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Abstract
Re-meandering and restoration of rivers and brooks is nowadays a common practice in an
attempt to mitigate climate-change-related problems and to improve biodiversity (Candel,
2020; Makaske et al., 2020; Paracchini & Vogt, 2006). According to Notebaert & Verstraeten
(2010) and Verdonschot et al. (2016) dispersed wetlands should, however, be viewed as the
source of NW European lowland streams. Dispersed wetland systems lack clear continuous
river channels and are a result of low but relatively stable discharge steered by (semi)terrestrial vegetation, limited slope and a large width of the valley (Verdonschot &
Verdonschot, 2018). Dispersed wetland systems are believed to have disappeared due to
agricultural activities by human settlements from the Bronze Age onwards (Notebaert &
Verstraeten, 2010; Verdonschot et al., 2017).
By using Ground Penetrating Radar and soil coring data two brooks, being the Slokkert and
the Reest, were analysed for the extent dispersed wetland systems used to cover two NW
European catchments. The results were subsequently compared with literature on the
geological and hydrological characteristics of other NW European catchments in relation to
dispersed wetland systems. Ultimately the goal was to gain knowledge on the (geological and
hydrological) characteristics of historical dispersed wetland systems in the Reest and Slokkert
related to dispersed wetland systems in general. This can ultimately help in developing an
integrated approach on river restoration, improving biodiversity and fighting the effects of
climate change. Within the analysis of the Slokkert and the Reest cross-sections, presence of
riverbed and overbank depositions would be an indication of a channel-floodplain system. This
while a clear continuous layer of peat throughout the entire stream valley would indicate a
dispersed wetland environment.
The headwaters of the Reest and Slokkert stream valleys were found to consist of a series of
smaller and/or deeper incised channel-like features filled and covered with (sandy) peat. In
the headwaters of the Slokkert a dispersed wetland system was assumed at first. A
combination of borehole descriptions and GPR data, however, revealed some -hard to
distinguish- clastic sediments and subtle clayey overbanks within the peaty subsurface. The
presence of these deposits, in the end, did provide evidence for a form of concentrated
water flow. More downstream, for the Reest as well as for the Slokkert, no clear continuous
peat layers were found. More sandy peats (fluvial deposits), often found close to one of the
valley sides, also did not provide clear evidence for the existence of a historic dispersed
wetland systems.
Ultimately identifying channel deposits in peat filled stream valleys was found to require
detailed analysis of -local- lithology/lithogenetics. This level of detail is not always provided
in examples of -assumed- dispersed wetland systems throughout literature. For river
restoration or nature development in stream valleys, this required level of detail additionally
means that an in-depth understanding of a specific system is necessary. In the context of the
determining factors in the occurrence of NW European dispersed wetland systems this
outcome ultimately results in the need for both a larger number and more detailed data of
former dispersed wetland systems. This in order to obtain the more exact hydrological and
morphological conditions in which dispersed wetland systems exist.
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1. Introduction
Climate-change-related problems like droughts, heavy rainfall events and flooding are likely
to become increasingly challenging for water boards, land owners, and society in general
(IPCC, 2021). After decades of channelization and straightening of rivers and brooks or the
drainage of wetlands for agricultural purposes, the notice that a more natural water system
can help in mitigating the before-mentioned effects of climate change has been widely
adopted (Candel, 2020; Makaske et al., 2020; Paracchini & Vogt, 2006; Pesman et al., 2016).
A focus on re-meandering or restructuring of rivers and brooks to increase water retention
and decrease peak flows during heavy rain events as well as increasing biodiversity is slowly
shifting to experimenting with a river system in its totality (Verdonschot et al., 2017).
According to Notebaert & Verstraeten (2010) and Verdonschot et al. (2016) dispersed wetland
systems used to be quite common in Atlantic period (9220-5660 cal. years BP) NW European
stream valleys. With channelization, drainage and other human influences, dispersed wetland
systems were however changed into hayfields, meadows and (meandering) channels (De Vries
& Bottema, n.d.; Notebaert & Verstraeten, 2010; Verdonschot et al., 2017).
In a larger context, stream valleys in the Netherlands were formed in the second last glacial
period (Saalien) and last glacial period (Weichselien). Due to wetter conditions in these stream
valleys in the beginning of the Holocene peat accumulation could take place (De Vries &
Bottema, n.d.). According to Verdonschot et al. (2017) a limited slope and flow velocity caused
natural stream systems to be nothing more than connected low laying areas with diffuse water
transport. Drainage for agricultural purposes subsequently caused the disappearance of those
dispersed wetland systems and introduced the meandering/winding brooks dating from
before 1950, where current river restoration projects focus on (Verdonschot et al., 2017).
Besides improving biodiversity (Verdonschot et al., 2017) and storing carbon (Swinnen et al.,
2020) dispersed wetland systems can help in mitigating erratic rainfall events and droughts
(Molen et al., 2019; Verdonschot et al., 2016; Whitlow, 1989). In the context of climate
change, the reintroduction of dispersed wetland systems could therefore be an interesting
addition to current river restoration practices.
Dispersed wetland systems are defined as, often peaty wetland areas where slow-moving
water has not enough stream power to form a river channel and hydrological, morphological
and ecological processes of a channel-floodplain system do not play a role. Figure 1 of the
Geeserstroom provides an example of these conditions in practice. Groundwater seepage
surfacing in the headwater of a valley on relatively flat higher sandy soils can subsequently
cause diffuse water transport. The headwater then lacks a clearly recognisable and continuous
river channel and overland flow is steered by local (semi)terrestrial vegetation (Verdonschot
et al., 2017; Succow & Joosten, 2001). Within the Dutch water quality directive (KWR)
dispersed wetland systems are included as KWR-type R19 and defined as systems with a
permanent and stable discharge; slopes smaller than 0.5 m/km; flow velocities smaller than
20 cm/s; and a catchment area smaller than 10 km2 (Molen et al, 2019; Verdonschot &
Verdonschot, 2018).

Figure 1: Dispersed wetland conditions in the Geeserstroom. Due to a low flow rate vegetation growth could cause the
disappearance of an constructed meandering stream within the redesign of the Geeserstroom in 2006 (from Reysoo, 2017).

A dispersed wetland system usually transports water equally throughout the year (perennial
flow) due to groundwater seepage and a large water-holding capacity (i.e. a relatively high
base flow but a relatively long lag time and small peak discharge in the hydrograph). Local
topography, whether or not under influence of beavers, or geology can however cause a
mixed system with more clear channels in steeper parts of a water system and absence of
channels in flatter areas (Molen et al., 2019, Verdonschot et al., 2017; Larsen et al., 2021). This
due to obstructions on the surface or in the subsurface that hinder concentrated water flow
and cause peat accumulation as well as the growth of (semi)terrestrial vegetation. According
to Verdonschot et al. (2016) the main factors in the development of dispersed wetland
systems are; discharge, valley width and slope. This because higher slopes, smaller valleys and
higher discharges cause sediment transport, erosion and channel formation (Verdonschot &
Verdonschot, 2018; Wohl et al., 2018). An overview of the main factors is shown in Figure 2.
The boundary of a dispersed wetland system (e.g. channel head) is subsequently situated
downstream of the dispersed wetland system and can be defined as “the most upstream point
of concentrated water flow and sediment transport between definable banks with a
longitudinally continuous channel downstream” (Wohl, 2018).

Figure 2: Main factors in the occurrence of dispersed wetland systems (modified after Verdonschot et al., 2016).

In the recent past a number of projects concerning dispersed wetland systems in the
Netherlands has been carried out. Those projects include but are not limited to the Onlanden,
Geeserstroom (Figure 1) and Holmers-Halkenbroek (Figure 3) (Verdonschot et al., 2017; Van
Boekel, 2011, Nomden, 2009). The Onlanden is different with respect to the beforementioned
definition of a dispersed wetland system since two graben are still responsible for discharging
water from two streams that enter the system from upstream. The projects HolmersHalkenbroek (2000) and the Geeserstroom (2006) did result in dispersed wetland conditions
and generally match the definition as given before. For Holmers-Halkenbroek the redesign of
the area included the removal of ditches. This caused discharge being spread over a wider
valley which resulted in dispersed wetland conditions. For the Geeserstroom a stream valley
was intended and constructed at first but a dispersed wetland system developed instead
(Reysoo, 2017). This, according to Reysoo (2017), due to a combination of the size of the
catchment, a limited slope and the profile of the brook which lead to flow rates of only a few
cm/s. The improved water holding capacity due to the removal of ditches additionally reduced
peak discharges and, together with the construction of a newly designed stream in erosion
resistant peat, eliminated erosion. Ultimately the development of dispersed wetland
conditions in the Holmers-Halkenbroek and the Geeserstroom does provide the first evidence
for dispersed wetland systems to be sustainable systems within the variety of Dutch
landscapes (Verdonschot et al., 2017).

Figure 3: View on Holmers-Halkenbroek, the result of a dispersed wetland system restoration project in 2000 (photo: Sjoerd
Bezemer).

Dispersed wetland systems are argued to be dependent on slope, width of the stream valley
and discharge (stream power), as depicted in Figure 2. The more detailed morphological and
hydrological conditions under which natural dispersed wetland systems used to exist as well
as where we can find the boundaries between actual river channels and dispersed wetland
systems (channel heads) is, however, still largely unknown. Studies on channel heads generally
focused on the relation between hillslope and drainage area (Wohl, 2018). This in contrast to
channel heads in lowlands where there hardly is a slope and the position of the channel head
can be dependent on a wider range of factors like hydrology, subsurface, relief, vegetation
and human influence as described in Makaske et al. (2020).
Identification of river deposits in the peaty soils of NW European stream valleys (channel
heads) as a boundary of a former dispersed wetland system can help to gain a better
understanding of the conditions under which dispersed wetland systems existed. In this study
two lowland streams, being the Reest and the Slokkert, are assessed for the extent former
dispersed wetland systems used to cover both stream valleys. Also the transition zone from a
dispersed wetland system to a channel-floodplain system coupled to hydrological
characteristics and local factors like (sub)surface obstructions are part of the assessment. The
different study sites, within both the Reest and Slokkert catchment, were therefore selected
for their specific position in the system. These specific positions include locations which are
subject to an elevation difference or situated near the confluence of different streams; a
sudden widening of the stream valley; or in areas where cover sands used to block the stream
valley. This since these aspects could be indicative for the start of a dispersed
wetland/channel-floodplain system. Ultimately knowledge on the conditions under which

dispersed wetland system exist can be part of an integrated approach in reintroducing
dispersed wetland systems in river restoration projects to improve biodiversity and fight the
effects of climate change. The main question therefore is:
What are the determining factors in the occurrence of NW European dispersed wetland
systems?
Additional sub questions within the main research question are:
1.

To what extent did former dispersed wetland systems cover the Slokkert and Reest
stream valleys?

2.

How is the transition zone from a dispersed wetland system to a channel-floodplain
system in the Slokkert and the Reest coupled to (hydrological and morphological)
characteristics like catchment area (discharge), valley width or (a change in) slope?

3.

What is the relative importance of general (hydrological and morphological)
characteristics compared to more local factors, like (sub)surface obstructions, in the
transition from a dispersed wetland system to a channel-floodplain system?

2. Theory
Notebaert & Verstraeten (2010) and Broothaerts et al. (2014) claim that water transport
occurred through multi-channel or diffuse water networks in the Atlantic period (9220-5660
cal. years BP) throughout NW Europe. Cited literature where this claim is based on provides
data on a selection of NW European river systems. The general characteristics and relevant
information regarding -the absence of- dispersed wetland systems in this selection of NW
European river systems is given below. This to be able to compare the findings, on both the
Slokkert and the Reest, with assumptions and argumentation by Notebaert & Verstraeten
(2010) and Broothaerts et al. (2014). Additionally, data on the Drentsche Aa by Candel et al.
(2017) is added since it discusses findings by Broothaerts et al. (2014) in the context of the
occurrence of dispersed wetland systems in NW European stream valleys.

2.1 Dijle catchment (Belgium)
The Dijle is a river in central Belgium and the catchment is according to Broothaerts et al.
(2014) characterized by several streams incised in an undulating loess plateau. The river has a
length of 86 km, a catchment size of 758 km2 and a mean annual discharge of 25 m3 s−1. Slope
gradients in the Dijle catchment are 5% or less at most places and widths of the stream valley
range from 150 m upstream to 1500 m downstream (Broothaerts et al., 2014).
Figure 4 and Figure 5 show a cross-section of the Dijle in the headwaters (Sclage) and much
more downstream (Korbeek). The cross-section in Figure 4, as described by Notebaert et al.
(2011), consists of sandy deposits in unit 1 with a fluvial origin, a top layer with shallow channel
formation (braided river) and an age of approximately 26000 BP. Unit 1 is covered by silty to
loamy sediments (unit 2) and organic deposits (unit 3). Wood and reed fragments were found
throughout this layer of -decomposed- peat or silty to clayey deposits. Also calcium carbonate
nodules are reported which are interpreted as travertine. Unit 3 is dated 9500 – 5100 BC at
the bottom to 4600 BC – 1500 AD at the top of the unit and has a thickness of 1 to 3 m. Since

unit 3 is found across the entire stream valley this unit is assumed to represent a dispersed
wetland system without channels. With unit 4 the deposits become gradually less organic and
these are interpreted as overbank sediments within a channel-floodplain system. The exact
composition of the deposits differ with distance to the channel. More recent deposits low in
organic material form the top layer of the system (unit 5) and are argued to be the product of
human induced soil erosion. Clayey deposits within unit 5 at greater distance from the current
channel are interpreted as backswamp deposits. Closer to the current channel, unit 5 consists
of overbank deposits. Ultimately unit 6 is interpreted as channel lag and point bar deposits.
The authors indicate that locally deep incisions into units 1 and 2 were filled with units 3 and
4 before unit 3 took over the entire stream valley. Similar to Figure 4, Figure 5 shows gyttja
and peat deposits often between 1 and 3 m thick (depending on location from early Holocene
to 2500 cal BP) overlain by clastic deposits (Broothaerts et al., 2014).

Figure 4: Floodplain cross section in the Dijle catchment at Korbeek-Dijle (Dijle River) (from Notebaert et al., 2011).

Figure 5: Cross-section of the Dijle catchment at Sclage (headwater of the catchment) (from Broothaerts et al., 2014).

According to Notebaert et al. (2018) the process of change from a system with organic
floodplain deposits and diffuse water transport into a clear meandering system started around
1500 BCE for the Dijle catchment. Subtle changes in the sediment balance due to
anthropogenic land cover change, turning a peat dominated floodplain into a sediment
dominated floodplain, are argued to have been the cause (tipping point) of this change in
fluvial style (Figure 6). In more detail, analysis of pollen showed the Dijle catchment was
covered by deciduous trees during the Neolithic period (ca. 7200 to 3900 BP) and
anthropogenic influences started to increase from the Bronze Age (ca. 1900 BCE) onwards.
This is in line with the change in fluvial style from 1500 BCE onwards in Figure 6. A low
sediment deposition rate and abundant vegetation stimulated peat growth in the Holocene
Dijle valley and resulted in diffuse water transport, the absence of clear river channels and
shallow open water systems.
Starting in the Bronze Age, the study sites in Broothaerts et al. (2014) show a simultaneous
increase in human-induced soil erosion (increased sediment input) and overland flow
hampering peat growth. The soil erosion and overland flow subsequently changed the fluvial
style (Figure 6) but the timing of this change differs between the different sites. Within crosssections, parts near channel(s) seem to have been affected by increased sediment input first
before gradually affecting peat growth in other parts of the floodplain as well. Variability
within cross sections of the Dijle and within the catchment of the Dijle is according to
Broothaerts et al. (2014) likely to be induced by numerous factors like the width of the stream
valley, catchment size, amount of deforestation/human impact, local wetness, local
vegetation and hillslope-floodplain connectivity (Figure 7). Steep valley slopes for example
often stayed forested while less steep slopes were more prone to human impact. Also a wetter
floodplain could for example lead to disappearance of forest with a small increase in seepage

compared to drier parts of the catchment. This shows that many factors are involved in the
transition from a dispersed wetland into a channel-floodplain system. Both the Belgian rivers
Valdaine and Amblève do not show any signs of diffuse water transport in the Holocene and
are more comparable to the Geul, that will be described below (Notebaert et al., 2018).

Figure 6: Tipping points in the fluvial style of the Dijle river due to anthropogenic influences (based on pollen data), figure after
Notebaert et al. (2018).

Figure 7: Conceptual model of floodplain response to increasing human impact. (A) Narrow floodplains, headwaters; (B) wide
floodplains, main trunk valley. Changes on centennial timescale are not displayed (from Broothaerts et al., 2014).

2.2 Geul
The Geul is a small tributary of the Maas. The river has a length of 56 km, a catchment area of
380 km2, an average discharge of 3.4 m3s-1 and covers an elevation difference of 350 m (De

Moor et al., 2008). After an open vegetation type in the Late Glacial the Geul river valley was
covered by wet tree species; alder, willow and poplar, during the Preboreal (10.640 - 11.650
cal. Years BP), Boreal (9.220 - 10.640 cal. Years BP) and Atlantic (5.660 - 9.220 cal. Years BP).
Local deforestation and human influence started during the Late Bronze Age (1000-700 BC) in
the Geul area and grassland took over the river valleys from the Iron and Roman Age (700 BC
– 415 AD) onwards.
Five cross-sections of the Geul by De Moor et al. (2008) provide insight in the hydrological
conditions of the Geul along its trajectory. The base of the stream valley is described as a
gravel layer irregular in depth interpreted as the buried pre-Holocene topography of a braided
river or the result of lateral migration of a single channel system at that time. Some remnants
of the Early Holocene “Black Floodplain Soil” were found in transect Genhoes (Figure 8) and
dated 8564-8228 BC. They are located on top of the sandy fluvial sediments in Figure 8. The
black floodplain soil (BFS) as found throughout Germany and, in this case, in the Geul is
according to Rittweger et al. (2000) a combination of degraded chernozem humic clay material
accumulating in floodplains and decomposed organic deposits. BFS developed in closed
canopies of the Boreal-Atlantic riverine forests and is believed to be the residue of a former
(partly marshy) surface. Figure 9 includes a model of the landscape development in central
Germany and shows BFS developing in the largely forested floodplains. During the Preboreal
(10.640 - 11.650 cal. Years BP) to Subboreal (2.400 - 5.660 cal. Years BP) the Geul, as a calm
and stable stream, supplied low amounts of fine-grained overbank deposits which facilitated
local peat growth. Little deposits from that period, however, remain. This due to more
dynamic hydrological conditions later in the Holocene which caused the erosion of these finegrained overbank deposits (De Moor & Verstraten, 2008; De Moor et al., 2008).

Figure 8: Cross-section of the Genhoes alluvial fan (Geul river) (from De Moor & Verstraeten., 2008).

Figure 9: Model of landscape development in the upper course of a river from the Boreal to the Subatlantic period (from
Rittweger, 2000).

Peaty or combinations of humic silty clayey and loamy layers in the subsurface of the Geul
stream valley in for example the transect of Vroenhof (Figure 10) were described as
remnants of waterlogged woodlands or backswamps. These layers showed some occasional
clastic bands indicating increased river activity. The location of these organic layers on the
sides of the stream valley do, however, not provide evidence for a dispersed wetland system
covering the entire valley. The authors indicate that seepage is likely to have favoured the
wet conditions that resulted in beforementioned peaty/humic layers. Diffuse water
transport to lower parts of the stream valley with more concentrated water flow is all in all
likely to have taken place in the Geul stream valley. Signs of a valley wide dispersed wetland
system can, however, not be observed in the cross-sections as obtained by De Moor &
Verstraten (2008) and De Moor et al. (2008).

Figure 10: Cross-section at Vroenhof (Geul river) (from De Moor et al.,2008).

2.3 Drentsche Aa
The Drentsche Aa is an undisturbed (has not been subject to restoration or channelisation
practices) low-energy stream in the northeastern Netherlands (Candel et al., 2017). The
stream covers an elevation difference of around 15 m, has a catchment size of 300 km2 and a

mean annual discharge of 1.8 m3 s−1 (Candel et al., 2017). Figure 11 provides the lithological,
lithogenetic and GPR cross-sections for the most upstream transect location in the Drentsche
Aa as described in Candel et al. (2017). At this Amen location the stream has a width of
approximately 3 m, the palaeovalley is with a depth of 3 m, however, also relatively shallow.
With respect to the possibility of a dispersed wetland system in the Drentsche Aa only a small
amount of in situ peat was found. Peat formation in the Drentsche Aa continued according to
Makaske et al. (2015) to the Middle Ages and contains a mix of sedge and alder carr peat.
Sandy peat layers and fluvial deposits within the valley-fill are a sign of old stream channels
but are due to a low stream power not a product of a meandering river. Stream channels were
limited to small channels enclosed by peat (Candel et al., 2017). Within the cross section
evidence of channel deposits was found at all stratigraphic levels which implies the absence
of a Holocene dispersed wetland system in the Drentsche Aa. However Candel et al. (2017) do
not rule out the possibility of dispersed wetland conditions more upstream in the system they
also show that identifying stream channels within peat requires a very dense core spacing
combined with detailed identification of a stream valley’s lithogenetics.

Figure 11: Drentsche Aa stream valley geological cross-section (a) lithological cross-section of the valley-fill (b), GPR crosssection west of the stream (c) and lithogenetic cross-section of the valley-fill (d) (from Candel et al., 2017).

2.4 Seulles river (Normandy, France)
The Seulles is a lowland river in western France with a length of 70 km, a monthly discharge
of 2.5 m3s-1 and a catchment area of 430 km2 (Lespez et al., 2015). It is nowadays a low-energy
sinuous to meandering river with bed slopes between 5 and 10% in the upstream areas and
0.6% or less in the downstream area. Specific stream power in the lower reaches of the Seulles
and its tributaries (Mue and Thue rivers) is below 10 W m -2. Extensive research on the Seulles
river and its tributaries by Lespez et al. (2015) identifies three to four main phases of sediment
accumulation within the Seulles, Mue and Thue stream valley (Figure 12). Figure 12 follows
from data on the longitudinal arrangement of Holocene deposition by Lespez et al. (2008).

Weichselian gravel, sand and sandy silt deposition on the valley floor was according to Lespez
et al. (2015) followed by channel incision in the Preboreal. In the Holocene low-energy
conditions caused precipitation of clays and minerals in an anabranching river and swampy
floodplain environment (9000-3000 cal. Years BP). For the Seulles, in this period, a thin deposit
of sandy gravels with peat lenses and plant remnants was found. This layer of partly organic
sediments is followed by river transported silts which is deposited in overbanks from 1.5 to
over 4 m thick from the end of the Bronze Age onwards. Also in the Mue and Thue rivers layers
of silt preserved the organic sediments. Silt deposition is nowadays still an ongoing process
without a reversal trend and according to the authors undeniably linked to human influence.
According to Figure 12, peat formation and -possibly- dispersed wetland systems are limited
to the Neolithic Mue and Thue headwaters of the Seulles. Figure 12 indicates that tufa
barrages played a role in the development of peat and diffuse water transport in the Mue and
Thue rivers. This due to tufa barrages causing subsurface obstructions hindering discharge and
causing wet conditions beneficial for peat and vegetation growth.

Figure 12: Schematic sketch of the morphosedimentary changes of the rivers of the Seulles catchment. Slopes: 1. Steppe
landscape; 2. Patchy environment: forest and grassland; 3. Mixed oak forest (oak, hazel); 4. Cultivated slopes and colluvial
deposits; Valley bottom: 5. Wooded valley bottom; 6. Tufa barrage; 7. Wooded wetland; 8. Meadows on silt overbank
deposits; and 9. Stream (permanent, temporary) and water mill (from Lespez et al., 2015). Figure 12 is based on partial or
complete cross-section from Lespez et al. (2008), see Appendix 1.

2.5 Tal des Dammühlenflieβes (East Germany)
The profile of the Tal des Dammühlenflieβes (Friedland/Niederlausitz, Brandenburg) in Figure
13 shows the structure and genesis of a dispersed wetland system dating back to the late
Pleistocene (Succow & Joosten, 2001). It developed in a silted water system in a valley of

curved ground moraines formed by meltwater and meltwater sediments in the end of the
Weichselien. This extensive sedimentation of mud (Feindetrituskalkmudde) under relatively
dry conditions changed into a system with rising groundwater levels after the Glacial period.
This subsequently triggered the formation of peat in a dispersed wetland system environment
(torf). According to Succow & Joosten (2001) the homogeneous layering and low to medium
decomposition suggest that no streams have formed in this natural dispersed wetland system.
Succow & Joosten (2001) additionally introduce three groups in terms of the morphological
form of dispersed wetland systems (Dürchströmungsmoore). 1) Valley moors: fill the entire
valley floor and is regarded the classic form. Water is transported to a river (the moor is then
called a river valley moor). 2) Valley side moor: one-sidedly leaning against the edges of
lowlands or niche peat bogs. Receiving waters (river, lake) only form towards the edge. 3)
Basin bogs: generally flat, filling relatively small depressions, mostly without a receiving water
body. All in all this learns that the lithology of a stream valley can show signs of both a
dispersed wetland system over the entire valley (valley moor) as well as signs of a dispersed
wetland and a channel system (river valley moor). According to Succow & Joosten (2001) rivers
did not form for many kilometres in many east German valleys uninfluenced by humans.
Instead a horst and graben system often ran through the valleys. This horst and graben system
provided the valley with a form of concentrated water flow which subsequently questions the
absence of channels in this dispersed wetland-like environment.

Figure 13: Cross-section of the Tal des Dammühlenflieβes (Brandenburg, Germany) (from Succow & Joosten, 2001).

3. Study area
3.1 The Reest
The Reest is a small brook situated on the border of the provinces Drenthe and Overijssel. It
stretches over a length of 37 km from the hamlet Tippe to Meppel and it is with an elevation
difference of only 5 m a typical lowland stream (De Vries & Bottema, n.d.; Dirkx et al., 1998).
A large portion of the Reest is shown in Figure 14. Unlike many other NW European streams
in the 20th century the Reest has never been normalized and therefore its pre-industrial
winding character is largely untouched. Apart from Drenthe and Overijssel the Reest also
separates the boulder clay (Drenthe Formation) areas in the north from Pleistocene sands
(Boxtel Formation) in the south. The Reest forms the northernmost part of the primordial river
valley (“oerstroomdal”) of the river Vecht (De Vries & Bottema, n.d.). Differences in
geomorphology as a result of this can be seen on the geomorphological map (Appendix 2) with
plains of washed cover sands and loss in the south and push moraines in the north. Soils in the
Reest stream valley are mainly Histosols (veengronden) and Anthrosols (enkeerdgronden), see
Appendix 3.

Figure 14: Reest study area showing the area of interest undisturbed by peat excavations (black circle), various locations where
cover sands used to block the river (green dots) and the canal which diminished the catchment area of the Reest (white arrow).

During the Boreal (9220 - 10.640 cal. Years BP) the Reest lost its pre-Boreal (10.640 - 11.560
cal. Years BP) braiding character and scoured a meandering channel (Dirkx et al., 1998). Gyttja
developed downstream but in more upstream parts of the Reest shallow channels are covered
with swampy forests. In the Atlanticum (5660 – 9220 cal. Years BP) period, quiet conditions
caused plant succession which resulted in the growth of alder carrs in the headwaters of the
stream valley (Dirkx et al., 1998). Large peat bogs started to develop in the east and south
during the Subboreal (2400 – 5660 cal. years BP) (Dirkx et al., 1998). This caused little dynamics
and low discharge in the stream valley (Dirkx et al., 1998). Peat bogs in the lower course of
the river, however, hindered discharge from the middle and upper courses which caused wet
conditions and sedge marshes becoming dominant over the then present alder carrs. De Vries
& Bottema (n.d.) indicate that peat infilling of channels, starting around 7100 BC, was found

in wider parts of the stream valley (Schrapveen) due to generally wetter conditions in the
streams of Drenthe (Holocene compared to late Pleistocene). According to Dirkx et al. (1998)
the presence of alder carr indicates a form of discharge since wet mesotrophic forests
dominated by Black alder (Alnus glutinosa) and Downy birch (Betula pubescens) are
characteristic for brook valleys (Runhaar et al., 2013). Whether the Reest was still clearly
recognisable as a stream, however, remains unclear. A reference image of the Subboreal
character of the Reest is depicted in Figure 15.

Figure 15: Reference image for the Reest as a Subboreal (2400 – 5660 cal. years BP) peat river. In the stream valley there
were pronounced wet conditions. Wet Birch woodlands have settled in the upper reaches, immediately outside the valley are
the flanks of raised peat bogs. The middle course is characterized by mesotrophic sedge swamps. More eutrophic conditions
prevail in the lower reaches. Directly along the Reest a narrow zone with alder carr in the middle and lower reaches was found
(modified after Dirkx et al., 1998).

From the Middle Ages onwards human influences started to play a role, with the stream valley
being used as hayland the swamps were getting dehydrated and the alder carr was removed.
Large scale raised peat bog excavations from the 17th century onwards started to cause a more
dynamic discharge pattern. For agricultural purposes cover sand ridges blocking the stream
valley were in some cases removed to allow for faster drainage of the then present swamps
in the stream valley (De Vries & Bottema, n.d.; Schunselaar & Rusticus, 2016). Examples of
parts of the stream valley that have been blocked by windblown cover sands can be found
near Schrapveen, Paardenlanden, Vaderserf and Rabbinge (Schunselaar & Rusticus,
2016). Without the peat bogs the Reest became hydrologically more dynamic, which led to
higher discharges. A canal dug north of the Reest (indicated with a white arrow in Figure 14),
increased the discharging potential of the area but reduced the catchment area of the Reest
from 30.000 ha (Middle Ages) to 5000 ha nowadays. Additionally, remnants of watermeadows (vloeiweides), (grass)fields subject to controlled inundation to improve agricultural

yields through fertilization by river sediments, could be found in catchments like the Reest
(Baaijens et al., 2011).

3.2 The Slokkert
The Slokkert is a peat stream between Norg and Veenhuizen which originates from the
Fochteloërveen. The Slokkert is a headwater of the Peizerdiep system and is joined by
Tonckensloopje before discharging into the Groote Diep. The Slokkert area is about 502 ha
(Dienst landelijk gebied, 2006), covers an elevation difference of around 5 m and has a length
of about 7.5-10 km. The Slokkert has been canalized in the 1960 for agricultural purposes but
a river restoration project in 2013 has led to a winding stream again (Dienst landelijk gebied,
2006). In the upper course of the Slokkert most parts are still recognisable and valued as a
typical ‘esdorpenlandschap’ and either in use as nature or grassland. The stream valley is filled
with peat on top of fluvioperiglacial deposits (Dienst landelijk gebied, 2006). Soils in the
Slokkert catchment are mainly Histosols (veengronden en moerige gronden, Appendix 4).
The Slokkert is also particularly interesting because of the archaeological finds in the valley,
being wooden remnants of a peat road dated around 3800 BP (Ten Anscher et al., 2015). An
artist impression of the peat road is shown in Figure 16. The peat road, being situated in a
relatively narrow part of the stream valley, likely formed a connection between the cover sand
plateaus on either side of the stream valley (Ten Anscher et al., 2015). According to Ten
Anscher et al. (2015) a wetter climate in the beginning of the Holocene together with a small
slope and perennial flow caused shallow incised streams with wide swampy floodplains.
Southeast of the peat road the valley is quite wide which could be a logical location for a
dispersed wetland system. This since discharge is spread over a wider valley compared to the
more confined stream valleys more upstream in the Slokkert. Also the peat road itself
indicates that a normal passage of some wet and swampy parts of the stream valley was not
possible.
A lithological profile in the headwater of the Slokkert by Jasper Candel and Cindy Quik (Figure
16) also shows a relatively thick layer of peat situated in the Slokkert valley. Clear signs of river
sediments are absent within the profile which could be an indication of a former dispersed
wetland system within this part of the Slokkert valley.

Figure 16: Slokkert stream valley AHN map, transect locations, soil profile by Jasper Candel and Cindy Quik and artist impression of the peat
road by Ulco Glimmerveen. Additionally the lost connection of location 8 to the Slokkert and the current flow direction of the Veenhuizerkanaal
is indicated with arrows.

4. Methods
4.1 Ground penetrating radar
According to Candel et al. (2017) Ground Penetrating Radar (GPR) was successful in detecting
layers with different bulk densities and humidification (e.g. sand layers) within peaty areas up
to 3 m depth. In this study the GSSI 200 HS Wireless Low Frequency 200 MHz GPR System and
SIR 4000 monitor were used in addition to soil corings for obtaining the geometry, continuity
and approximate depths of lithological layers within the stream valleys. GPR measurements
were conducted perpendicular to the stream on various locations within the study areas which
are shown in Figure 15 and Figure 16 and in more detail in Figures 17 - 24. For the Reest a GPR
transect was made for the location as indicated in Figure 14, for the Slokkert 6 GPR transects
were made at locations 1-3 and 5-7 (Figure 16).
The specific locations in the Slokkert area where chosen because of their positions in relation
to changing morphological or hydrological conditions, as mentioned in the introduction. The
selection of the transect location in the Reest catchment was based on Figure 15, which shows
the transect location being in the transition zone from upper to middle course (where a
dispersed wetland system or the transition zone to a channel-floodplain systems is to be
expected). Location 4 (Figure 16) in the Slokkert turned out to be hard to reach while bringing
the GPR so no GPR transect was performed at this location.
For both the Reest and Slokkert an approximate 3 m also proved to be the lower boundary of
the GPR signal. Processing and analysis of the raw GPR output was performed in ReflexW
following the steps in the “quick guide for GPR processing and analysis” (Onderwater, n.d.).
However, adjusting the gain (multiplication of the data in order to compensate for possible
attenuation or geometric spreading losses at greater depth) was included in the initial
processing steps additional gain adjustment was applied. This because in some cases a clearer
image of the features in the subsurface could be obtained by adjusting the gain again as a last
processing step. The GPR readings were subsequently compared to the lithological crosssections to be used in the final lithogenetic profiles of the stream valleys.

4.2 Lithological description
Using a gouge auger (diameter 3cm) and/or Edelman auger both study areas were sampled in
transects perpendicular to the stream and at roughly the same location as the GPR transect.
The usage of the gouge auger or Edelman auger depended mainly on the type or wetness of
the soil. For the Slokkert transects were made on six different locations, for the Reest this has
been done at one location but additional lithological cross-sections were available in Dirkx et
al. (1998). The locations of the various transects are depicted in Figure 14 for the Reest and
Figure 16 for the Slokkert and in more detail in Figures 17 - 24. Additional information on the
location and depth of the soil corings can be found in Appendix 5.
Within the Slokkert area, existing soil coring data, provided by Jasper Candel and Cindy Quik,
was used for transects 7 and 8 (Figure 16). At most locations boulder clays or sands, regarded
as the bottom of the stream valley, were found at a maximum depth of around 3 meters. The
boulder clays and Pleistocene sands are light coloured and often easily distinguished by a
sharp transition from the darker organic stream valley infill.

In terms of the length and amount of samples the lithological, lithogenetic and GPR transect
of the Reest, as shown in Figure 25, has a total length of about 250 meter. The transects cover
almost the entire stream valley since the current stream is located along the northern valley
side. The Reest has a width of around 4 m at the transect location. The lithological crosssection consists of 12 boreholes (Figure 17).
Within the Slokkert catchment area, location 8 (Figure 18) is located in what can be considered
the headwater of a tributary of the Slokkert. With the Veenhuizerkanaal/Kolonievaart which
dates back to 1816 on the northeastern side of the transect a direct connection with the
Slokkert has disappeared. Discharge from location 8 to the Slokkert and the current flow
direction of the Veenhuizerkanaal is indicated with arrows in Figure 16. The original route
from location 8 to the Slokkert can also be determined by the presence of stream valley
bottoms (beekdalbodems), see Appendix 6. The transect is around 140 m wide and contains
14 boreholes provided by Jasper Candel and Cindy Quick (Figure 26).
Figure 27 shows the GPR and lithological cross-sections for location 7 which is located in the
upstream course of the Slokkert (Figure 16). The lithological cross-section contains 21
boreholes. At present the Slokkert is at this location a ditch.
At location 6 (Figure 22 and Figure 28) the Slokkert has a more natural morphology (Figure
28d) compared to location 7. Current land use is natural grassland. The stream valley at
location 6 has a width of around 130 m and the transect contains a total of 17 boreholes.
At location 5 the Slokkert follows a trajectory on the northern side of the stream valley (Figure
21). It is also at location 5 that the Slokkert stream valley is first joined by a tributary. Due to
an artificial canal (connected to a pumping station) on the south side of the valley it takes
however another kilometre before the Slokkert receives this extra water from the southwest.
The pumping station is capable of pumping extra water over 191 ha upstream to prevent
drought in the headwaters of the Slokkert. The canal thus does not only discharge the
upstream areas but also provides the headwaters with water in drier periods. The channels
on both the south and north side of the stream valley are already distinguishable on a map
from 1850 (Figure 29d). The cross-section at location 5 contains 11 boreholes (Figure 29).
It is in between location 3 and 4 that the Slokkert and canal confluence as one stream (Figure
20). Within the transect the canal is situated in the west of the stream valley and the Slokkert
in the far east. The transect with nine boreholes covers a width of around 120m between both
water bodies (Figure 31).
The lithological cross-section and GPR transect at location 2 (Figure 32) cover around 500 m
and the lithological cross-section is based on 20 boreholes. The stream valley at this location
is split into multiple parts; a southwestern part, which is in use as grassland, a canal and a restored- Slokkert meandering brook flanked by wet grasslands and a meadow on the
northeastern valley side (Figure 19). The brook and canal are divided by a small dike. The
positions of the Slokkert in 1822 and 1980 are included in Appendix 7.
The GPR and lithological cross section at location 1 (Figure 33) is situated near the confluence
of the Slokkert with the Groote Diep. The section upstream of location 1 (up to location 3) has

been subject to a river restoration project. This did influence the width, and most likely the
amount of discharge, of the Slokkert at this location. For location 1 the course of the Slokkert,
however, does not seem to have changed when compared to topographical maps dating back
to 1822. The Slokkert was therefore assumed to still be in its original position. The Slokkert at
location 1 is situated along the eastern valley side and the cross-section contains 12 boreholes
(Figure 18).
For a description of the soil profiles in 10 cm thick intervals the Dutch texture classification
scheme after Berendsen & Stouthamer (2001) and De Bakker & Schelling (1996) has been
used. This included texture, M50 (very fine sand/fine sand/medium sand), organic matter
(peat/sandy peat/peaty sand/humic), plant remnants (reed/sedge/wood) and colour.
Together with the recorded coordinates and surface elevation of the sampling locations the
borehole descriptions were subsequently processed with LLG2012 software to digitalize the
field forms and to be able to interpret the borehole descriptions in accordance with their
geographic position. The lithological cross sections were made by geological correlation of the
borehole data.

4.3 Lithogenetic cross-sections
Both the results from the GPR transects as well as the individual borehole data and subsequent
lithological cross-sections were used to make lithogenetic cross sections for a number of
locations. The lithogenetic cross sections are ultimately an interpretation of the origin or
processes that formed a specific lithogenetic unit. The absence of sandy layers and natural
levees or fluviatile deposits within the peaty subsurface of the valleys, together with the
presence of a continuous peat layer, will be regarded as evidence for the existence of historical
dispersed wetland systems within the different cross-sections. The lithogenetic units used in
the cross sections are:
-

-

-

(washed) cover sands/boulder clays: Considered the base of the system, consists of
(washed) aeolian cover sands, fluvioperiglacial sands or boulder clays. The colour is
mostly light-grey but sometimes a thin layer of soil formation with occasional wood
and reed fragments was found in the top of this layer. At some locations this layer also
contains some gravels.
Hemic/sapric peat: Hemic/sapric black peat is mostly found in the top layer of the
current floodplain, it contains occasional plant remnants but is largely decomposed.
Sand grains found in the top layer could have been added for agricultural improvement
of the soil or, and most likely, by alluvial processes.
In situ peat: In situ peat consists of interwoven plant remnants and thick wood
fragments, it does not contain clastic material and turns black on contact with air.
Fluvial deposits: Mix of dark brown peat with clastic sediments and peaty or humic
sands. Peat as a fluvial deposit is dark-brown and plant remnants are fragmented and
not interwoven; it contains clastic material throughout the entire peat mass. Wood
peat usually is amorphous and contains high amounts of organic matter and wood
fragments. Clayey peat also lacks structure and is deposited during inundations. The
peat in the stream valley all in all originates in wet floodplains, old channels or as
backswamp.

Figure 17: Reest; GPR transect, borehole locations and DEM.

Figure 18: Slokkert, location 1 (see also Figure 16); GPR transect, borehole locations and DEM.

Figure 19: Slokkert, location 2 (see also Figure 16); GPR transect, borehole locations and DEM.

Location 3
Location 4

Figure 20: Slokkert, location 3 (top) and 4 (bottom) (see also Figure 16); GPR transect, borehole locations and DEM.

Figure 21: Slokkert, location 5 (see also Figure 16); GPR transect, borehole locations and DEM.

Figure 22: Slokkert, location 6 (see also Figure 16); GPR transect (points outside stream valley due to GPS malfunction!),
borehole locations and DEM.

Figure 23: Slokkert, location 7 (see also Figure 16); GPR transect, borehole locations and DEM.

Figure 24: Slokkert, location 8 (see also Figure 16); GPR transect, borehole locations and DEM.

5. Results
5.1 Reest
Figure 25 shows the GPR, lithological and lithogenetic cross-section for the Reest. Starting in
the south, a relatively flat layer of light-coloured fine sand (-washed- cover sand) is covered
with a thin layer of peaty sand (sand possibly added for agricultural purposes). The peat in this
layer was highly decomposed since no recognisable plant remnants were found. At around
150 m from the current river the stream valleys starts to deepen and the GPR shows a
capricious pattern of shallow incised channels which can be interpreted as a braided Preboreal river system (Figure 15a). Following the definition of Eaton et al. (2010) a braided
system includes fundamentally unstable multiple-thread channels. At 150 m various layers of
(sandy) peat contain reed fragments at the bottom of the system and sedges at shallower
depth. The peaty layers are again covered with a more sandy top layer. Further to the north
wood fragments are abundant in both the top of the washed cover sands as well as in the
lower part of the peat. At 40 m from the current river the top layers seems to contain
somewhat more sand, probably an overbank or anthropogenic deposit, before the sandy
palaeovalley dips to ca. 3 m from the surface. This deeper incised palaeovalley starting at
around 10 m from the current river consist of different types of peat (old riparian zone) with
plant and sedge fragments at medium depth and wood fragments at greater depth but mixed
with more sandy fluvial deposits throughout the palaeovalley (Figure 15b). At 5-10 meters
from the current river a clayey peat was found at 40-80 cm depth. Fine sands at the bottom
of the profile are layered with bands of organic matter and contain some charcoal. The
boreholes closest to the river show sandy materials at shallower depth in the direction of the
current river.
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Figure 25: Reest; GPR transect with interpreted bottom of the peaty valley-fill (yellow line) (a), lithological cross-section (b)
and lithogenetic cross-section (c).

5.2 Slokkert
5.2.1 Location 8
The subsurface of location 8, as depicted in Figure 26, shows two channel-like features, which
are filled with (a combination of) peaty and sandy deposits. The topsoil is sandy and
anthropogenic. The bottom of the palaeovalley consists of layered Pleistocene sands, which
are interpreted as fluvio-aeolian, with thin beds of organic matter. Also some plant remnants
were observed in sandy layer throughout the whole profile. At the bottom of the
southwestern palaeovalley some coarse sands and gravel were identified as a riverbed (Figure
26, lithogenetic cross-section). Sand grains, reed and the presence of reworked peat are
indications for a fluviatile origin and alluvial deposits. In-situ peat with many interwoven plant
remnants was only found at 40-70 cm depth at one point in the transect and is indicated by a
red circle in Figure 26. A layer of hemic and sapric peat was generally found just below the
sandy anthropogenic top soil. This layer occasionally consisted of clear plant remnant and
sand grains in most cases. A clear continuous layer of in-situ peat is lacking at location 8 and
also different sandy and reworked peat deposits makes the absence of a channel at some
point in history at this location unlikely.

Figure 26: Slokkert, Location 8; lithological cross-section, within the cross-section clear in situ peat was found at 40-70 cm
depth as indicated with a red circle (top). Lithogenetic cross-section showing clear channel deposits (indicated with a ‘C’) in
the south western palaeovalley (bottom).

5.2.2 Location 7
The GPR and lithological cross-section of location 7 in Figure 27 show a paleo valley of around
100 m wide filled with peat on top of fine or loamy sand. Figure 27c also shows the location
of the 8 radiocarbon samples provided by Jasper Candel and Cindy Quick. The Radiocarbon
dating resulted in ages of around 14000 years for the whole series of samples. This could be
explained by fluvial transport of peat throughout the valley since for in-situ peat a gradual

ageing with depth would be expected. Also a review of the borehole descriptions results in
subtle layers (2-5cm) of more clayey or sandy peat which are added to the lithological transect
(Figure 27 compared to Figure 16). Generally the structure of the deposits at location 7
consisted of peat at the top of the system. Some clays and pieces of brick(grit) were also found
in the top 60 cm, not particularly in one area. Iron concretions were found at greater depth
halfway the cross section and at shallower depth at the location of the thin layers of clay as
(clay layers indicated in Figure 27c). Pieces of Alder, sedge and bigger plant remnants were
also most clearly recognisable around the beforementioned clay bands. These occurrences of
clay and sand together with the channel-like shapes in the GPR profile (Figure 27a&b) are signs
that small channels and deposition of clastic materials on overbanks are likely to have existed
in this part of the Slokkert.

Figure 27: Location 7, GPR cross-section (a), GPR cross-section with enhanced gain (b) and lithological cross-section (c).

5.2.3 Location 6
The lithological cross-sections of location 6, as depicted in Figure 28c mostly reveals a ~40 cm
thick layer of peaty material on top of (redistributed) boulder clays. The peat contained clastic
sediments (increasing with depth) and sand grains throughout the entire valley, which are
indicated in Figure 28c. Apart from some sedge and reed material around the current stream
the peat was mostly oxidised and lacked clearly recognizable plant material. Wood remnants
were found at the peat-sand interface of the sandy subsurface. The boulder clay contained
wood fragments and some occasional gravels in the southwest. Compared to other parts of
the Slokkert greenish boulder clay is more clearly present at limited depth at location 6. Both
the borehole data and the GPR cross-section do not reveal clear signs of old tributaries,
channels, overbank deposits or channel migration of the current river channel. A small
channel-like shape can be observed in the GPR cross-section at 35-40 meters southwest of the

current stream but did not show different lithology. A ditch at the southwestern side of the
transect is regarded as human induced since it surrounds military terrain.

Figure 28: Slokkert, Location 6; GPR cross-sections (a), lithological cross-section (b), lithogenetic crosssection (c) and the Slokkert at location 6 (d).

5.2.4 Location 5
Both the GPR cross-section and lithological cross-section in Figure 29 show two palaeovalleys
parallel to the current Slokkert in the northeast and canal in the southwest. At ~80 meters
from the current Slokkert a smaller third dip in the clastic/sandy subsurface is visible (blue line
in Figure 29). The clastic/sandy subsurface consists largely of loamy fine sands, -washedboulder clays and contained some gravels at various locations. The two palaeovalleys are filled
with peat. The peat consists of reed fragments as well as some thick pieces of wood (wood
indicated in Figure 29a by the red arrow, both reed and wood indicated by red line). The peat
also contains some sand grains and clay. A few cm thick sandier layer was observed at about
40 cm depth in the southwestern palaeovalley which seems to correlate with some vague
reflection in the GPR transect (red lines in Figure 29a).
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Figure 29: Slokkert, location 5; GPR cross-section with interpreted morphological features (yellow lines) and individual
boreholes depicted in the GPR cross-section (a), GPR cross-section with adjusted gain (b), lithological cross-section (c),
lithogenetic cross-section (d) and map of this part of the Slokkert stream valley in the year 1850 (source: topotijdreis.nl) (e).

5.2.5 Location 3 & 4
At location 3 and 4 (Figure 20) again multiple channel-like features/palaeovalleys are
distinguishable in the lithological (location 4, Figure 30a) and GPR cross-sections (location 3,
Figure 31). The western palaeovalley in Figure 30a (location 4) is filled with clayey peat without
identifiable plant remnants and includes clastic sediments. The clastic/sandy subsurface
consists of layered washed (loamy) sands. At the eastern side of the current Slokkert, the layer
of loamy sand at 1-2 m depth also contained some boulder clay . Furthermore peat with clastic
sediments was found at 60-80 m from the current Slokkert. The subsurface at this location,
however, does not show a clear palaeovalley.

The eastern paleaovalley, at ~25m from the current Slokkert, was filled with the same material
but at 50 cm depth some wood fibres were found which were followed by layers of fine sands,
peat, and loamy sands at the subsurface. At the location of the GPR transect (location 3, Figure
31) the stream valley was filled with predominantly peaty sands. In the GPR transect some
channel like features were observed. They are, however, still visible in the landscape and
identified as ditches from agricultural human origin. On the eastern side of the Slokkert the
valley floor seems to slope towards the river (Figure 31b). Downstream location 3 the Slokkert
begins its winding trajectory in a wider stream valley and thus leaves its more confined
headwater valley in the south.
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Figure 30: location 4, lithological cross-section (a) and lithogenetic cross-section (b).
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Figure 31: location 3, GPR transect of the western part of the stream valley (a) and eastern part of the stream valley (b).

5.2.6 Location 2
Figure 32 shows a cross section of the entire stream valley at location 2. At the sandy
subsurface light-brown moderately fine Pleistocene sands with some silt and plant remnants
were found. The valley infill from the southwest to northeast consisted of a thin layer of peaty
sand on top of beige to lighter coloured fine sand that becomes somewhat more loamy with
depth. Some layers of organic matter were preserved within the sand.
A little closer to the river, before the palaeovalley floor starts to deepen, iron oxidation covers
the top of the sand with rust which results in more brownish colours. At greater depth the
sands become more loamy. Further from the valley side the palaeovalley floor lowers 1-2 m
and the amount of sandy peat and peaty sand on top of the fine to loamy sands starts to
increase. Moving to the northeast peat with thick pieces of wood was encountered at 1 m
depth in a layer of 10 cm thickness. This layer thickens to 60 cm to the northeast, whereas it
contained more sand and no wood closer to the canal. Immediately next to the current canal
in the Slokkert stream valley the peaty sand is clearly layered with alternating beds of clay,
sand, and (clayey) peat. Some wood and sedge remnants were found at ~120 cm depth. The
sand layer starting at 140 cm depth contains wood remnants.
In between the canal and the current Slokkert a layer of peat with some sand grains was found,
which did contain lots of wood fibres. On the eastern side of the -restored- Slokkert a
somewhat sandy peat with plant remnants at the top and wood remnants at greater depth
continues. The sandy subsurface of the stream valley consists of fine sands with some reed
and wood fragments and becomes more loamy with depth. Besides a larger depression higher
on the valley side two depressions are visible on the GPR cross section at some distance from
the river. The infill of the depression consists of peat in which iron concretions were found in
the top 20 cm and wood fibres were found at 30 to 100 cm depth; charcoal ultimately was
encountered at the peat/sand interface. The depression in the valley flank contained peat with
sedge fragments.

Canal
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A

Figure 32: GPR transect of the western part of the stream valley, NE to SW! (a), eastern part of the stream valley SW to NE!
(b), lithological profile (c) and litogenetic profile (d) at location 2. An additional palaeovalley was found in the eastern flank of
the stream valley (indicated with an ‘A’).

5.2.7 Location 1
In the cross-section (Figure 24) of location 1, predominantly sandy peat and peaty sand has
been found as the fill of the palaeovalley. Near the current river channel some layering with
more sandy deposits is recognizable. This is interpreted as overbank deposits.
At around 80 m from the current Slokkert a sand ridge seems to be present in the subsurface
which can be traced back on the DEM in Figure 18. The sand ridge contains beige slightly humic
sands with spots of organic matter and orange fibers. Also some wood fragments were found.
To the east of the sand ridge the subsurface consists of layered sandy peat, the layers mainly
differ in colour from red-brown to black, also some light-brown concretions were present
(photo’s in appendix 8). Overall red colours and rusty concretions due to oxidation processes
were found in most boreholes at this location and wood was found at the sand-peat interface.
Clear plant material, reed and sedges were only found at the borehole on the eastern side of
the sand ridge.
At 150 m from the current Slokkert the cross-section consists of peaty sand at the surface. A
5 cm thick layer of light coloured sand was subsequently found at shallow depth, just under
this peaty sand. This sandy layer contains a mix of grey sand and grey hemic and sapric peat
in various layers. A 20 cm thick black layer of sandy peat with wood remnants on top of layered
light coloured sands was found at the sandy subsurface of the system.

At the western end of the profile, next to the mouth of the canal in the Groote Diep, some
peaty material was found.
Based on the wood found at the bottom of the system this part of the Slokkert is likely to also
have been covered by swampy forest. The layering in the peat found in the channel feature
next to the current Slokkert together with the more sandy deposits immediately next to the
brook suggests the channel filled up with alluvial deposits together with some peat formation
in a wet floodplain environment.
E
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Figure 33: GPR profile (a) and lithological transect (b) at location 1

6. Discussion
6.1 Stream valley restoration
With the inclusion of dispersed wetland systems in the Dutch water quality directive (KWR)
the aim is to include dispersed wetland systems in the toolbox of integral stream restoration
(Verdonschot & Verdonschot, 2018). The incentive for restoring dispersed wetland systems is
based on the assumption that relatively gentle-sloped NW European stream valleys on higher
sandy lowland plains hosted dispersed wetland systems in their (pre-)historical natural state.
Atlantic period dispersed wetland systems (in the headwaters) and swamp streams (middle
course) are believed to have disappeared due to human-induced deforestation, erosion and
sedimentation. Within this assumption dispersed wetland systems lack a clear course while
swamp streams are defined as a system where the discharge is such that the water has a
sufficiently erosive force to form a clear course in the swamp depression of the stream valley
(Verdonschot et al., 2016). A difference in timing of above-mentioned phenomena is assumed
to have been connected to peat growth which continued until the start of human cultivation
of the specific area.

As Montgomery (2008) states the classic sinuous form of a meandering channel has become
standard practice in river restoration, even when this does not agree with the historical
situation. Restoration of dispersed wetland systems on the other side requires reversing the
practice of channelization; drainage of the riparian zone and floodplains; and the creation of
over-dimensioned water bodies. According to Verdonschot et al. (2017), these overdimensioned water bodies in the meantime require intensive vegetation maintenance to
prevent a return to wetland conditions due to the lack of water flow in drier periods. Cases
like Holmers Halkenbroek in the headwater of the Drentsche Aa ultimately shows that the
development of a -human induced- dispersed wetland system in the headwaters of NW
European streams can work out in practice.
In the context of traditional river restoration the re-meandering of the Geeserstroom, on the
other side, provides an example of a restoration project in conflict with local historical and
hydraulic conditions. The starting point of intended nature development was self-regulation
of the redeveloped Geeserstroom (Reysoo, 2017). According to the nature development goals
of the project this should, however, not have resulted in a more forested stream valley which
exactly seems to match the historical past of the Geeserstroom (roots where found in the
sandy subsurface of the newly excavated brook). Wet and more open conditions in the
Geeserstroom resulting in alder carr and peat growth developed from the Neolithicum
onwards, mainly due to human induced deforestation (Reysoo, 2017). Also the question
whether active meandering of the Geeserstroom was possible, given the size and slope of the
catchment, was not taken into account. With a stable trajectory of the Geeserstroom as
derived from historical maps and the absence of old river meanders in the subsurface a
meandering character does not seem likely. According to Reysoo (2017) the redevelopment
of the Geeserstroom into an open but natural environment with a meandering stream
ultimately thus does not mimic the natural conditions of the past. All in all, especially the case
of the Geeserstroom shows that the restoration of a certain catchment coupled to the
development of a dispersed wetland system requires a detailed understanding of a specific
system.

6.2 Dispersed wetland systems in the Reest and the Slokkert
The abovementioned projects, concerning human induced dispersed wetlands, are not based
on historical records of dispersed wetland conditions at those specific locations. Partly
because no clear evidence on the extent of dispersed wetland systems is provided throughout
literature this study focused on identifying dispersed wetland systems in two lowland streams.
The Reest and the Slokkert, respectively chosen for their relatively untouched course and
assumed dispersed wetland conditions, were assessed for both indications for a dispersed
wetland systems as well as for indications for a channel-floodplain system.
Comparable to the results from a cross-section at Schrapveen by Dirkx et al. (1998) the Reest
stream valley is likely to have changed from a Pre-boreal braided river channel into a more
deeply incised single-channel system. Hence the capricious pattern of shallow incised
channels in the sandy subsurface of the current floodplain and the deeper palaeovalley at the
location of the current channel. The old shallow incised channels subsequently got filled with
organic deposits and the former braided river valley turned into a floodplain/backswamp area.

This is supported by the layers of peat and sandy peat found here. Wetter -backswampconditions and peat growth in the floodplains is likely to have been caused by discharge from
the then present peat bogs in the south and seepage from both valley sides in general. The
sandy material found at shallower depth, in the direction of the current river, additionally
points to the process of oblique aggradation as discussed in Candel et al. (2017). Oblique
aggradation is a process were differences in erodibility between the peat and the sandy valley
side causes the river to migrate both lateral and vertical in the direction of the sandy valley
side. This since the sandy valley side is more easily erodible compared to the peat infill of the
valley. The presence of alluvial deposits at decreasing depth closer to the channel would, in
this context, be evidence for concentrated water flow through a channel within the
palaeovalley. This while the absence of distinct continuous (in-situ) peat layers, indicating
dispersed wetland conditions, within the cross-sections of the Reest (Figure 25) were not
found. A more connected floodplain-channel system with inundations, alder carrs (hence the
wood found in the main channel) and diffuse water transport through the peat from the valley
sides to the main channel is therefore assumed to be the historical context of this part of the
Reest. With respect to more upstream or downstream locations, Dirkx et al. (1998) do not
report the possibility of dispersed wetland conditions throughout various cross-sections of
more downstream areas in the Reest. Dirkx et al. (1998) only question the presence of a clear
channel (no distinct evidence was found) at Schrapveen (Figure 15) which is about 1.5 km
upstream of the cross-sections as provided in Figure 25. The absence of data for even more
upstream areas, logically, does not rule out the possibility of a dispersed wetland system in
those parts of the Reest.
For the Slokkert the subsurface of the catchment, as depicted in the cross-sections in Figures
26-33, can be divided in three types; a stream valley with peat infill; a -multiple- palaeovalley
system; and a wider stream valley without distinct peat infilled palaeovalleys. At locations 6
and 7, in the headwater of the catchment, the stream valley seemed, at first, to consist of a
peat infill solely. Close examination of both the GPR images as well as the borehole
descriptions of location 7, however, revealed small bands of more clayey or sandy peat which
could be interpreted as small overbank deposits. This not only provided clues for the existence
of channels but also shows that identifying channels in peat requires a close examination of detailed- data. For location 6 such overbank deposits, however, where not found in such
detail. This could be the result of a lack of detail in the lithological cross-section and borehole
descriptions but could also be the result of a very stable system.
In the context of channel stability in peaty systems Nanson (2009) identified largely organic
alluvium adjacent to channels in Australian peat streams (which are low in sediment and
deposition). According to Nanson (2009) vegetation is likely to enhance bank strength and
influence erosion in those systems. Channel formation subsequently either occurs with the
growth of the swamps (incision into the growing peat) or by incision due to human
disturbance, a sharp increase in channel slope, changing climatological conditions or a
combination of fire and storm (Nanson, 2009). Once an open channel exists, limited sediment
supply and slow accumulation rates of peat limit a reverse change of the system. The sequence
as included in Appendix 9 is the proposed model of swamp evolution for the Australian peat
streams (Nanson, 2009). Clear lateral migration of the peat streams ultimately was not

observed. High bank strength and low stream powers, however, did not prevent a small form
of undercutting and a sequence of point bar and vegetation growth in respectively outer and
inner bends. All in all peatland channels can vary from relatively straight to highly sinuous
system, but are generally laterally stable (Nanson, 2009, Nanson & Cohen, 2014). This
ultimately might explain the absence of clear overbanks in a peat infilled stream valley which
could lead to wrongly qualifying a stream valley as former dispersed wetland system.
Dispersed wetland conditions within the Slokkert can, despite this context, not entirely be
ruled out for locations 6 and 7 since the overbank deposits where not found at every
stratigraphic levels and also incision into the peat, in a later stage, still can have taken place.
In the end it, however, does indicate that identification of dispersed wetland conditions in the
peaty environment of headwaters cannot be based on the presence of peat solely.
More downstream, the cross-sections show a subsurface with a sequence of palaeovalleys.
The cross-sections of locations 8, 5 and 4 in Figure 26, 29 and 30 provide examples of these
palaeovalleys. In terms of the definition of a dispersed wetland systems, the infill of the
features turned out to be hard to identify. The palaeovalleys in all cross-sections contained
more peaty material compared to other parts of the same cross sections. Also reed fragments
and pieces of wood where found within the palaeovalleys. On the other side thin bands of
sand and the presence of sand grains and clay throughout the profile could be interpreted as
channel or overbank deposits. Additionally the current Slokkert does not make use of the
palaeovalleys at locations 4 and 5 and is situated close to the eastern flank of the stream
valley. A shift of concentrated water flow to side of the stream valley (to the current location
of the Slokkert) during the infilling phase of the palaeovalleys could for example also be an
explanation for the absence of clear channel deposits. This while at periods of higher discharge
as a result of flooding and overland flow did left, from time to time, some sandy deposits in
these palaeovalleys.
A wider stream valley, without distinct palaeovalleys as the main features within the crosssections, can be found at locations 1 and 2 in Figures 33 and 32. At location 2, the Slokkert
seems to have been situated in the southwestern part of the stream valley (close to what can
be derived from the 1822 map in appendix 7). A riparian zone with swampy forest
concentrated more to the middle of the valley follows from the peat and wood found at this
location. The peat as a result of this wet environment possibly filled the Pre-boreal
channels/depressions as shown in Figure 32. The depression or palaeovalley on the eastern
side (indicated with an A in Figure 32) of the valley was filled with peat which might be
explained by seepage from the valley side, hence the sedges. Evidence for a dispersed wetland
system covering the entire valley width is not observed in this part of the Slokkert stream
valley.
Location 2, in the end, was also interesting for the archaeological finds. The peat road found
in the surroundings of location 2 dates back to 3800 BP and was built up with transversely
placed thick trunks on a matrass like structure of branches (Ten Anscher et al., 2015). The
question, however, remains whether this peat road also crossed a clear channel. Van der Veen
& ten Anscher (2019) indicate that old routes were not bothered by the presence of small
headwaters while the river beds are not that deep and eventually more easy to cross than

wider and deeper channels in the middle course of a river. Marshy surfaces, however, did form
an obstacle according to Van der Veen & ten Anscher (2019) and might explain the peat road
at this location. Some specific parts of the peat road were identified as structural
improvements for crossing wetter parts of the stream valley. According to Ten Anscher et al.
(2015) a ~0.7 m thick layer of dark coloured peat low in clastics and high in small reed and
wood fragments covered the Pleistocene sands at the location of the peat road. Iron-rich
water causing oxidation, according to Ten Anscher et al. (2015), points at the supply of
(temporal) flowing water from the Slokkert. Botanic research by Ten Anscher et al. (2015)
additionally resulted in the peat being classified as wood peat. The Reed, found throughout
the peat, still contained cellulose which points at a more recent origin and was found to be
coupled to lower groundwater levels and fertilizers (roots developed into the peat in a recent
stadium). The peat road ultimately is assumed to have been situated between cover sand
plateaus on both sides of the stream valley. According to ten Anscher et al. (2015) the stream
valley consisted of long sloping valley sides with meandering streams, wide marshy stream
plains and a seasonal cycle in water levels. The Alder carr peat is a result of this and suggests
a stream valley with wet conditions in winter but that dried out in summer. This thus does not
match assumed dispersed wetland conditions in the wider stream valley more downstream in
the Slokkert catchment.
In general the sequence, regarding the development of a dispersed wetland system, as
described in literature (Notebaert et al., 2018; Lespez et al., 2015; Verdonschot et al., 2017)
includes deep incised paleo valleys immediately after the last glacial filling up with peat in the
climatologically warmer early and mid-Holocene. This peat-infill was found in, for example,
the Dijle, Drentsche Aa, Reest and the Slokkert. In the Dijle river the stream valley filled with
a relatively thick layer of peat, which is also found in Tal des Dammühlenflieβes (eastern
Germany), before more recent floodplain deposition took over. While this was not found for
the Geul, in the Reest, Slokkert but also the Drentsche Aa, peat is also clearly present
throughout the stream valley. The large water holding capacity of the peat caused low
amounts of discharge, reduced dynamics and low sediment deposition rates. This, combined
with the limited erodibility of the peat and vegetation in stream valleys, is likely to have
resulted in small amounts of fine grained/clastic deposits or washed peat in generally stable
river or dispersed wetland systems. By looking at Figures 4 and 5, the identification of a
historical dispersed wetland system within a specific stream valley should therefore be based
on a continuous layer of peat that lacks fluvial deposits. When comparing the cross-sections
from the Dijle (Figure 4 & 5), with those of the Reest and the Slokkert there are some distinct
differences. Generally only location 7 and 6 in the Slokkert show the same structure of a peat
infilled stream valley as Figure 4 and 5 from the Dijle. Results from the Slokkert show that
detailed lithological cross-sections are essential in the identification of -the absence ofdispersed wetland conditions. Figure 4 and 5, however, do not show the subtle overbank or
channel deposits as found in the Slokkert. This ultimately questions whether those subtle
overbank or channel deposits could have been missed for the Dijle. A critical note on the crosssections in Figures 4 and 5 also includes the notice that units are not always displayed to match
the extent of the boreholes. Also the exact extent of river channel and point bar deposits
within Figure 5 linked to the peat deposits at 70-80 m into the cross-section remains unclear.

Additionally Figure 12, depicting the Seulles river, seems to be based on data mainly meant
for understanding the longitudinal pattern of the filling of the Seulles river. Identifying subtle
channel or overbank deposits, however, also requires detailed cross-sections perpendicular
to the current stream. This ultimately questions whether the assumption on dispersed
wetland conditions in, for example, the Dijle and Seulles catchments and the subsequent
statements on widespread dispersed wetland system throughout NW Europe by, among
others, Notebaert & Verstraeten (2010) and Verdonschot et al. (2016) are not based on
misinterpretations. Some nuance in this context, however, is the exact definition of dispersed
wetland systems. Where these are described as diffuse water systems without clear channels
in the introduction, Lespez et al. (2015), for example, speaks of wide wooded wetlands with
an anabranching channel system. Also water flow through swampy forest or a shallow incised
multi-channel system in a peat-filled valley can be fluvial types that are both related to, but
not a clear example of, either a dispersed wetland systems or a channel floodplain system.
All in all detailed analysis of the lithological- and GPR cross-sections of the Slokkert and the
Reest showed the presence of channel deposits and absence of a continuous layer of peat.
This makes Holocene dispersed wetland conditions throughout the entire valley unlikely at
most locations. In the Reest, wood remnants were found on the bottom of a single deeper
incised channel compared to a capricious pattern of shallow incised channel in a floodplainlike setting. Sandy deposits and the absence of a clear layer of peat within this channel
questions an infill with a dispersed wetland system and the absence of any form of
concentrated water flow. Concentrated water flow along the northern valley side is assumed
and makes a valley wide dispersed wetland system not likely at least at this location in the
Reest catchment. This is comparable to, for example, location 2 in the Slokkert where
floodplain deposits (with the ancient peat road) show signs of former concentrated flow on
the western side of the stream valley. Also in the headwaters (with catchment size well below
10 km2, given as an estimation for catchment size where channel initiation in dispersed
wetland systems should start (Molen et al., 2019)) thin beds of clay were found as clastic
overbank deposits in a peaty environment. This shows that even with detailed descriptions
and GPR cross-sections it is easy to miss peat layers with subtle differences in clay content or
clastic material that are signs of concentrated water flow. Abovementioned findings, in the
end, do not question generally wetter conditions in the floodplain, hence the peat growth,
with smaller channels and a larger riparian zone. Valley-wide dispersed wetland conditions in
the headwaters of the Reest are still possible but in the case of the Slokkert no indications of
these were found.

6.3 Transitions zones
With respect to the transition zone from a dispersed wetland system to a channel-floodplain
system in the Slokkert and the Reest no quantitative data has been obtained. This mainly due
to the absence of clear dispersed wetland conditions. With slopes below 0.5 m/km both the
Slokkert as the Reest match the characteristics for a dispersed wetland systems as defined in
the KWR (Molen et al., 2019). With the catchment of the Slokkert being 5 km 2 in total, the
Slokkert stays also well within the 10 km2 defined as the maximal catchment size allowing
dispersed wetland conditions. Qualitatively the subsurface of the Slokkert stream valley
mainly changes between locations 6 - 5 and 4 - 3. Between locations 6 and 5 this includes the

change from a stream valley with peat infill to a subsurface with multiple palaeovalleys.
Between location 4 and 3 the stream valley widens and the distinct palaeovalleys disappear.
For location 5 with the palaeovalley this change can be caused by the extra discharge coming
from the tributary joining the Slokkert at this location. Since no clear dispersed wetland
conditions were found the exact hydrological and/or morphological characteristics of a
transition zone remain unclear.

6.4 Subsurface obstructions
More local factors, like (sub)surface obstructions, that could play a role in the transition from
a dispersed wetland system to a channel-floodplain were also only found for limited extend.
Lespez et al. (2015) mention the role of tufa barrages in the Seulles catchment (Figure 12)
since they can interrupt the continuity of sediment transfer. This interruption is then argued
to cause difficulties with drainage and subsequently higher water levels in the stream valley
(Lespez et al., 2015). This ultimately leads to organic sedimentation. A similar role for
windblown cover sand ridges blocking the stream valley was described by De Vries & Bottema
(n.d.) and Schunselaar & Rusticus (2016) for the Reest. However no evidence was found for
the role of the boulder clays in the subsurface of the Slokkert stream valley the same effect
might be possible for elevation differences in this usually impermeable layer. For studying the
effects of (sub)surface obstructions an approach which includes detailed transects parallel to
the flow direction, like in Lespez et al. (2015), is required. A more extensive assessment on the
role of (sub)surface obstructions in the development of dispersed wetland systems in the end
requires more clear examples of channel-floodplain to dispersed wetland conditions.

7. Conclusion
Within this study evidence of large scale, open and widespread dispersed wetland systems in
NW European stream valleys has not been found. A more exact delineation of the determining
factors in which dispersed wetland exist was therefore not possible. The identification of
subtle channel and overbank deposits within peat infilled stream valleys, on the other side,
provides a valuable insight in identifying the absence of dispersed wetland systems. The
results, as included in this study, provide examples of how channel and overbank deposits in
peat are situated. This ultimately proves that a detailed analysis of -local- stratigraphy and
lithology is required in order to identify a system as a former dispersed wetland. Ultimately
this required level of detail also questions the validity of examples of assumed dispersed
wetland systems throughout literature. In the context of the determining factors in the
occurrence of NW European dispersed wetland systems this outcome results in the need for
both a larger number and more detailed data of former dispersed wetland systems (if existed).
This in order to obtain the more exact hydrological and morphological conditions in which
dispersed wetland systems exist. In the context of stream valley restoration this insight shows
that a detailed description and understanding of a specific system is necessary. This to be able
to restore a stream valley in such a way that it mimics the natural conditions of the past.
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Appendix 1: Longitudinal sequence of Holocene sedimentation in the
Mue stream valley.

Appendix 2: Geomorphological map of the Reest stream valley

Appendix 3: Soil map of the Reest stream valley

Appendix 4: Geomorphological map of the Slokkert catchment area

Appendix 5: Soil coring locations
location: Reest
borehole

name xcoor

ycoor

z (m) UTM zone Depth

202101002

RTD5

224278

515283

4,82 RD

120

202101003

RT7

224243

515126

4,95 RD

40

202101004

rt6

224275

515316

4,69 RD

90

202101005

RTD4

224271

515252

4,85 RD

150

202101006

RT5

224281

515340

4,54 RD

210

202101007

RT4

224282

515343

4,48 RD

320

202101008

RT3

224284

515346

4,5

RD

290

202101009

RT1

224285

515348

4,4

RD

210

202101010

RTD3

224273

515203

4,9

RD

160

202101011

RT2

224284

515347

4,42 RD

240

202101012

RTD1

224290

515367

5,25 RD

40

202101013

RTD2

224289

515359

4,81 RD

110

location: 1 (Groote Diep)
borehole

name xcoor

ycoor

z (m) UTM zone Depth

202103001

S1

223619

565525

4,76 RD

80

202103002

S2

223607

565525

4,56 RD

160

202103003

S3

223604

565526

4,78 RD

250

202103004

S4

223599

565527

4,71 RD

180

202103005

S5

223586

565523

4,69 RD

270

202103006

S6

223552

565519

4,99 RD

120

202103007

S7

223497

565507

4,99 RD

50

202103008

S8

223465

565504

4,93 RD

100

202103009

S9

223417

565497

5,06 RD

40

202103010

S10

223385

565490

5,21 RD

30

202103011

S11

223374

565489

5,08 RD

50

202103012

#

223510

565514

5,05 RD

150

ycoor

z (m) UTM zone Depth

Location: 2 (Veenweg)
borehole

name xcoor

202106001

ST6

223641

564211

6,39 RD

130

202106002

st5

223690

564230

6,1

RD

120

202106003

st4

223725

564263

5,73 RD

270

202106004

st3

223747

564277

5,53 RD

150

202106005

st2

223769

564299

5,45 RD

160

202106006

st1

223793

564308

4,75 RD

250

202106007

s(t)19 223797

564344

5,61 RD

290

202106008

s(t)20 223805

564345

5,78 RD

220

202106009

st18

223812

564349

5,4

RD

200

202106010

st17

223820

564348

5,48 RD

150

202106011

st7

223822

564350

5,48 RD

170

202106012

st8

223829

564351

5,58 RD

120

202106013

st10

223836

564356

5,56 RD

120

202106014

st9

223842

564367

5,65 RD

120

202106015

st11

223865

564387

5,62 RD

170

202106016

st12

223909

564415

5,55 RD

80

202106017

st13

223937

564423

5,59 RD

70

202106018

st14

223964

564444

5,53 RD

160

202106019

st15

224006

564466

5,72 RD

100

202106020

st16

224059

564506

6,04 RD

100

location: 3 (uitkijktoren)
borehole

name xcoor

ycoor

z (m) UTM zone Depth

202107001

su3

223490

563253

6,18 RD

70

202107002

su2

223690

563213

6,16 RD

160

202107003

su1

223701

563199

5,77 RD

260

202107004

su5

223708

563195

5,91 RD

200

202107005

su4

223732

563144

6,29 RD

100

location: 4 (gemaal)
borehole

name xcoor

ycoor

z (m) UTM zone Depth

202108001

sg10

223534

562806

6,69 RD

180

202108002

sg9

223554

562818

6,46 RD

120

202108003

sg8

223584

562816

6,5

RD

100

202108004

sg7

223605

562814

6,53 RD

120

202108005

sg6

223625

562816

6,36 RD

110

202108007

sg4

223651

562818

6,74 RD

80

202108008

sg3

223656

562815

6,32 RD

130

202108009

sg2

223661

562815

6,78 RD

100

202108010

sg1

223665

562821

7,25 RD

170

location: 5 (Tempelstukken)
borehole

name xcoor

ycoor

z (m) UTM zone Depth

202105001

ste1

224149

562142

6,85 RD

220

202105002

ste2

224156

562164

6,84 RD

90

202105003

ste3

224164

562178

6,76 RD

250

202105004

ste4

224180

562200

6,72 RD

100

202105005

ste5

224198

562221

6,91 RD

70

202105006

ste6

224209

562250

6,78 RD

60

202105007

ste7

224218

562279

6,78 RD

110

202105008

ste8

224225

562303

6,66 RD

70

202105009

ste9

224234

562310

6,54 RD

60

202105010

ste10 224235

562310

6,54 RD

90

202105011

ste11 224247

562321

7,01 RD

120

borehole

name xcoor

ycoor

z (m) UTM zone Depth

202104001

NW1

224963

561772

7,99 RD

20

202104002

NW2

224961

561768

7,93 RD

60

202104003

NW3

224958

561761

7,67 RD

40

202104004

NW4

224955

561752

7,19 RD

60

202104005

NW5

224951

561738

7,06 RD

70

202104006

NW6

224947

561730

7,04 RD

70

202104007

NW7

224946

561727

7,07 RD

60

202104008

NW8

224947

561725

6,93 RD

40

202104009

NW9

224946

561722

6,82 RD

40

location: 6 (Norgerweg)

202104010

NW10 224945

561717

6,94 RD

40

202104011

NW11 224943

561709

6,93 RD

40

202104012

NW17 224945

561714

6,91 RD

40

202104013

NW12 224934

561697

7,01 RD

50

202104014

NW13 224922

561679

6,99 RD

60

202104015

NW14 224911

561666

7,06 RD

70

202104016

NW15 224907

561661

7,31 RD

140

202104017

NW16 224926

561686

6,99 RD

120

Appendix 6: Soil map of the Slokkert catchment area

Appendix 7: Slokkert location 2; 1822 & 1980

Appendix 8: Photo’s location 1

Appendix 9: Channel stability in Australian peatlands

Channelled peatlands at Barrington Tops (Australia) began accumulating over cobbles, clay and basement prior to 4000
years BP. This continued without disruption until approximately 700–1000 years BP, when channels incised into the peatland
surfaces. Since then, the channels have contracted through the growth of inset floodplain units. Figure after Nanson (2009).

