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Abstract: In contrast with the understanding of present-day soil erosion processes, knowledge on past soil
erosion phenomena is still rather limited. Although some studies report on severe gully erosion phases during
the fourteenth and eighteenth centuries, almost no evidence is available that documents earlier gully erosion
phases. This study investigates the development and age of two old, permanent gullies that are conserved in
the ancient Meerdaal forest in central Belgium. The development history ofboth gullies is very similar. In the
first gully, archaeological evidence was found indicating an erosion phase during Roman times, followed by a
partial infilling of the gully. In the second gully, radiocarbon dating provided evidence of the same Roman
activity phase (cal. yr 46 BC -AD 78), but also ofan earlier incision phase during the Middle Bronze Age (cal.
yr 1743-1602, 1568-1533 BC). Also here, the erosion phase was followed by a partial infilling. This limited
infilling indicates that the catchment of the gullies was reforested quite rapidly, hereby cutting off all runoff
and sediment production. This has led to a unique situation in the Meerdaal forest, with the conservation of
about 43 similar, large gullies in an area of about 17 km2. This area has a high geovalue, as the studied gullies
are among the oldest and best conserved gullies in northwestern Europe.

Key words: Gully erosion, ancient forest, land use, landscape evolution, Prehistoric, Roman, Belgian loess
belt.

Introduction

In recent decades, public awareness and concern about the
irreversible effect of certain human-induced environmental
changes on the ecosystem has grown rapidly. Soil degradation
is one of the most important irreversible changes to the non-
biotic part of the ecosystem. Soil erosion is generally recog-
nized as a key soil degradation process. Various studies have
already demonstrated that gully erosion is not only the most
visible and obvious soil erosion process, but that it is also very
important in a wide range of environments (Poesen et al.,
2003). Not surprisingly, in many European countries, detailed
studies investigating different aspects of gully erosion were set
up over the last decades (Poesen et al., 2003).
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In contrast with this extensive assessment and relatively
good understanding of actual gully erosion phenomena,
documentation of earlier gully erosion phases is very limited.
Figure 1 and Table 1 give an overview of reported gully erosion
phases in central and northwestern Europe. Time steps of 100
years were chosen for Figure 1, given the often coarse dating
that is reported for historical gully erosion phases. Although
Figure 1 is only indicative, since many studies that were
published in local journals could not be accessed, it illustrates
clearly that most gullies studied formed during the last century.
Regarding older gully erosion phases, several authors seem to
agree that two phases with increased erosion activity occurred
during the historical period: a first phase during the fourteenth
century and a second phase during the eighteenth century
(Table 1). However, evidence for gullies forming before the
fourteenth century is quite rare. Only a few cases of such gullies
have been documented in the literature. In Germany,
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Figure I Reported gully erosion phases in northwest and central
Europe. Each case study can report on one or more gullies. Details
are given in Table I

Schmidtchen and Bork (2003) dated charcoal at the bottom of
an infilled gully in Biesdorfer Kehlen in the Final Neolithic and
Dotterweich (2005) found evidence of gully initiation between
the eighth and tenth centuries AD. Also in Germany, Semmel
(1995) described a Neolithic fossilized gully, however without
chronometric dating. Schmitt et al. (2003b) described a small
Bronze Age gully in Poland. Harvey (1996) investigated a
fossilized gully system in the Howgill Fells, NW England,
which - on the basis of several radiocarbon dates - he situated
in the tenth century AD. Larue (2005) reported ravine-like
incisions in the dry valleys of the Pays de Thelle (Paris Basin,
France), most probably formed around 500 BC. Whether or not
this implies that farmers were less confronted with the problem
of gully erosion before historical times is far'from certain.
Every study on past soil erosion phenomena is limited by the
absence of adequate written archives (Bell, 1992). Additionally,
the soil archive is less well-conserved for these older erosion
phases because the probability is higher that it has been
destroyed by subsequent erosion phases.

In this respect, the ancient Meerdaal forest offers a unique

2~~~~~~~~~~~~~~~~~~~

setting to study older gully erosion phases. In this 17 km ,

ancient forest area in the central Belgian loess belt (Figure 2a),
Gullentops (1992) first reported the presence of 'fossilized
badlands'. A recent, systematic survey by Vanwalleghem et al.
(2003) described the presence of 43 large gullies in this forest.
From historical documents it is clear that this forest has been
continuously forested since the fourteenth century, yet Vanwal-
leghem et al. (, 2 005a) found the spatial distribution and
morphology of these gullies to be indicative for small, local
clearings of the forest cover. Such gullies forming under
cropland are, however, characterized by a rapid cycle of incision
and infilling and, if their catchment remains under cropland,
they are usually completely filled in (Vanwalleghem et al.,
2005b). This renders the situation in Meerdaal forest even more
unique since reforestation of the gully catchment area stabilized
the old gully channels. It is,h,hown to what extent
these gullies filled in and conserved their original shape. In the
Meerdaal forest, there is thus a unique geomorphic archive of
old gullies, which are most probably human-induced. To date,
however, no dating of the gully activity phases has been done.
Given that the forest has existed already for more than 700
years, such a dating could possibly rank these gullies among the
oldest gullies known in Europe so far. Moreover, dating of the
associated gully sediment bodies would confirm or deny the
arguments for their anthropogenic origin.

The objectives of this study are therefore to reconstruct the
erosion and infilling phases of old, permanent gullies in an
ancient forest and to provide a time frame for these phases.

Materials and methods

The Meerdaal forest is located in the Belgian loess belt (Figure
2a). For this study, two gullies, representative in terms of
dimension and location, were selected from the 43 permanent
gullies mapped in the Meerdaal forest (Figure 2b, Vanwalle-
ghem et al., 2003). Detailed information on this study area can
be found in Vanwalleghem et al. (2003, 2005a). The selected
gullies are located in the central part of the forest as some areas
at the forest edges were cultivated during historical times, which
could possibly disturb the old gully channels and associated
sediments (Bossuyt, 2001). The two gullies selected were also
chosen because they have a clearly visible, undisturbed colluvial
fan. This increases the odds offinding datable material because,
for the dating of the gully activity phases, it is only possible to
date the deposition of the associated sediments. The position of
the two selected gullies (gully G14 and G19) is indicated in
Figure 2b. In each gully, a first trench was dug at the transition
zone between the downslope end of the present-day gully
channel and the beginning of the colluvial fan. A sketch of the
first gully (G14) and its colluvial fan is shown in Figure 2c. In
addition to the first trench (transect G14-TR1), a second,
smaller pit was excavated more upslope, in the gully thalweg
(transect G14-TR2). Transect G14-TR1 is about 10 m long, 1.2
m wide and 3 m deep. The second transect, G14-TR2 is 1.25 m
long, 0.75 m wide and 1.80 m deep. Figure 2d shows a sketch of
the second gully (G19), its colluvial fan and the location of the
third excavation, G19-TR1. Here, no second trench upslope
was dug since soil augerings indicated no important sediment
deposits upslope of the first trench. During the field survey, a
preliminary stratigraphy with relative ages was made and
detailed drawings of the vertical walls of each trench were
made. Sediment units were characterized in the field (based on
colour, field texture and structure) and by additional laboratory
analysis on some selected samples (texture, dry bulk density,
pH, carbon, nitrogen and phosphorus content). Radiocarbon
dates were established with the AMS method by the Leibniz
Labor fur Altersbestimmung und Isotopenforschung, Kiel.
Large artefacts were dated by archaeologists (see Acknowl-
edgements for details).

Results

Both selected gullies, G14 and G19, are located only a few
hundred metres apart and dissect the southeast-oriented slope
ofone of the main valleys in the Meerdaal forest (Figure 2c and
d). The present-day gully channel G14 has a -length of 60 m,
a mean top width of 7.96 m, a mean depth of 1.21 m and a
volume of 388 mi3. Gully G19 is 68 m long, 13.11 m wide, 3.39 m
deep and has a volume of 2257 mi3. An overview of the first
transect through gully G14 (G14-TR1) is shown in Figure 3a.
The detailed stratigraphy of transect G14-TRI is shown in
Figure 4a. In this study, only the sedimentary structures
observed in the infill of the southeast-facing (head wall) are
presented.

Transect G14-TR1 shows that the original incision at this
point was about 1.6 m deeper than the present-day soil surface.
The gully incised down to the top of the Tertiary sands (Figure
4a, 1), most probably because these are covered by an erosion-
resistant, stony layer (2). The gully channel formed thus
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Table 1 Reported gully erosion phases in northwest and central Europe

Country Study area Timing of Dating Reference(s)
gully erosion phase(s) method

Biesdorfer Kehlen

Kazimierz Dolny

Taunus and crystalline
Odenwald mountains

Paris Basin
Hainbach

Howgill Fells

Ruidershausen

Wolfsschlucht

Coppengrave
Drudevenshusen

Lutzellinden-Zechbach
Neuenkirchen
Antreff
Salgebach
Thiershausen
Welschbach
M6rsbach
Adelshofen
Bottenbach
Hinterreit

Myjava hill land

Nienwohlde

Kinderveld
E France, SW Germany

SW Germany
Szekszard Hill country
Cserhat hill country
NE Hungary
Central Belgium
Central Belgium

Northern France;
Normandy
Southern Norway
Moldavia
Kursk region; Stavropol region

Southern Sweden
South Downs; Howgill Fells;
Scotland;
Oxfordshire and Berkshire

(1) After 2857-2495 BC;
(2) AD 1600-1800
(1) 2000-1750 BC;
(2) AD 1700-1800
(1) Before 540 BC
(Neolithic?);
(2) From AD 1600 on
Before 540 BC
(1)AD 800 -1100;
(2) AD 1300-1350;
(3) AD 1500- 1900
AD 900-1000

(1) AD 1200-1450;
(2) AD 1650-1800
(1) AD 1300-1400;
(2) AD 1700-1800
AD 1300-1350
(1) AD 1300-1350;
(2) AD 1400-1500
AD 1300-1600
AD 1200-1500
AD 1200-1500
AD 1200-1500
AD 1200-1500
AD 1200-1500
AD 1500-1600
AD 1500-1800
AD 1500-1800
AD 1600-1900
AD 1600-1800
(1) AD 1550-1730;
(2) AD 1780-1850
(1) AD 1700-1800;
(2) AD 1974-1988
AD 1700-1900
AD 1700-1800

AD 1750-1850
AD 1780-1860
C. AD 1820
C. AD 1850
C. AD 1900
AD 1970-2004

AD 1970-2004

AD 1970-2004
AD 1970-2004
AD 1970-2004

AD 1970-2004
AD 1970-2004

C

A, C

H, C

A, C
C

C

A, C

A, C

A, C
A, C

A, C
A, C
A, C
A, C
A, C
A, C
A, C
A, C
A, C
A, C
H
H

A, C

A, C
H

H
H
H
H

F

F

F
F
F

F
F

Schmidtchen and Bork (2003)

Schmitt et al. (2003b)

Semmel (1995)

Larue (2005)
Dotterweich et al. (2003);
Dotterweich (2005)

Harvey et al. (1996),
Harvey et al. (1981)
Bork et al. (1998)

Bork et al. (1998);
Schmitt et al. (2003a)
Bork et al. (1998)
Bork et al. (1998)

Bork et al. (1998)
Bork et al. (1998)
Bork et al. (1998)
Bork et al. (1998)
Bork et al. (1998)
Bork et al. (1998)
Bork et aL. (1998)
Bork et al. (1998)
Bork et al. (1998)
Bork et al. (1998)
Hempel (1976)
Stankoviansky (2003)

Bork et al. (1998)

Vanwalleghem et al. (2005b)
Vogt (1953)

Hard (1976)
Zamb6 (1972)
Zamb6 and Gabris (1977)
Gabris et al. (2003)
Gregoire and Halet (1906)
De Ploey (1990); Poesen and Govers (1990);
Vandaele et al. (1996); Steegen et al. (2000);
Nachtergaele et al. (2001),
Vanwalleghem et al. (2005b)
Auzet et al. (1995);
Cerdan et al. (2002)
Oygarden (2003)
Radoane et al. (1995)
Roshkov et al. (1993);
Belyaev et al. (2004)
Alstrom and Akerman et al. (1992)
Evans and Cook (1987); Boardman (1992);
Harvey (1992); Grieve et al. (1995);
Boardman et al. (1996)

A, archaeological dating of artefact; C, chronometric dating (14C, OSL); H, dating based on manuscripts or maps; F, field observations.

entirely in the Quaternary loess deposits. Part of the original,
calcareous loess (3) can still be found in the northeastern part
of the transect. On top is decalcified loess (4), in which a clay
illuviation horizon (or Bt horizon) formed. In the gully infill,
five different sediment units could be distinguished (5, 6, 7, 8,
9). The largest part of the gully infill (5) consists of silty to

sandy loam, with some fine layering and intercalated with
several bands of coarser material (6, 7, 8). Weakly developed
clay illuviation bands run through the entire gully infill. At
several depths in sediment unit 5, charcoal, Roman brick
fragments (roof tiles or tegulae) and late Roman pottery were

found (Table 2). On top of the previous layers and over the

Germany

Poland

Germany

France
Germany

UK

Germany

Germany

Germany
Germany

Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Germany
Slovakia

Germany

Belgium
France,
Germany
Germany
Hungary
Hungary
Hungary
Belgium
Belgium

France

Norway
Romania
Russia

Sweden
UK
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Figure 2 (a) Location of the study area in Belgium. (b) Map of Meerdaal forest (adapted from AWZ - Afdeling Waterbouwkundig
Laboratorium and AMINAL - Afdeling Water, 2004) with the position of the two permanent gullies G14 and G19 studied. The position
of archaeological sites (Martens, 1981) is also indicated. (c) Schematic representation of gully G14 with its colluvial fan and the location
of the two transects G14-TRI and G14-TR2. (d) Schematic representation of gully G19 with its colluvial fan and the location of transect
G19-TRI

entire width of the transect, a sandy loamy colluvium layer (9)
is found. This sediment unit is much less dense than the rest of
the profile. It is not clear whether this is the result of the
homogenizing action of roots and faunal activity or if it is
younger colluvium that was deposited over the entire footslope.
An overview of the topographical location of the second

transect in gully G14 (G14-TR2) is shown in Figure 3b. For
this transect, the head wall (perpendicular to the flow direction
in the gully) and the side wall (parallel to the flow direction,
from north to south) are shown in Figure 4b.
Comparable with the situation in the downslope transect

G14-TRI, the original gully incised until the level of the
Tertiary sands (Figure 4b, 1), after which it filled in partly with
about 1.45-1.75 m of sediment. In this second transect
through gully G14, eight different sediment units were
distinguished in the infill. The first sediment unit (2) above
the Tertiary sand is reworked gully floor material. On top of (2)
lies a thick, homogeneous sediment unit (3), in which most of
the artefacts were found. Two sediment units (4 and 5) are
intercalated between (3). Sediment unit (4) is quite homo-
geneous, while (5) is characterized by a clear, fine layering
typical for water-deposited sediments. In between the layers, a
small brick fragment was found (not included in Table 2). The
upper sediment units (6 and 7) are homogeneous. On top of
these, a thick humus horizon has formed (8). These upper three
sediment units are, as in the first transect, less compact
compared with the sediment units below.

An overview of the location of transect Gl9-TR1 is shown in
Figure 2d. In Figure 4c, the detailed stratigraphy of the south-
southeast facing wall of G19-TR1 is shown.
As in the previous gully, the original incision of gully 19

was considerably deeper (1.80 m) than the present surface
(Figure 4c). The original soil profile is still visible at both
extremities (ie, on the west-southwest and east-northeast
borders) of the transect. There, the Tertiary sands (Figure 4c,
1) are covered by reworked Tertiary sand (2) and a layer with
very coarse debris (3). In the colluvial gully infill, evidence was
found of minimally five cut and fill cycles, each of which
characterized by the deposition of a coarse gravel layer (5, 7, 9,
10, 12) and a more sandy layer (6, 8, 11, 15). At the bottom of
the first channel a piece of pottery was found, which was,
however, too small to be dated. Other sediment units, probably
resulting from gully wall failure since they are quite similar to
the material in which the gully incised, fill up the remainder of
the gully (4, 13, 14). A small, isolated sand lens (16) on top of
(14) is probably part of sediment unit (15).
A charcoal fragment (g in Figure 4c) from sediment unit (14)

(1.20 m below the soil surface) was dated to the Middle Bronze
Age (Table 2: 1743-1602 cal. yr. BC 1568-1533 cal. yr. BC).
Another charcoal fragment (h in Figure 4c) from sediment unit
(15) (0.88 m below the soil surface) was significantly younger,
and was dated to Roman times (Table 2: 46 cal. yr BC - AD 78).
Other charcoal fragments (see Figure 4c) were unfortunately
destroyed during the dating procedure.

"I
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Figure 3 (a) Overview of transect G14-TR1 through the lower
end of permanent gully channel G14 (see Figure 2c), with
indication of the approximate gully wall and bottom. Measuring
stick is 2 m high. The original incision was about 1.60 m deeper
than the actual gully channel with a depth of 1.21 m. (b)
Overview of transect G14-TR2 (see Figure 2c) in the thalweg of
the same gully. At this location, the depth of the gully infill
amounts to 1.75 m. The location of transect G14-TR1, further
downslope, is also indicated. (c) Overview of transect G19-TRI
(see Figure 2d) through permanent gully G19. The actual gully
channel, visible in the background, has a depth of 3.4 m. At the
location of the transect, the gully is filled in with about 1.7 m of
sediments

These sediment units are overlain by more silty sediment
units (17, 18 and 19), in which a Luvisol profile has formed.
Charcoal found at the west-southwest side of the transect
shows that these three soil horizons are formed in colluvium
and not in in situ loess.

In the vicinity of the main gully (about 10 m from transect
G19-TRI, at the southern border of the colluvial fan, at a
depth of 0.10 m below the soil surface), a Bronze coin was
found that was dated to the first half of the first century AD
(Table 2).

Discussion

The development history of both gullies is to a large extent
similar and is therefore presented together. Figure 5 gives a
schematic representation of the development of a typical gully
under forest, based on the detailed stratigraphy observed in the
gully transect G19-TR1.

Phase A: soil formation
After deposition of glauconite-rich sands by the Tertiary seas,
these sands were covered by a sandy layer that appears to be
a solifluxion layer during subsequent cold periods. During the
Pleistocene, most of the area was covered with loess, which is
very thin or sometimes even absent on south-facing slopes
(Goossens, 1988), such as the slope on which gully G19 is
located. On this slope, the loess layer is absent at the gully
end but is a few metres thick on the plateau near the gully
head. At the site where gully G14 incised, the loess thickness
varies between 1.5 and 2.5 m. After deposition, the upper
layer of the originally calcareous loess was decalcified, after
which clay could migrate to form a clay illuviation horizon
(Bt). In G14, this Bt was continuous, while in G19, where the
parent material is more sandy, the Bt was formed in bands.
Although there is still discussion in the literature about the
exact timing of the main phase of clay illuviation either being
Lateglacial or Holocene, most authors agree that by the time
of the first gully incision, at the earliest during the Middle
Bronze Age, this Bt horizon was already fully developed
(Kuhn, 2003).

Phase B-C: gully incision and partial infilling
From the transects through both gullies, several indications
were found that support the hypothesis by Vanwalleghem
et al. (2003, 2005a) that these gullies were caused by a
human-induced land use change from forest to cropland in
the gully catchment area.The fact that no undisturbed, loess-
derived soil profile (eg, Albeluvisol or Haplic Luvisol)
is found on top of the Tertiary sands in the thalweg of the
gully is the first evidence that this gully is not of periglacial
origin. Moreover, the shape of the present gully is not visible
in the Tertiary sands, but is cut entirely in the loess cover
(Figure 4a and c). Further evidence for the anthropogenic
origin of the gully is given by the various artefacts found in
the transects (Table 2) and the dating of the charcoal
fragments.
The C-14 datings in gully G19 originate from two different

periods, which could possibly be associated with two phases of
gully activity and agriculture in the catchment: a first one
during the Bronze Age and a second one at the end of the
Roman period. Silty layers slid in from the gully walls just after
the first incision of the gully, when these walls were still very
unstable. The second incision cleared out part of these
sediments again. Based on the artefacts found in the infill of
gully G14 (Table 2), indications were found only for a Roman
gully incision phase.

In both gullies, the infilling must have been a rather rapid
process since no indications of a stable phase with humic
horizon development within the sediment deposited was
found. This is further supported by the relatively steep gully
walls that can be seen in both infills (around 0.54 m/m in G14
and 3.4mi/m to overhanging in Gl9). Field observations at the
nearby Kinderveld site (Vanwalleghem et al., 2005b) confirm
that the infilling of a gully of several metres deep can occur
within a few decades when its catchment is continuously
under cropland.
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Figure 4 (a) Detailed stratigraphy of trench wall G14-TR1 (see Figure 2c). For a description and approximate age of the artefacts found in
this trench that could be dated (indicated by letters), see Table 2. Most of the datable material was found in the opposite trench wall, and
their position in the drawn transect wall is therefore only indicative. (b) Detailed stratigraphy of trench wall G14-TR2 (see Figure 2c). For a

description and approximate age of the artefacts found within this transect, see Table 2. No sample codes are indicated here since these
artefacts were not found directly in the trench walls. (c) Detailed stratigraphy of transect G19-TR1 (see Figure 2d). For a description and age
of the artefacts and charcoal fragments (indicated by letters) found in this transect, see Table 2

Lang and Honscheidt (1999) point to the fact that charcoal
fragments they found in colluvium were reworked from an

upslope sink. Moreover, it is possible that artefacts and
charcoal fragments were at the soil surface for a long time
before the gullies incised. Therefore, the age of the datable
material found in the gully infills, strictly speaking, only
provides a maximum estimate of the age of the gully (terminus
post quem). Nevertheless, the land-use history of the Meerdaal

forest suggests that the gullies are not younger. Although
archaeological data are scarce and the existing sites cannot be
linked directly to the land use and erosion phase that is
suggested by the dating of the gully infills, all archaeological
sites in Meerdaal forest are from the Roman period or earlier
(see Figure 2b and Vanwalleghem et al. 2003, 2005a). At a

horizontal distance of only 500 m to the south of gully G14, on

the plateau of Saint Nicaise, the oldest known traces of human
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Table 2 Relevant datable material (archaeological artefacts and charcoal fragments) found in transects G14-TR1, G14-TR2 and G19-TR1

Excavation Sample Depth below Type of Dating Laboratory Age and/or detailed
code code soil surface (m) material method code description

G14-TR1 a 1.26 brick fragment ARCH - Piece of Roman tile
b 1.22 brick fragment ARCH - Piece of Roman tile
c 1.19 pottery ARCH - Not dated
d 1.32 brick fragment ARCH - Piece of Roman tile
e 0.70 brick fragment ARCH - Piece of Roman tile
f 1.35 brick fragment ARCH - Piece of Roman tile

G14-TR2 - 0.50 iron artefact ARCH - Clamp, probably Roman
- 0.98 pottery ARCH - Pottery with metal glaze, from the

Argonne, wine beaker, showing evidence of
secondary burning, AD 210-270

- 0.52 ceramic, large piece ARCH - Fragment of mortarium, from Tienen, Roman
- 0 ceramic ARCH - Fragment of Roman dolium, AD 50-300
- 0.80 ceramic ARCH - Fragment of Roman dolium, AD 50-300
- 1.27 ceramic ARCH - Pink ceramic with motive (glazed),

Tiens smoked pottery, from beaker, AD 160-170
- 0.48 brick fragment, large ARCH - Piece of Roman tile
- 0.29 brick fragment, large ARCH - Piece of Roman tile
- 0.48 brick fragment ARCH - Piece of Roman tile
- 0.73 intact brick tile ARCH - Roman tile
- 0.89 brick fragment ARCH - Piece of Roman tile

G19-TRI g 1.2 charcoal C-14 KIA15410 BP 3380 +/- 22 (cal. 1743-1602; 1568-1533 BC)*
fragment

h 0.88 charcoal C- 14 KIA15409 BP 1988+/-30 (cal. 46 Bc-cal. AD 78)*
fragment

- 0.1 metal coin ARCH - AD 0-50, showing image of emperor Claudius

For location of sample codes, see Figure 4a, b and c. ARCH, dating
*two a-range.

occupation in Meerdaal forest are found, with several Iron Age
or Bronze Age tumuli and an earthen wall (see Figure 2b).
Three Roman tumuli are at a distance of only 500 m to the
west. Gully G19 is even located somewhat closer (350 m) to the
three Roman tumuli. Although in situ traces have not been
found so far, brick fragments found at the soil surface suggest
the presence of three Roman villa sites in Meerdaal forest,
of which one is located in the drainage area of gully G14
(Figure 2b). Younger archaeological sites are not present in the
forest and definitely after the fourteenth century, when the
Meerdaal forest received a special protective status, it can be
expected that written documents would exist of any agricul-
tural land use phase.

Phase D: deposition of colluvium
Next, a silty colluvial layer was deposited over the entire length
of the transect in both gullies. This layer was most probably
deposited simultaneously or shortly after deposition of the
previous sediment units since in gully G14, artefacts of Roman
Age were found inside this layer.

Phase E: soil formation
The archaeological evidence in Meerdaal forest and its
surroundings suggest that the area was abandoned after the
Roman period, most probably after the invasion of German
and Frank tribes at the end of the third century (Faider-
Feytmans, 1977). Cropland and/or settlements in the Meerdaal
forest were also abandoned probably somewhere around this
period and no more runoff or sediments could be produced in
the drainage area of the gullies. The infilling of these gullies
stopped abruptly after the forest recovered and the gullies
remained stable for almost two millennia. During this period,
further soil formation took place. In gully G19, a clay
illuviation horizon in bands (band Bt horizon) developed
through the entire profile and a micropodzol developed in the

by archaeologists; C-14, radiocarbon dating.

upper centimetres of the soil, which further stress this stability
phase. Also in gully G14, such Bt bands developed in the gully
infill. Additionally, in this gully, decalcification continued after
the gully incision (see Figure 4a). Assuming that the original
decalcification border was orientated horizontally, such as
between 10 < X< 11 m, it can be seen in Figure 4a that the
current decalcification border between 8 m <X < 10 m is
orientated parallel to the gully wall and about 0.2 m lower.
This is consistent with values given by Vormezeele (1999) and
Aerts (2003), who found a post-Roman decalcification between
0.2 and 0.5 m, associated with a grave pit and a sunken lane,
respectively, near Tienen (about 25 km east of Meerdaal
forest).

Conclusions

Previous studies have shown that gully erosion phases in past
times were sometimes even more catastrophic compared with
present-day gully erosion, for example during the first half of
the fourteenth century (Bork et al., 1998). However, while
information on gully erosion during the historical period is
already scarce, information on gully erosion before this period
is nearly absent.

This study has shown that gully formation is definitely not
a new problem and that already during Bronze Age and
Roman times, farmers were confronted with the development
of large gullies. The gullies that were studied are among the
oldest gullies that have been dated in Europe. More im-
portant than these two studied gullies, however, is that the
entire study area of Meerdaal forest encompasses a total of 43
similar gullies, mapped during a recent study (Vanwalleghem
et al., 2003). Although only two of these gullies have now
been analysed in detail, it is reasonable to assume that the
development history of the other gullies is similar given their
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Figure 5 Schematic development history of a typical gully in
Meerdaal forest

location. This makes the Meerdaal forest a unique area in
Europe, with a well-conserved late-Roman topography. When
looking at the landscape in this ancient forest, it becomes
clear that gully erosion must have been a significant process

for landscape development. Outside the forest border, under
cropland, similar gullies were probably also present but
centuries of water and tillage erosion have erased them
from the present-day surface. This stresses the importance
of the Meerdaal forest as a unique area and calls for its
protection as a geosite.

Acknowledgements
The authors would like to thank Mrs Doris Kramer for the
drawing of Figure 5. We would especially like to thank
Professor Dr Johan Van Heesch and Dr Marc de Bie of the
K.U. Leuven for help with the dating of the Roman coin and

References

Aerts, K. 2003: Erosie- en colluviatiegeschiedenis van de
archeologische site van Tienen-Grijpen. Masters Thesis. Faculty
of Science, K.U. Leuven (in Dutch).
Alstrom, K. and Akerman, B. 1992: Contemporary soil-erosion
rates on arable land in southern Sweden. Geografiska Annaler
Series A - Physical Geography 74, 101-108.
Auzet, A.V., Boiffin, J. and Ludwig, B. 1995: Concentrated flow
erosion in cultivated catchments: influence of soil surface state.
Earth Surface Processes and Landforms 20, 759-67.
AWZ - Afdeling Waterbouwkundig Laboratorium and AMINAL -

Afdeling Water 2004: Digitaal Hoogtemodel Vlaanderen. Map sheet
32/6.
Bell, M. 1992: The prehistory of soil erosion. In Bell, M. and
Boardman, J., editors, Past and present soil erosion. Oxbow
Monograph 22, Oxbow books, 21-35.
Belyaev, V.R., Wallbrink, P.J., Golosov, V.N., Murray, A.S. and
Sidorchuk, A.Y. 2004: Reconstructing the development of a gully
in the Upper Kalaus basin, Stavropol Region (southern Russia).
Earth Surface Processes and Landforms 29, 323-41.
Boardman, J. 1992: Current erosion on the south downs,
implications for the past. In Bell, M. and Boardman, J., editors,
Past and present soil erosion. Oxbow Monograph 22, Oxbow
books, 9-19.
Boardman, J., Burt, T.P., Evans, R. and Slattery, M.C. 1996: Soil
erosion and flooding as a result of a summer thunderstorm in
Oxfordshire and Berkshire, May 1993. Applied Geography 16, 21-
34.
Bork, H.-R., Bork, H., Dalchow, C., Faust, B., Piorr, H.-R. and
Schatz, T. 1998: Landschaftsentwicklung in Mitteleuropa. Klett-
Pertes (in German).
Bossuyt, B. 2001: Plant species and soil dynamics across ancient-
recent forest ecotones: consequences for ecological restoration.
Ph.D. Thesis. Faculty for Applied Biological Sciences, K.U.
Leuven.
Cerdan, O., Le Bissonnais, Y., Couturier, A., Bourennane, H. and
Souchere, V. 2002: Rill erosion on cultivated hillslopes during two
extreme rainfall events in Normandy, France. Soil and Tillage
Research 67, 99-108.
De Ploey, J. 1990: Threshold conditions for thalweg gullying with
special reference to loess areas. In Bryan, R., editor, Soil erosion,
experiments and models. Catena Supplement 17, 147-51.
Dotterweich, M. 2005: High resolution chronology of a 1300 year

old gully system in Northern Bavaria, Germany. Modelling long-
term human-induced landscape evolution. The Holocene 15, 994-
1005.
Dotterweich, M., Schmitt, A., Schmidtchen, G. and Bork, H.-R.
2003: Quantifying historical gully erosion in northern Bavaria.
Catena 50, 135-50.
Evans, R. and Cook, S. 1987: Soil erosion in Britain. Seesoil 3, 28-
59.
Faider-Feytmans, G. 1977: La Belgique a l'epoque romaine. Les
dossiers de l'archeologie 21, 8-10.
Gabris, G., Kertesz, A. and Zamb6, L. 2003: Land use change and
gully formation over the last 200 years in a hilly catchment. Catena
50, 151-64.
Goossens, D. 1988: Loess. Oude en nieuwe opvattingen, recente
ontwikkelingen. De Aardrijkskunde 3, 169-224 (in Dutch).
Gregoire, A. and Halet, F. 1906: Etude agrologique d'un domaine.
Bulletin de l'Agriculture 12, 611-51.
Grieve, I.C., Davidson, D.A. and Gordon, J.E. 1995: Nature, extent
and severity of soil-erosion in upland Scotland. Land Degradation
and Rehabilitation 6, 41-55.

400 The Holocene 16 (2006)

_,,-..,=_S < f t Ue ; f o i X iT f > C > ; db Ct S i« ;0 00Xs ;i t t> ;tS + t t . 10 < f e X R | < t t r y X X 0y E w 0 >
*: fi+tXtiS t :y7e iLtiti\t:: f i*t::; E tS> f :0j-:f::L:':'::: 40;:S:tS':y: ' :;t:: i'. $'SL' i+iLy;ft :::wd :f

t: + .D -: f ::E i: >;; C >d t: C: ;; 4 t|E w:. R *S XA itiES:f; sti ff S :s fit + t! t:

;t 0 -t__X0;u; + 4; =; ed Xf0S*stEi l;0gi>;0t +;;;< ;0+i; *;00 .*g jt

 at CARLETON UNIV on May 7, 2015hol.sagepub.comDownloaded from 

http://hol.sagepub.com/


T. Vanwalleghem et al.: Prehistoric and Roman gullying in Belgian loess 401

Gullentops, F. 1992: Holocene soil erosion in the loess belt of
Belgium. Acta Geographica Lovaniensa 33, 671-84.
Hard, G. 1976: Excessive Bodenerosion um und nach 1800. In
Richter, G. and Sperling, W, editors, Bodenerosion in
Mitteleuropa. Wege der Forschung Bd. 430. Darmstadt, 195-239
(in German).
Harvey, A.M. 1992: Process interactions, temporal scales and the
development of hillslope gully systems - Howgill Fells, northwest
England. Geomorphology 5, 323-44.

1996: Holocene hillslope gully systems in the Howgill Fells,
Cumbria. In Brooks, S.M. and Anderson, M.G., editors, Advances
in hillslope processes, vol. 2. Wiley, 247-70.
Harvey, A.M., Oldfield, F., Baron, A.F. and Pearson, G.W. 1981:
Dating of post-glacial landforms in the central Howgills. Earth
Surface Processes and Landforms 6, 401-12.
Hempel, L. 1976: Flurzerstorungen durch bodenerosion in
friiheren Jarhhunderten. In Richter, G. and Sperling, W, editors,
Bodenerosion in Mitteleuropa. Wege der Forschung Bd. 430.
Darmstadt, 181-95 (in German).
Kium, P. 2003: Micromorphology and Late Glacial/Holocene
genesis of Luvisols in Mecklenburg-Vorpommern (NE-
Germany). Catena 54, 537-55.
Lang, A. and Honscheidt, S. 1999: Age and source of colluvial
sediments at Vaihingen-Enz, Germany. Catena 38, 89-107.
Larue, J.P. 2005: The status of ravine-like incision in the dry
valleys of the Pays de Thelle (Paris basin, France). Geomorphology
68, 242-56.
Martens, E. 1981: Uit het verleden van de gemeente Oud-Heverlee.
Stroobants. Neerijse (in Dutch).
Nachtergaele, J., Poesen, J., Steegen, A., Takken, I., Beuselinck, L.,
Vandekerckhove, L. and Govers, G. 2001: The value of a physically
based model versus an empirical approach in the prediction of
ephemeral gully erosion for loess-derived soils. Geomorphology 40,
237-52.
Oygarden, L. 2003: Rill and gully development during an extreme
winter runoff event in Norway. Catena 50, 217-42.
Poesen, J. and Govers, G. 1990: Gully erosion in the loam belt of
Belgium: typology and control measures. In Boardman, J., Foster,
I.D.L. and Dearing, J.A., editors, Soil erosion on agricultural land
John Wiley & Sons, 513-30.
Poesen, J., Nachtergaele, J., Verstraeten, G. and Valentin, C. 2003:
Gully erosion and environmental change: importance and research
needs. Catena 50, 91-133.
Radoane, M., Ichim, I. and Radoane, N. 1995: Gully distribution
and development in Moldava, Romania. Catena 24, 127-46.
Roshkov, A.G., Bakhirev, G.I. and Gorin, V.B. 1993: Rapid
development of gullies in the Central Chemozem Zone. Eurasian
Soil Science 25, 76-83.
Schmidtchen, G. and Bork, H.R. 2003: Changing human impact
during the period of agriculture in Central Europe. The case study
Biesdorfer Kehlen, Brandenburg, Germany. In Lang, A.,
Hennrich, K. and Dikau, R., editors, Long term hillslope and

fluvial system modelling - concepts and case studiesfrom the Rhine
river catchment. Lecture Notes in Earth Sciences 101, Springer-
Verlag, 183-200.
Schmitt, A., Dotterweich, M., Schmidtchen, G. and Bork, H.R.
2003a: Vineyards, hopgardens and recent afforestation: effects of
late Holocene land use change on soil erosion. Catena 51, 241-54.
Schmitt, A., Schmidtchen, G., Rodzik, J., Zglobicki, W.,
Dotterweich, M., Amhofer, S. and Bork, H.R. 2003b: Historical
gully erosion in southeast Poland, an example from the loess area
of the Lublin Upland. In Li, Y and Poesen, J., editors, Gully
erosion under global change. Sichuan Science and Technology Press,
223-30.
Semmel, A. 1995: Development of gullies under forest cover in the
Taunus and Crystalline Odenwald Mountains, Germany. Zeits-
chrift far Geomorphologie Neues Funde Supplementen Band 100,
115-27.
Stankoviansky, M. 2003: Historical evolution of permanent gullies
in the Myjava Hill Land, Slovakia. Catena 51, 223-39.
Steegen, A., Govers, G., Nachtergaele, J., Takken, I., Beuselinck, L.
and Poesen, J. 2000: Sediment export by water from an
agricultural catchment in the Loam Belt of central Belgium.
Geomorphology 33, 25-36.
Vandaele, K., Poesen J., Govers, G. and Van Wesemael, B. 1996:
Geomorphic threshold conditions for ephemeral gully erosion.
Geomorphology 16, 161 -73.
Vanwalleghem, T., Van Den Eeckhaut, M., Poesen, J., Deckers, J.,
Nachtergaele, J., Van Oost, K. and Slenters, C. 2003:
Characteristics and controlling factors of old gullies under forest
in a temperate humid climate: a case study from the Meerdaal
Forest (Central Belgium). Geomorphology 56, 15-29.
Vanwalleghem, T., Poesen, J., Van Den Eeckhaut, M.,
Nachtergaele, J. and Deckers, J. 2005a: Reconstructing rainfall
and land use conditions leading to the development of old gullies.
The Holocene 15, 378-86.
Vanwalleghem, T., Bork, H.R., Poesen, J., Schmidtchen, G.,
Dotterweich, M., Nachtergaele, J., Bork, H., Deckers, J., Briisch,
B., Bungeneers, J. and De Bie, M. 2005b: Rapid development and
infilling of a historical gully under cropland, central Belgium.
Catena 63, 221-43.
Vogt, J. 1953: Erosion des sols et techniques de culture en climat
tempere maritime de transition. Revue de Geomorphologie
dynamique 4, 157-83 (in French).
Vormezeele, J. 1999: RelAffconstructies op archeologische sites: een
case studie te Tienen-Grypen. K.U. Leuven, Faculteit
Wetenschappen (in Dutch).
Zamb6, L. 1972: Study of some development factors of
anthropogenically preformed loess gullies. Acta geographica
debrecina 10, 113-16.
Zamb6, L. and Gabris, G. 1977: Examination of relationships
between vegetation, slope conditions and gully formation on the
model of a hill-country catchment area. Annales universitatis
budapestinensis, geographica 6-12, 37-58.

 at CARLETON UNIV on May 7, 2015hol.sagepub.comDownloaded from 

http://hol.sagepub.com/

