surface (USGS, n.d.). LiDAR often contains large
files with millions of points forming a point cloud.
Digital Elevation Model (DEM)
Also known as a digital terrain model (DTM)
is a map depicting the height throughout a
landscape. This map is based on a raster
file in which each raster cell is acquired an
elevation value calculated with LiDAR.

Digital Surface Model (DSM)
A map showing the surface structure of a
landscape. Similar to a DEM this is a raster file,
however for this map the first return cloud point is
used to compute the surface instead of the ground
return point (RGIS, 2022).

Image 1a, 1b: Illustration of DEM and DSM (BureauStephan, 2016). A DEM is the basis for many secondary maps
such as the slope-, aspect and hillshade map (RGIS, 2022).

Relict charcoal hearths
Circular or elliptical remnants of furnaces for burning wood which date back to the 16th century

up until the mid-19th century (Raab et al., 2019). RCHs have an approximate wide span of 10
meters and are evident as elevated bumps throughout mostly forested landscapes.
Trimble Yuma7 Tablet
A device equipped with windows 10 and a 64 bit intel 1.10 GHz processor. This device can be
used as a computer or tablet and is used during fieldwork to collect information for ArcGIS Pro
in combination with GNSS (Global Navigation Satellite System). For more device information
see Trimble Yuma7 fieldworktablet user guide (references).
Propeller AeroPoints
A smart, lightweight and durable device which gives high precision ground position data. These
rectangular pads were used in sets of 2 and when turned on, provided automatic location data
with 20mm (X), 20mm (Y) and 50mm (Z) accuracy. This information is collected by comparing
the position data of a reference point with known coordinates. The minimum capture time for
these aeropoints is 10 minutes and data uploading is possible for csv., kml., pdf format and
takes only 30 minutes (Propelleraero, 2022).

Theories

The fieldwork area, northwest of Horstwalde is located in the Baruth Ice-Marginal valley
(German: ‘Urstromtal’) and is characterized by a well-preserved 17 row inland dune formation
(shown in yellow/orange).

Figure 4: 50 cm resolution Digital Elevation Model of the six 2x2 km fieldwork LiDAR tiles. The elevation in the LiDAR
tiles ranges from 47,15 to 69,015 meters height above normal null. The DEM is derived from the pointcloud LiDAR
data and is available on the surfdrive (https://surfdrive.surf.nl/files/index.php/s/piWOBHIlhEeRR3f/authenticate, tile
numbering is available at https://isk.geobasis-bb.de/ows/blattschnitte_wms. The data can be used in accordance with
the "Data License Germany - Attribution - Version 2.0" (https://www.govdata.de/dl-de/by-2-0)

In this unique dune area, there are parabolic dunes of up to 25 meters. These dunes formed
through both sand deposition during the late Weichselian age (roughly 25.000 years ago) and
also deflation and resedimentation of these sands during the Holocene (ca. 9.700 BP) (de Boer,
Snoek, 2016). The well conserved state of this dune area is particularly remarkable because in
the past dunes were often leveled for agriculture or deforested for charcoal burning (de Boer,
2000). Although this dune formation has been adequately preserved, future land use changes
due to anthropogenic actions are threatening.
Currently there are still many existing trees on this dune formation, however it is evident
that especially to the south of this formation land is being remade. Agriculture is present south
of this area and old military barracks are apparent to the north.
In order to understand the cultural and historical importance of the Horstwalde area it is
crucial to understand the geomorphology and environmental change of this area. Evidence from
the past can be used to help understand the present and improve current mapmaking.
Historical cartography was labor-intensive and inaccurate. With the current technology,
mapmaking is much more precise, borders and features from the past can be corrected and
improved. Also, with the tablet Yuma 7 tablet it is much easier to discover new landscape
features. However, current maps are still difficult to read and reproduce. Too many features
such as names, objects and symbols overcomplicate modern day maps which lose simplicity
making it hard to understand for a common person. Therefore, detailed and accessible mapping
is required. This research will show readers how to make comprehensive but concise maps of
relict charcoal hearths with the use of ArcGIS pro and the Trimble tablet. This way, old
geomorphology and topography maps can be updated and shared. Moreover, the knowledge
gained on this subject can be used to provide more precise regulations concerning land
management and preservation.
Also, revelations within this research can be used for similar areas with charcoal hearth
legacy sites or parabolic dunes. Baruth Ice-Marginal valley is a geomorphologically complex and
interesting region which requires an interdisciplinary view in order to understand the full
importance of this area. Hence, this research is a great learning moment to test the use of
LiDAR data for mapping and tablet handling for fieldwork. The manual ‘Trimble Yuma 7 Tablet
handling’ will provide useful information and tips and tricks regarding the tablet's GPS usage.
Also, details concerning map making with the use of the Propeller Aeropoints will be explained.
This guide equips students with the necessary academic skills for their future academic career.

Methods
The methodology of this research consists of three sections: preprocessing geodata, fieldwork
and postprocessing geodata. The procedure of all these parts is discussed and a step-by-step
guide is available in appendix A. Furthermore, the usage of the Trimble Yuma 7 Tablet is new.
For the sake of educational purposes this study provides an appropriate workflow module
called: ‘Yuma 7 Tablet handling’.

Preprocessing of the geodata

Prior to the fieldwork and preprocessing of geodata, two ArcGIS pro software educational
modules were made to get acquainted on how to work with point cloud LiDAR data ‘LiDAR data
Flevopark’ and on how to build an aprx project file ‘Building an aprx project file for maps of the
Baruth Ice-Marginal Valley in Brandenburg’, with the titles referring to the modules in the
references.
After following these two courses the mapping for the Horstwalde area started. First the
LiDAR data for six 2x2 km tiles provided by W.M de Boer at surfdrive was downloaded and
inserted into a new personal map package. Moreover, readily-to-use maps containing
orthophotos, topography, soil classification and geomorphology were also inserted into the map
package via the WMS server links given in the aprx module.
Then, with this LiDAR data a Digital Elevation Model (DEM) with a resolution of 50 cm
was constructed for the six 2x2 km tiles, following the steps in the aprx e-learning course.
Subsequently, several elevation derived maps with equal resolution were made in ArcGIS Pro:
contour-, hillshade-, aspect- and slope map. The tools referring to the names of these maps
were used in the making; for example: ‘Slope’ tool for the slope map. A project package was
made and downloaded on the Yuma 7 fieldwork tablet. With these maps especially the
hillshade, the DEM and the already available maps, namely Urmesstischblatt (from 1841),
digital ground model (DGM1 with 1m resolution), topographic map, geomorphology map, and a
map with digital orthophotos (DOP10 with 10 cm resolution color Orthophotos) relict charcoal
hearths were determined throughout the fieldwork areas.

Fig. 5 (left): Schematic drawing of a relict charcoal mound, consisting of a kiln with a raised inner surface and a
surrounding ditch (Raab et al, 2015).
Fig. 6 (right): Hillshade map (50 cm resolution) of LiDAR tiles & possible RCH location in fieldworkstrip 2.

For these maps, the focus was on the geomorphological characteristics of RCHs:
circular or elliptical bumps throughout the landscape with an approximate wide span of 10
meters and a slight elevation. In addition, these RCHs are often surrounded by a small ditch
(Raab et al., 2019).
To verify height differences for these bumps, the Dynamic Range Adjustment (DRA)
function was used to adjust the DEM colorscheme to the zoom extent which makes it easier to
see elevation differences. The profile tool was used as well to create and assess an elevation
profile of a cross-section. Then in the attribute table, new fields were added to these verified
point observations (see appendix A). At last all possible (‘suspected’) charcoal hearths were
given a point observation and color classification indicating a very certain suspicion of a located
RCH. To specify, the colors green indicate ‘high’ certainty, orange: ‘medium’ certainty and red:
‘low’ certainty.

Fieldwork

To determine the accuracy of the relict charcoal hearth mapping in the pre-processing phase of
this research, fieldwork took place. During a one week fieldwork the geomorphology and soil of
the landscape was investigated. Each possible charcoal hearth was reassessed. This was done
for all of the relict charcoal hearths detected via LiDAR and also for possible RCH sites
according to the RCH map classified by researchers from Cottbus (A Schneider, n.d.). For these
sites, the soil was inspected for any charcoal remnants indicating the presence of a RCH. An
auger, spade, camera, measuring tape and Munsell Soil Color Charts were used to inspect the
soil samples.
Moreover, information concerning the date of discovery, shape, diameter and soil
classification were directly noted for the observation points. This was done offline in ArcGIS pro
in the Yuma 7 tablet. Hence, data was not lost for instance because of no satellite connection
and/or no collector app synchronization. Due to the great versatility and power of the Yuma 7
tablet, it was also possible to effortlessly use the tablet as a computer and directly edit layers,
point features and save project packages and other files on the spot.
Additionally, for the verified RCH locations, a GPS-location pad (‘Propeller Aeropoint’)
was placed on each end of the charcoal hearth and the position of the RCH was determined
with an accuracy of up to 1 cm. This way, when standing on the relict charcoal hearth, the
accuracy of the fieldwork Tablet was tested and corrections for the GPS location and RCH
mapping were made.

Postprocessing of the fieldwork data

In the final phase, that of the post processing, the earlier made relict charcoal hearth maps were
readjusted. The RCH point observations were used to remap the charcoal hearths. Corrections
regarding the confirmation and location of these hearths were made.
The charcoal hearths were compared and assessed with the adjacent strips and two
joint-RCH maps were created. The first containing all possible relict charcoal hearth point
observations from the pre-processing research phase and the other containing all in the field
verified charcoal hearths. Statistical analyses then took place. The GPS accuracy was tested on
significance. Charts and diagrams were made to increase the uniformity and reproducibility of
the results.

At last, the ‘Trimble Yuma 7 Tablet handling’ module was created. All three stages of the
workflow were concisely written in the module. The field usage of this tablet was explained and
camera images/ camera usage were shown in the provided manual. The following goals will be
kept in mind during this process: 1) determine GPS accuracy, 2) understand landscape
dynamics, 3) document evidence of past land use and 4) compare the strip with the adjacent
surroundings. Also, an educational exercise regarding the tablet's GPS accuracy was made.

Results
In this chapter the results of the pre-processing, fieldwork and post-processing are shown and
outlined. The results are based on the data provided by W.M De Boer. Further details
concerning this data can be found in appendix B.

Pre-processing
Anthropogenic history
Historic charcoal production was an on-site process where humans were limited by their
livelihoods and surroundings (Raab et al., 2019). Hence, during the pre-processing of the LiDAR
data the two main location-dependent indicators for charcoal production were kept in mind when
looking for relict charcoal hearths, namely the availability of wood for charcoal production and
the accessibility of the charcoal production site.
Nowadays, the environment around the dune section looks rather different than preindustrial times. The map below depicts the current types of land usage in 2022. It is evident this
area consists of three main land use components. These are man-made pine forests used for
forestry, agriculture (croplands and livestock farming) and natural deciduous forest. The
Hammerfließ canal is also visible on the lower boundary of the fieldwork area and to the very
right the location of the guest house ‘Sonnenhof’- we stayed in- can be seen.

Figure 7: Land use polygon map of fieldwork area (1:17000 zoom extent) with Digital Orthophotos as background.
The data can be used in accordance with the "Data License Germany - Attribution - Version 2.0"
(https://www.govdata.de/dl-de/by-2-0; https://isk.geobasis-bb.de/ows/dop20c_wms)

For the most part, a monoculture of pine forests is present throughout the fieldwork area.
Most of the pine forests date back to the second World War, 70-80 years ago when
reforestation was extensive (FMFA, 2015). These pine trees have a short lifespan and are often
cut at maturation after approximately 20-30 years and then replanted (FMFA, 2015).
Although pine forests and a smaller section of deciduous trees, both suitable for
charcoal production dominate this area, this may not have been the case in the past. In fact, a
map by Schmettausches Kartenwerk (1767-1787) and Reichsamt für Landesaufnahme (1893)
suggests a Heide, with patches of mixed evergreen and broadleaf trees was present on top of
the dune formation, east of the town Schönefeld. Therefore the current forest composition and
distribution is different to pre-industrial times. The tree type and tree density has been altered.
Land use and land cover change has played a major role in this study area. Besides
charcoal production, land-leveling for sand excavation, plowing for agriculture and forestry were
also major sources of land change. In the past forests have been cut, elevation differences of up
to 20 meters have been leveled and surface texture has been strongly influenced. In the
hillshade map (fig 8a), a sand excavation site can be seen in red. At this location a fallen tree
with calcareous soil was found (see figure 14).

Fig 8a, 8b and 8c: Maps of land surface smoothness- from left to right- hillshade, digital orthophotos and land use.
The data can be used in accordance with the "Data License Germany - Attribution - Version 2.0"
(https://www.govdata.de/dl-de/by-2-0)

Figures 8a and 8b show a distinct contrast between agriculture and forests. Agriculture has a
much smoother texture compared to both the deciduous and pine woods, therefore it is
challenging to find objects like relict charcoal hearths on arable land. According to the
Urmesstischblatt from 1841 (figure 9a) agriculture was present north and south of the dune
formation of the research area. This means no trees were present for charcoal production
during the mid-19th century and therefore it is unlikely to find RCH sites in these areas.

Fig. 9a:
Urmesstischblatt
(UMTB) from 1841
(1:18000 zoom
extent) with
fieldworkarea in blue.

Fig. 9b: Messtischblatt
(MTB) from 1941/1942
(1:18000 zoom extent)
with fieldworkarea in
blue.

Fig. 9c: Digital
Topographic Karte
(DTK25) from 2003
(1:18000 zoom extent)
with fieldworkarea in
blue.

Apart from the availability of wood, the accessibility of the RCH site is also of great importance
when looking for possible RCHs. The distance to the nearest river or road was crucial for
determining the RCH possibility because water was necessary to extinguish the burning
charcoal hearth and also roads were needed to transport charcoal to the ironworks burning site
(Raab et al, 2019). Historical maps are very useful in finding old roads and charcoal
transportation routes. Figure 9a shows possible charcoal transportation routes in and around
the year 1841. Therefore this map was used as a guideline for finding possible RCH sites.
Based on the Urmesstischblatt from 1841 and the hillshade map (2012) two maps with possible
roads were made for 1841 and 2022 which can be seen in Appendix B. In these maps, these
roads indicate highly probable routes for the transportation of charcoal to the ironworks burning
site, (in German called: ‘die Smeltze’). Along these roads, possible RCH objects were found.
These ‘suspected’ locations were given a higher certainty compared to remote and inaccessible
sites. Charcoal production sites would logically be centralized around the roads in strip 2 and
strip 1 because these areas are closest to the burning site. At this burning site charcoal was
used to make iron and then transported and or traded via the Hammerfließ canal to other areas,
for instance the ‘Löffelschmiede’ in Gottow, see figure 10 (Hillenkamp, 2006, Wenzke, 1983).
The Hammerfließ river was canalized around 1750 and can now be seen as a straight line on
the land use map, but in reality this river was most likely situated 8.5 km lower to its current
path.

Fig. 10: Image of potential transportation routes for iron mining near Baruth. *3 Eisenschmelze Horstwalde, the
burning furnace of this research area, is located in the center of the iron extraction between the towns of Gottow and
Baruth and is connected to these villages via the Hammerfließ. Rüdiger Wenzke: Eisengewinnung bei Baruth im 18.
Jahrhundert. In: Heimatkalender für den Kreis Zossen, 1983, S. 35.

Another important point to keep in mind when looking for relict charcoal hearths is the
fact that charcoal production required monitoring. A monitor would watch the burning sites and
make sure this process took place properly for example by making sure no forest fires would
occur. For efficiency, it would be logical to have multiple charcoal production sites at the same
spot because this would require minimal monitoring and maximal production. Therefore
particular notice was paid for neighboring charcoal hearths.

RCH characteristics
Additionally, geomorphological features of the landscape were assessed to identify old charcoal
production spots. For this, the hillshade and DEM (with DRA function) were particularly useful.
In figures 11 & 12 examples of this usage can be seen.

Fig. 11a, 11b: Hillshade map and DEM map of a low certainty RCH site in fieldworkstrip 3

The figures above show examples of how possible RCHs were identified. Two low
certainty possible RCH points were identified in figure 11 of fieldworkstrip 3. These were
classified as low certainty points because the object's height difference is fairly sudden which
does not match the description of a RCH. This is visible with the DRA function in the close-up
box of the DEM map. The two point locations are much higher compared to its direct
surrounding which is approximately 1.2 meters lower than these two points. These locations
also do not have the usual circular shape which is common for a relict charcoal hearth.
However, these RCH points do have a diameter of 7.2 m and 6 meters and are accessible via
nearby dirt roads, hence these were classified as ‘low’ certainty points. A total of 25 possible
RCH sites were detected for the utmost western fieldworkstrip. All of these points were
classified as low certainty RCH sites.

Fig. 12a, 12b: Hillshade map and DEM map of a high certainty RCH site in fieldworkstrip 2

On the other hand, many more possible RCH sites with high certainties were
encountered in fieldworkstrips 1 & 2. For example in fieldwork strip 2, a cluster of six RCH sites
were identified which can be seen on the hillshade map in figure 12. These possible RCH points
contained both suitable geomorphological characteristics; round objects with an approximate
diameter of 10 meters, maximal height difference of 0.5 meters from top to ditch and nearby
roads, therefore matching the properties of a relict charcoal hearth.
A total of 232 possible relict charcoal hearths were visually identified with ArcGIS Pro. 25
were found in strip 3, 35 in strip 2 and 172 in strip 1. In figure 13 and table 1 all possible RCH
sites and the arrangement of certainties for each possible RCH is given.

Fig 13: Possible relict charcoal hearths and 50 cm resolution digital elevation model of fieldwork area. The data can
be used in accordance with the "Data License Germany - Attribution - Version 2.0" (https://www.govdata.de/dl-de/by2-0)
Table 1: Certainty framework of all possible RCH point locations.
1 (Low)

3 (Medium)

5 (High)

Total

Strip3

0

0

0

25

Strip2

17

8

10

35

Strip1

52

55

65

172

Fieldwork
During the fieldwork these possible RCH locations were individually identified. With the
assistance of GNSS and ArcGIS offline possible RCH’s were located and then observed in real
life based on their shape and elevation (see Trimble Yuma 7 Tablet handling). Although this was
sometimes difficult for some parts of the fieldwork area, due to micro-elevation from dunes, the
distinct RCH shape was often very clear. Subsequently, the ditch surrounding this bump was
found and multiple pits were dug. A soil profile was made and examined for charcoal. Evidence
of charcoal was fairly obvious because of the large charcoal lumps present which can also be
seen in the images below. Furthermore, a clear color difference was noted for soils containing
charcoal. The soil was much darker/ grayish compared to the usual light yellow/orange sandy
dune material. This charcoal-containing soil horizon was in most cases present in the topsoil
above the sandy dune material and below the humus layer. However, for a few sites the
charcoal layer was found between the sandy dune material, which is possible because of
redeposition of quaternary sands after charcoal production. Finally, after confirming the RCH,
two aeropoints were placed on each end of the RCH ditch and the coordinates of the specific
location were captured.

Fig. 14a, 14b and 14c: Example of a confirmed Relict Charcoal Hearth found on the border of strip 1 & 2 - from left to
right- circumference of RCH (in red) with an aeropoint placed on the RCH ditch, grayish-dark soil profile with 1.2
meter spade and charcoal chunks found within this soil profile.

In total 44 relict charcoal hearths were confirmed during fieldwork. 37 of these locations
were measured via the Aeropoints. There were 76 aeropoint locations measured of which two
propeller aeropoints were used to confirm a charcoal production area. This means 38 locations
were measured: 37 RCHs and one for an interesting encounter of lime deposits beneath a fallen
tree at aeropoint number 19 and 20. In Appendix C more information on this encounter can be
found.

Fig. 15: Map of aeropoint locations with point numbers and confirmed RCH locations area. The Digital Orthophotos
are used as background (https://isk.geobasis-bb.de/ows/dop20c_wms).

A previous study conducted by researchers from Cottbus found 19 RCH sites for our
specific fieldwork area (A. Schneider, n.d.). To be precise they located 1 RCH in strip 3, 7 in
strip 2 and 11 in strip 1. In comparison we located 6 of these RCH sites in strip 2, 11 points in
strip 1 and no points in strip 3. In table 2 the amount of possible and confirmed RCHs are
quantified and in figure 15 and 16 the confirmed locations are visualized.
Table 2: Quantification of the amount of possible and confirmed RCHs throughout the fieldwork area.
Strip 3

Strip 2

Strip 1

Total

Number of possible RCH
(this research)

25

35

172

232

Number of confirmed RCH
(this research)

1

20

23

44

RCH sites by researchers from
Cottbus

1

7

11

19

Fig. 16: Confirmed relict charcoal hearths and 50 cm resolution digital elevation model of fieldwork area. The data
can be used in accordance with the "Data License Germany - Attribution - Version 2.0" (https://www.govdata.de/dlde/by-2-0)

A noticeably larger number of relict charcoal hearths were confirmed in fieldworkstrips 1
and 2 in comparison to fieldwork strip 3. Respectively 23 and 20 compared to 1 in fieldworkstrip
3. Moreover, it is evident that some RCH clusters are visible, especially north/ northeast of the
fieldworkarea and in between the parabolic dune formation.
In fieldworkstrip 1 the effects of land leveling for agriculture were noticeable during
fieldwork. For instance, two large clusters of 12 and 29 high certainty possible RCH sites,
located approximately 250 meters and 700 meters west from the guest house and 100 meters
south from the parabolic dune formation, were noticed (see figure B3, appendix B). On the
hillshade map circular objects with a diameter of 7 to 10 meters are visible. However, these
points were not present in the field. These objects were not recognizable during the fieldwork
and after soil examination no charcoal or soil color differentiation was found. The field was
leveled and plowed for agriculture and no elevation differences were noticeable. During the
fieldwork this area was used as a pasture for cattle and there was very little vegetation present
on this field. In the Urmettischblatt from 1841, it can be seen that the land for this area was
already remade for agriculture which means long term agriculture has taken place. Plowing was
strongly visible on the hillshade map and also during the fieldwork.

Post-processing
Patterns

Fig. 17: Visualization of RCH clusters. The data can be used in accordance with the "Data License Germany Attribution - Version 2.0" https://www.govdata.de/dl-de/by-2-0)

Figure 17 shows 4 major clusters of RCH locations sided between the arms of major
parabolic dunes. All these areas are (semi) protected against wind and lie on flat slopes in
relatively low elevation areas, in between the arms of the parabolic dunes. To the north and east
of the fieldwork area, more relict charcoal hearths are dominant. At these locations the parabolic
dunes are the largest and the elevation tops are the highest.
Another important factor concerning charcoal production was the accessibility to
transport charcoal to the ironworks burning site (Horstwalde Eisensmelze). One can assume
that transportation routes to the furnace took place via the closest roads and tracks (Raab et al,
2019). According to figure 1a in appendix B this means transportation routes were all dirt roads.
As shown in figure 18, the ‘Horstwalde Eisensmelze’ is located on the lower middle section of
the fieldwork area. With the Buffer tool, a 100 meter boundary was made surrounding the roads
from 1841. This can be seen In figure 18. These buffer roads intersect the confirmed RCH sites,
especially directly north of the furnace.

Fig. 18: Map containing confirmed RCH locations and roads and tracks from 1841 with a 100 meter buffer. The data
can be used in accordance with the "Data License Germany - Attribution - Version 2.0" https://www.govdata.de/dlde/by-2-0)

Fig. 19: Scatterplot of distance from confirmed RCH sites to furnace and to nearest roads. On the x-axis the distance
to the nearest road can be seen and on the y-axis the radial distance (in meters) between confirmed RCH points and
the burning furnace ‘Horstwalde Eisensmelze’ is visible. The roads are based on the Urmesstischblatt from 1841.

Clusters of RCHs are also confirmed through data-analysis. The distance from the
Aeropoint confirmed RCH locations to the burning furnace can be seen in figure 19. The
confirmed RCH sites are all in relatively close proximity to the burning furnace, no further than
1.7 km. The further to the east or west from the fieldwork area, the less confirmed RCH sites are
present. Moreover, distant RCHs are closer to roads, especially large dirt roads. The maximal
radial distance from the ironworks burning site to the furthest RCH location is 1776 meters. The
overwhelming majority of confirmed charcoal production sites are between 635 and 1303
meters from the furnace with a mean of 1023 meters. No relationship was found between the
distance to the furnace and the diameter size of the RCH. Moreover, the majority of the
confirmed RCHs were ‘high’ and ‘new’ certainty locations. In table 3 the certainty framework for
the different confirmed RCH locations can be seen. 18 of the confirmed sites were new. These
newly found points were often very close to other found or denied RCH locations.
Table 3: Certainty framework of all confirmed RCH point locations.
1 (Low)

3 (Medium)

5 (High)

New

Total

Strip3

0

0

0

1

1

Strip2

0

4

7

9

20

Strip1

1

7

7

8

23

Total

1

13

14

18

When investigating the accuracy of the RCH point location it was also possible to
compare the direct distance between the ArcGIS pro point feature locations with the Propeller
Aeropoint position data.

Fig. 20: Scatterplot of the distance (offset) between predicted RCH location and actual RCH location in meters.

In figure 20 the location offset, difference in distance between the xy coordinates of the
point features and confirmed points adjusted to the aeropoint locations, is quantified. This way
the location accuracy of the pre-processing could be tested. 18 newly found confirmed fieldwork
points were removed from the 44, hence 26 RCH points are visible in the figure above. An
interesting point to note is that these new points are very close to nearby points, no further than
15 meters from the closest confirmed RCH site except for the confirmed RCH site in fieldwork
strip 3. For the confirmed sites which were discovered during the pre-processing no more than
4.65 meters difference was noted between the Aeropoint coordinates and the point features.
Moreover, 13 of the 26 point features did not deviate from the Aeropoint location. RCH locating
during the pre-processing is therefore fairly accurate given the fact that the objects were
identified via digital maps such as the hillshade and slope map.

Discussion
This section will discuss the interpretation of the results. Also, the implications and limitations of
this research are mentioned. Lastly, recommendations for future research are made.
Pre-industrial charcoal production was a local activity which was strongly controlled by
the availability of suitable wood for charcoalization and the transportation distance from the
burning sites to the ironworks (Raab et al., 2017). The anthropogenic history and historical
maps are therefore of great importance for understanding the charcoal production process and
determining possible RCH locations. Schmettausches Kartenwerk (1767-1787) indicates on a
mesoscale a mixture of shrublands, pine- and broadleaf trees on and around the dune formation
and the Urmettischblatt (1841) shows possible transportation roads along these dunes.
However, highly detailed cartography and historical data for our specific fieldwork area is
lacking. Therefore, it is challenging to know exactly where, what type of and how many trees
were available for charcoal production. Research by Schmidt et al (2016) argue that beechdominated deciduous forests on hillsides were particularly ideal for charcoal production and in
areas similar to Horstwalde in Germany and even throughout Europe. Eventually due to the
overexploitation of these woods near the end of the 19th century changes in the composition of
these forests were made which is in accordance with FMFA (2015). Locals were forced to be
selective with their wood source and were therefore restricted to certain areas for the production
of charcoal. At this stage it was most likely that pines were introduced to this area and charcoal
production was heavily declined. Land was remade for forestry and agriculture. This information
is very useful because it is highly feasible that the compositions of these woods differed from
east to west. To the west of the dune formation especially small, micro-relief is present and to
the east more larger parabolic dunes are evident. It is possible pine- and broadleaf trees
naturally flourished on these larger dunes east of the fieldworkarea. Perhaps patches of suitable
trees for charcoal production were only available to the east of the fieldwork area, hence locals
were forced to produce in these certain areas. Further research is necessary on the tree type
and wood composition during the pre-industrial times for the fieldwork area, northwest of the
town Horstwalde.
The wind also has a big impact on the location of the RCHs (van Iterson, 2022). The
confirmed RCH sites were clustered, in between parabolic arms of dunes and on relatively flat
slopes where wind protection is at its highest (Rijsdijk, 2022). To the east of the fieldwork area
these parabolic dunes are much more developed and provide more wind protection from the
dominant Westerly Winds (De boer, 2000). This could be an additional reason as to why more
confirmed sites were found to the east of the fieldwork area.
Another point to consider is the distance of the RCH’s to the ironworks. In figure 19 the
radial distance of various confirmed RCH locations to the furnace are shown. It is apparent that
the majority of relict charcoal hearths are located not too far from the ironworks. Fieldworkstrips
1 and 2 are closer to the Horstwalde Eisensmelze therefore naturally there is a higher number
of confirmed RCHs. Moreover, there appears to be a negative relationship between the RCH
distance to the furnace and RCH distance to the nearest road. Remote RCH sites are closer to
roads, because transportation must be optimal. This way charcoal could easily be transported to
the Horstwalde Eisenmelze but also the Unterhammer Schönefeld and Oberhammer Paplitz.

During the pre-processing it was evident that detecting possible suspected RCH objects
on certain land areas was challenging. For instance in the western section of the fieldwork area
micro relief deterred the landscape and complicated the use of the DRA function. Small bumps
in the landscape created many small arrangement changes and therefore the slight height
difference of a charcoal mound and ditch were much less visible. The elevation profile was also
not always very effective for detecting possible RCH sites because the height profile strongly
relied on the angle of the sketch. The height profile was mainly useful for clear cases of high
certainty RCH points. Furthermore, areas with long term land reformation such as arable land to
the south and north of the dune formation showed strong plowing patterns that diminished the
look of the natural landscape. This negatively affected the DRA function and profile tool which
may have resulted in overlooking possible RCH points during the pre-processing. Moreover,
continuous plowing for agriculture could have mixed the soil profile and enhanced soil erosion
resulting in the loss of charcoal-containing soil and its distinct color.
Despite these setbacks, RCH detection during the fieldwork was proven successful. The
large number of ‘new’ certainty confirmed points show the importance of fieldwork and the
practicality of RCH detection with the Yuma7 tablet. Navigating RCH points with GNSS and
ArcGIS pro was fairly easy and straightforward with the use of the tablet. Once arrived at
location, RCHs were clearly visible and after soil examination decisively confirmed or denied.
The RCH finding skills progressively improved along the way and after day 2 of the fieldwork
excursion, the researchers were well acquainted with the materials. RCH detection with ArcGIS
pro and the Yuma7 fieldwork tablet was practical. Low certainty points were in all cases except
for 1 point non-RCH locations and high certainty points were very often confirmed RCH sites.
Also, many new RCH points were located near neighboring high certainty points. Clusters of
relict charcoal hearths were found between the parabolic arms of dunes and or nearby roads.
Finally, there are some recommendations. The joint possible RCH map contained nonidentical layouts and symbology design between the researchers. For instance, the attributes
differed between the fieldworkstrips. On the first day only the diameter of a relict charcoal hearth
was measured and on all other days, both the slope diameter and perpendicular diameter were
measured. This meant new attributes were added on day 2 and the diameter data was not
identical for all points. Also the certainty scale between the strips was different. Fieldworkstrip 1
and 3 contained an ordinal scale of ‘low’, ‘medium’ and ‘high’ and fieldwork strip 2 had a range
of between 1 and 5. Besides, the color scheme for all the individual fieldworkstrips were
different. It was very time consuming to correct these basic attributes after the pre-processing.
Therefore it would have been beneficial if there was even more communication between
researchers.

Conclusion
To conclude, relict charcoal hearths show a clumped dispersion pattern in the Baruth IceMarginal Valley, northwest of Horstwalde. RCH sites are clustered, north of the Horstwalde
Eisensmelze and northeast of the fieldworkarea. These locations lie in low elevated wind
protected areas, in between the arms of parabolic dunes and in very close proximity to nearby
roads and the ironworks furnace. The majority of the RCH sites were within a 100 meters
distance to the nearest road and within 1300 meters distance to the furnace. The socio-cultural
and environmental factors were crucial for determining the location of relict charcoal hearths.
Based on historical maps from the pre-industrial era, wood availability for charcoal production
and its potential transportation routes could be determined. However, a detailed arrangement of
the wood composition on top of the dune formation is still open for debate. Areas with long term
agriculture, north and south of the parabolic dune formation showed strong plowing patterns and
were unlikely locations for charcoal production. The hillshade map was proven useful for
detecting RCH points. A total of 232 suspected possible RCH points were identified. 44 of these
sites were confirmed during fieldwork. High certainty points were in most cases confirmed relict
charcoal hearths. Also many new RCH locations were found during the fieldwork. ArcGIS pro
offline and the Yuma7 tablet were very useful for navigation and on-site point change making.
Furthermore, with the assistance of the aeropoints, highly detailed RCH positioning was
determined and new detailed RCH mapping on the dune formation northwest of Horstwalde was
made.
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Appendix A
Yuma 7 Tablet Handling
Learning how to work with the Yuma 7 Tablet during fieldwork
This workflow module was created to introduce basic applications and information concerning
ArcGIS pro and the Yuma7 tablet. In this assignment, various questions and tasks are put
together with the intention of expanding your ArcGIS pro knowledge and skills in the field. This
module is set up in three sections: ‘introduction to tablet’, ‘ArcGIS’ and ‘fieldwork use’ and is
focused on the RCH mapping in east Germany.
The goals are:
- Create a feature
- Determine GNSS accuracy
- Document evidence of past land use and compare with surroundings

Introduction to Yuma7 tablet

Turn on the tablet. Select the correct user and login with your specific password.
Connect to the local wifi network by selecting the network icon on the bottom right screen.
Choose your wifi network and connect.
To get the Yuma7 in tablet mode you must check if the tablet icon is on (blue). Sometimes the
touchscreen does not instantly work. To fix this press right bottom on questionnaire icon→ all
settings → Time & Language → Language → Spelling, typing & keyboard setting (at the bottom
in blue) → Touch keyboard turn on last option: ‘Show the touch keyboard when not in tablet
mode and there’s no keyboard attached’
For more information about the tablet see the computer user guide.

ArcGIS
Start ArcGIS Pro | choose New | map. Create a New Project. Name the project
‘Yuma7_tablet_handling’. Save your project.
Double click Map in the contents pane and make sure your projected Coordinate System is set
to the correct projection (current xy: ETRS 1989 UTM Zone 30N, current z: DHHN92). With the
help of the aprx project file ‘Building an aprx project file for maps of the Baruth Ice-Marginal
Valley in Brandenburg’ make a DEM map for the provided LiDAR tiles. Then make several DEM
derived maps such as hillshade and slope map. Insert your fieldwork layer file and zoom-in to
your specific strip. Use the WMS service maps (appendix B) and self-made maps to help find
charcoal hearths within your fieldworkarea.

Go to the geoprocessing pane and create a new feature class. Make this a point feature class
and give this feature class the name ‘RCH’ and add the fields ‘confirmed [text]’ and then click
Run.
Add new field (tool: ‘add field’). Select input PointObservations, give a new field name: ‘time and
date’, select run. Apply this method for the following six fields: ‘Certainty’, ‘Diameter slope
direction, ‘Diameter perpendicular’, ‘Shape RCH’, ‘Soil’ , ‘Description’.
Now follow this manual by a fellow student to turn on GNSS and work in ArcGIS Pro offline.
Wait for the GPS accuracy to be below 5 meter. If this value is not decreasing or randomly
going up and down, move to another room or area. Eventually this value should go down and
the GPS accuracy location point should be visible on the map.

Fieldwork use

Now navigate to the made point location. Identify the landscape for an elevated surface and find
the ditch surrounding this mound. Make multiple pits along this ditch with an auger and spade.
Lay the soil profile neatly and determine the soil color using the Munsell Soil Color Chart and
look for any charcoal remnants.
Charcoal in soil: No → Attribute table point feature| Confirmation | reject
Yes→ Attribute table point feature| Confirmation | confirm | fill in attribute details

Mapmaking

All points have either been rejected or confirmed and maps can now be made. This can be done
via the symbology pane | unique values | select the correct attribute for your personal map.

Appendix B

Fig B1: Map of roads and tracks for 1841 based on Urmesstischblatt (UMTB) with digital orthophotos 20cm. (1:18000
zoom extent) The data can be used in accordance with the "Data License Germany - Attribution - Version 2.0"
(https://www.govdata.de/dl-de/by-2-0; (https://isk.geobasis-bb.de/ows/dop20c_wms)

Fig B2: Map of roads and tracks for 2022 based on the hillshade map with digital orthophotos 20cm. (1:18000 zoom
extent) The data can be used in accordance with the "Data License Germany - Attribution - Version 2.0"
(https://www.govdata.de/dl-de/by-2-0; (https://isk.geobasis-bb.de/ows/dop20c_wms)

Fig B3: Hillshade map with high certainty suspect RCH points in fieldworkstrip 1. These points were not present
during fieldwork. Signs of long term plowing were visible. The data can be used in accordance with the "Data License
Germany - Attribution - Version 2.0" (https://www.govdata.de/dl-de/by-2-0).

Metadata
Ready-to-use maps
Table B1: data source external map layers
Name of data

Description

Format

Scale

Publish
date

Source

Horstwalde2022.lasd

LiDAR tiles 2022

.lasd

1 m resolution,
2 x 2 km tiles
(6x)

2011-2012

https://surfdrive.surf.nl/files/index.
php/s/piWOBHIlhEeRR3f/authenti
cate

Dataset Tiles 2022.lasd

DEM dataset LiDAR tiles
2022

.lasd

1 m resolution,
2 x 2 km tiles
(6x)

2011-2012

https://surfdrive.surf.nl/files/index.
php/s/piWOBHIlhEeRR3f/authenti
cate

WMS BB-BE DOP20c

Digitale Orthophotos 20cm
Bodenauflösung Farbe

WMS
service

20 cm
resolution

2022

https://isk.geobasisbb.de/ows/dop20c_wms

WMS BB-BE DGM 1m

Digital elevation model

WMS
service

1m resolution

2021

https://isk.geobasisbb.de/ows/dgm_wms

WMS BB-BE DTK25
Farbe Cache

Digital topographic map (1
cm = 250 m)

WMS
service

1:25000

2003

http://isk.geobasisbb.de/ows/dtk25farbe_wms

WMS BB-BE
Blattschnitte

Tile zip codes

WMS
service

1:75000, 2 x 2
km tiles

2022

https://isk.geobasisbb.de/ows/blattschnitte_wms

Urmettischblatt

Historical topographical
map of Brandenburg region
in 1841

.jpg

4.86 pixel
resolution,
~4.2 x 5.4 km

1841

https://surfdrive.surf.nl/files/index.
php/s/piWOBHIlhEeRR3f?path=%
2F2022%20BSc%20Research%2
0RCHs%20Horstwalde

Messtischblatt

Historical topographical
map of Brandenburg region
in 1941/1942

.tif

2.15m pixel
resolution,
~4.2 x 5.6 km

1941

https://surfdrive.surf.nl/files/index.
php/s/piWOBHIlhEeRR3f?path=%
2F2022%20BSc%20Research%2
0RCHs%20Horstwalde

WMS BB-BE Schmettau
Cache

Historical topographical
map of Brandenburg region
between 1767 and 1787.

WMS
service

1:50000

1767-1787

https://isk.geobasisbb.de/mapproxy/schmettau/servic
e/wms

Note: spatial reference for Digital Schmettau Cache map is WGS 1984 instead of ETRS 1989 UTM Zone 33N like for
all other layers

Joint layers
Suspected RCHs
Title

Suspected_RCHs

Tags

‘RCHs’, ‘Preprocessing’,’Horstwalde’,’Fieldwork’,’2022’, ‘Bachelor’, ‘Thesis’

Summary

This layer contains a map of all possible relict charcoal hearths (RCHs) in strip 1, 2 and 3. The possible
RCHs are digitally determined and are rated on a certainty scale of three levels: low, medium and high.

Description

The possible RCHs were determined with the help of elevation maps like a DEM, Hillshade and Slope
map. Characteristic geomorphological features of RCHs such as circular, flat, elevated surfaces were
sought on the elevation maps. Point features were created for every suspected RCH and a certainty
level of low, medium or high was assigned to each point.
Spatial reference:
Current xy: ETRS 1989 UTM Zone 33N
Current z: DHHN92
Raster cell size of DEM: 0.5 x 0.5 m

Credits

Name: J Rijsdijk, TW Konijn, RE van Iterson
Date: 30-05-2022
University of Amsterdam
Further enquiries: j.rijsdijk@student.uva.nl, t.w.konijn@student.uva.nl, e.vaniterson@student.uva.nl ,
w.m.deboer@uva.nl

Confirmed RCHs
Title

Confirmed_RCHs_Strip_1_2_3

Tags

‘Confirmed’, ‘RCHs’, ‘Fieldwork’, ’2022’, ‘Bachelor’, ‘Thesis’

Summary

This layer contains all RCHs that were confirmed during fieldwork.

Description

This layer contains all possible and new RCHs that were confirmed during the fieldwork.
Spatial reference:
Current xy: ETRS 1989 UTM Zone 33N
Current z: DHHN92
Raster cell size of DEM: 0.5 x 0.5 m

Credits

Name: J Rijsdijk, TW Konijn, RE van Iterson
Date: 30-05-2022
University of Amsterdam
Further enquiries: j.rijsdijk@student.uva.nl, t.w.konijn@student . uva.nl, e.vaniterson@student.uva.nl ,
w.m.deboer@uva.nl

AeroPoints
Title

AeroPoints_Fieldwork_2022

Tags

‘Aeropoints’, ‘RCHs’, Horstwalde’,’Fieldwork’,’2022’, ‘Bachelor’, ‘Thesis’

Summary

This layer contains the AeroPoint locations that were retrieved during fieldwork.

Description

This layer contains the AeroPoint locations that were retrieved during fieldwork, placed on the edges of
the confirmed RCHs.
Spatial reference:
Current xy: ETRS 1989 UTM Zone 33N
Current z: DHHN92

Credits

Date: 30-05-2022
University of Amsterdam

Personal layers
The metadata for the personal layers and WMS service layers can be found here or in the
Bsc_thesis_Timothy_Konijn project package.

Appendix C
In this chapter some of the many interesting fieldwork encounters are displayed and discussed.
These items provide additional information to this research.
Lime deposits

One of the very first special encounters was that of
the lime deposits. On the lower boundary of the
dune formation, northwest of the town Horstwalde,
these lime deposits (so-called
‘Wiesenkalkbildungen’) were found beneath a fallen
tree. In figure C1 the found lime deposits beneath
the fallen tree is visible. These lime deposits have
been previously described by de Boer (2000) and
are only found in the dune section of the icemarginal valley. These lime deposits formed in
shallow depressions and were most likely caused
by the removal of the place stone (Ortsteinschicht)
soil horizon of the podzol soil which resulted in the
deflation of loose sands. This empty space was
then refilled with lime deposits. The exact date of
origin of these lime deposits is unclear however
these deposits are assumed to be younger than the
lower peat layers dating back to the Alleröd and of
Bölling age (14,690 to 12,890 BP) (De Boer, 2000).

Fig C1: Lime deposits beneath a fallen tree (aeropoint 19 & 20)

Alte Pechhütte Horstwalde

A few hundred meters west of the pension
Sonnenhof, an old tar production site (‘Alte
Pechhütte Horstwalde’) was found. Charcoal
fireplaces were also set up for the extraction of
tar (from the raw resin of coniferous trunks).
The extracted tar was an important by-product.
This water repellent viscous liquid was used to
seal gaps and cracks and for the coating of
ships and other wooden surfaces. This location
can also be seen on the Urmettischblatt from
1841.

Fig. C2: Schematic drawing of the pitch oven in Horstwalde. (Fiedler, 1961)

World War II artifacts

Fig C3a & C3b: Tank pits (left & right), north of fieldworkstrip 3.

Fig C3c & C3d: A trench found in fieldworkstrip 2 (left) and an anti-tank grenade in fieldworkstrip 1 (right).

The Brandenburg region was subject to intense fighting during the Second World War. Russian
and German soldiers fought fiercely throughout the region leading up to the encircling of Berlin
(Europe Remembers, 2021). For instance around Halbe, a town only 20 km east of Horstwalde,
heavy fighting occurred between Soviet and Nazi forces which cost the lives of approximately
40.000 people (Europe Remembers, 2021). As a result many artifacts from World War II are still
recognizable today. For example clusters of tank pits and large bomb craters with diameters of
up to 20 meters were found in the fieldworkarea. Figure C3a and C3b images of tank pits are
shown. These pits were used to safehouse military equipment and potentially hide tanks against
enemy airstrikes. In fieldworkstrip 2 a trench was also visible. Along this trench an empty bullet
casing was found. Last but not least in fieldworkstrip 1 a grenade was found. This grenade was
visible on top of the surface, along the path of a plowed pine forest.

