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Abstract: 

Researchers from Cottbus University have located 1500 potential relict charcoal hearths (RCHs) with 

an automated program and manual inspection around Luckenwalde, Germany. These RCHs are 

visible on LiDAR derived maps as circular or elliptical elevations with a diameter between 6 and 28 

meters. Large piles of wood were stacked and burned with a controlled oxygen concentration to 

create charcoal. This charcoal was needed for smelting bog iron, which was done in ‘Die Schmelze’ 

near Horstwalde.  

Striking is the fact that a negligibly small amount of RCHs is located in an open field, all are found in 

forests. No research suggests their existence neither is stated that they don’t exist. This research 

focusses on locating these RCHs and comparing their external features with the ones found in forest. 

Their locations will be explained and the relation between RCHs and distance to historic roads will be 

discussed.  

During one week of fieldwork, potential RCHs, located with LiDAR derived maps, were visited and 

validated. Soil profiles were made as these or not often discussed and helped explaining site 

choosing. Further analysis  was done in ArcMap and Matlab.  

Fieldwork revealed 40 RCHs of which 10 in open fields. Significant differences between height and 

diameter were found which probably originate from anthropogenic and zoogenic erosion. Soil 

profiles proved to be clear indicators for RCH locations. Almost 95% of the RCHs were located within 

50 meters of historic roads, suggesting to historic roads could be used as a proxy to determine the 

likeliness of potential RCHs.  

This thesis gives first insight in RCHs in open fields and a broad overview of why the confirmed 

locations were chosen. As fieldwork time was limited and the data set just large enough to work 

with, future studies will need to validate the outcomes of this thesis.   
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Introduction 

Researchers from Cottbus University published a dataset containing the locations of almost 1500 

spherical elevations with a diameter of  6 to 30 meters (A. Schneider, n.d.). Many of them are expected 

to be the remainders of pre-industrial charcoal hearths. Striking is the fact that out of all these 

locations, a negligibly small amount (no more than 10) are located in open fields, all others under 

forest cover. This raises the question if the model used to detect these locations is unable to find Relict 

Charcoal Hearths (RCHs) in open field, that they do not exist or that they were initially under forest 

cover and have been eroded. 

Charcoal hearts were built from the 16th till 

the 19th century (Hirsch et al., 2107). Charcoal 

was used as energy source as it burns twice as 

hot as wood (Straka, 2014)). Wood from 

surrounding or nearby forest was cut after 

which the trunks were stacked together. This 

wood stack was then covered in a mix of soil 

and water. The fire was lighted from above 

and due to the shell covering the fire, the 

burning could take days. The charcoal was 

then gathered and transported to nearby 

ironworks or glass houses (Raab et al., 2017). 

The RCHs are now detectible as anthropogenic 

landforms as charcoal residue remained in the 

soil and the elevated plateaus are not yet 

broken down (Figure 1). The RCHs are located with maps derived from data recorded Light Detection 

and Ranging (LiDAR) technology. A laser scans the underlying terrain and can penetrate vegetation 

cover (Doneus et al., 2015). This allows the terrain elevation to be mapped in the form of a point cloud 

containing  millions of individual x, y, z datapoints, which can be converted into Digital Elevation 

Models (DEMs) and hill shade maps.  

Previous studies 
There is growing interest in gathering more knowledge on RCHs. Previous research has shown the 

enormous scale on which RCHs are found (Czarna et al., 2017; Raab et al., 2015). Much of the research 

focusses on classifying and clustering RCHs with automated programs (Bonhage, 2015; Raab et al., 

2015; Schneider et al., 2015), while also excavations near the Peitz iron works have been conducted. 

Hirsch at al. (2017) described the architecture and soils of RCHs found in the United States. RCHs also 

have an impact on the soil composition. Mastrolonardo  et al. (2018) have proven that charcoal 

accumulation had a significant impact on soil development while the master thesis of E. Carrari 

showed that these soil alterations let to different vegetation growing on the RCHs. Soil samples from 

the charcoal rich subsoils were taken from the RCH to see if the soils could have a positive effect on 

crop growth (Borchard et al., 2014). It showed these soils had a higher CEC and nutrient availability. 

Which raises the question if RCHs in open field could have a positive influence on agricultural fields if 

the charcoal would be spread throughout the field due to ploughing. 

Figure 1: Architecture of two RCHs (Hirsch et al., 2017) 
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Relevance 
Research focused  on locating RCHs in open field is yet to be conducted. No other literature discusses 

or even mentions  RCHs in open fields. Reasons for not finding these RCHs could be that erosion is so 

much higher in open fields that they are not to be found any more. This would however suggest that 

they could have been there. It could also be that the current open fields where already fields centuries 

ago, where no RCHs where created, or that current open fields locations had unfavorable 

characteristics for building RCHs.  

Relations with other historic landscape features such as distances to historic roads or historic water 

ways could also give new insight into site choosing and could make locating RCHs easier in the future. 

It could also show the likeliness of potential RCHs that have been currently found.  

It is believed to be important to increase our knowledge on RCHs in open field as their existence could 

have a positive as well as negative affect on crop growth in agricultural fields. It has already been 

proven that RCHs alter forest composition and soil properties (Mikan & Abrams, 1996; Tryon, 1948). 

Therefore it is of importance to locate as many locations with RCHs as possible, as this could mean 

these seemingly undisturbed soils in these locations have actually been altered by anthropogenic 

influences. If many are found in open field it would also show that the models currently used to locate 

and classify RCHs, are not very accurate. Archaeologists could benefit from knowing of the RCHs in 

open field as they could further analyze these hearths and revise previous studies as their existence 

might help explain certain unanswered questions. But also gives them an overall better understanding 

of why certain places were chosen to build charcoal kilns and what effect erosion has on RCHs in open 

field over time.   

Research Aim 
This bachelor research focusses on finding RCHs in open field and comparing these RCHs with the ones 

found under forest cover. This will tell if erosion in open fields has led to external features, explaining 

why current recognition programs fail to locate them. Soil descriptions will be made as they have not 

been published often, and differences in the charcoal layer could be expected. In the thesis LiDAR 

derived maps and results gathered during fieldwork will be central.  

The main research question that will be answered in this BSc thesis is: Can LiDAR data and fieldwork 

prove the existence of RCHs in open fields in the Horstwalde area, and if so, how do they compare 

to the hearths found on the Lange Horstberge? In order to answer this question, 3 RCH groups were 

made; RCHs in open field, RCHs in forested flatland and RCHs on forested slopes. Between these 

groups comparisons in diameter, height, soil profile and cross section shape will be made. 

The available soil maps of the area are not very detailed. Previous bachelor thesis’s within the UvA 

have described some soil profiles around the Lange Horstberge (Van Holthe tot Echten, 2017; Prijden, 

2017). Of course these did not include the profiles of RCH. During fieldwork, soil profiles from several 

hearths and their surroundings were documented. Corresponding sub question in the report will be: 

How are the soil profiles of RCHs different from their surroundings and how do they compare to soils 

already documented?  
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Many RCHs were expected to be found on the Lange Horstberge. They are mainly found on the 

southern but also on the northern slope and are situated close to each other. A sub question of this 

research is: To what extent can historic roads, landscape type and soil profiles explain the choosing of 

the sites in the fieldwork area? These 3 features were expected to give a comprehensive explanation.  

RCHs are expected to be situated nearby historic roads, not too far from historic forest borders. As no 

previous research has investigated the relation between RCHs and distances to roads, results cannot 

be compared to other literature.   

Study Area  
Part of the published potential RCHs are located 40 

kilometers below Berlin, around Horstwalde and 

neighboring villages. Around 1750 an ironworks ‘Die 

Schmelze’ opened and was active until the 1850s 

(Gemeinde Baruth, n.d.). A Pottaschebrennerei, also 

requiring charcoal was active until the end of the 18th 

century.  In the surroundings of this former active 

iron producing area, 100s of potential relict charcoal 

hearths (RCHs) have been located. These RCHs have 

never been visited by specialized researchers but the 

area is  briefly discussed by A. Bonhage (2016).   

In pre-industrial times, iron rich sediments where 

taken from the Urstromtal. This bog iron was taken 

to nearby hammer mills (the Oberhammer in Paplitz 

and Unterhammer in Gottow) where the bog iron 

was broken, cleaned and purified to be transported 

to Die Schmelze. (Förderverein Baruther Urstromtal, 

N.D.). Here the iron was smelted resulting into 

wrought iron and slag. At the location of this former 

ironworks, located in the studied area west of 

Horstwalde, slags were still found on May 2nd.  

An area of 2x3 kilometers was thoroughly 

investigated (Figure 2). In the middle of it is the Lange 

Horstberge, north and south of it the Baruther   

Urstromtal. Geomorphology of the area has been 

studied for decades (de Boer, 1990; Schuuring, 2017). 

However the RCHs were never noticed.  

 

 

 

 

Figure 2: Fieldwork area near Horstwalde, Germany 



6 
 

Methods and Data  

Literature Research 
In order to set up this research, information on what charcoal hearths are and how they can be spotted 

in the field and on maps, was gathered. Research from F. Hirsch and A. and S. Raab was found to be 

very useful as they documented a more detailed analysis of the structure and soil of the RCHs. 

Methods from Raab et al. (2017) and Witharana et al. (2018) were used to create maps that are able 

to visualize RCHs, and to localize and interpret potential RCHs. Besides historic land use maps from 

1841 and 1904, information on the nearby Hammerwerke, Smelze and Glashütte were found on 

several websites including the one from the municipally of Baruth.  

Creating LiDAR derived maps (pre-processing) 
A DEM and Hillshade and slope map were obtained by first including the LiDAR tiles (number 768788 

and 768770) into a LAS dataset (.lasd file). This dataset was converted using the LAS dataset to Raster 

tool. Next the DEM was converted with the 3d Analyst Hillshade tool. However, due to incorrect 

settings, images ended up blurry. The x, y, z datapoints from the .las tiles, bought by the University of 

Amsterdam, can easily be converted into a Digital Elevation Model. This DEM  was then converted into 

a hillshade and slope map. These maps provided sharpest resolution. However with a black diagonal 

band every few hundred meters. In the early stage of the research these first two maps with different 

color settings and interpolation methods where used to locate possible RCH locations. With the 3d 

analyst tool, cross sections could be made to see the height and diameter of the suspected hearths. 

These locations were mapped in a point data layer.  Final maps were made with the model builder in 

ArcMaps, this resulted into maps that were clipped and focused on the Lange Horstberge and did not 

contain the diagonal black bands. The maps were made with a 1 meter resolution as point clouds from 

the LiDAR tiles were able to provide this resolution at all times, while this would not be the case for 

smaller grid sizes (0.5m).  

Fieldwork  
During fieldwork (2nd till 9th of May 2018), as many as possible of the marked potential RCH locations 

were visited. Fieldwork was conducted in duos. A Yuma 2 tablet with ArcMap 10.4 and GPS system 

was used to locate the marked potential RCHs. On this location, soil borings were made with a shovel 

and auger. Hirsch et al. (2017) did 6 borings inside the RCH and 6 outside to describe the architecture 

of a  RCH. This would have been too labor intensive as this had to be done over 50 times.  The aim of 

this research is to describe differences in soil profiles in and outside the charcoal hearths and not to 

create a cross section of the RCH. Therefore borings were made one or multiple time(s) to get an idea 

of the soil profile and thickness of the charcoal layer. If charcoal(dust) was present in the soil, the 

location was assumed to be a former charcoal kiln. The result of the inspection (validation outcome) 

was documented as an attribute into the tablet where the value 0 corresponded for uncertain or not 

visited, 1 for negative and 2 for positive confirmation. Soil descriptions and classifications were made 

according to the World Reference Base for soils when they were different than previous visited RCH 

locations. Fieldwork was concentrated on the Lange Horstberge but fields north and south of the dune 

were also visited to check several potential RCHs and their corresponding soils.  
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After positive confirmation of RCHs in 2 open fields, a DJI 3 Advanced drone was used to take 

pictures of the field at a height between 30 and 50 meters. The first and last day of the fieldwork, 

researchers from Cottbus University joined the fieldwork to first help find RCHs and later to discuss 

specific located RCHs. 

Data from the fieldwork consisted of notes, mapped locations, soil profile forms and geotagged 

pictures of soil profiles. A shapefile containing only the confirmed charcoal hearths was made after 

fieldwork. Locations from the soil profiles and soil pictures were mapped in ArcMap. Soil pictures 

can be found in Appendix 5. The drone images of the two open fields were converted into Digital 

elevation models using the Agisoft software. Point cloud density was set to medium as higher 

settings would take a full day to process.  
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Data processing 
 40 RCHs were confirmed 

during fieldwork (see appendix 

1 for all visited locations).  They 

were categorized as RCH on 

forested slope, in flat forest or 

in (flat) open field. Cross 

sections and contours were 

made for each RCH. For the 

ones on slopes it was of vital 

importance to use the same 

measuring method (Figure 3). 

Contours were made to see the 

slope direction. Then a cross 

section perpendicular to the 

slope was made to decide the 

height and diameter. RCHs on 

slopes have an elliptical shape 

and are larger perpendicular to 

the slope. Due to slope erosion, 

it is impossible to measure the 

diameter of the RCH parallel to 

the slope (A. Hirsch, personal 

communication, 3rd of May 

2018, Horstwalde). This  

second cross section parallel to 

the slope was only used for 

categorization. For further 

study, 5 categories were made: 

1. Intact circle 

2. Unclassified 

3. Classic slope shape 

4. Elevation in 1 direction 

5. Disturbed circle  

 

Although classifying these 

hearths on their shape took a 

lot of time, further analysis will 

not be done as group sizes 

were too small to draw any 

conclusions.   

 

 

Figure 3: 3 RCHs visible on a DEM with their corresponding cross profiles. 
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In order to measure the distance from RCH to historic road and add these as attribute, polygons of 

historic roads where made in ArcGIS. Two maps, from 1841 and 1904, where used to locate the historic 

roads. No data from earlier times was available and the 1841 map turned out not to be very accurate. 

With help of the 1904 map and remainders of the roads still visible on the DEM and Hill shade maps 

under specific settings, it was possible to locate all roads in the research area. The distances were 

measured with the measurement tool in ArcMap. Measuring was done manual by choice and not done 

in model builder with another tool as manual measuring had the advantage of gaining knowledge on 

the distances while measuring. 

Visualization and Statistical analysis  
The attributes with distances, diameter and height were imported into Matlab. Boxplots were made 

to see the spread of the data. Kruskal-Wallis tests were conducted to see if there were relations 

between RCH type and diameter and RCH type and height. Multiple regression was used to see a 

relation between diameter and distance towards historic roads. Further analysis is described in the 

results section below.  

Results 

Fieldwork 

RCH locations  

During fieldwork, 40 RCH were confirmed out of the ±40 potential locations (Appendix 1). 27 RCHs 

were located on slopes, 7 in flat forest and 10 were located in open fields. 5 were located in a ploughed 

field which was already open field in 1841 (Figure 4, left open field) and 5 were in an open field, 

converted in between 1940 and 1978 (right field) according to land use maps from those respective 

years. The first 3 charcoal hearths were located with help from Cottbus University researchers, F. 

Hirsch, A. Schneider and A. Bonhage. RCHs on slopes were relatively easy to locate in the field as slopes 

were clearly interrupted. While RCHs in flat forest could be located due to the fact that they were up 

to 80 centimeters high. The RCHs in open field were due to their lower height and larger diameter, 

much harder to locate. Some were found on the last day of the fieldwork. With the current knowledge 

it certain that more RCHs in open field can be found in the area. RCHs were also distinguishable from 

their surrounding due to the slightly different vegetation cover. In open fields, grass was slightly 

higher, while in forest specific green weeds seemed to thrive on these soils. Pictures were not able to 

capture these minor differences. RCHs were also confirmed by a fox hole and fallen trees as the rooting 

system exposed the charcoal layer underneath it (Appendix 5: photo 13).  

Figure 4: Locations of the 3 charcoal hearth types 
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Soils 

Soil profiles have proven not to be 

very diverse. All soils were very sandy, 

sometimes containing a loam or clay 

layer. Due to the limited time during 

fieldwork, soil profiles were only 

described if the found soil was 

different than the ones previous 

described. Most samples were taken 

nearby or on the Lange Horstberge.  

Agricultural fields were artificially 

drained. Peat layers were found in 

both the northern as well as the 

southern valley locations (Figure 5, 

location 4, 5, 6, 20). Soil texture  

would be described as sandy loam. 

The charcoal layer was several 

centimeters up to 40 centimeters 

thick. Charcoal content varied greatly 

between RCHs in forest and open 

field.  

Table 1: Soil drills 

Soil type + 
Principal 
Qualifiers 

Principal 
Qualifiers 

Supplementary 
Qualifiers 

Description Locations 

Arenosol  Haplic Aric, Novic  Arenosols were the  most common soils found 
in the fieldwork area.  They were found 
throughout the area. They showed little soil 
development. Some soils on the Lange 
Horstberge were in the podzolization process, 
and therefore not yet classified as  such.  

2,3,6,10, 
11,12,13, 
14,15,16, 
17,18,19 

Gleysol Spodic, 
Histic 

Geoabrubtic, 
Clayic, Aric, 
Drainic 

Gleysols were located away from the Lange 
Horstberge in the valley. Although 
groundwater was still relatively high, fields 
were drained. No RCHs were found on these 
soils.  

4,5,7,20 

Podzol Histic,   Podzols were not often found. Differentiating 
podzols from arenols in podzolization was 
challenging. They were located on the slopes 
of the Lange Horstberge.  

1,8 

Technosol Spolic Petric, Arenic Only one technosol was found. It was located 
in flat forest. It contained many larger charcoal 
artifact in the first 40 centimeter, directly 
underneath it was the dune sand.   

9 

Figure 5: Drill locations. Photos of corresponding soils can be found in appendix 5 
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Diameter  
In the field RCHs already appeared to have very 

different sizes. The smallest RCH was around 6 meters 

in diameter and located on a slope, while the largest 

one was 26 meters and located in open field. Diameters 

were rounded off on integers as the resolution from the 

DEM, used to note the diameter, would not necessarily  

provide more precise estimations.  Boxplots were 

created from the raw data in Matlab. Additional data 

can be found in Appendix 2. The boxplots show RCHs in 

open field were largest, but also had the largest spread. 

RCHs on forested slope were relatively small and similar 

in size. This can also be seen on the DEM, which clearly 

shows the similar sized RCHs on the southern slope. 

Figure 6 shows the RCHs located in the ploughed field 

are also larger than the RCHs found in the more 

recently converted open field. A Kruskal-Wallis test was 

used to prove significant differences between groups. 

This test showed a significant difference between 

groups with a p-value of 0.003. A Post Hoc test showed 

the diameter between the RCHs on slopes and RCHs in 

open field was significantly different. Although larger 

RCHs were found in open field, there was no significant 

difference between the ones in open field and in flat 

forest (Appendix 2).  

  

 

Figure 7: Proportions of the diameter of the located RCHs. 

Figure 6: Boxplots of measured diameters per group 



12 
 

 

Height 
As stated above, RCHs in flat forest were easier to 

locate due to their higher elevation. Average height of 

the RCHs in open field was 21 cm while the ones in flat 

forested averaged 46 cm (figure 9). A Kruskal-Wallis 

test showed there was a significant difference in height 

with α=0.05 as the p-value was 6.5307e-04. Post Hoc 

test showed the height of the RCHs in open fields were 

significantly lower than the RCHs in flat forest as well 

as the ones found on slopes. Raw data can be found in 

Appendix 2. There was no difference between RCHs 

found in the ploughed field and the ones in the 

younger open field. 

 

 

 

 

Historic land use and roads 
Out of the 40 charcoal hearths, 35 were located in forest and near forest borders according to the 

1841 land use map. It seems highly likely that the RCHs were constructed in the forest. However, older 

maps were available to check earlier forest cover. In the west, two roads were on either site of the 

slopes of the Lange Horstberge, of which the one in the south is still in use. In the west there was one 

road north of the Lange Horstberge (still in use) and one on top of the dune which has partly 

disappeared as sand was taken from the dune to increase elevations in the northern valley (Schuuring, 

2017). In the middle of the fieldwork area, there was a road perpendicular to the Lange Horstberge 

which connected the area with ‘Die Schmelze’ which was the expected destination of the produced 

charcoal.  

Figure 9: Boxplots of measured heights per group 

Figure 8: Proportions of the height of the located RCHs. 
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Distances from RCHs towards historic roads were between 3 and 80 meters. Figure 11a shows the 

frequency distribution while figure 12 shows the distribution of measured distances versus 5 runs with 

random generated values. It shows 15 RCHs were only 15 meters away from roads. Average distance 

was 29.95 meters and only 5 RCHs were more than 50 meters removed from roads. A regression 

analysis was conducted to see if there was a relation between the size of the RCHs and their distance 

towards historic roads. A p-value of 0.857 shows this was not the case in this dataset.   

 

 

Figure 10: Historic roads and RCH locations on a DEM. 

Figure 12: Charcoal hearth distance distribution vs 5 runs with random values 
and 3 fitted 

Figure 11: a) Frequency distribution of measured 
distances. b) Distance plotted against diameter. Group 
one corresponds with RCHs in open field, 2 with forested 
flat land  and 3 with sloped RCHs. 
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Drone Images  
 

 

 

 

 

 

 

 

During fieldwork, a drone took images of two open fields. This resulted into a set of 53 photos for the 

younger open field and a set of 93 pictures for the ploughed field. Both DEMs have some fisheye-like 

distortion (Figure 13). After all steps were walked through for more 3 times,  with similar and different 

settings and no different outcome, no further time was spend on figuring out the reason for the 

distortion as LiDAR derived DEMs were sufficient. Orthophotos showed no distortion and can be found 

in Appendix 4 together with a comparison between the LiDAR DEM and drone DEM.  

 

Discussion  

The goal of this research was to locate and compare charcoal hearths in open field with RCHs found 

in forest. During fieldwork, 40 charcoal hearths were confirmed of which 26 new locations (14 from 

A. Schneiders dataset). 10 RCHs were located in open field and could be compared to the 30 others 

located under forest cover. 27 RCHs were located on slopes. Rosler et al. (2015) also noticed sloped 

locations seemed to be preferred as this made charcoal gathering easier but also protected the kiln 

during the burning from wind.  

Soils 
The first 30 centimeters of soil were most important as this layer was used to validate charcoal 

hearths. Deeper soil profiles were made to see on what soils the RCHs were built. Results clearly 

showed that locations with a high water table and peat layer  were not used for creating charcoal kilns 

but only dry, sandy soils were chosen. In the valleys with peat close to the surface, no RCHs were 

found even though historic roads and forest borders were nearby. This finding is in line with possible 

regulations that prohibited building charcoal kilns on peat, as this could create an extra fire hazard 

where the fire would spread (Personal communication, F. Hirsch, 3-8-2018). Photo location 5 

(Appendix 5) shows a profile north of the Lange Horstberge. These soils where very sandy with traces 

of peat, the DEM shows these fields are slightly elevated, sand near the surface could be dune sand, 

originated from the Lange Horstberge, as large parts were excavated and spread across the valley. 

(Schuuring., 2017). Although the principal and supplementary qualifiers for soil classification were 

Figure 13: DEMs of the two open fields,  created from drone images in Agisoft.  
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noted, they ended up not to be of much relevance for this research as the soils were only used for 

validation and indication for site choosing.  

Analysis of soil properties have been reported several times, the corresponding soil type however, has 

only been mentioned by two studies. Hirsch et al. (2017) studied the soil chemistry of 24 RCHs and 

classified the soils as Spolic Technosols (Humic). These RCH where all located on sandy soils. According 

to the according to the Munsell scale top soil colors ranged from 10 YR 4/4 to 10 YR 2.5/1.5. This is 

similar to the soils found on the Lange Horstberge. The difference in topsoil color between the RCH 

and surrounding soil can be seen in Appendix 5 photo 13.   

Compared to soils classified by Hirsch et al. (2017), classification was slightly different as not enough 

charcoal was thought to be present to qualify as Technosol. However Arenosols and Podzols both 

stand for sandy soils. Top soils containing charcoal were considered slightly darker as 10YR 2/2 and 

10YR 2/1 was written down several times. Hardy et al., (2016). Briefly mentioned the soil types where 

RCHs were located in Wallonia. These where Arenosols, Cambisols, Podzols and Luvisols. Again 

showing the RCHS being situated on dry sandy soils.  

RCHs sometimes affected soil development. Photo 14 in Appendix 5 shows a soil with an Ah layer of 

only several centimeters and directly underneath it the fine dune sand. Next to the RCH, the Ah 

horizon was at least 20 cm thick with a gradual changeover to the dune sand. The fact that the 

difference between horizons is so clearly visible shows the charcoal layer hinders percolation further 

into the soil. This is supported by Schneider et al. (2017). During last year’s ICLEA symposium they 

showed with a dye tracer that soil moisture percolation was very limited compared to soils without 

this technogenic layer. 

Detailed notation of soil type, grain size and soil horizons was not needed for the research as this did 

not help explain RCH site choosing any better. More research should mention the soil type and overall 

environment where the RCHs of a study were found as this would give an better understanding of 

where RCHs were built and if the soil indeed was important for choosing locations for charcoal kilns.  

 

External features 
Most important in this thesis, after locating RCHs in open field, was collecting the height and diameters 

of the confirmed RCHs. The RCHs in the 3 groups all showed different average diameters. Raab et al., 

reported RCHs in four categories , small (≤6 m), medium (>6 – 12 m), large (>12- 18 m) and extra-large 

(≥18 m) (Raab et al., 2015).  RCHs on slopes had an average diameter 11.4 m, which is a little larger 

than found in other studies (8-11 m) and (4-12 m), also for RCHs dating from the 16th till 19th century 

(Raab et al., 2017; Knapp et al., 2015). This difference could be explained by the fact that this study 

only used the largest diameter of the elliptical, sloped RCHs. RCHs in flat land were expected to be 

bigger as their size would not be limited to the hillslope, which was confirmed as the average diameter 

was 14.6 m.  

RCHs in open field could be classified as large to extra-large as their diameter was 17.2 m on average. 

Some RCHs were larger than 20 meters. These were located in the older, ploughed open field. 

Comparison between the two open fields groups showed no significant difference with α=0.05 (mean 

14.6 m vs. 19.8 m). This shows the RCHs in the young open field are equally large as the ones in flat 

forest. RCHs in the open fields are expected to have ‘grown’ over the last centuries due to ploughing.  
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The effect of ploughing is also visible in the height of the RCHs. On average, these RCHs had the lowest 

height ( 21.6 cm vs. 19 cm in the younger open fields). Which means the RCHs in the younger open 

field were the lowest. Although this is a minor difference, the RCHs in the ploughed field were located 

on sand deposits, where the ones in the younger open field were not. This could have influenced their 

height.  

Cross sections with similar scale show the difference in shape of the RCHs (Figure 14). The RCH on the 

right has a steep slope and still has an elevated plateau which is also seen in RCHs  under forest cover.  

Whereas ploughing has possibly diminished the slopes. A map containing the ratio of RCH height 

divided by their diameter can be found in figure 15. 

In comparison with RCHs found in flat forest (mean = 46.4 cm), height was significantly different. 

Zoogenic (grazing cows) and anthropogenic (ploughing) erosion has led to the relocation of soil 

whereas RCHs under forest cover could have gained soil due to biological activity. 

 

 
Figure 15: Map showing the Height of the RCHs divided by their diameter. Large dots are high relative to their diameter 
while the small dots are relatively low compared to their diameter. This clearly shows the difference in ratio between 
the RCHs found in open field and the ones found in flat forest.  

Historic Roads 
The measuring of distances from RCHs to historic roads itself has shown to be a relatively easy task as 

this can be done manually or with a tool in ArcMap. The historic map from 1841 however turned out 

to be quite inaccurate. Changing projections did not solve this problem as the proportions of i.e. the 

Lange Horstberge were off. The map of 1904 still showed most of the roads from 1841 and was more 

useful. However, one possible road or creek was located north of the younger open field at the forest 

border and start of the open field. As it was uncertain what was meant in the 1841 map, and fieldwork 

and the 1904 map showed neither, no road was drawn here. RCHs located furthest away from the 

drawn roads, where however closest to this possible missed road. This would mean the RCHs located 

Figure 14: Cross sections of RCH in ploughed field (left) and in young field (right) with similar scale. 



17 
 

furthest from historic roads is no longer 80m but that all RCHs are within 50 meters from historic 

roads. Although this research with 40 confirmed RCH location shows that with a 95% confidence 

interval all RCHS are within 50 meters from roads, no further statements regarding likeliness of finding 

RCHs within 50 meters can be made outside the investigated ‘population’. Similar research should be 

conducted elsewhere to see if this research can speak for more than the investigated RCHs or that 

different outcomes are obtained.  

The smallest RCHs were located directly next to roads, a regression analysis showed diameter and 

distance to historic roads are unrelated in this dataset. There could have been a trend between RCH 

diameter and distance to roads  due to certain regulations or preferences. However, in this dataset, 

not only the larger RCHs in open field were located relatively far away from roads, the smaller RCHs 

on slopes were also further away, resulting in to no correlation. Larger datasets of only one RCH type 

should be used for further study.  

 

Use of drones 
DEMs created from the drone photos only met part of the expectation. DEMs had a higher horizontal 

as well as vertical resolution compared to the LiDAR derived DEM. For unknown reasons the centre of 

both DEMs is the lowest point. Which in reality is not the case. It could be that a process in Agisoft 

misinterprets the photos but it could also be something went wrong during the drone flight. A 

comparison between the LiDAR DEM and Drone DEM can be found in Appendix 4. If this fish-eye effect 

is not present, DEMs derived from drone images could be used for identifying RCHs if LiDAR data is 

not available. This would however only be useful for locating RCHs in open field as the Agisoft software 

is not able to create DEMs if trees are present (Moestadja, 2017).  

Orthomosaics were created for both open fields to see if difference in vegetation colour could expose 

RCHs. In the field a difference in vegetation and colour was visible. The RCHs could not be located just 

by looking at these photos. The Historical Imagery function in Google Earth was also used to see if they 

could be located just by looking at colour deviations. Again it was confirmed orthophotos alone were 

not enough to locate RCHs in open field.  

 

Reflection on methods and research outcome  
This thesis shows a first analysis of RCHs in open field. As many aspects were discussed and time was 

limited, there is room for further detailed analysis of the located RCHs. The used methods, soil profile 

analysis, use of GIS and statistical analysis cover most important topics of the Earth Sciences major 

and made it possible to answer all research questions. First of all it turned out to be very important to 

spend many hours before the fieldwork to locate potential RCHs. This made working in the field more 

efficient and resulted in to many confirmations. On the other hand it gave less time for soil profile 

analysis. This meant for example there was no time to measure grain size. 

Height and diameter were measured very accurate, not taking into account that the LiDAR data and 

therefore the DEM have a certain horizontal and vertical error. The DEMs, hill shade and slope map 

had a horizontal resolution of 1m. Determining the vertical accuracy can be done by flying over and 

recording data points of the same area multiple times. Dharmapuri (2014), tested vertical accuracy 

and reported root mean square error rates (RMSE) can be up to 24.5 cm. The accuracy can also be 

affected during data processing and increase if the soil is blocked by vegetation.  Environmental 

Agency data has a vertical accuracy of 5 – 15 cm RSME (Getmapping, n.d.). For the LiDAR data used in 

this thesis, a vertical accuracy of ≤ ± 0,30 m t 0,50 m is reported (Landesvermessung und 
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Geobasisinformation Brandenburg, n.d.). While it should be noted that actual RCH heights could be a 

little different from reality, it seems unlikely that this would change the statistical outcome as heights 

are very significantly different. 

In summary, this research provides valuable baseline information about charcoal hearths in open 

fields and gives a first analysis on the relation between RCHs and distances to historic road. Future 

studies should analyze charcoal content of the 3 different groups as big differences, especially in the 

ploughed field, are expected.  Similar research should be conducted while making use of a larger 

dataset to see if this leads to similar results. 

 

Conclusion  

In the studied area of 2 x 3 km 40 RCHs have been located of which 26 were not yet located by previous 

researchers. This dataset containing the height, diameter, shape and distance to historic roads for 

each RCH, was used to successfully answer the main – and sub-questions.   

 

How are the soil profiles of RCHs different from their surroundings and how do they compare to soils 

already documented? 

During validation, charcoal layers varying from several centimeters to 40 cm were reported. Thickness 

of charcoal layer is depending on where in the circle a measurement is done. On average charcoal 

layers should be around 30 cm thick. The charcoal layer seems to prevent OM and soil moisture from 

percolating into deeper layers. Surrounding soils were often more developed and had a different color. 

Other research found RCHs on similar soils and also reported charcoal layers reduced percolation. 

 

To what extent can historic roads, landscape type and soil profiles explain the choosing of the sites in 

the fieldwork area? 

This location proved to be very interesting due to the fact that there are 3 RCH types, preserved 

differently, very close to each other. All RCHs were found on dry, sandy soils, avoiding peat. For the 

researched area this meant all RCHs were located on the Lange Horstberge or next to it, still slightly 

elevated compared to the Baruther Urstomtal. It seems sloped locations were preferred as more than 

50% of the located hearths were on the dune. All were located on the southern slope, suggesting the 

RCHs needed to be protected from northern winds or that the wood originated from the southern 

valley and that this was the nearest suitable place for making RCHs.  95% (and possibly all) of the RCHs 

are located within 50 meters of historic roads. Meaning locations nearby roads were preferred. 

 

Can LiDAR data and fieldwork prove the existence of RCHs in open fields in the Horstwalde area, and 

if so, how do they compare to the hearths found on the Lange Horstberge? 

It has been proven charcoal hearths exist in Brandenburg and that it is possible to located them with 

LiDAR (or drone image) derived maps. They are more difficult to locate in the field as they tend to be 

less intact and possibly more gentle slopes due to ploughing.  A Kruskal-Wallis test showed RCHs in 

open field had a significantly larger diameter comparted to the RCHs on forested slopes, but not to 

the ones in flat forest. The height of RCHs in open field is 21 cm on average versus 46 cm for the ones 

in flat forest.  The amount of charcoal for both the RCHs in the younger open field and especially the 

RCHs in the ploughed field was lower than of those under forest cover. This, together with more gentle 

slopes found for the RCHs in the ploughed field indicate that RCHs in open field are subjected to 

zoogenic and anthropogenic erosion.  
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This thesis shows it is important to improve the current models used to locate RCHs as many (and all 

RCHs in open fields) are still overseen. Currently research areas should also always be inspected 

manually. A similar, but larger study should be conducted to increase the validity of the obtained 

results. Similar results could mean distances to historic roads could be used as a proxy to determine 

to likeliness of potential RCHs. It would also suggest RCHS in open field are slowly disappearing due to 

erosion. Therefore further research regarding RCHs in open fields should be conducted soon as it is 

now still possible to measure the effects of different lengths of erosion on the RCH exterior as well as 

its soil properties.  
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Appendices 

Appendix 1: Fieldwork area map with all visited locations 

Map created after fieldwork, 0 corresponds with hearths that are not confirmed nor refuted, 1 

corresponds with locations where no RCH was found and 2 are the confirmed RCHs  
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Appendix 2: Raw data and Matlab outcomes  
 

 

 

 

Outcome of the post-test showing sloped and open field RCHs have significantly different diameters 

(left) and significant difference in height between open field and flat forest RCHs (right). 
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Table 1: Raw data exported from ArcMap into Excel.  

 

 
 
 
 

OBJECTID *Field_check Diameter Max_Height Hearth_Shape Hearth_Type Distance_to_Road

10 2 20 32 5 1 36

11 2 10 12 1 1 61

14 2 12 12 1 1 80

50 2 14 22 4 1 48

52 2 17 17 1 1 48

73 2 22 20 5 1 31

74 2 26 28 5 1 26

77 2 22 30 3 1 15

80 2 15 8 2 1 40

148 2 14 22 1 1 31

32 2 16 70 4 2 13

34 2 10 30 1 2 11

35 2 18 38 1 2 15

69 2 15 30 4 2 9

71 2 20 60 4 2 24

72 2 15 50 4 2 10

81 2 8 45 5 2 9

30 2 10 30 3 3 27

31 2 14 40 3 3 30

41 2 6 10 6 3 3

45 2 8 23 4 3 26

47 2 11 27 3 3 34

48 2 10 25 4 3 42

53 2 12 24 3 3 48

58 2 14 25 4 3 9

64 2 10 27 4 3 8

70 2 15 45 3 3 11

79 2 10 20 3 3 5

84 2 12 40 3 3 42

85 2 10 32 1 3 14

87 2 10 28 3 3 9

88 2 12 40 3 3 16

91 2 15 42 3 3 52

92 2 14 35 3 3 47

93 2 14 32 3 3 44

94 2 13 40 3 3 51

95 2 14 35 3 3 46

96 2 9 17 3 3 55

97 2 10 33 3 3 46

147 2 10 42 1 3 14
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Table 2: Mean diameter, height and distance to historic road per RCH group.  
Diameter (m) Height (cm) Distance to Road (m) 

Open Field 17.2 20.3 41.6 

Young 14.6 19 54.6 

Ploughed 19.8 21.6 28.6 

Flat Forest 14.6 46.1 13 

Sloped Forest 11.4 31 29.5 
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Appendix 3: Matlab Script 
 

 
load('RCH_data.mat') 
load('open_young.mat') 
load('open_old.mat') 

  
%% Diameter 

  
RCH_diameter = RCH_data(:,3); 
d_open = RCH_data(1:10,3); 
mean(d_open) 
d_flat = RCH_data(11:17,3); 
mean(d_flat) 
d_slope = RCH_data(18:40,3); 
mean(d_slope) 

  
Groups = {'Open','Open','Open','Open','Open','Open','Open','Open' ... 
    ,'Open','Open','flat','flat','flat','flat','flat','flat','flat' ... 
    ,'slope','slope','slope','slope','slope','slope','slope','slope' ... 
    ,'slope','slope','slope','slope','slope','slope','slope','slope' ... 
    ,'slope','slope','slope','slope','slope','slope','slope'}; 

  
[p,tbl,stats] = kruskalwallis(RCH_diameter, Groups) 
%% 
a = multcompare(stats) 
%% 
figure(5) 
subplot(1,3,1) 
boxplot(d_open) 
ylim([5 30]) 
xticklabels('diameter open field') 
subplot(1,3,2) 
boxplot(d_flat) 
ylim([5 30]) 
xticklabels('diameter flat forest') 
subplot(1,3,3) 
boxplot(d_slope) 
ylim([5 30]) 
xticklabels({'diameter sloped forest'}) 

  
%% Height 

  
RCH_height = RCH_data(:,4); 
h_open = RCH_data(1:10,4); 
h_flat = RCH_data(11:17,4); 
h_slope = RCH_data(18:40,4); 
mean(h_open) 
mean(h_flat) 
mean(h_slope) 
[p,tbl,stats] = kruskalwallis(RCH_height, Groups) 

  
a = multcompare(stats) 

  
figure(5) 
subplot(1,3,1) 
boxplot(h_open) 
ylim([5 80]) 
xticklabels('height open field') 
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subplot(1,3,2) 
boxplot(h_flat) 
ylim([5 80]) 
xticklabels('height flat forest') 
subplot(1,3,3) 
boxplot(h_slope) 
ylim([5 80]) 
xticklabels({'height sloped forest'}) 

  

  
%% Distance to road 

  
RCH_dist = RCH_data(:,7) 
dist_open = RCH_data(1:10,7) 
dist_flat = RCH_data(11:17,7) 
dist_slope = RCH_data(18:40,7) 

  
[p,tbl,stats] = kruskalwallis(RCH_dist, Groups) 

  
a = multcompare(stats) 

  
%%  

  
mean_dist = mean(RCH_dist) 
sum(RCH_dist>50) 
sort_dist = sort(RCH_dist) 
x = (1:40) 

  
dist_open = RCH_data(1:10,7); 
mean(dist_open) 
dist_flat = RCH_data(11:17,7); 
mean(dist_flat) 
dist_slope = RCH_data(18:40,7); 
mean(dist_slope) 

  

  
xmin= 3 
xmax=80 
n=40 
random_dist =xmin+rand(1,n)*(xmax-xmin) 
sort_rand = sort(random_dist) 

  
q_25 = quantile(RCH_dist', 0.25) 

  
dist = sort_dist' 

  
figure(1) 
plot(x, sort_dist,'Color', 'blue', 'LineWidth',2); 
hold on 
plot(x, sort_rand,'Color', 'black') 

  
 x = (1:16) 
    y1 = dist(1:16);  
    scatter(x,y1,15,'b','*')  
    P = polyfit(x(1:16),y1,1); 
    yfit1 = P(1)*x+P(2); 
    hold on; 
    plot(x,yfit1,'c-.','LineWidth',2); 
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 x = 17:34;  
    y2 = dist(17:34);  
    scatter(x,y2,15,'b','*')  
    Q = polyfit(x,y2,1); 
    yfit2 = Q(1)*x+Q(2); 
    hold on; 
    plot(x,yfit2,'r-.','LineWidth',2); 

     
 x = 35:40;  
    y3 = dist(35:40);  
    scatter(x,y3,15,'b','*')  
    R = polyfit(x,y3,1); 
    yfit3 = R(1)*x+R(2); 
    hold on; 
    plot(x,yfit3,'m-.','LineWidth',2); 

  
title ('Distance from historic road to RCH') 
xlabel('number of hearths') 
ylabel('distance (m)') 

  
text(30, 20, '__', 'Color', 'black', 'FontWeight', 'bold', 'FontSize',15); 
text(32, 18, ' random  values ', 'Color', 'black'); 

  
text(30, 17, '__', 'Color', 'blue', 'FontWeight', 'bold', 'FontSize',15); 
text(32, 15, ' actual distances', 'Color', 'black'); 

  
text(30, 11, '---', 'Color', 'cyan', 'FontSize',15); 
text(32, 11, 'coefficient = 0.7485 ', 'Color', 'black'); 

  
text(30, 8, '---', 'Color', 'red', 'FontSize',15); 
text(32, 8, 'coefficient = 1.5872 ', 'Color', 'black'); 

  
text(30, 5, '---', 'Color', 'magenta', 'FontSize',15); 
text(32, 5, 'coefficient = 5.5143 ', 'Color', 'black'); 

  

  
groupvalues = [1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 ... 
    3 3 3 3 3 3 3 3 3 3 3 3 3]'; 
dist_dia = [RCH_dist RCH_diameter groupvalues];  
dist_dia(:,1) 

  
figure(2) 
subplot(2,1,1) 
[counts, bins] = hist(RCH_dist); 
plot(bins, counts); 
title('frequency distribution of distances'  ) 
xlabel('distance (m)') 
ylabel('frequency') 

  
% 

  

  

  
subplot(2,1,2) 
gscatter(dist_dia(:,1), dist_dia(:,2), dist_dia(:,3)) 
title('RCH groups distance to road vs diameter'  ) 
ylim([0 30]) 
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xlabel('distance (m)') 
ylabel('diameter (m)') 

  

  

  

  
%% 

  
fitlm(RCH_dist, RCH_diameter) 

  
%% 

  
[counts, bins] = hist(RCH_dist); 
plot(bins, counts); 

  
%  x = (1:16); 
%     y1 = dist(1:16);  
%     scatter(x,y1,25,'b','*')  
%     P = polyfit(x(1:16),y1,1); 
%     yfit = P(1)*x+P(2); 
%     hold on; 
%     plot(x,yfit,'r-.'); 

  
%% Comparison two open fields  

  
openy = open_young(:,3:4) 
openo = open_old(:,3:4) 
av_dia_y = mean(openy(:,1)) 
av_dia_o = mean(openo(:,1)) 
av_hei_y = mean(openy(:,2)) 
av_hei_o = mean(openo(:,2)) 
av_dist_y = mean(open_young(:,7)) 
av_dist_o = mean(open_old(:,7)) 

  
opengroups = {'young','young','young' 'young','young','old','old','old' ... 
   ,'old','old'} 
opencomb = [openy; openo] 
open = [opencomb, opengroups] 
% gscatter(open(:,1), open(:,2), open(:,3)) 
title('RCH groups distance to road vs diameter') 

  
xlabel('diameter (m)') 
ylabel('height (cm)') 

  
% Check significant difference between diameters 
[p,tbl,stats] = kruskalwallis(opencomb(:,1), opengroups) 

  
% Check significant difference between heights  
[p,tbl,stats] = kruskalwallis(opencomb(:,2), opengroups) 
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Appendix 4 : Drone images vs Lidar Derived map 

 

Figure 16: Cross profiles of an RCH in the younger open field showing the difference in detail between the LiDAR derived 
DEM and of the drone DEM. 
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 Orthophoto of the younger open field (above) and older ploughed field (below).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overview of the ploughed field, with the RCHs highlighted. 
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Appendix 5: Soil profiles  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          Photo location 1 
Photo location 2 
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Photo location 3 

 

Photo location 4 
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Photo 5: Spodic Histic Gleysol (Geoabrubtic Clayic Aric Drainic) Photo location 5 

Photo location 6 
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Photo location 7 Photo location 8 



36 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Photo location 9 Photo location 10 
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Photo location 11 Photo location 12 
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Photo location 13 Photo location 14 
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Photo location 15 Photo location 16 
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Photo location 17 Photo location 18 


