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Abstract
Charcoal was a highly needed source of energy and was widely used between the 17th and 19th
centuries (Raab et al., 2015). Previous research (Schneider, 2018) has shown that the area around
Horstwalde, Brandenburg shows signs of pre-industrial charcoal production in the form of relict
charcoal hearths. This research investigates how RCHs were dispersed in relation to geomorphological
landscape features. The research was conducted on a 2 by 2 km area surrounding the village of
Horstwalde, Brandenburg. The resesarch area is known for its parabolic dunes (Fiedler, 1955; De Boer,
1990; De Boer, 2000) and previous research has shown the presence of paleo river streams in the
landscape (Koning, 2017; Boone, 2017). The RCHs were detected using LiDAR data and ArcGIS. The
paleo river features were detected using a broad range of data and maps. Throughout the process,
ArcGIS Modelbuilder was used to document the process. Results show that the dunes were a preferred
area for building a RCH. RCHs were also found to be more common closer to the paleo streams,
showing an exponential relation. However, the RCHs that were located in agricultural fields (16 out of
45) showed that the placement of RCHs in proximity to rivers was random, which leads to the belief
that detection of RCH sites that were partly destroyed by ploughing could cause distortions in research
results. When the 16 RCHs located in agricultural fields were excluded, the exponential relation of
placement of RCHs in proximity to paleo river features increased.
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Introduction
Much of the history of human kind lays buried beneath the surface of the present landscapes.
Previously, these landscape features were kept unnoticed because of the lack of technology. But
technology today can lay these historic landscape features bare using Light Detection And Ranging
technology (LiDAR). This research will investigate one of these historic places hidden beneath the
surface and provide more knowledge about human landscape interaction.
According to De Boer (1995), Hirsch (2017) and Usinger (2004) the Baruther Ice-marginal valley
has known a dominant vegetation of pine forests on dunes since the 12th century and pine vegetation
is still present on the dunes today. From 1750 until the late 19th century, pine wood was used as a
primary source of energy in the form of charcoal. Charcoal was of great importance because of the
high temperature that could be reached when it was burned. These high temperatures were needed
to generate enough heat to melt iron in the nearby ‘Schmelze’, a historic ironwork at 1,5 km west of
Horstwalde. The ‘Schmelze’ was built in 1750 and ceased operating in the late 18th century (Stadtbaruth-mark, n.d.).
To generate large quantities of charcoal and thus promote iron production, charcoal hearths
were build. These hearths consisted of wood that was stacked up and covered with leaves and a
mixture of soil and water to make the burning process anoxic which resulted in high quality charcoal.
Raab et al. (2016) shows a detailed overview of the locations that have been investigated for
the presence and characteristics of RCHs (Table 1). The geomorphology that was present in these
research papers where slope, flat land or slope and flat land. Most of the investigated cites showed a
slope geomorphology (Table 1). It is thought that RCHs can often be found on slopes because it made
transporting wood from up the slope and transporting the charcoal downhill more easily (Hildebrandt
et al., 2007; Knapp, Robin, Kirleis, & Nelle, 2013; Raab et al., 2016). Therefore much of the research
has been focussed on sloped areas and not much research has been done to compare between flat
land and dune areas.

Table 1. Overview of research on slopes and/or flat land (Raab, 2016)
The area of Horstwalde is known for its parabolic dunes (Fiedler, 1955; De Boer, 1990; De Boer,
2000) (figure 1). These dunes provided the opportunity to build a hearth on a downslope platform,
which would be a preferred location due to the reduced labour that was needed for transportation of
charcoal and wood (figure 2). Therefore, it is likely that the density of RCHs will be higher in the area
with dunes. In this research, it will be investigated whether dunes actually were a preferred site over
flat land and to what extend slopes were preferred over flat land sites.
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Fig. 1: Ridges of the dunes near Horstwalde (design
and drawing: W. M. de Boer with the use of the
topographic maps on a scale of 1:10 000): 1 - ridges
of dunes (smaller dunes not shown), 2 - height (in
metres above sea level)

Fig. 2: Scheme of the build-up of a
charcoal kiln site on a slope (Stolz,
Böhnke, & Grunert, 2012)

Furthermore, another geomorphological aspect that might have influenced the placement of
RCHs is hydrology. A mixture of water and soil was needed during the process of building up a charcoal
hearth. RCHs were covered with a mixture of soil and water (mud) that made the burning process
anoxic, which was necessary to produce high quality charcoal. Water could also have been used to cool
down the RCHs to prevent forest fires, but this has not been mentioned in earlier research. The relation
between the placement of RCHs in proximity to rivers and streams is briefly mentioned as a possibility
in Kluiving & Guttmann-Bond (2015) p. 167 in which the results from the excavation on the area of the
Jänschwalder Heide (Lower Lusatia, southern Brandenburg) are discussed. Nevertheless, further
research on this topic is yet to been done. Therefore this research aims to investigate site selection in
relation to distinct water features in the landscape and determine if there is indeed a relation between
water supply and placement of the RCHs in proximity to a water supply nearby.
To investigate this relation, the (previous) hydrology of the area has to be taken into account.
The canal Hammerfließ is the main water supply that currently flows through the research area. This
flow was man made in 1750 for the purpose of transporting ‘Ortstein’ (bog iron from soil horizon
containing iron oxide and organic matter), fuel (wood and charcoal), iron and for cooling down
processes in the ‘Schmelze’ during the production of iron. The hydrology before this time is thought to
have been drainage streams originating from the melting Brandenburger ice sheet that was formed
during the Weichselian glaciation (Ehlers et al., 2004). These streams are now recognizable as paleo
river streams. Paleo rivers streams are remnant channels of inactive rivers or stream channels that
have been filled up with younger sediment (Subrahmanyam & Yadaiah, 2000). The presumed paleo
river in the research area has been created during the Quarternary period by glacial melting which
formed runoff flow paths throughout the landscape. The paleo river streams are still visible and
detectable in the landscape and have been researched by Koning (2017) and Boone (2017). Koning
(2017) investigated a former flow path of the Golia, a presumed paleo river that is still visible in the
landscape (Appendix 1). After digging the Hammerfließ channel in 1750, the Golia river fell dry. This
research looks at whether the paleo streams might have contributed to the placement of charcoal
hearths by looking at the proximity of the RCHs to the paleo river streams and if these paleo streams
could have contributed to the production of charcoal.

Research Questions:
•
•
•

How are the locations of RCHs spread across flatland versus dune areas?
How are RCH spatially related to paleo streams in flatland areas?
What are the implications of agricultural ploughing for the visual detection of RCHs?
4

The first question will investigate the believed preference of building RCHs on sloped areas by looking
at the difference between presence of RCHs in the flatland area and the dune area in the research area
(figure 4). This research question will give insight about the preferred site for building a RCH in this
research area.
The second question will investigate how the placement of the RCHs is related to paleo stream
location. This question gives insight into how previous settlements have interacted with the landscape
and whether the location of RCHs near water sources was of importance for the production of charcoal.
The third question will give insight about the preservation of RCHs in modern day landscapes
and whether or not research should take into account the uncertainty in visual detection that is created
by human interference by agricultural ploughing. In this research, this will also create awareness on
how large this impact might be on the preservation of relict charcoal hearts.

Relevance
Researching the remains of previous historical settlement is necessary for the understanding of the
landscape and its history. The resources, such as wood and water, that were needed for the production
of charcoal to fuel iron production show the importance of the landscape for earlier human
settlements. RCHs provide us with one of the signs of human settlement. RCHs are historical areas
that document the production of charcoal in kilns as an energy resource in pre-industrial (Rolando,
1992, p. 1). In Brandenburg, a lot of the produced charcoal was used to melt down bog iron and for
the production of glass and therefore was essential to fuel the industrial revolution. Nevertheless, the
production of charcoal also had a large impact on rapid deforestation leading to increased sediment
mobilization during the 19th century in Brandenburg (de Boer, 1992) and the Mid-Atlantic of the USA
(Merritts et al., 2011). Many of the dunes in the research area have since then been reforested with
pine trees to “anchor” the dunes and limit erosion (de Boer, 1992).
Results from this research can give information that contributes to the current extent of
archaeological knowledge about the pre-industrial production of charcoal. The extend of charcoal
production is underestimated, which makes the necessity of research on this topic even greater.
Another important aspect of this research is that the results of this research could be turned
in to an archaeological sensitivity model to guide future research and direct future building,
developments and other earth-disturbing activity away from archaeological sensitive areas (Brandt,
Groenewoudt, & Kvamme, 1992).
Furthermore, this research gives insight into mapping and detection of very small landscape
features using modern day technology (LiDAR, ArcGIS, drone and infrared imaging).
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Research and fieldwork area
This research is focused on a 2 by 2 km area in and around the small town of Horstwalde in the State
of Brandenburg, Germany. The extent of the research area is based on the availability of LiDAR (Light
Detection And Ranging) data for the research area (figure 3). In this area, multiple RCHs (relict charcoal
hearths) have been reported to be found (Schneider, 2018). The land use in the area consists of
agricultural land, build-up area and forest. The area is characterized by a flat topography with parabolic
dunes. North of the research area are parabolic dunes (de Boer, 1990, 2000) covered with replanted
pine forests. Land use on the flatland area (South of the parabolic dunes) consists of mixed dense
forests and agricultural fields. Three surrounding research areas will also be researched to investigate
the possibility of the occurrence of possible river features (figure 4).

Fig. 3: 49 LiDAR tiles with research tile 390770
(yellow dot) derived from
http://geodata.science.uva.nl:8080/geoportal/

Fig. 4: Research area Horstwalde. In red:
main research area; in yellow: research area
surrounding main research area.

Methods and data
RCH detection and classification
To answer the research questions it is aimed to record the amount and distribution of RCHs in order
to examine the relation between their location and two geomorphological landscape features (rivers
and dunes). To record the RCHs in the research area, multiple rasters (aspect, hillshade, slope, contour,
DEM) were made from .las files containing Light Detection And Ranging (LiDAR) data with a height
accuracy of ≤ ± 0,30 m to 0,50 m and a grid of 1 m to 50m. The LiDAR data was processed to a DEM
using ArcGIS. An up to date (Jun 28 2018) orthophoto from the ArcGIS Online database (Esri) was used
to filter out false positive RCHs that were detected because of vegetation shapes.
During the research, data were generated using ArcGIS Modelbuilder, which makes it easy to
replicate the results when adjustments are needed, but also makes reproducing the method that was
used more easy and thus useful for other applications (for instance for doing the same research in a
6

different research area). The data was stored in three geodatabases to make a distinction between
application of different results (step results, component results or project results). An overview of the
databases and Models that were built can be seen in Appendix 2 .
The RCHs have a characteristic circular shape which is usually larger than 10 meters in diameter
and differs across the different locations. The RCHs in the research area are between 10-20 meters
wide. The RCHs show a slight elevation of around 25 cm. Around the slightly elevated plateau, a ditch
was made to prevent the fire from spreading (Raab et al., 2015). This characteristic form can be visually
detected best using a combination of a DEM and Hillshade maps (figure 5).
The RCHs were also detected using a template matching approach with the use of an
automated script as proposed by Schneider et al. (2015). For the detection of RCHs four maps were
used: a DEM, hillshade, slope and TPI map. This was done to compensate for visual errors in missing
potential RCHs. Nevertheless, the automatic detection shows a large inaccuracy in determining the
location of RCHs (Schneider et al., 2015) and therefore the created dataset with automatic detection
had to be filtered manually.
During a week of fieldwork in the research area, part of the presumed RCHs were either
confirmed or disproved by taking soil samples at the determined locations. These results were further
used to filter the dataset of RCHs and determine if the presumed RCHs can be confirmed looking at
shape, size and location. The dataset with RCHs was divided in RCHs located in the dunes in the North
of the research area and RCHs on the flatland area (see Research and fieldwork area) because of the
(suspected) preference for building RCHs on slopes and thus in the dune area. It is suspected that the
RCH proximity to water plays a secondary role in the site selection (Kluiving & Guttmann-Bond, 2015)
in comparison to hillside site selection. After filtering the dataset, the remaining RCHs in the flatland
area of the research area were categorized into ‘Confirmed, valid’ (confirmed in the field and therefore
a valid observation), ‘Not confirmed, forest’ (not confirmed in the field, but visually observed to be
RCHs located in the forest) and ‘Not confirmed, field’ (not confirmed in the field, but visually observed
to be RCHs located in an agricultural field). RCHs in agricultural areas were less preserved than the
RCHs in forested areas because ploughing had flattened the topsoil and therefore had destroyed some
of the characteristic shape of the RCHs (Darvill, 2014). Because part of the characteristics of the RCHs
in agricultural fields were destroyed by ploughing, these RCHs were harder to visually detect on DEM
and hill shade maps and therefore have a higher probability of being inaccurately classified as a RCH.
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Fig. 5: Different categories of visually observed RCHs. First two categories (top two) were
observed in forested areas, the first one being validated and confirmed in the field, the second
one only being visually observed, the last (bottom) was visually observed in an agricultural
field.

River detection and classification
Koning (2017) already researched the Hammerfließ channel and paleo streams in his master thesis
research. During this research he made use of multiple maps to look at how the different remote
sensing data sources contribute with regard to paleochannel construction. During this research, the
resulting data will be used as a base for investigating the flow path of paleo streams and the
Hammerfließ channel.
Furthermore, multiple maps were used to create more insight into former flow paths:
1. The LiDAR data that was used for the detection of RCHs was also used to detect former
river features. The LiDAR data was converted to a DEM, hillshade and aspect map using
8

2.

3.
4.
5.

ArcGIS. The former rivers were best visible using a DEM with dynamic range adjustment
(DRA) in ArcGIS. The LiDAR data was derived from the UvA geoportal and was available for
49 tiles, of which data for 4 tiles was downloaded (data for the main research area and
data for the three surrounding tiles explained under section …. Research area).
Infrared maps derived from the Brandenburg geoportal (source in Appendix 3) were useful
to spot changes in soil moisture content and enhanced the visibility of areas where soil
moisture was high due to subsurface flow, which is an indication of a paleo-channel
(Sophocleous, 2002).
Drone imagery made during fieldwork showed the paleo stream south east of
Horstwalde.(Appendix 4)
Google Earth Pro was used to investigate the landscape development from 2001- 20016.
A historical land map from 1841 was used to determine the flow path of the Hammerfließ
before it was channelized since the 1970’s.

To determine paleo stream patterns, small differences in height and the position of slopes
were differentiated in the landscape using the DEM, hillshade and aspect map. If these small height
differences formed a river-like pattern in accordance with channel patterns as denoted by Kaiser et al.,
(2012) (figure 6) the remnant streams were marked as a paleo stream. The paleo stream features are
thought to be formed after the Weichselian glaciation which was followed by the Eemian interglacial
warm period in which the glacier started melting. The end of the Weichselian glaciation period
corresponds with the end of the Late Pleistocene and the start of the Holocene period. The Golia and
Spree rivers are closely related rivers and therefore a similar channel pattern would be expected.
Research by Boone (2017) shows a validation of one part of the remnant river stream that is
located in the forested area to the south-east of Horstwalde and can also be detected in an adjacent
agricultural field. In this research, core samples were taking both in the predicted flow path and outside
the flow path which showed a higher content of clay and preserved organic material, which is
associated with an indication of a former water rich environment. Samples taken in the agricultural
field indicated a former fast flowing path.
The distance from the RCHs in the flat land area to the nearest river feature was calculated
using the Near tool in ArcGIS (Appendix 2).

Fig. 6: Late Pleistocene and Holocene channel pattern changes in river
valleys in northeast Germany (after Juschus (2003)) Note: missing data
or questionable records are indicated by question marks (Kaiser et al.,
2012). The river Spree (Unterspreewald area) is close to Horstwalde.
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Results
RCH dispersion in flatland and dunes
In the flatland area, an average of 1 RCH on every 67855 m2 is found, while in the dunes an average of
1 RCH on every 7860 m2 is found (table 2). The ratio difference between the presence of RCHs in the
dunes and the RCHs located in the flatland of the fieldwork area shows that average surface area per
1 detected RCH is 8.6 times larger in the flat land than in the dunes, and therefore the density of
detected RCHs in the dunes is 8.6 times higher than in the flat land area. This ratio also shows that the
dune area has a density of 73% of the detected RCHs in comparison with 27% of the RCHs in the flatland
area (and 100% density for the whole research area). This percentage was calculated taking into
account the difference in surface area between the two separate areas (dunes and flatland). The
surface area in the flatland was a lot larger and therefore it was decided to calculate with ratios that
depicted the average surface area per RCH.

Nr. of detected RCHs
Area (m2)
Ratio (RCH : surface (m2))
Percentage

Flatland

Dunes

45
3053468,88
1 : 67855
27,27

12
943131,11
1 : 7860
72,73

Table 2. RCH density of flatland and dune area

Spatial relation between RCH location and paleo streams
An artificial data set of random distances within the maximum distance of every dataset was generated
to represent a background (dummy) environment during the analysis.
A Lilliefors test for exponential relation on the proximity to nearby stream sites shows that the
relation between the streams and the placement of RCHs is indeed exponential when taking into
account all detected RCHs (figure 7D). Therefore, the majority of the RCHs is located closer to the
stream sites and the RCHs became less abundant when moving further away from the streams. The
maximum distance between the RCHs and the remnant streams is 532 meters (RCH located in an
agricultural field). The minimum distance is 3.64 meters (located in the mixed forest). The total number
of RCHs that were taking into account was 45, which were both located in agricultural fields (16 RCHs)
and in forested areas (29 RCHs) (figure 8). Figure 8 shows that large amounts of RCHs were located in
a forested area south east of Horstwalde which also shows a large presence of remnant streams. Figure
8 also shows that half of the detected RCHs were located in a 82 meter distance from the streams. The
exponential relation is also visible when looking at the buffer distance: the distance between the
buffers gets larger when moving away from the streams.
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Fig. 7: Proximity of RCHs to streams. A) Proximity of RCHs in agricultural field to nearest
stream site, B) Proximity of RCHs in forest areas to nearest stream site. C) Proximity of RCHs
that were confirmed during fieldwork to the nearest stream site. The RCHs were sorted by
distance to the stream (RCH 1 having the smallest distance to the nearest stream site).

Fig. 8: ArcGIS map depicting the detected RCHs located in the flatland (agricultural fields and
forest) of the research area and their distance to the nearest paleo stream site together with the
depiction of six buffer zones each corresponding with a percentage of RCHs measured within
this buffer zone.
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Implications of agricultural ploughing
When investigating the relation between RCHs in agricultural field and their proximity to rivers, results
show that RCHs in forested areas and the RCHs that were confirmed during fieldwork show an
exponential relation. Nevertheless, agricultural fields do not show this relation (figure 9A). A Lilliefors
test showed that at a 5% confidence interval, the hypothesis of an exponential relation was rejected.
This implicates that when taking into account only the RCHs in the agricultural field, the occurrence of
RCHs does not increase with smaller distances to paleo streams. There seems to be a linear relationship
and therefore, the location of RCHs seems random in relation to paleo streams. If the RCHs found in
the agricultural fields are excluded (figure 9B), the data shows a stronger exponential relation.

Fig. 9: Relation between RCHs and paleo streams taking into account all detected
RCHs (A) and all detected RCHs excluding RCHs found in agricultural fields (B)

Discussion
RCH detection
The detection of RCHs during this research was based on visual observation investigating a
DEM and hillshade and orthophoto map) and automated detection with a template
matching approach proposed by Schneider et al. (2015). The template matching approach
shows a large error, which was also observed by Schneider et al. (2015). Nevertheless,
manual mapping has been shown to not be able to locate all RCHs. Manual mapping has
been shown to have an accuracy of 40-45% while automatic detection has an accuracy of 3644%. Therefore it can be assumed that not all RCHs in the research area were detected. Also,
differences between landscape features can play a role in the detection of RCHs (Schneider
et al., 2015).
Nevertheless, because currently there are no published models or methods that
suggest a better detection accuracy, the visual manual detection together with automated
detection gives the most accurate data representation of digitalizing RCHs in the landscape.
A final method that was used in this research to further determine the location of
RCHs was based on soil samples that were taken during fieldwork in the research area. This
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lead to the confirmation of part of the database, but more time would be necessary to
validate all the automatic and visually detected RCHs. Another way of exactly determining
the location of RCHs would be to start an excavation like the one in Jänswalde (A. Raab et al.,
2017).
For further research it is recommended to combine all three methods (visual manual
detection, automated template matching and fieldwork) in order to achieve higher accuracy.
It is also recommended to preferably perform this research in a research area that has (had)
minimal agriculture activity and other human interference. This would make detection of
RCHs more accurate and less time consuming.

Paleo stream detection
During this research, multiple maps and sources were used for the detection of paleo river
features. The remnant paleo streams were best visible on LiDAR derived DEMs which was
also found by Koning (2017). Nevertheless, also the Aspect map and infrared imaging were
found to be of extra use complementary to the DEM. After investigating the different
sources, multiple river paths were determined within the fieldwork area. Nevertheless, this
research does not claim to quantify or confirm if these paleo river features were indeed
present. The river features were assessed using a very broad spectrum of sources and
therefore are likely to be correct, but it cannot be said with absolute certainty that the
detected paleo streams are all historically accurate. During this research and previous
research two streams were confirmed to be historically present. Figure 10 shows the paleo
river stream that was confirmed by Boone (2017). The old Hammerfließ channel was
confirmed by a historic map from 1841 (3946Paplitz1841crgeoref, source can be found in
Appendix 3). The other visually detected streams could not be confirmed in this research.
Alsany of the paleo river stream features occur in the agricultural fields, which have been
flattened out by ploughing, makes monitoring these landscapes difficult (Ninfo et al., 2016).
A way to confirm the presence of paleo streams would be to investigate historic
maps. A map from 1740 shows the presence of a river Goila, which could have been a still
active paleo river which was converted into or cut off (as proposed by Boone (2017)) by the
Hammerfließ channel in 1750 (figure 11). To confirm the presence and stream of the Goila
(which has also been named Golia in literature (Berghaus, 1804)) historic maps could be
looked at. Nevertheless, these historic maps are often inaccurate, especially when looking
for small scale features, for instance side streams of the river. The inaccuracy makes
georeferencing very difficult and therefore the location of rivers and even large cities is
difficult to pin down to exact locations.
Another way to quantify the age of the remnant rivers in the research area, would be
to date the sediment in the proposed river flows. This could be done with optically simulated
luminescence (OSL). This method has previously been used to date paleochannels in the
Chiang Mai Intermontane Basin in combination together with accelerator mass spectrometry
radiocarbon dating (Teo et al., 2017).
For future research it is also recommended to use LiDAR data that is acquired in a
moment of minimal vegetation in order to minimize ground cover (Ninfo, 2015).
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Fig. 10: Validated paleo stream by Boone (2017)

Fig. 11: Mappa Geographica Regnum Bohemia zoomed in on the research area (suspected,
correct georeferencing was not possible) showing the river Goila (Golia). Author: Seutter,
Matthäus. 1740. Source: http://www.oldmapsonline.org

Soil moisture properties
In this research the assumption has been that RCHs could be build close to rivers because of
the need for water during the production process. An alternative explanation for the
occurrence of RCHs near rivers could be a preference of the presence of moist soil to build
the RCHs on. Nevertheless, research by Schmidt, Mölder, Schönfelder, Engel, & FortmannValtink (2016) states that the total number of 1308 charcoal kiln sites in the KellerwaldEdersee National Park tended to occur at moderately dry sites. Further research into the
14

hydraulic properties is recommended to extend knowledge on this topic and to exclude a
possible relation.

Extend of research
This research was done on a small scale with a total of 57 RCHs in a research area of 2 by 2
km. When looking at the relation between paleo streams and placement of RCHs, a dataset
of 45 RCHs was used. For further research it is recommended to extend to a larger research
area with a larger dataset of RCHs. This would improve the reliability of the generated
results and decrease the effect of locational tendencies (Brandt et al., 1992). Therefore it is
also recommended to further investigate the relation between historic rivers and the
placement of RCHs at other locations in order to gain more knowledge to whether or not
this relation is reoccurring on other sites.

Conclusion
In this research, three research questions were put forward:
•
•
•

How are the locations of RCHs spread across flatland versus dune areas?
How are RCH spatially related to paleo streams in flatland areas?
What are the implications of agricultural ploughing for the visual detection of RCHs?

To answer the first question, the dispersion of RCHs in the research area showed a clear preference
for building RCHs on or near hillslope areas and thus in the dunes. The RCH density in the flatland was
a lot lower than in the dunes and thus it can be concluded that the dunes contained a RCH density of
73% of the total research area and the flatland had a density of 27% of the total research area. This
result strengthens the belief that RCHs were preferably build on or near hillside locations.
The second question has been answered with the use of various sources of data for the
reconstruction of remnant paleo river streams. When the RCHs located in the flatland area were
compared to the locations of the paleo river streams, an exponential relation was apparent. This result
shows that RCHs were more commonly build near river sights (with 50% of the RCHs within a 82 meter
distance from the nearest paleo river stream). Therefore, the remnant paleo rivers are concluded to
be a preferred site to build a RCH near.
The investigation of the third question showed that agricultural ploughing could have an
impact on the results of this and other RCH related research. When RCHs in ploughed agricultural field
were excluded, results show a stronger exponential relation between the location of RCHs in relation
to paleo river stream sites. When taking into account only RCHs that were detected in the agricultural
fields, investigation into the relation between location and paleo river stream sites does not show an
exponential relation, but a linear relation, therefore the RCHs that were located in the agricultural
fields seem to have had no preference to be build near paleo river streams. Therefore, including the
more difficult to correctly detect RCHs in agricultural fields in research might have a distorting effect
on research outcomes.
15

Acknowledgements
I would like to thank Thijs de Boer for providing and introducing the interesting and relatively new
topic of relict charcoal hearths and also for his guidance during the process and especially during the
fieldwork. I would also like to thank Anna Schneider and Florian Hirsch for sharing their knowledge
and expertise during the fieldwork.

16

Literature list
Boone, R., De Boer, W. M., & Rijsdijk, K. (2017). Validating the reconstructed former flow of the paleo
drainage system in the vicinity of the present Hammerfließ in the Central Baruth Ice- Marginal Valley,
Germany. University of Amsterdam. Retrieved from http://www.gisstudio.nl/projects/bsc_projects/Bachelor_Thesis_Rosa_Boone_UvA_2017.pdf
Brandt, R., Groenewoudt, B. J., & Kvamme, K. L. (1992). An experiment in archaeological site
location: Modelling in the Netherlands using GIS techniques. World Archaeology, 24(2), 268–282.
https://doi.org/10.1080/00438243.1992.9980207
Darvill, T. (2014). Ancient monuments in the countryside: an archaeological management review.
English Heritage Publishing.
Boer, W. M. de (1990). Dünen im Baruther Urstromtal ( Raum Luckenwalde - Baruth - Lübben) - Stand
der Forschungsliteratur. Biologische Studien, 19, 3–10.
Boer, W.M. de (1992): Äolische Prozesse und Landschaftsformen im mittleren Baruther Urstromtal seit
dem Hochglazial der Weichselkaltzeit. Berlin, Humboldt-Universität, Dissertation, 144 blz. & Anhang
75 blz. http://edoc.hu-berlin.de/docviews/abstract.php?lang=ger&id=39764
Boer, W. M. de (1995). Äolische Prozesse und Landschaftsformen im mittleren Baruther Urstromtal
seit dem Hochglazial der Weichselkaltzeit. Berliner Geographische Arbeiten, (84), 1–215.

Fiedler, R. (1955): Die Entwicklung der Oberflächenformen im Gebiet zwischen Sperenberg,
·Niederem Fläming und Dahme. Berlin, Humboldt-Univ., Diplom-Arbeit: S. 52-55.

Jürgen Ehlers, L. E., Lippstreu, L., Stephan, H. J., & Wansa, S. (2004). Pleistocene glaciations of
north Germany. Quaternary Glaciations-Extent and Chronology: Part I: Europe, 2, 135.
Kaiser, K., Lorenz, S., Germer, S., Juschus, O., Küster, M., Libra, J., … Hüttl, R. F. (2012). Late
Quaternary evolution of rivers, lakes and peatlands in northeast Germany reflecting past climatic and
human impact – an overview. Quaternary Science Journal, 61(2), 103–132.
https://doi.org/10.3285/eg.61.2.01

Kluiving, S. J., & Guttmann-Bond, E. B. (2015). Landscape Archaeology between Art and Science. From
a Multi- to an Interdisciplinary Approach. Landscape Archaeology between Art and Science. From a
Multi- to an Interdisciplinary Approach, 395–412. Retrieved from
http://www.oapen.org/download?type=document&docid=419690#page=428
Knapp, H., Robin, V., Kirleis, W., & Nelle, O. (2013). Woodland history in the upper Harz Mountains
revealed by kiln site, soil sediment and peat charcoal analyses. Quaternary International, 289, 88–
100. https://doi.org/10.1016/j.quaint.2012.03.040
Koning, R. (2017). Synergy of LiDAR and conventional remote sensing tools for paleoriver
reconstruction in Brandenburg , Germany by. University of Amsterdam.
Merritts, D., Walter, R., Rahnis, M., Hartranft, J., Cox, S., Gellis, A., . . . Becker, S. (2011).
Anthropocene streams and base-level controls from historic dams in the unglaciated mid-Atlantic
region, USA. Philosophical Transactions: Mathematical, Physical and Engineering Sciences, 369(1938),
976-1009. Retrieved from http://www.jstor.org/stable/41061710
Ninfo, A., Mozzi, P., & Abbà, T. (2016). Integration of LiDAR and cropmark remote sensing for the
study of fluvial and anthropogenic landforms in the Brenta–Bacchiglione alluvial plain (NE
Italy). Geomorphology, 260, 64-78.

Raab, A., Bonhage, A., Schneider, A., Raab, T., Rösler, H., Heußner, K. U., & Hirsch, F. (2017). Spatial
distribution of relict charcoal hearths in the former royal forest district Tauer (SE Brandenburg,
Germany). Quaternary International. https://doi.org/10.1016/j.quaint.2017.07.022

17

Raab, A., Takla, M., Raab, T., Nicolay, A., Schneider, A., Rösler, H., … Bonisch, E. (2015). Pre-industrial
charcoal production in Lower Lusatia ( Brandenburg , Germany ): Detection and evaluation of a large
charcoal-burning fi eld by combining archaeological studies , GIS-based analyses of shaded- relief
maps and dendrochronological age determin, 367, 111–122.
https://doi.org/10.1016/j.quaint.2014.09.041
Raab, T., Dethier, D., Hirsch, F., Raab, A., Ouimet, W., & Johnson, K. M. (2016). Architecture of relict
charcoal hearths in northwestern Connecticut , USA, (February 2016), 502–510.
https://doi.org/10.1002/gea.21614
Rolando, V. R. (1992). 200 Years of Soot and Sweat. In The History and Archeology of Vermont's Iron,
Charcoal, and Lime Industries. Manchester Center, VT, USA Vermont Archaeological Society..
Schmidt, M., Mölder, A., Schönfelder, E., Engel, F., & Fortmann-Valtink, W. (2016). Charcoal kiln sites,
associated landscape attributes and historic forest conditions: DTM-based investigations in Hesse
(Germany). Forest Ecosystems, 3(1), 8. https://doi.org/10.1186/s40663-016-0067-6
Schneider, A., Takla, M., Nicolay, A., Raab, A., & Raab, T. (2015). Book Review - A Field Guide to
Geophysics in Archaeology. Archaeological Prospection, 62(Prospect), 45–62.
https://doi.org/10.1002/arp
Sophocleous, M. (2002). Interactions between groundwater and surface water: the state of the
science. Hydrogeology Journal, 10(1), 52–67. https://doi.org/10.1007/s10040-001-0170-8
Stadt-baruth-mark. (n.d.). Horstwalde. Retrieved May 16, 2018, from https://www.stadt-baruthmark.de/verzeichnis/objekt.php?mandat=44520
Stolz, C., Böhnke, S., & Grunert, J. (2012). Reconstructing 2500 years of land use history on the Kemel
Heath (Kemeler Heide), southern Rhenish Massif, Germany. E&G Quaternary Science Journal, 61(2),
169–183. https://doi.org/10.3285/eg.61.2.05
Subrahmanyam, K., & Yadaiah, P. (2000). The impact of paleo-channel on groundwater
contamination, Andhra Pradesh, India. Environmental Geology, 40(1-2), 169-183.

Teo, E. A., Ziegler, A. D., Wasson, R. J., & Morthekai, P. (2017, April). Digging for Lost Rivers in
Thailand: Locating and Dating Paleochannels in the Chiang Mai Intermontane Basin. In EGU General
Assembly Conference Abstracts (Vol. 19, p. 2760).
Usinger, H. 2004: Vegetation and climate of the lowlands of northern Central Europe and adjacent
areas around the Younger Dryas – Preboreal transition – with special emphasis on the Preboreal
oscillation. – In: Terberger, T. and B.V. Eriksen (eds.): Hunters in a changing world. – In- ternationale
Archäologie-Arbeitsgemeinschaft, Tagung, Symposium, Kongress 5: 1-26

18

Appendix
Appendix 1. Former flow path of river Golia by Koning (2017)
Former flow path of the river Golia, research by Robin Koning (2017) as seen and compared in several maps. The
maps include: DEM (top row), CIR (middle row), Hillshade (bottom lrow). Left column shows original images. Right
column contains digitized polygon in blue (top row) or yellow (middle and bottom row). These maps are located
approximately south of Horstwalde.
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Appendix 2. Main models built with Modelbuilder from ArcGIS
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Appendix 3. Data management
Overview of data storage. Data was generated and saved in three geodatabases. the Project
geodatabase contained the necessary project source data collected during fieldwork and research.
The Component geodatabase contained data that was used throughout the process as components.
The Step geodatabase contained data that was generated during processing steps and was not used
for further processing. The generated data was documented and visualized and then stored in the
Documentation map which contained maps generated with ArcGIS, graphs that were generated with
Matlab and ArcGIS and data from ArcGIS that was saved and processed in Matlab and Excel.
The map presentation mxd files contained all the mxd files with the visualization of data that was
generated during the investigation.
The map Used_data contained all the data that was not generated during the research, but came
from external sources.
The map Toolbox_scripts contained all the Modelbuilder toolbox scripts that were used during the
investigation to generated the research data.
ArcGIS maps
Documentation

ArcGIS and matlab
Graphs

Worspace

Matlab and Excel
processed data
1. Project
Geodatabases

2. Component

Presentation mxd
files

3. Step

Used_data
Toolbox_scripts

RCHresearch
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a_Main

Appendix. 3 Data management table
All data covers (part of) the research area.
Name of data
390770_lpb

Description of data
Research area LAS files
containing point cloud
data of a 2 by 2 km area
LAS files containing point
cloud data of a 2 by 2 km
area
LAS files containing point
cloud data of a 2 by 2 km
area
LAS files containing point
cloud data of a 2 by 2 km
area
Orthophoto from the
region

Format Scale
.las
2x2 km tile
from dataset
of 49 tiles
.las
2x2 km tile
from dataset
of 49 tiles
.las
2x2 km tile
from dataset
of 49 tiles
.las
2x2 km tile
from dataset
of 49 tiles
WMS
1:1.238.750
service

Source
http://geodata.science.uva.nl/

Infrared maps

.TIF

1:9.500

https://geoportal.brandenburg.de/

906_513R

Infrared maps

.TIF

1:9.500

https://geoportal.brandenburg.de/

907_513R

Infrared maps

.TIF

1:9.500

https://geoportal.brandenburg.de/

.gdb

1:48.196

Robin Koning

.TIF

1:52.297

http://geodata.science.uva.nl/

.shp

1:157.360

A. Schneider (BTU Cottbus)

.TIF

1:2.614

dr. W. M. de Boer & C. Schraa

288770_lpb

390768_lpb

392770_lpb

Digitale Orthophotos
20cm Bodenauflösung
Farbe
906_445R

Flowpath Golia

Geodatabase containing
the reconstructed flow
path of the river Golia
3946Paplitz1841crgeoref Georeferenced map
from 1841
pointsGottowAMU
Auto detected RCHs in
the research area
Drone imaging
Made during fieldwork
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http://geodata.science.uva.nl/

http://geodata.science.uva.nl/

http://geodata.science.uva.nl/

http://isk.geobasisbb.de/mapproxy/dop20c/service/w

Appendix 4 Drone imagery

Appendix 4.a. Mosaic image made with drone during fieldwork flown above suspected paleo river
stream. Image shows slight differences in soil moisture content around the suspected paleo river
stream to the south, but does not show conclusive results. Therefore drone imagery is not
recommended for retracing paleo river traces. Nevertheless, drone imaging gives a good overview of
the up to date state of the landscape and can give information about unexplained landscape
features.
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Appendix 4.b DEM made with drone during fieldwork flown above suspected paleo river stream. Data
does not show paleo river stream patterns and seems to be distorted.
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