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Abstract
The Netherlands is a country that is known for its continuous battle against water. One of the first solutions
to stay safe from water were dwelling mounds. Dwelling mounds can be found all around the Netherlands
and are sites of great historical and cultural value. It is known that dwelling mounds exist in the Betuwe
area, but specific research on these mounds is scarce and the few sources that are available contradict
each other. For example, a singular definition, classification and age of dwelling mounds in the Betuwe is
absent. The relations between the geomorphologic setting and type of dwelling mound is also poorly
understood. This research aimed to provide an answer on two aspects: What variations between dwelling
mounds exist in the Betuwe area and how is their location related to anthropogenic and natural processes,
such as embankment, river morphodynamics and flooding? Clearing up contradictions in literature and
constructing a classification of dwelling mounds was done to gain clear insights in the variations of dwelling
mounds in the Betuwe area. Geomorphology, soils, topography and palaeo-river channels were compared
with the locations of dwelling mounds with help of software programmes such as ArcGIS. Fieldwork was
conducted on six dwelling mounds in a case-study area to get additional insights on the structure of
dwelling mounds. It can be concluded that, based on soils, geomorphology and partly on etymology, four
types dwelling mounds can be distinguished. These four types are (i) dwelling mounds, (ii) old habitation
hills, (iii) refuge hills and (iv) elevated meadows. The average dwelling mound has an elevation of 0.9 m
compared to its surroundings and they are predominantly found on alluvial ridges. The results suggest that
the first dwelling mounds were constructed around 1300 AD, but getting an absolute age was impossible
with the methods used. Future research should make use of historical architecture, history of dikes and/or
optically stimulated luminescence dating to get closer to absolute ages of dwelling mounds. It is also
advised that future research takes the proposed classification of this research into account when studying
these dwelling mounds.
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1 Introduction
1.1 Background
The Netherlands is strongly connected to water. More than half of the country is below sea level (United
Nations University, 2016) and the outlets of the Rhine and Meuse rivers are situated within the country.
Protection against sea and river was needed to enable living for the first inhabitants of the Netherlands.
Over time, the protection of the Netherlands against water became dependent on dikes. In 1995, an
extreme discharge event occurred in the Rhine and Meuse. It was feared that the river dikes would collapse
and flood a large part of the Netherlands. Luckily this did not happen, and it initiated the Room for the
River project, to protect the Netherlands against extreme discharges in the future (Rijkswaterstaat, 2020).
Currently, the flood protection varies on floods with a recurrence interval between once in 100 years and
once in 100,000 years (Slootjes & van der Most, 2016, p.10).
Due to climate change, the sea level is expected to rise, and
river discharges are expected to increase. Therefore, it is
necessary to make sure that both sea and river dikes are as
climate-proof

as

possible.

Van

Loon-Steensma

(2011)

constructed a report with various ideas about how to enable
both

a

robust

and

multifunctional

dike.

However,

the

Netherlands could not always rely on dikes, let alone on
multifunctional dikes. The first flood protections were not dikes,
but dwelling mounds.
The oldest dwelling mounds can be found in Friesland and
Groningen (Nieuwhof, 2016; Nicolay, 2010; Boersma, 1970).
They are locally known as ‘terp’ or ‘wierde’ and were
constructed between 500 BC and 1200 AD (Noordhoff
Atlasproducties, 2011, p. 30-31). Other dwelling mounds can
be found in the IJssel-delta and the central river area of the

Figure 1: A map of the Netherlands with the
Dutch river area highlighted in green. The
In the IJssel-delta they are known as belten but in the central area within the red rectangle shows the
Dutch central river area. The area within the
river area they are known as woerd, terp and oude
blue rectangle shows the IJssel-delta.
woongrond/oude bewoningsplaatsen (Jongmans et al., 2013, Source: Frank Wesselingh, Naturalis,
p.461; Willemse & Verhelst, 2011; Dikx, Hommel & Vervloet, retrieved from
1996, p. 26; Edelman & Vlam, 1949). Besides a different name, https://www.geologievannederland.nl/lands
the dwelling mounds in these areas are thought to be much chap/landschappen/rivierlandschap
Netherlands (figure 1).

younger than the dwelling mounds in Friesland and Groningen.
Another difference occurs between dwelling mounds in the central river area and the ones in the IJsseldelta and Friesland and Groningen. In the central river area, dwelling mounds were constructed for
protection against the river and not the sea.
Most studies on dwelling mounds in the central river area assume that they were constructed after the
continuous embankment of the Rhine during the Middle Ages (500 AD - 1500 AD), until the 19th century
(Jongmans et al., 2013, p.461-465; Luggenhorst et al., 2013, p. 6; Bosschaart & Driessen, 1989;
Modderman, 1949a, b). Other studies suggest that these mounds have been present since Roman times
(12 BC – 500 AD) (Willemse & Verhelst, 2011; Vervloet 1986; Edelman & Vlam, 1949). It is shown that
dwelling mounds can be found all over the central river area and are predominantly situated on natural
levees or old alluvial ridges (Jongmans et al., 2013, p.461-465; Willemse & Verhelst, 2011; Vervloet, 1986;
Edelman & Vlam, 1949; Modderman, 1949a, b). Especially the province of Gelderland has many sites with
dwelling mounds which can be seen in figure 2. These dwelling mounds are of great historical and
archaeological value and can show insights in the fight against water of the population of the Netherlands
from the Middle Ages to the 19th century. For this research, the specific area of interest will be the Betuwe,
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because specific studies on dwelling mounds from Luggenhorst et al. (2013), Willemse & Verhelst (2011),
van Hemmen (2011), Bosschaart & Driessen (1989), Edelman & Vlam (1949) and Modderman (1949a, b)
have shown that there are multiple types of data. This area is shown in figure 2. Collections of
archaeological findings of dwelling mounds in this region are also visible in museum Het Valkhof, at the
Gelders Archeologisch Centrum and several historical societies (Gelderse Archaeologische Stichting, 2020).
Despite being fairly well-documented, existing research on dwelling mounds in the Betuwe is incoherent
on a variety of subjects.

Figure 2: a) the location of the study area relative to the Netherlands. b) The boundaries of the Betuwe and every identified
dwelling mounds in this research. Palaeo-geography of the Rhine is shown as well. Coordinate system is RD_New, which
shows the distance in meters.

1.2 Problem statement
A singular definition of dwelling mounds is lacking. Throughout literature Woerd (Elevated meadow), Terp
(Dwelling mound) and Oude woongrond (Old habitation hill) is used while it seems that they all refer to
the same phenomenon (Luggenhorst et al., 2013; Jongmans et al., 2013; van Hemmen, 2011; Willemse
& Verhelst, 2011; Bosschaart & Driessen, 1989; Vervloet, 1986; Edelman & Vlam, 1949; Modderman,
1949a, b). How and when dwelling mounds are formed is also unclear. Jongmans et al. (2013), Willemse
& Verhelst (2011) and Edelman & Vlam (1949) state that dwelling mounds have been present since the
Roman Age (12 BC- 500 AD), whereas Luggenhorst et al. (2013), Bosschaart & Driessen (1989) and
Modderman (1949a, b) state that these dwelling mounds were constructed due to the continuous
embankment of the Rhine in the 13th-14th century. Furthermore, no database is present on characteristics
of dwelling mounds, such as geomorphology, soils, elevation, etc. Topographic relations between dwelling
mounds and their surroundings are very scarcely studied, and if they were studied, it was smaller case
study (~30 km2), such as in Bosschaart & Driessen (1989). This research therefore aims to clarify (i) the
definition of a dwelling mound in the Betuwe area, (ii) the age and formation of dwelling mounds, and (iii)
characteristics of these dwelling mounds regarding geomorphology, soils, topographic relations and
number of buildings.
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1.3 Research questions
From the identified problems in the problem statement, the following research questions can be
formulated:
1.

What are dwelling mounds and which variations exist in the Betuwe area?
a.
b.

2.

What is the current state of knowledge on dwelling mounds in the study area?
Which different types of dwelling mounds can be distinguished?

What is the geomorphological setting of dwelling mounds in the Betuwe area and how is their
location related to anthropogenic and natural processes, such as embankment, river
morphodynamics and flooding?
a.

In which geomorphological units do dwelling mounds occur?

b.

Does a correlation exist between specific types of dwelling mounds and specific
geomorphological units?

c.

Which topographic relations exist between the locations of dwelling mounds and Holocene
paleo-channels of the Rhine river?

d.

Which topographic relations exist between the locations of dwelling mounds and historic
flood magnitudes of the Rhine river?

1.4 Approach
This research aims to give answers on the aforementioned research questions. First, the methods will be
described how the research questions will be answered. Chapter two is divided in seven subchapters, where
each chapter has a connection to one of the research questions. Current knowledge is investigated, as well
as what types of dwelling mounds are already known in the Betuwe. Furthermore, the geomorphologic
setting and subsoil setting is investigated and correlations between geomorphologies are sought in dwelling
mound (relative) height, distance to river, elevation and palaeo-geography of the Rhine. As for the
topographic relations, relative heights, elevation, dwelling mound density, distance to river and flood
depths have been investigated. The results are presented in chapter three with a subdivision between the
analysis of the Betuwe (complete study-area) and the Overbetuwe (case study-area). The reason for this
detachment is because of the identification of different types of dwelling mound, which is only done for the
Overbetuwe area. For each dwelling mound type, topographic relations have been investigated as well. In
chapter four, the synthesis of the results is described as well as the limitations of this research and
recommendations for future research. In chapter five, the conclusions are drawn. Since most of the sources
was in Dutch, a list of translations is shown in appendix 1 (p.42).
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2 Materials and methods
In this section the materials and methods used in the research will be elaborated. The materials and
methods are divided per research question.

2.1 Current knowledge
Existing literature on dwelling mounds was reviewed on used definitions for dwelling mounds, as well as
their locations and age estimations. Examples of consulted literature sources are among others the works
of Luggenhorst et al. (2013), Jongmans et al. (2013), Willemse & Verhelst (2011), van Hemmen (2011),
Bosschaart & Driessen (1989), Vervloet (1986) Edelman & Vlam (1949) and Modderman (1949a, b).
Experts on historical geography of the Betuwe (Jelle Vervloet and Ferdinand van Hemmen) were
interviewed to gain additional information on dwelling mounds in the Betuwe area. Jelle Vervloet is
emeritus-professor historical geography of Wageningen University and Ferdinand van Hemmen is
landscape historian, specialised in the Betuwe area. Questions asked to these experts were:
1.
2.
3.
4.
5.
6.

What do you consider a dwelling mound?
What do you know about the etymological definitions of dwelling mounds?
Did dwelling mounds have other functions than keeping dry feet? If so, what were these
functions?
What do you know about the age of dwelling mounds?
In determining dwelling mounds, what procedure did you use?
Can you think of any relevant literature about dwelling mounds in the Betuwe, regarding the
research questions of this thesis?

Summaries of the interviews can be seen in appendix 2 (p.45).
As mentioned in the problem statement, some classifications have already been made in the past. The
partial classifications by Luggenhorst et al. (2013) and Willemse & Verhelst (2011) were enhanced and
constructed, by creating an (visual) overview with no contradictions between different types of dwelling
mounds. The definitions of the different types are to be found in chapter 3.1 and the overviews of the
different types are presented in chapter 4.1.
For this research it was necessary to know the locations of dwelling mounds in the Betuwe area. The
dwelling mound map of the province of Gelderland (Provincie Gelderland, 2003) was georeferenced by
hand. The locations of these dwelling mounds were validated with locations of dwelling mounds from
Luggenhorst et al. (2013) and height differences of the dynamic Algemeen Hoogtebestand Nederland 2
(AHN2) (AHN, 2020). Data sources of the maps from Luggenhorst et al. (2013) and Provincie Gelderland
(2003) are historical sources such as tax statements, cadastral maps, toponyms and geomorphology, but
these have not been studied in detail for this research. In total, 580 dwelling mounds were distinguished
in the Betuwe area, which is identified as the combined area of municipalities of West Betuwe, Culemborg,
Buren, Tiel, Neder-Betuwe, Overbetuwe and Lingewaard with a total land area of 690.37 km2 (figure 2 &
3; p.2 & p.6).

2.2 Fieldwork
Fieldwork was conducted to get an insight in the stratigraphy of different types of dwelling mounds and to
find the border between the anthropogenic layer and undisturbed subsoil. Additionally, this fieldwork
provides an extra database with information about lithology and stratigraphy of dwelling mounds. The
fieldwork was realised following both procedures from Luggenhorst et al. (2013) and Bosschaart & Driessen
(1989). To select suitable fieldwork locations, a set of criteria was used, which can be seen in table 1.
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Table 1: Set of criteria used to determine a suitable fieldwork area.
NR.

DENSITY
(>5 /
3KM)

1

Yes (1)

NR. OF

NUMBER OF

AGE

FLOOD DATA

ENOUGH

DWELLING

GEOMORPHOLOGIC

KNOWN?

AVAILABLE?

SPACE TO

MOUND

UNITS

SCORE

CORE?

TYPES
3 (3)

5 (2)

For some

Present (1)

Yes (1)

9

(1)
2

Yes (1)

2 (2)

4 (2)

None (0)

Yes (1)

No (0)

6

3

Yes (1)

2 (2)

2 (1)

None (0)

Yes, from

Yes (1)

6

1855 (1)
4

Yes (1)

2 (2)

2 (1)

None (0)

None (0)

No (0)

4

5

Yes (1)

2 (2)

2 (1)

For some

Yes (1)

Yes (1)

7

(1)
6

Yes (1)

2 (2)

3 (1)

None (0)

Possibly (0.5)

Yes (1)

5.5

7

Yes (1)

2 (2)

3 (2)

None (0)

None (1)

Yes (1)

7

8

yes (1)

3 (3)

4 (1)

None (0)

None (0)

Yes (1)

6

9

Yes (1)

2 (2)

4 (2)

For some

None (0)

Yes (1)

7

(1)
One point was assigned for every ‘yes’ and for every unique dwelling mound type. For the geomorphologic
units, one point was assigned to locations with two different geomorphology types. Two points were
assigned if at least three different geomorphologic settings were present with at least an alluvial ridge and
backswamp. If the age was known for some dwelling mounds, one point was awarded, which is the same
calculation for flood data. The four possible fieldwork areas with the highest points are highlighted. Maps
of the possible locations are shown in appendix 3 (p.45). Ultimately, fieldwork was conducted in the region
Andelst and Herveld along with the additional dwelling mounds in Hemmen and Zetten. Six dwelling
mounds were selected in total and their locations are shown in purple in figure 3. With help of an extended
auger, samples were made every ten centimetres and soil profiles were at least 120 cm deep, unless the
layer was too disturbed with stone/glass to drill further. Hydrochloric acid (HCl) was used to determine the
number of carbonates in the soil and a Munsell colour book (Munsell Colour, 2010) was used to determine
the colour for every layer. For sandy layers, a sand ruler was used to determine the median sand fraction
and iPads with GPS ensured the right locations for dwelling mounds that were visited.
The four types of dwelling mounds were all included in the fieldwork around the Andelst/Herveld region
(Chapter 3.2, figure 4). The cross sections of the dwelling mounds on fieldwork locations, together with
their dwelling mound type as well as lithologic data and facies geometry is presented in chapter 3.1. Most
dwelling mounds have three auger locations.
After fieldwork on the 6 selected points was conducted, the soil profiles were photographed and digitized
with LLG 2012 2.0.25 (Cohen & Volleberg, 2012). Furthermore, data of the Laaglandgenese boringen
database of Utrecht University (UU-LLG) (Cohen, 2017) was checked for additional points that could be of
interest for this study. The additional points had to fully cover the dwelling mound in a transect. Three
additional points were of interest and these are included in the figures of chapter 3.1 as well. Thus, in total
eight different dwelling mounds were investigated with a soil/geomorphologic inventory. This inventory is
shown in appendix 4 (p.54). For each soil horizon, characteristics were written on the form and samples
were taken every ten centimetres. Based on these soil inventories, facies were constructed and soil profiles
were analysed in the aforementioned LLG program. The facies geometry, as well as lithologic data, type of
5

Figure 3: Location of the study area (a,b) and all (possible) dwelling mounds in the Betuwe area according to Provincie Gelderland, 2003
(b). Types of dwelling mounds for the municipality Overbetuwe have been determined in (c), as well as the locations that were visited for
fieldwork which are indicated with purple. The palaeo-geography of the Rhine river is classified in active river channels from 1500-now, 100
AD-1200 AD, 2500 BC-500 BC and 15000 BC- 3100 BC Digital elevation model (AHN2; vertical resolution 0.5 m): AHN (2020)
dwelling mound, height of dwelling mound, number of buildings and size of dwelling mound are presented
in chapter 3.2. Table 2 shows how the classes for number of buildings were defined. One limitation of the
fieldwork is that carbonates have not been measured on every fieldwork location, because the bottle with
HCl was empty sooner than thought. Based on the geomorphology and soil distribution of the Overbetuwe
and the fact that dwelling mounds were elevated with nearby materials (van Hemmen, 2011), which are
likely carbonate rich fluvial deposits of the Rhine (Berendse & Stouthamer, 2001; Salomons, 1975), it can
be assumed that the majority of dwelling mounds has a calcareous subsoil.

Table 2: The classes defined for determining the number of buildings. Classes were chosen based on the results of,
Luggenhorst et al. (2013), Willemse & Verhelst (2011) and Bosschaart & Driessen (1989) who state that many dwelling
mounds only have room for one farm. However, the number of buildings per dwelling mound is thought to increase for old
habitation hills, since these have been inhabited for much longer. The number of buildings per dwelling mound was checked
manually by looking at the number of current buildings as seen on the World Imagery basemap of ArcGIS Pro 2.5.1 (ESRI,
2020).
CLASS
0
1
2
3

NUMBER OF BUILDINGS
0
1-3
3-5
>5

2.3 Geomorphology, soils and elevation
The geomorphology and soil map of the Netherlands (Bodem Registratie Ondergrond (BRO), Dinoloket,
2020a, b) were consulted to determine the geomorphologic setting of dwelling mounds as well as which
soils can be found underneath these dwelling mounds. The soil determination was done with the Dutch soil
classification system (ten Cate et al., 1995). ArcGIS Pro 2.5.1. was used to analyse both maps. Determining
6

the locations of dwelling mounds in the Betuwe area was necessary to determine their soils and
geomorphology, this was already done in research question one and for the fieldwork
To assign geomorphologies and soil types to the dwelling mound in the Betuwe, the BRO geomorphology
map was first converted to a raster map in ArcGIS Pro 2.5.1., in order to use the ‘Multi Values to Point’
function. The chosen cell size for this conversion was 50 metres, to ensure the same resolution as the
shapefile map. Values of geomorphology, soils and elevation above sea level (AHN, 2020) were extracted
to the created shapefile of dwelling mound locations. Points that returned with ‘NoData’ for geomorphology
and soil were shifted towards the nearest geomorphology and soil type. This had to be done for six points,
with changes in location smaller than 50 m.

2.4 Palaeo-geography Rhine
Additionally, the palaeo-geography of the Rhine (Cohen & Stouthamer, 2012) was clipped to the Betuwe
area and analysed in ArcGIS as well. Palaeo-geographic maps from Vos et al. (2020) were used to validate
the locations of the palaeo-channels and based on both databases, shapefiles of active river channels were
created to determine distances of dwelling mounds to the river. The ‘Generate Near Table’-tool was chosen
as the most suitable tool for this. This tool calculated the shortest path (straight line) towards the shapefiles
of the river system.
The river systems of 1200, 1500 and 1850 were studied in detail, because during this period dwelling
mounds in the Betuwe area were constructed, according to literature (Luggenhorst et al., 2013; Jongmans
et al., 2013; van Hemmen, 2011; Willemse & Verhelst, 2011; Berendsen, 2008; Visscher & van Moorst,
1990; Bosschaart & Driessen, 1989; de Bruin et al., 1988). A palaeo-Digital Elevation Model (palaeo-DEM)
(Cohen et al., 2017) was investigated to determine the elevation of the palaeo-landscape, however, the
resolution of cells (100 x 100 m) was too coarse to accurately determine the heights of individual dwelling
mounds and their surroundings. Furthermore, the data of the palaeo-DEM was only available for the years
1500-900 BCE and ‘later than 900 CE’, which does not completely fit with the years 1200, 1500 and 1850
that were of interest in this research. The palaeo-DEM has therefore not been taken into account for this
research.

2.5 Relative height
The relative height of dwelling mounds refers to the height of the dwelling mound, compared to its
surroundings, whereas ‘elevation’ refers to the values of the AHN2 (AHN,2020). Heights were calculated
by placing 4 extra points 50 m from the centre of each dwelling mound. One 50 m to the north, one 50 m
south, one 50 m to the east and one 50 m to the west of the georeferenced point (see table 3). Fifty
meters was chosen, because it was assumed that dwelling mounds had usually only room for one building,
following Luggenhorst et al. (2013) and Bosschaart & Driessen (1989). Before the additional points could
be calculated, the ‘Add XY coordinates’ tool was used to add coordinates (in RD_New) to the georeferenced
points.
ORIGINAL
POINT
POINT 50
EAST
POINT 50
WEST
POINT 50
NORTH
POINT 50
SOUTH

X COORDINATE
Original X

Y-COORDINATE
Original Y

M

Original X + 50

Original Y

M

Original X – 50

Original Y

M

Original X

Original Y + 50

Excel, the average elevation of these 4

M

Original X

Original Y - 50

the

For the four new points per dwelling
mound, elevation from the AHN2 (AHN,
2020) was extracted. Within Microsoft
points was computed. It was assumed that
centre

of

(georeferenced

Table 3: Calculation scheme for computing the extra X- and Y coordinates highest

point.

the

dwelling

point)

would

Thus,

the

mound
be

the

computed

average value of the surrounding points
was subtracted from the elevation of the georeferenced point to determine the height of the dwelling
mound relative to its surroundings. The height of dwelling mounds compared to their surroundings and the
distribution of heights can be seen in chapter 3.2.
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2.6 Density of dwelling mounds
A buffer of 500 m was created around every dwelling mound, with ‘dissolve type’ on. The ‘summarize
within’ tool was then used to calculate the number of dwelling mounds that were in each buffer. This
provided for each dwelling mound the number of other dwelling mounds within 500 metres. The densities
of dwelling mounds were compared for the different geomorphology types as well as the different dwelling
mound types.

2.7 Flood magnitudes
It was attempted to connect the historic flood magnitudes of the Rhine to the location and construction of
dwelling mounds. Historic flood data of Cohen, Toonen & Weerts (2016), Toonen et al. (2015), Toonen et
al. (2013), Jongmans et al. (2013), Toonen (2013), Luggenhorst et al. (2013), van Hemmen (2011),
Buisman (1996), Driessen (1994) and Gottschalk (1971, 1975), were consulted. These sources contain a
mixture of historical evidences of floods, archaeological sources as well as sedimentary/grain size
differences. The aim was to create an overview of severe floods in the Betuwe from 1400 AD onwards,
connected to possible discharges and elevation of the water in the Betuwe. The Klimaateffectatlas (ESRI
NL, 2020) shows how high-water levels could rise for the central river area with floods of changing
recurrence times, for current conditions. However, dikes from the late middle ages are known for their
irregularity, small height and poor construction (van Hemmen, 2020; van Hemmen, 2011; Driessen, 1994;
Bosschaart & Driessen, 1989; Mentink & van Os,1985) and therefore it is assumed in this research that
the flooded area of floods with a 1:100 year chance from the Klimaateffectatlas correlates with the flooded
area of 1:10 year floods in the Late Middle ages. The flood depths however are uncertain for 1:10 year
floods, but for 1:100-year floods, these depths are assumed to be similar as shown on the
Klimaateffectatlas (ESRI NL, 2020). As is stated by Toonen (2013, dissertation, p.148), when the natural
floodplains of the Rhine were much wider prior to embankment, dispersion of water occurred on a much
larger scale. Therefore, the peak height of the water body would be lower compared to a situation with
dikes. This is further argued by Cohen et al. (2016) and Hesselink (2002). Considering that dikes in the
18th century would have been at least 2 metres lower than current dikes (Driessen, 1994), the flood depths
as seen on the Klimaateffectatlas might be overestimated compared to the situation of the Late Middle
Ages (1300-1500), but computing this was impossible due to time limitations.
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3 Results
Results will be presented per research question, and if suitable, with an additional distinction between subquestions.

3.1 What are dwelling mounds and which variations exist in the Betuwe area?
3.1.1 What is the current state of knowledge on dwelling mounds in the study area?
Dwelling mounds in the Betuwe were first mentioned by Otto Heldring in 1838 (Heldring, 1838). Only
around the 1950’s dwelling mounds in the Betuwe were quite often mentioned in research on soil mapping
and archaeological research of the Netherlands. Contributions of Edelman & Vlam (1949), Modderman
(1949a, 1949b), Edelman et al. (1950), Egberts (1950), Den Uyl (1958) all mention these dwelling mounds
of the Betuwe area. Edelman & Vlam (1949, p. 7) mention the same discrepancy between oude woongrond
and woerd as Modderman (1949a, 1949b). Both studies conclude that a woerd is a terrain that separates
itself from its surroundings by a higher elevation. Edelman & Vlam (1949, p. 8) further conclude that the
old habitation hills are more often referred to as hof than as woerd. Edelman et al. (1950, p. 69) elaborates
that these old habitation hills can occur outside the river area and have a similar formation as the ones in
the Betuwe. These old habitation hills were determined by a thick black organic soil with green-yellow
phosphate spots and shards or other human remains deeper in the soil. This is further supported by the
research of Egberts (1950, p. 17). In Egberts (1950) old habitation hills are referred to as oude
cultuurgronden and it is further observed that these soils are scattered around alluvial ridges, which is in
line with findings from Modderman (1949b, p. 67). Edelman & Vlam (1949, p. 8) further mention that
these large residential hills were elevated after the embankment, and that this process continued to the
19th century.
During the 1980’s, the research and knowledge on dwelling mounds is extended by Mentink & van Os
(1985), Vervloet (1986), De Bruin et al. (1988), Bosschaart & Driessen (1989) and Visscher & van Moorst
(1990). They build on the conclusion drawn by Modderman (1949a, 1949b) and Egberts (1950) that the
old habitation hills are on locations on which the first inhabitants of the Betuwe were situated. Depending
on the location, the first inhabitants of the Betuwe lived there as early as 1800 BC (Visscher & van Moorst,
1990, p. 8) and continuous habitation could have been present since 600 BC (Vervloet, 1986, p. 80). In
line with research in the 1950’s, these first settlements seem to have been situated on natural levees or
alluvial ridges and they developed into villages with farms with a few individual farms (Einzelhöfe)
surrounding these villages (Vervloet, 1986, p.83). These settlements could even grow naturally if they
existed long enough due to the accumulation of waste (Jongmans et al., 2013, Vervloet, 1986, p.84).
During floods these settlements were connected with each other, because they were located on natural
levees and alluvial ridges (Mentink & van Os, 1985): the higher parts of the landscape. Because rivers had
extensive floodplains, water was not that much of a threat (Bosschaart & Driessen, 1989; De Bruin et al.,
1988; Vervloet, 1986; Edelman & Vlam, 1949).
Around the year 1000, dikes were introduced into the Betuwe (van Hemmen, 2011, Visscher & van Moorst,
1990, p. 10; Bosschaart & Driessen, 1989, Vervloet, 1986). These first dikes were made around the private
property of inhabitants or upstream of villages and are to be described as a disrupted series of dams
(Bosschaart & Driessen, 1989; Vervloet, 1986, p. 84; Hol, 1977, p. 11). Because of the construction of
these dikes, water levels during floods increased, because the area over which water could be distributed
decreased. This resulted in the construction of even more dikes until the continuous embankment of rivers
was finished around 1300 AD (or 14th century) (Berendsen, 2008; Visscher & van Moorst, 1990, p. 10;
Bosschaart & Driessen, 1989; De Bruin et al., 1988, p. 16; Hol, 1977, p. 12). This continuous embankment
came into existence rather by growth than by a deliberate plan beforehand (Mentink & van Os, 1985.
Furthermore, this continuous embankment was of varying height and width, which meant that dikes were
still insufficient in their flood protection (Van Hemmen, 2011; Bosschaart & Driessen, 1989). Additionally,
transverse dikes were constructed, to restrain water from upstream dike breaches, but these transverse
dikes made floods during a dike breach even worse for upstream areas (Rijksdienst voor Cultureel Erfgoed,
2020; Bosschaart & Driessen, 1989; Vervloet, 1986, p. 85). Due to the increased flood levels caused by
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dikes, dwelling mounds were first constructed/artificially elevated after the construction of dikes (Jongmans
et al., 2013; Berendsen, 2008; Bosschaart & Driessen, 1989; de Bruin et al., 1988, p. 15).
Recent research on dwelling mounds seems to be in line with these findings. Berendsen (2008) mentions
the dwelling mounds as terpen and states that villages were elevated after the continuous embankment,
especially during the period 1400-1600. Since they have several names, including woerden, which is
adopted by the study of Luggenhorst et al. (2011). Jongmans et al. (2013) identifies dwelling mounds
based on geomorphology and soils, and they are referred to as woerd and oude woongronden if they were
situated on a natural levee/alluvial ridge or had a tuineerdgrond. Willemse and Verhelst (2011) conducted
maybe the only study that connects type of dwelling mounds to definitions.

3.1.2 Which different types of dwelling mounds can be distinguished in the study area?
Largely based on Willemse & Verhelst (2011), and partly on Luggenhorst et al. (2013), Jongmans et al.
(2013), van Hemmen (2020), Vervloet (2020) and literature, four types of dwelling mounds can be
classified. These types are to be found in table 4.

Table 4: The four types of dwelling mounds with both the English and Dutch definitions, as well as the description for these
types and the literature where their description is based upon.
DEFINITION/CLASSIFICATION
(ENGLISH/DUTCH)

DESCRIPTION

‘DWELLING MOUND’/
WOONHEUVEL OR TERP

Artificially elevated area.
Mostly detached houses and/or
farms. Must have phosphate
spots in the soil as well as
some artificial remains. Can
occur on both natural levee as
backswamps. Has toponyms pol, -heuvel, -hucht, -hof or werf
Artificially elevated area with a
Tuineerdgrond. It can only be
situated on a natural levee or
alluvial ridge, because there
are signs of long continuous
habitation. Phosphate spots,
shards and other artificial
remains must be present in the
subsoil.
Artificially elevated area that is
mentioned in old literature as
such and was constructed late
18th century or during the 19th
century. These hills were not
used for habitation.
‘Fenced land’ or ‘arable land in
the vicinity of the barnyard’.
Will only be regarded as a
specific name tied to a certain
location that is mostly on
meadows.

‘OLD HABITATION
HILL’/OUDE WOONGROND OR
OUDE CULTUURGROND

‘REFUGE HILL’/
VLUCHTHEUVEL

’ELEVATED MEADOW’/ WOERD

LITERATURE SOURCES (FOR
THIS SPECIFIC
DEFINITION)
Vervloet (1986), Bosschaart &
Driessen (1989), Visscher & van
Moorst (1990), Willemse &
Verhelst (2011)

Modderman
(1949a,
b),
Edelman et al. (1950), Egberts
(1950), Vervloet (1986), van
Dinter & van Zijverden (2010),
Willemse & Verhelst (2011),
Jongmans
et
al.
(2013),
Luggenhorst et al. (2013)
Van
Hemmen
(2011),
Luggenhorst et al. (2013), van
Hemmen (2020)

Edelman
&
Vlam
(1949),
Willemse & Verhelst (2011), JAJ
Vervloet (2020)

Fieldwork
The different types of dwelling mounds from table 4 were investigated during the fieldwork component of
this research. Figure 4 (p.11) shows the spatial distribution of the fieldwork locations and their relation to
the palaeo-geography of the Rhine. In figure 5 (p.12-14), the cross sections of the dwelling mounds are
presented. The names in figure 4 correspond to the names of fieldwork locations in figure 5. Table 5 (p.
14) shows a summary of the characteristics of the dwelling mounds.
Two facies geometries can be described on dwelling mounds. Facies 1 is interpreted as an anthropogenic
layer and is characterised by its colour, texture and anthropogenic remains. Facies 1 consists of a texture
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ranging from light

to heavy

clays, as well as light to heavy
sandy clays, with a dark brown
to black colour (Munsell colour
10 YR 3/5 to 10 YR 2/1) and
remains

of

phosphate

brick,
spots

pottery,

and

other

human artefacts. If a soil with a
colour

of

10

YR

4/3

has

anthropogenic remains it will
also be classified as facies 1.
Facies 1 is usually at least 50 cm
thick and can be up to 3 meters
thick, depending on type of
dwelling mound. Facies 1 is
always on top of facies 2. The
bottom of the facies usually
follows

the

elevation

of

the

topsoil, and in some cases the
bottom is on the same elevation
all

throughout

the

dwelling

mound. The length and width of
the facies is between 40 and 300
meters and depends on the type
of dwelling mound. In figure 5,
facies 1 is highlighted with a
brown red colour.
Facies 2 is interpreted as the
natural

layer

beneath

the

‘anthropogenic’ facies 1. Facies 2
consists of fluvial deposits with
texture ranging from light sandy
clays - loamy sand to very
coarse sand. Gravel might be
present in this layer. The colour

Figure 4: Locations of fieldwork related to holocene palaeo-channel belts and
related to each other. Names on the map are corresponding names to the dwelling
mounds in figure 5

ranges from brown to brownish
yellow (Munsell colour 10 YR 4/3 to 10 YR 6/8) and there are no human artefacts present. Generally, a
fining upward sequence can be found. The thickness of the layer can exceed 4 meters and length and width
can stretch across several kilometres, since these are fluvial deposits. Facies 2 is highlighted with a green
colour in figure 5. The characteristics of the dwelling mounds that were investigated for fieldwork are added
in table 4. An example of a soil profile is given in figure 6 (p. 15).
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a)

b)

c)

d)
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e)

f)

g)

h)
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Soil profile:

Facies and
supplements:

Figure 5: Lithological profiles and facies description of fieldwork points in a cross-sectional view. a), c), g) have not been visited in the field, but were taken from the Utrecht University LLGdatabase (Cohen, 2017). Numbers on the y-axis indicate elevation in m+NAP and numbers on the top of the figure indicate the code given to the boreholes in the LLG programme. ‘Type’
indicates the dwelling mound type, ‘Height’ the height of the elevated area (elevation of facies 1), ‘Buildings’ indicate the class according to table 1 and ‘Size’ the estimation of the area with
help of the measure tool in ArcGIS Pro. Locations of corings are shown with in with purple dots in figure 4.

Table 5: Characteristics of the dwelling mounds that were visited during fieldwork.
NAME
BRANDENHOFSTRAAT
DEN TIP
GESPERDENSESTRAAT
HEMMEN
MEIJBURG
ROMEPLEIN
VALBURG
ZETTEN

TYPE
Elevated meadow
Dwelling mound
Elevated meadow
Old habitation hill
Old habitation hill
Dwelling mound
Dwelling mound
Refuge hill

HEIGHT (M)
1.45
1.4
1.3
1.3
1.8
1.1
0.9
4.3

CLASS OF BUILDINGS
1
1
1
3
3
1
1
1

SIZE (M)
160 x 150
40 x 40
150 x 250
275 x 149
300 x 250
70 x 55
80 x 75
69 x 55
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Figure 6: Soil column of location 202001013, or the last coring at the Meijburg (figure 5e). The black to dark brown layer is
identified as facies 1 and consists of light clays, medium to heavy sandy clays and light sandy clays. As soon as the colour
changes lighter brown/yellowish brown facies 2 begins.
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3.2 What is the geomorphological setting of dwelling mounds in the Betuwe area
and how is their location related to anthropogenic and natural processes, such as
embankment, river morphodynamics and floods?
This research question has been answered on two different scales. For the first scale all dwelling mounds
in the Betuwe have been included in analyses. For the second scale, only dwelling mounds in the
Overbetuwe have been considered. This division of scales enabled the analysis of correlation between
different types of dwelling mounds.

3.2.1 Betuwe
Geomorphology, soils and heights
Out of the 580 identified dwelling mounds in the Betuwe, 381 (66%) are located on alluvial ridges
(stroomruggen or stroomgordels). An additional 85 (15%) are located on Alluvial ridge slopes
(stroomrugglooiingen). In total, 26 dwelling mounds (4%) can be found in backswamps. Breach deposition
and plain of breach deposits are shown on the geomorphological map as two separate units, but have a
similar lithology (Havinga, 1993) and are therefore merged and referred to as ‘breach deposits’, which
comprises 18 dwelling mounds (3%). Since the BRO geomorphology map (Dinoloket, 2020a) takes dwelling
mounds (with definition: terp, wierd, of hoogwatervluchtplaats) into account, six points (1%) have
‘dwelling mound’ as geomorphology type. Five hundred twenty-five dwelling mounds (89%) are located on
areas that were naturally higher than their surroundings. These geomorphology types are highlighted with
a bold font in figure 7

Pie chart 1
Alluvial ridge
Alluvial ridge slope
Backswamp
26, BS
85, ARs

18, BD

11, MR

19
381, AR

Meander ridge

9, RD

9, IRC
8, CR

Breach deposition
3, EH

3, RSC

2,
R,eti

4, MRC
6, DM

River dune
1,
Crc

Inactive river channel
Crevasseridge
Meander ridges and trenches
Excavation area
Dwelling mound
Meander river channel
River sediments curvatures

Pie chart 1

Pie chart 2

Excavation hollow
Reclaimed, elevated terrain or island

Pie chart 2
Figure 7: Geomorphology types per dwelling mound. Out of 580 dwelling mounds 381 (66%) are located on alluvial ridges.
Then follow alluvial ridge slopes with 85 (15%) and backswamps with 26 (4%) dwelling mounds. The least number of
dwelling mounds can be found on crevasse river channels, reclaimed terrain or excavation hollows. In total, 6 dwelling
mounds (1%) can be found here. 519 out of 580 (89%) dwelling mounds are located on areas that were in the past naturally
higher than their surroundings.
Besides the geomorphology, soils were included in the analysis as well (figure 8). As a “Tuin” earthy soil
is expected in the disturbed (human influenced) soil column of the dwelling mound, the undisturbed soils
(underneath the “Tuin” earthy soil) are of interest for this study. Soils beneath dwelling mounds according
to the BRO soil map (Dinoloket, 2020b) are presented in figure 8. Out of 580 dwelling mounds, 191 (32%)
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are to be found on “ooi” vague soils, whereas 236 dwelling mounds (40%) are to be found on a “polder”
vague soil. Sixty-five dwelling mounds (11%) were classified as a ‘dwelling mound’ soil, which correlates
to “Tuin” earthy soils (Dinoloket, 2020b; Jongmans et al., 2013). Only 8 out of 65 dwelling mounds were
located on a “polder” vague soil. The rest on an “ooi” vague soil. Of the remaining 32 dwelling mounds, 27
(5%) are located on top of man-made structures: dikes and build-up area. Additionally, 63% of soils are
calcareous and only 10% of the soils are non-calcareous according to the BRO soil map (Dinoloket, 2020b).

17
10

1

65

2

190
58

1
1
177

Dwelling mound

Water

Build-up area

Dike

Linge Backswamps

Non-calcareous "Polder" vague soil

Calcareous "Ooi" vague soil

Non-calcareous "Ooi" vague soil

Calcareous "Polder" vague soil

Non-calcareous "Drecht" vague soil

Figure 8: Soil types of dwelling mounds as they were extracted from the BRO soil map (Dinoloket, 2020b).

Median elevation
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

12.34 12.04
9.72 9.36
8.82 8.79 8.55 8.54 8.12
7.68 7.01
6.40 6.40 6.21
5.55 5.49

Figure 9: Median elevation of dwelling mounds per geomorphology, with error bars. Elevation on y-axis is in m +NAP. Error
bars in ‘Dwelling mound’, ‘Meander river channel’, ‘River sediment curvatures’ and ‘Crevasse river channel’ are small
because these types of geomorphology occur only between 1-6 times.
For all dwelling mounds in the Betuwe elevation was extracted from the AHN to the points. Combining the
elevation per dwelling mound per geomorphology type enabled the calculation of median elevation per
geomorphology. The results of this calculation are presented in figure 9. ‘River sediment curvatures’ have
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the highest median elevation, followed by ‘Excavation areas’. Third highest are river dunes. The
geomorphologies with the lowest median elevation are ‘Crevasse river channels’ and ‘Inactive river
channels’. Furthermore, alluvial ridges have a lower median elevation compared to backswamps, which
would not be expected. The same applies to alluvial ridge slopes, crevasse ridges and breach deposition.
To investigate the possibility that these discrepancies are due to elevation levels of the Netherlands, the
spatial distribution of all geomorphologies and spatial distribution of elevation in the Betuwe is presented
in figure 10. This figure shows the spatial distribution of the seven most common geomorphology types
compared to height. It shows that height increases with longitude, as is evidenced by the R-squared value
of 0.85. Additionally, the figure shows that ‘Alluvial ridge’, ‘Alluvial ridge slope’, and ‘Inactive river channel’
are very well spread over the study area. ‘Backswamp’ and ‘Breach deposition & Plain of breach deposits’
are fairly well spread over the study area. These geomorphology types seem to have a higher density in
the east-Betuwe. ‘Meander ridge’ and ‘River dune’ are not evenly spread across the study area: river dunes
occur in a range less than 10 km (X=179786.38 and X=186918.50) and Meander ridges occur in a larger
range of 25 km due to one outlier. Without that outlier, the range would be six km (X=160661.10 and
X=166152.30).

Figure 10: Elevation of dwelling mound points as taken from the AHN2 (AHN, 2020), plotted against the longitude of these
points. Y-axis is in metres, X-axis in RD_NEW.
The relation between the longitude and elevation of dwelling mounds, raises the question if there would
be a similar trend between the height of the dwelling mound (elevation relative to surroundings) and
longitude. Figure 11a shows the same dwelling mounds as in figure 10, but now the points have different
colours based on their height instead of geomorphology. Additionally, the palaeo-geography of the Rhine
is shown. In figure 11a, the correlation between height of dwelling mounds and longitude is presented as
well. The R-squared value is only 0.02, so there is no correlation to be found between height of dwelling
mounds and longitude. The distribution of heights, shown in figure 11b, is still of interest for this research.
The data is normally distributed with an average height of 0.896 m, and a standard deviation of 0.73 m.
Negative values suggest that the surroundings of the dwelling mound are higher than the dwelling mound
itself. The median height per geomorphology has been calculated as well and this is shown in figure 12
(p.20).
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a)

Count

b)

leva on (m)

Figure 11: The spatial distribution of dwelling mounds across the Betuwe area, along with the distribution of palaeochannels of the Rhine and the correlation between dwelling mound height and longitude. (b) Distribution of dwelling mound
height with a mean of 0.896 m and range between -1.8 m and 4.9 m. Two-thirds of the dwelling mounds is between 0.4 and
1.8 m high.
From the median heights per geomorphology type (figure 12) it becomes clear that there is large variation
between elevation of dwelling mounds. The lowest elevation of dwelling mounds is to be found on plain of
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Median height
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2.00

1.65
1.47
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1.00

1.32

1.20 1.14
0.89 0.88 0.82 0.81
0.79
0.62 0.61 0.58
0.52 0.49 0.47

0.50
0.00

Figure 12 The median height per geomorphology type. Y-axis is in m.
breach deposits, reclaimed, elevated terrain or island and river dunes. The highest elevated dwelling
mounds are to be found on river sediment curvatures, meander ridges and trenches and excavation
hollows. Geomorphology types with 5 or less occurrences are: Plain of breach deposits, meander river
channel, river sediments curvatures, excavation hollow, reclaimed, elevated terrain or island, crevasse
river channel.

Palaeo-geography Rhine
The years of abandonment of channel belts in the Betuwe range from zero to 5360 years ago, which
corresponds to roughly 3500 BC (5360 14C BP). Out of 580 dwelling mounds, 412 (71%) are directly
located on a Holocene channel belt. These channel belts correspond very well to the ‘alluvial ridge’
geomorphology, as is expected. Because dwelling mounds were largely constructed during the Middle Ages,
their positions are compared to the active river systems of the years 1200 (fig. 13b), 1500 (fig. 13c) and
1850 (fig. 13d). Histograms and boxplots of the distribution of distance can be seen in appendix 5 (p.56).
Visible from the map in figure 13 is that changes in river system are relatively small, except for the change
between the river system in 1200 and 1500. Between 1500 and 1850 no change at all was observed. Due
to this active river channel in 1200 AD, a lot of dwelling mounds are located within 450 m of the river in
1200 AD, compared to the years 1500 AD and 1850 AD.
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Figure 13: The active river system for the years 1200 AD (b), 1500 AD (c) and 1850 AD (d). The Linge was still an active river system in 1200 AD, but isn’t active anymore in 1500 AD. This causes
many dwelling mounds to be within 450 m of the active river system in 1200 AD. Black lines in the east indicate the extent of the Overbetuwe. Red lines indicate the ‘Betuwe area’. levation is
from AHN2 (5x5 m) (AHN 2020).
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Dwelling mound density

Figure 14: The dwelling mound density in the Betuwe area. The locations are also plotted against the palaeo-geography of
the Rhine river. Furthermore, median values of dwelling mounds within 500 m per geomorphology type are presented. The
geomorphology type with the highest density is the Meander river channel, followed by meander ridges and dwelling
mounds. The lowest density of dwelling mounds can be found on the crevasse ridges, meander ridges and trenches and in
crevasse river channels.
Densities for all dwelling mounds in the Betuwe area have been calculated and an overview for all dwelling
mounds is presented in figure 14. The darker the circle around a dwelling mound, the more dwelling
mounds are located within 500 m. The distribution of these densities per geomorphology is presented in
the graph of figure 14. On the Y-axis of this figure, the median value was chosen. The Meander river
channel has the highest density of dwelling mounds, with a median of 14 dwelling mounds within 500 m.
The second highest geomorphology type is meander ridges with seven dwelling mounds within 500 m. The
geomorphology of ‘dwelling mound’ has a median of 5.5 dwelling mounds within 500 m.

Flood magnitudes
The most notable floods that have occurred in the Betuwe area have a discharge between 10,000 m3/s
and 15,000 m3/s. The largest estimate of flood is in the year 1374 with a discharge of at least 25.000 m3/s
(Jongmans et al., 2013, p.378), but according to Toonen (2013, dissertation, p.148) this is estimated at
~15,500 m3/s. Specifically the flood in the year 1342 is mentioned to have been devastating in the
Overbetuwe, Nederbetuwe and Tielerwaard (Gottschalk, 1971; Buisman, 1996). Other notable floods in
the Betuwe are from the years 1784 and 1809 (Heldring, 1832; Toonen et al., 2015; Driessen, 1994). The
flood magnitudes of these two years are thought to be around 12,000 m3/s. The stated discharges have
recurrence times of roughly 1:100 years. Figure 15 shows the flood depths of the Betuwe area in case of
a 100-year flood. The complete Betuwe area will be inundated with 0.5-5 meters of water, which fits very
well with the computed range of dwelling mound height. As mentioned in the methods, discharges with
recurrence intervals of 1:10 years would likely also have flooded the complete Betuwe, but because of
better dikes, present day 1:10 year floods are limited to the floodplains of the active rivers. Calculating
flood depths of these floods for the Betuwe area was not possible.
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Figure 15: The flood depths of river discharges with recurrence times of 1:10 and 1:100 years. This is simulated from the
Klimaateffectatlas, which uses a modern day DEM. As can be seen, alluvial ridges are somewhat visible in these elevation
differences. The darkest blue colour indicates areas that experience inundation up to 5 meters. The class beneath that shows
areas that will be inundated with 2-5 meters water, then 0.5-2 meters water. The lightest blue colour indicate water depths
of 0-0.2 meters water and the second lightest colour shows water depths of 0.2-0.5 meters.
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3.2.2 Overbetuwe
For the Overbetuwe region, similar analyses have been done on dwelling mounds, compared to the
analyses on dwelling mounds in the Betuwe. The distinction in this part is that the analysis is separated
per dwelling mound type (table 4, p.10)

Geomorphology, soils and heights
In the municipality of the Overbetuwe, 157 dwelling mounds can be found. Figure 16 shows the
geomorphology types present in the Overbetuwe, as well as the location and types of dwelling mounds.
Within the figure a pie chart is presented with the total percentage of each type of dwelling mound. Threequarters (75%) of dwelling mounds in the Overbetuwe are classified as “dwelling mound”. Of the remaining

2%

Dwelling mound
Old habitation hill

7%

16%

Refuge hill

75%

Woerd
Figure 16: Geomorphology types that can be found in the municipality Overbetuwe, as shown on the BRO Geomorphology map (Dinoloket, 2020a). Points
on the map are dwelling mounds according to the Province map (Provincie Gelderland, 2003), with colours indicating the type of dwelling mound. Purple
lines that encircle dwelling mounds show “Terpen” according to the BRO soil map (Dinoloket, 2020b). To clearly show the distribution of types, a pie chart
is presented, n=157.
25%, 16% can be classified as old habitation hills. Seven percent is classified as Woerd and only 2% of all
dwelling mounds in the Overbetuwe are refuge hills. The types of soil of dwelling mounds in the Overbetuwe
are shown in figure 17.
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Figure 17: Soil types of dwelling mounds in the Betuwe according to Dinoloket (2020b). The pie chart shows the number of
dwelling mounds per soil type. Fifty-one out of 157 (32%) of the soils are “ooi” vague soils, and 72 out of 157 (46%) are
“polder” vague soils. Twenty-seven soils are dwelling mounds (17%). One hundred and fourteen soils are calcareous (73%)
N=157
Out of 157 dwelling mounds, 51 are built on an “Ooi” vague soil (32%), 72 on a “Polder” vague soil (46%)
and 27 are classified as ‘Dwelling mound’ soil (17%). A calcareous subsoil is expected to be found in 114
dwelling mounds (73%).
Figure 18 (p.26) shows the occurrence of geomorphology per dwelling mound type. Alluvial ridges are the
most occurring geomorphology type for both dwelling mounds (18a) as old habitation hills (18b) and refuge
hills (18c), contributing for respectively 68%, 56% and 67% of all dwelling mounds with those types. For
elevated meadows (18d) the most occurring geomorphology type is ‘Alluvial ridge slope’ contributing for
27% of all dwelling mounds. Only one dwelling mound is situated on a ‘dwelling mound’ geomorphology,
while the geomorphology type does not include ‘alluvial ridge’ but is an ‘inactive river channel’. Therefore,
this point is classified as an elevated meadow instead of an old habitation hill.
In figure 19 (p.27) the variety of soils per dwelling mound type is presented. For the type ‘dwelling mound’
(fig. 19a) “Polder” vague soils are most common with 64 occurrences (54%), followed by “Ooi” vague soils
with 48 occurrences (40%). Out of 118 points, 79 have a calcareous subsoil (67%). Soils on old habitation
hills (fig. 19b) have no variety, since all 25 old habitation hills are classified as ‘dwelling mound’. Refuge
hills (fig. 19c) have no dominant soil type, since all three different refuge hills are classified with another
soil type. The most occurring soil type on elevated meadows (fig. 19d) is the “polder” vague soil, with 7
points out of a total of 11 (63%). “Ooi” vague soil and ‘dwelling mound’ soil both occur 2 times. Out of
these points, 9 have a calcareous subsoil (81%).
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Figure 18: The absolute contributions of geomorphology type per type of dwelling mound. a) shows the distribution for dwelling mounds, b) the distribution for old habitation hills, c) for refuge
hills and d) for elevated meadows. Alluvial ridges and alluvial ridge slopes are for (a), (b), and (c) the most occurring geomorphology type. Elevated meadows can relatively often be found on
alluvial ridge slopes and backswamps compared to other dwelling mound types.
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Figure 19: Absolute contributions of soil types per dwelling mound type.(a) shows the distribution for dwelling mounds, (b) shows the distribution for old habitation hills, (c) for refuge hills and
(d) for Elevated meadows.
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Relative heights (height compared to surroundings) of each dwelling mound type in the Overbetuwe was
calculated as well. In figure 20 the distributions of the heights of the type ‘dwelling mound’ and ‘old
habitation hill’ are presented. Refuge hills and Elevated meadows are left out, since the sample sizes
(respectively 3 and 11) are fairly small and the distributions were scattered in ranges between 0.75-4.75
m and 0.5-3.5 m. Figure 20a shows the distribution for the type ‘dwelling mound’. Most of the dwelling
mounds for this type (64%) have a height between 0.5 and 1.5 m and only four percent of the dwelling
mounds have a negative height. For old habitation hills in 20b, this distribution is very different. Thirtytwo percent of old habitation hills have an elevation below 0 m and none of the old habitation hills is higher
than 1.0 m.
a)

b)

Figure 20: Distribution of heights for the different types of dwelling mounds. (a) is the distribution for dwelling mounds, (b) for
old habitation hills. X-axis shows the bins for height in m. Y-axis shows the number of dwelling mounds per bin.

Palaeo-geography Rhine
The palaeo-geography of the Rhine river in the Overbetuwe has seen little change, as is evidenced by
figure 21. The most dominant alluvial ridges are from 2500 BC to 500 BC, which coincides with the start
of permanent habitation around 1400 BC (Van Dinter & van Zijverden, 2010). The river system in this area
has seen little change since 100 AD. Therefore, calculating the distances to the river from dwelling mound
types did not yield any interesting results (Appendix 5, p.56). However, based on figure 14 it might be
assumed that dwelling mounds closer to the current river system (1950 AD – 1500 AD) have been
constructed later than dwelling mounds farther away.
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Figure 21: Palaeo-geography of the Rhine in the Overbetuwe region (Black lines). Data obtained from Cohen & Stouthamer (2012) and
Vos et al. (2020). Topographic basemap from ESRI (2020). Field work locations from chapter 3.1 are added as well. Notice how well the
dwelling mounds are located along the alluvial ridges.

Dwelling mound density and number of buildings
Figure 22 (p.30) shows the spatial distribution of the densities of dwelling mounds within the Betuwe area.
The highest density of dwelling mounds can be found in the region Andelst-Herveld and in Lijnden (between
Valburg and Elst). An overview of the number of dwelling mounds within 500 m compared to
geomorphology in the Overbetuwe is given in figure 23a. It becomes clear that meander river channels
and meander ridges have the highest density of dwelling mounds, with seven dwelling mounds within 500
m. The geomorphology ‘Dwelling mound’ has a median of 5.5 dwelling mounds within 500 m. Additionally,
figure 23a shows the number of buildings by geomorphology. The geomorphology with the greatest number
of buildings is the ‘river dune’, which is the only geomorphology with a building class of 3 (>5 buildings).
Second highest class of buildings can be found in the ‘backswamp’ geomorphology and crevasse ridge,
with a median class of 1.5. Eight geomorphologies have a median class of 1, which correlates to 1-3
buildings.
Figure 23b shows the number of dwelling mounds within 500 m and the number of buildings, but now per
dwelling mound type. Elevated meadows and old habitation hills have the highest median density of
dwelling mounds. Both types have a median of four dwelling mounds within 500 m, whereas this value is
three for ‘dwelling mounds’ and only one for refuge hills. The median values for number of buildings are
very similar for every dwelling mound type. Dwelling mounds, old habitation hills and refuge hills have a
class of 1 (1-3 buildings per dwelling mound) and elevated meadows have a median class of 0 (0 buildings
per dwelling mound).
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Figure 22: Densities of dwelling mounds in the Overbetuwe area. Highest density of dwelling mounds is up to 10 dwelling mounds
within 500 m and these densities can be found in the region Andelst-Herveld and in Lijnden, between Valburg and Elst.
Topographic basemap from ESRI (2020).
a)

b)

Figure 23: Comparison between the median of dwelling mounds within 500 m and number of buildings by geomorphology
(a) and by dwelling mound type (b).
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4 Discussion
The discussion will show a synthesis of the results as well as different interpretations of these results.

4.1 Interpretation of results
Due to the set-up of this research, it is possible to distinguish four dwelling mound types in the Betuwe
area. This is based on literature sources, geomorphology, soils and topographic characteristics. These four
types are (i) dwelling mounds, (ii) old habitation hills, (iii) refuge hills and (iv) elevated meadows.
Supplementary fieldwork has shown additional insights in soils, number of buildings, heights and estimated
sizes. A comparison between all dwelling mounds in the Betuwe and the types of dwelling mounds is made
in figure 24. The data used for this figure can be seen in table 6 on the next page. All types, except the
refuge hill, have at least a thick organic layer (>50 cm) and are likely to be classified with a tuineerdgrond
for the topsoil (F1 in figure 24). The ‘dominant subsoil’ (F2 in figure 24) is therefore the soil that is expected
to be found beneath the anthropogenic layer , and this is extracted from the Dutch soil map (Dinoloket,
2020 b). Data originates form results of chapter 3.1 and 3.2.
a)

b)

c)

d)

Figure 24: Schematic drawings of the 4 types of dwelling mounds in the Betuwe area. F1 and F2 are the two facies as described in chapter 3.1.
F1 is the anthropogenic layer, F2 the natural subsoil. a) A “dwelling mound”, consisting of one farm and possibly a (flood)-barn. F2 is likely a
“Polder” vague soil. b) A sketch of an “old habitation hill”. This type is larger than type a) and usually has more buildings. F2 is likely to be an
“Ooi” vague soil, since this type is always located on an alluvial ridge. c) An example of a “refuge hill”, consisting of only one building and a
very high facies 1. d) gives a schematic overview of an “elevated meadow”. This type has no buildings on top, but on the flanks/sides. F2 is
again likely a “Polder” vague soil. Trees, buildings and animals are not on scale.
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Table 6: Synthesis of results for the different types of dwelling mounds.
TYPOLOGY

BETUWE
-

TYPE 1
Dwelling
mound
A

TYPE 2
Old habitation
hill
B

TYPE 3
Refuge hill

Artificially
elevated area
that is
mentioned in
old literature
as such and
was
constructed
late 18th
century or
during the
19th century.
These hills
were not used
for habitation.

‘Fenced
land’ or
‘arable land
in the
vicinity of
the
barnyard’.
Will only be
regarded as
a specific
name tied
to a certain
location
that is
mostly on
meadows.

Alluvial ridge
(67%)

Alluvial
ridge (36%)

SHEMATIC
DIAGRAM
DESCRIPTION

-

Artificially
elevated area.
Mostly
detached
houses and/or
farms. Must
have phosphate
spots in the soil
as well as some
artificial
remains. Can
occur on
natural levee as
well as
backswamps.
Has toponyms pol, -heuvel, hucht, -hof or werf

DOMINANT
GEOMORPHOLOGY

Alluvial
ridge
(80%)
“Ooi”
vague
soil
(43%)
0.9
3

Alluvial ridge
(83%)

Artificially
elevated area
that can have
multiple
houses/farms. It
can only be
situated on a
natural levee or
alluvial ridge,
because old
habitation hills
are signs of long
continuous
habitation.
Phosphate
spots, shards
and other
artificial remains
must be present
in the subsoil.
Alluvial ridge
(60%)

“Polder” vague
soil (54%)

Dwelling mound
(Terp) (100%)

-

“Polder”
vague soil
(64%)

0.9-1.4
3

0.25-1.8
4

0.73-4.75
1

1.3-1.45
4

40 x 40 >300 x
>300
-

40 x 40

300 x 250

60 x 60

150 x 250

1-3 (1)

1-3 (1)

1-3 (1)

0 (0)

2

2

2

2

2

500 AD –
1900 AD

1300 AD –
1850 AD

500 AD – 1000
AD

1750 AD –
1900 AD

700 AD –
1000 AD

DOMINANT
SUBSOIL (DUTCH
CLASSIFICATION
SYSTEM)
HEIGHT (M)
OTHER DWELLING
MOUNDS WITHIN
500 M (MEDIAN)
ESTIMATION OF
SIZE (M)
NUMBER OF
BUILDINGS
(CLASS 0-3)
NUMBER OF
FACIES
ESTIMATION OF
AGE

C

TYPE 4
Elevated
meadow
D

The descriptions that are given in table 6 are primarily based on soil and geomorphologic characteristics,
supported by a strong theoretical basis (Jongmans et al., 2013; Luggenhorst et al., 2013; van Hemmen,
2011; Willemse & Verhelst, 2011; van Dinter & van Zijverden, 2010; Visscher & van Moorst, 1990;
Bosschaart & Driessen, 1989; Vervloet, 1986; Edelman et al., 1950; Egberts, 1950; Modderman, 1949a,
b; Edelman & Vlam, 1949). The largest ‘uncertainty’ exists in the elevated meadow type, translated from
woerd. The definition of woerd can vary greatly and can be classified in many ways and is the most
confusing term for dwelling mounds. This research has chosen to use the etymological classification of
woerd as described in Willemse & Verhelst (2011). However, it is also possible to follow the classification
of Luggenhorst et al. (2011), which presents seven types of woerden. Since the term woerd is strongly
connected to the Betuwe area for indicating an area that is higher than its surroundings, further research
should be knowledgeable on the different meanings of woerd and state clearly which definition they follow.
The fieldwork component of this research allowed this research to get insights in the different facies of
dwelling mounds. For all dwelling mounds, two facies can be distinguished. The first facies can be classified
as an anthropogenic layer and the second as the natural subsoil. This first facies causes every dwelling
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mound type (except refuge hills) to have a “Tuin” earthy soil (tuineerdgrond). These findings are in line
with Jongmans et al. (2013), Bosschaart & Driessen (1989), Egberts (1950), Edelman & Vlam (1950) and
Modderman (1949a, b). Size estimation of dwelling mounds that were visited during fieldwork occurred
after completion of fieldwork. The sizes of these dwelling mounds were to some extent compared to other
dwelling mounds in the Betuwe. This showed that sizes differed per dwelling mound type and that old
habitation hills could be up to 1,000 m long (in Valburg & Zoelmond). As is pointed out in research of
Willemse & Verhelst (2011), Egberts (1950), Edelman et al. (1950) and Modderman (1949a, b), old
habitation hills already existed before the continuous embankment in the 14th century and probably have
been continuously inhabited from 500 AD onwards (Visscher & Van Moorst, 1990, p. 9). These old
habitation hills can be viewed as dorpsterpen as described in Willemse & Verhelst (2011). The age of some
dwelling mounds can partly be based upon the palaeo-geography of the Rhine. Thirty dwelling mounds are
located on top of the active Linge system (channel and floodplains) of 1200 AD. The sudden inactivity of
the Linge is most likely caused by the creation of a dam in the early 14th century near Tiel to reduce floods
of the Linge river (Jongmans et al., 2013, p.468; Buisman, 1996; Bosschaart & Driessen, 1989). The age
of construction of dwelling mounds within 450 m of the ‘abandoned’ Linge system can therefore be
estimated to be at least later than 1300 AD. When this knowledge is combined with the knowledge that
the Diefdijk was constructed in the late 13th century (Rijksdienst voor het Cultureel Erfgoed, 2020;
Bosschaart & Driessen, 1989), the construction of dwelling mounds within 450 m of the Linge (Fig. 13b,
p.21) from the 14th century onwards seems probable. This is further strengthened by the fact that a serious
flood occurred in 1342 in the Overbetuwe, Neder-betuwe, Tielerwaard and Diefdijk region (Gottschalk,
1971, Jongmans et al., 2013, p.378), and in 1374 as well (Gottschalk, 1971, Jongmans et al., 2013,
p.378). Furthermore, from the research of Luggenhorst et al. (2013) it can be deduced that dwelling
mounds within the active river systems of 1500 and 1850 likely originate from the late 18th to early 19th
century. Ages of dwelling mounds might also be dependent on their geomorphologic setting. Previous
research (Modderman, 1949a, b; Edelman & Vlam, 1950; Bosschaart & Driessen, 1989) states that
dwelling mounds only occur on alluvial ridges, but this research has shown that dwelling mounds can
certainly occur on backswamps. However, they cannot be an old habitation hill, thus relatively young and
are relatively rare. Dwelling mounds in backswamps are to be found all over the Betuwe area, but with a
small majority occurring in the east-Betuwe (Willemse & Verhelst, 2011). Due to the introduction of dikes
from west to east, reclamation of backswamps was possible, especially in the east-Betuwe, where the
backswamps are smaller (van Hemmen, 2011; Bosschaart & Driessen, 1989; Mentink & van Os, 1985;
Hol, 1977), which ultimately lead to the construction of dwelling mounds in backswamps. The fact that
there is a small majority of backswamp dwelling mounds in the east-Betuwe might be due to the higher
elevation of this area, compared to the West-Betuwe. We learned through this research that the elevation
of dwelling mounds increases with longitude: Dwelling mounds in the west-Betuwe have a smaller elevation
than in the east-Betuwe. However, the height (relative to surroundings) of dwelling mounds is independent
of longitude. The range for dwelling mound height is -1.8 m – 4.75 m, with an average height of 0.9 m.
Dwelling mounds hardly have more than five other dwelling mounds within 500 m. The results furthermore
hint to a higher dwelling mound density for old habitation hills and elevated meadows compared to the
other two types. Regarding the number of buildings per dwelling mound, no clear relation is visible, except
that elevated meadows have no buildings on top of the elevated area. Analysis on flood magnitudes in the
Betuwe suggest that floods in the Betuwe between 1200 AD and 1900 AD had a discharge between 10,000
m3/s and 15,000 m3/s (Jongmans et al., 2013, p. 378; Toonen, 2013, p. 148). Specifically, the years 1342,
1374, 1784 and 1809 are recognized as severe floods (Toonen et al., 2015; Driessen, 1994; Gottschalk,
1971; Heldring, 1832). The analysis of the flood depths has shown that with the elevation of today, the
majority of the Betuwe will be inundated with water levels between 0.5-5 meters of water. This is roughly
the same range as the discovered heights of dwelling mounds. Combining this with the small changes in
river systems since 1200 AD, and it becomes apparent that floods have had a higher impact on the
formation of dwelling mounds than river morphodynamics.

4.2 Limitations
The classification of dwelling mounds in this research is primarily based on soil and geomorphology
characteristics. Even though the classification has a strong theoretical basis from (Jongmans et al. (2013),
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Luggenhorst et al. (2013), Van Hemmen (2011), Willemse & Verhelst (2011), van Dinter & van Zijverden
(2010), Visscher & van Moorst (1990), Bosschaart & Driessen (1989), Vervloet (1986), Edelman et al.
(1950), Egberts (1950), Modderman (1949a, b), Edelman & Vlam (1949), there are a few limitations to
the current classification and on other factors of the research. The first limitations can be found on the
province map of dwelling mounds. This research showed that the exact classification of dwelling mounds
on the province map (Provincie Gelderland, 2003) is still unknown. The map shows sites of high
cultural/archaeological value, but some of these sites seem to have little in common with dwelling mounds.
These include (i) cemeteries that do not have a church in their vicinity, (ii) places where the only elevation
difference is caused by buildings or did not show large elevation differences, (iii) a golf course, (iv) a fort
near Nijmegen. Some of these points have been filtered out of the dataset, but still some points remain
that are possibly not dwelling mounds. An example being a point in the Overbetuwe with a soil classification
of ‘water’ (Fig. 17, p.25). Another limitation of this research is the number of fieldwork points per dwelling
mound. Currently dwelling mounds have not had a full transect, but half a transect. Furthermore, some of
these dwelling mounds have corings that did not fully penetrate into facies 2. This limits the classification
of the subsoil of dwelling mounds considerably and does not shed light on why there is such an abundance
of ‘polder’ vague soils. Additionally, when calculating the heights of dwelling mounds, negative values
emerged, which would mean that the dwelling mound is lower than its surroundings. This is highly against
expectations, but might be caused by the method used to calculate the elevation of dwelling mounds. This
method works reasonably well for individual dwelling mounds and refuge hills, because the size of these
types are of the same order of magnitude (40-80 m). A good example is shown in figure 25a (p.35).
However, extremely positive or negative values might occur if a dwelling mound is located next to a dike.
Two examples are shown in figure 25b and 25c. In fig. 25b, the dwelling mound is 1.8 m below its
surroundings. This can be attributed to the two adjacent points that are located on top of the dike, which
is much higher than the dwelling mound itself. In fig. 25c the exact opposite occurs. The dwelling mound
is located at the same elevation as the dike and three adjacent points are significantly below the dike. This
results in a positive elevation of 4.875 m. For old habitation hills and elevated meadows, the sizes are up
to four orders of magnitude larger (150-300 m) than the chosen distance for surrounding points (50 m).
Considering that points have been selected a the center of old habitation hills and elevated meadows, it is
highly likely that the chosen adjacent points for old habitation hills and elevated meadows are of a similar
elevation as the central point. This is visible in figure 25d for an old habitation hill. This point has been
selected at the centre of the old habitation hill, but that happened to be in a lower part of the hill.
Surrounding parts are all higher than the centre point and the elevation for this old habitation hill is -1.371
m. Additionally, four separate dwelling mounds seem to be located on top of the old habitation hill. This is
a possibility mentioned by Willemse & Verhelst (2011), where individual dwelling mounds are present on
top of an old habitation hill. If future research decides to estimate elevations of dwelling mounds from the
AHN with surrounding points, it is recommended to make use of different orders of magnitude for the
surroundings per dwelling mound type. Additionally identifying all dwelling mounds on old habitation hills
should be done as well, but they should still be identified as an ‘old habitation hill’. The number of buildings
per dwelling mound have been determined by counting the number of buildings as visible on the ESRI
world imagery map (ESRI, 2020). No real distinction has been made between type of buildings or age,
except for the house and barn and if a T-shaped farm was located on top of the dwelling mound. Future
research is advised to take this into account, as it can give indications about the influence of the river.
Multiple studies have investigated farm types in the Netherlands (including the Betuwe), as well as the
historic landscape elements (Salverda and Mulder,2003; Olst, 1996; Renes, 1992, p.17, p.23, p.47).
Another condition that likely played a role in the formation of dwelling mounds as evidenced by this
research are floods and corresponding inundation depths. Estimating inundation depths for the Betuwe is
challenging. The Klimaateffectatlas (ESRI NL, 2020) only shows the inundation depths on top of the current
DEM model of the Netherlands. However, there is plenty of data about occurrences of floods in the
Netherlands and consequently in the Betuwe in the Holocene. Some flood reconstruction has shown to give
reliable estimates of flood discharges (Toonen et al., 2015; Toonen et al., 2013), but to which extent the
Betuwe is inundated and if any floods lead to the construction of dwelling mounds is uncertain, even though
the results suggest the same ranges of inundation depths as heights of dwelling mounds. For the refuge
hill in Zetten it is certain that it was constructed in 1872, aiming to be even higher than the water levels
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of 1809 flood (Luggenhorst et al., 2013; van Hemmen, 2011). A new palaeo-DEM for the Betuwe-area
could be constructed to relate the specific discharges of the Rhine river to inundation rates.
a)

b)

c)

d)

Figure 25: a) Isolated dwelling mound with an elevation of 3.7 metres. (b) Dwelling mound where two of the surrounding
points are located on a dike, skewing the average elevation of the surroundings. (c) The highest elevated dwelling mound
is conveniently located on the dike and the surrounding points below the dike. (d) Old habitation hill where the dwelling
mound location was chosen in a through in the landscape and not on top of the old habitation hill. Additionally, all
surrounding points are within the old habitation hill and have a higher elevation.

4.3 Recommendations
This research has shown new insights on dwelling mounds in the Betuwe, however new questions emerge
from the results of this research. These include: How do the distinguished dwelling mounds in this research
relate to toponyms of the Betuwe? Were dwelling mounds constructed at once or were they gradually
elevated? What is their absolute age? Is the facies geometry for every type of dwelling mound the same?
Would there be a difference in elevation between dwelling mound type if the elevations were calculated
with a different method per type? Future research is therefore encouraged to enhance or verify the
constructed database with toponyms of the Betuwe. After all, woerd is a common toponym for the Betuwe
area, which relates to every type of dwelling mound (Vervloet, 2020, Willemse & Verhelst, 2011, van
Hemmen, 2011, 2020). Connecting the toponym map might yield additional points of interest or discard
some of the points that may be ‘false’ dwelling mounds (such as fort near Nijmegen, or the golf course).
Archaeological excavations, as well as the age of dike, historical architecture and archives could give
additional insights in the absolute ages of the origin of dwelling mounds. It furthermore can give a better
idea of the process of uplift: whether this was done at once or gradually over time. Optically Stimulated
Luminescence-dating (OSL) or C14-dating could be implemented to determine the age of the first habitation
on dwelling mounds. OSL-dating is preferred, because of the abundance of sandy subsoil and rarity of
carbon remains in the soils. Furthermore this method has proven viable in fluvial systems in the past (Quik
& Wallinga, 2018, Wallinga, 2001). For future fieldwork on dwelling mounds, it is advised to use a minimal
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coring depth of at least 2 m instead of the 1.20 m that was used as a baseline in this research. This will
gain extra information on the facies geometry of dwelling mounds. Additionally, it is suggested to correct
for dwelling mound size when calculating relative heights. Since the dwelling mound types are of varying
orders of magnitude the current method only works well for two types (dwelling mounds and refuge hills).
Lastly, further research might shed light on the possible construction of dwelling mounds following years
with severe floods. As mentioned before, it is known that the refuge hill in Zetten was constructed with
the severe flood of 1809 in mind and it is very likely that other dwelling mounds were constructed as well
following flood events. This could be solved if a flood event is studied in detail and related to the age of
dwelling mounds in the area the flood occurred.
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5 Conclusion
Dwelling mounds are artificially elevated land and constructed by inhabitants of the Betuwe to stay safe
from river water and most likely from river floods. For all dwelling mounds combined, the dominant
geomorphology is the alluvial ridge, which is in line with the locations of dwelling mounds compared to the
palaeo-geography of the Rhine. Seventy-one percent of all dwelling mounds are located on Holocene
channel belts of the Rhine. The dominant subsoils are “Polder” vague soils and “Ooi” vague soils. The
average height of all dwelling mounds is 0.9 m and sizes can fluctuate between 40 x 40 m to over 300 m
x 300 m. The general density of dwelling mounds is three other dwelling mounds within a range of 500 m,
but results suggest a higher density of dwelling mounds for the older dwelling mound types (old habitation
hills and elevated meadows), thereby implying an expansion from existing settlements. Historic floods
have not been connected to the constructing of specific dwelling mounds and ages of dwelling mounds are
still only estimates. However, it became clear that within the Betuwe area four types of dwelling mounds
exist: (i) dwelling mounds, (ii) old habitation hills, (iii) Refuge hills and (iv) elevated meadows. Dwelling
mounds are mostly detached houses and can occur on natural levees as well as backswamps. The dominant
geomorphology and subsoil are respectively the alluvial ridge and “Polder” vague soil. Generally they are
0.9 - 1.4 m high, are 40 x 40 m, have 1 – 3 buildings and are likely constructed between 1300 AD and
1850 AD. Usually up to three other dwelling mounds are to be found within 500 m. Old habitation hills are
elevated areas that can have multiple houses/farms. Since they are signs of habitation from before the
embankment, they can only be found on alluvial ridges, crevasse ridges, meander ridges, breach
depositions or river dunes. Often, they are located on alluvial ridges. They can date back to Roman times
(12 BC – 500 AD), but permanent habitation is thought to have occurred from 500 AD onwards. The
dominant subsoil is a “Tuin” earthy soil and their height ranges from 0.25-1.8 m. Their size is 300 x 250
m at minimum, with at least 1-3 buildings. Refuge hills are artificially elevated land areas that were not
used for habitation but for staying safe in case of river floods. They were constructed between 1750 – 1900
AD and are predominantly found on alluvial ridges. They have a height of 0.73-4.75 m and are likely the
only dwelling mound within 500 m. Their size is in the order of 60 x 60 m and they have 1-3 buildings on
top of the dwelling mound. Lastly, elevated meadows are fenced land or arable land in the vicinity of the
barnyard. They are predominantly found on alluvial ridges, and usually have a “Polder” vague soil and are
1.3-1.45 m high. Their size is approximately 150 x 250 m and they have 0 buildings on top of the dwelling
mound. Their age of origin is between 700 AD and 1000 AD.
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Appendices
Appendix 1: List of translations
Geomorphology:
Dutch

English

Stroomrug of stroomgordel

Alluvial ridge

Stroomrugglooiing

Alluvial ridge slope

Rivierkomvlakte

Backswamp

Doorbraakwaaier

Breach deposition

Kronkelwaardrug

Meander ridge

Rivierduin

River dune

Restgeul

Inactive river channel

Crevasserug

Crevasse ridge

Meanderruggen en -geulen

Meander ridges and trenches

Vlakte ontstaan door afgraving en/of
egalisatie

Excavation area

Terp (wierd) of hoogwatervluchtplaats

Dwelling mound

Vlakte van fluviatiele doorbraakafzettingen

Plain of breach deposits

Kronkelwaardgeul

Meander river channel

Welvingen in rivierafzettingen

River sediments curvatures

Laagte ontstaan door afgraving

Excavation hollow

Plateau-achtige storthoop, opgehoogd of
opgespoten terrein, of kunstmatig eiland

Reclaimed, elevated terrain or island

Overloop- of crevassegeul

Crevasse river channel

Dutch

English

Terp

Dwelling mound

Soils:

Water
Bebouwing

Water
Build-up area

Dijk

Dike

Linge uiterwaarden

Linge Backswamps

Kalkloze poldervaaggrond

Non-calcareous "Polder" vague soil

Kalkhoudende ooivaaggrond

Calcareous "Ooi" vague soil

Kalkloze ooivaaggrond

Non-calcareous "Ooi" vague soil

Kalkhoudende poldervaaggrond
Calcareous "Polder" vague soil
Kalkloze drechtvaaggrond
Non-calcareous "Drecht" vague soil

Texture classes
Dutch

English
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Matig zware tot zware klei
Lichte klei
Matig zware tot zware zavel
Lichte zavel
Lemig zand
Ultra fijn tot fijn zand (75-210 µm)
Zand (210-300 µm)
Matig grof zand (300-420 µm)
Zeer grof zand (420-2000 µm)
Ietwat grindig zand
Matig tot zeer grindig zand
Grind

Medium to Heavy clays
Light clay
Medium to heavy sandy clay
Light sandy clay
Loamy sand
Ultra-Fine to Fine sand
Sand
Medium coarse sand
Very coarse sand
Somewhat gravelly sand
Medium to heavy gravelly sand
Gravel

Appendix 2: Interviews Jelle Vervloet and Ferdinand van Hemmen
Interview JAJ Vervloet
1.
2.

3.

4.

5.

6.

Wanneer zou u een landschapselement in de Betuwe beschouwen als woonheuvel?
Welke procedure heeft u gebruikt om woonheuvels te bepalen?
a. Veldnamenkaart van de Betuwe, luchtfoto’s uit de tweede wereldoorlog toen de Betuwe
onder water werd gezet. Om iets als woonheuvel aan te merken zou men allereerst een
geroerde grond tegen moeten komen, maar dit betekent niet meteen dat hij bewoond is
geweest. Zodra er grote hoeveelheden mest en materialen te vinden zijn in de grond en
molshopen kan men spreken van bewoning.
Wat weet u van de etymologische begrippen van deze woonheuvels? (woerd, oude woongrond,
terp)
a. Woerd is een omheinde ruimte, veelal zichtbaar als onregelmatige percelen bij een dorp
of stad. Het is kenmerkend voor woerden dat zij bebouwing in de buurt van
akkercomplexen hebben. Deze akkercomplexen bestaan echter niet meer, vanwege
ruilverkaveling in de Betuwe. Oude woongronden bevinden zich voornamelijk op de
stroomruggen, verder geen etymologische betekenis. Ze zijn op basis van de bodem
vast gesteld. Een terp/woonheuvel is meer een technisch begrip.
Wat weet u over de leeftijd van deze woonheuvels?
a. De woonheuvels dateren is erg lastig. Van oudsher zijn er veel vondsten gedaan die
gedateerd zijn op een bepaalde tijd, maar vervolgens uit een latere periode stammen.
De namen van boerderijen kunnen ook een datering leveren, maar dit verifiëren is erg
lastig. Over het algemeen zou men kunnen beweren dat hoe breder de stroomrug, hoe
ouder de woerd.
Hadden woonheuvels ook andere functies dan droge voeten bewaren? Zo ja, wat waren deze
functies?
a. Afhankelijk van het begrip wat je eraan vastplakt kunnen woonheuvels ook de functie
hebben van boerderij/akker. Er zijn bewuste vluchtheuvels gecreëerd, maar waar en in
welke dorpen wist hij even niet meer.
Kent u enige relevante literatuur over woonheuvels in de Betuwe, met betrekking tot de
onderzoeksvragen van deze scriptie?
a. Hans Harten, Hans Renes, Teunis Vink, Haje Keuning hebben allemaal wat onderzoek
gedaan naar de woerden/terpen in het rivierengebied. Verder is de reeks uit de
Nederlands Geografische studies over de Bommelerwaard erg interessant. De Gelderse
Archeologische stichting is in bezit van veel oudkundige vondsten

Interview F. van Hemmen
1.

2.

Wanneer zou u een landschapselement in de Betuwe beschouwen als woonheuvel?
a. Dat hangt er vanaf wat je onder woonheuvel verstaat. Verschillende specialisten met
verschillende expertises benoemen dit anders. Wat mij betreft mag je ze ook ‘Woerden’
noemen. Het zijn eigenlijk namelijk oude woonerven die toendertijd woerd heten en die
zijn op dezelfde plekken opgehoogd. Oude woongronden die verticaal zijn gegroeid. Je
kunt niet zeggen dat mensen het verkeerd hebben, want ze zijn altijd al gezien als
opgehoogde plekken. Gebruik je het begrip ‘woerd’ dan moet je de verschillende
definities gebruiken die bekend zijn.
Welke procedure heeft u gebruikt om woonheuvels te bepalen?
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a.

3.
4.

5.

6.

Vooral gekeken naar oude woonerven in combinatie met het fossiele landschap. Paleogeografische kaarten, geomorfologische kaarten en je projecteert daar de woonheuvels
op, samen met het AHN dan kom je al een heel stuk verder. Dit is in de gevallen dat een
toponiem daar niks over verteld.
Wat weet u van de etymologische begrippen van deze woonheuvels? (woerd, oude woongrond,
terp)
Wat weet u over de leeftijd van deze woonheuvels?
a. De leeftijd van de woerden is nog hypothese. Er is nauwelijks kennis vanuit de
archeologie. Chronologie van de woerden zoals hij nu bekend is, is als volgt:
Fase 1: De woerden liggen op de oeverwallen. Daar kwamen de dorpen te liggen.
Fase 2: Bedijking gaat van start. Dit begint in grofweg de 10de eeuw. Een groot deel van
het landschap wordt gecultiveerd en polders worden gemaakt in de kommen, wat zorgt
voor grote wateroverlast. Deze wateroverlast was vooral economisch en ging om enkele
decimeters, want het water kon nog via crevassen naar de kommen stromen. Eerst
worden er achterwenden aangelegd, dan volgen er zijde- en voorwenden.
Fase 3: De doorgaande bedijking is compleet. Hierdoor moesten de woonheuvels weer
verder verhoogd worden.
Er is dus niet echt 1 leeftijd te krijgen voor een woonheuvel, want ze zijn in de loop van
de tijd opgeworpen
Hadden woonheuvels ook andere functies dan droge voeten bewaren? Zo ja, wat waren deze
functies?
a. Voornamelijk een agrarische functie.
Kent u enige relevante literatuur over woonheuvels in de Betuwe, met betrekking tot de
onderzoeksvragen van deze scriptie?
a) Ooievaar brengt zondvloed
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Appendix 3 Score assessment field work locations
1) Regio Andelst_Herveld
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2) Regio Angeren_Elst
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3)

Regio Beesd
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4)

Regio Doornenburg
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5)

Regio Erichem
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6)

Regio Ingen
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7) Regio Neerrijnen
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8)

Regio Slijk-Ewijk_Oosterhout
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9)

Regio Valburg
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Appendix 4: Field forms and soil columns

Location_Code:
Coordinates:
Height (AHN):

# Soil

Depth (cm)

horizon

Type of building(s):
Estimated size dwelling mound:

Layer nr.

Layer
Depth
(cm)

Munsell
Colour

Carbonate
s

Spots

R
u
s
t

R
ed

Texture

M50

Soil biota

Mean highest
groundwater table:
Mean lowest
groundwater table:
Artefacts

Organic
matter

Other

P

Soil classification:

Legend
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#: soil horizons number from top to bottom, start with 1.
Depth: indicate the depth range in cm. Start at the mineral soil (no litter layer).
Soil horizon: indicate master horizons and suffix (Dutch system; see separate sheet). Please note: use ‘a’ in the case of anthropogenic horizons.
Munsell colour: indicate Hue, Value and Chroma. In the case of organic layers (e.g. O horizons), fill in 0.
Texture: indicate texture using Dutch textural classes; also give equivalent FAO classes. In the case of organic layers (e.g. O horizons), fill in 0.
Z:
kleiarm zand (0-5% lutum)
KZ: kleiig zand
(5-8% lutum)
LZ:
lichte zavel (8-17.5% lutum)
ZZ:
Zware zavel (17.5%-25% lutum)
LK: lichte klei
(25-35% lutum)
ZK: zware klei
(>35% lutum)
M50: Use sand ruler for this only for leemarm/zwaklemig/kleiarm zand
Carbonates:
0 = not observed
1 = Weak response (audible, not visible)
2 = Strong response (visible)
Organic Matter estimate:
0 = No OM
1 = 0 – 2.5%
2 = 2.5 – 8%
3 = 8-15%
4 = > 15%
Soil biota: Do you observe macrofauna? Yes/No. If Yes, what animal?
Other: anything else
Soil classification: See Handleiding interpretatieve bodemgegevens
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Appendix 5 Distances to the river systems
4.1 All dwelling mounds
a)

b)

c)

b)

c)

4.2 Dwelling mound types
a)
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