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In outcrop and borehole sections of the Lede Formation (Eocene, Lutetian) in the Belgian Basin three facies have been recognised.
Between Gent, Brussel and Ronse (the Meldert facies), the formation shows a general fining-upward trend in grain size distribution. This
facies is characterised by the presence of various gravelly beds on top of erosion surfaces, marking the base of smaller-scale fining-upward
sequences. Associated gravel and shell beds and sandy limestones display sedimentary structures typical of storm deposits. In a northerly
and westerly direction, coarse-grained beds are missing since the sea here became deeper and the sea floor was no longer within reach of
storm waves (the Mont des Récollets facies). Near Ronse, the Lede Formation partly consists of brown medium sand with silicifications
(the Einsdale facies). It probably marks the northernmost extension of a very shallow marine deposit. The cyclic sedimentation seen in the
Lede Formation has been brought about by tectonic movements of the southern border of the Brabant Massif. The facies distribution of
the formation is largely similar to the thickness evolution of the underlying Cretaceous strata, which were also subject to movements of
the Brabant Massif.
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the lower part the term Ledian was coined by
The term ‘Sables de Lede’ was first used by Mourlon (1887). The subdivision of the upper part

Mourlon (1873) in a stratigraphic table, but without of the Eocene as then employed (Lakenian, Ledian,
any explanation. These sands formed part of the Wemmelian, Assian) was used for the legend of the
Lakenian, as defined by Dumont (1851) and origi- Belgian geological map.

nally included all Eocene deposits younger than Shortly after the publication of this map, Leriche
what is now called the Brussel Formation. Between (1912) included the Lakenian in the Ledian, because

1878 and 1887, several boundaries were established of the fact that there was no lithological or palaeon-
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Fig. 1. Map showing localities mentioned in the text.

tological evidence for the distinction between these
units. In the regional stratigraphic scheme of north-
western Europe, the Ledian was at that time still
considered a stage between the Lutetian and the
Bartonian. However, many authors were of the
opinion that the Ledian was but a part of the Barto-
nian. This matter was discussed by Leriche (1937),
who personally considered the Ledian to be a sepa-
rate unit, and who correlated the Ledian with the
Beauchamps Sand (Auversian, thought to be of Bar-
tonian age by Leriche’s opponents) of the Paris
Basin, as both units yielded the index benthic for-
aminifer Nummulites variolarius Lamarck, 1801.
Kaasschieter (1961) proposed to incorporate the
Ledian into the Bartonian, after having studied the
foraminifer faunas.

The matter was finally resolved by Pomerol
(1961), who demonstrated that the classic index for
the Ledian Stage, N. variolarius had lost its value, as
it had been collected from deposits of Lutetian age
in the Paris Basin. On the basis of micropalaeon-
tological studies Pomerol (1961) came to the conclu-
sion that the Ledian had to be included in the
Lutetian.

LitHoLocy

The Lede Formation consists of very fine calcareous
sand, containing small amounts of glauconite
(0.5%). The calcareous fraction consists mainly of

lime silt, bivalve shells and tests of N. variolarius.
Sedimentary structures are rarely visible. Several
layers of sandy limestone (the so-called Balegem
Stone), of up to 60 cm thickness may be seen. The
formation also contains a number of fossiliferous
beds (mostly concentrations of bivalve shells,
nummulitids or tubes of the serpulid genus Ditrupa.
Coarse-grained quartz beds may also occur. Shell or
gravel beds are often found to be associated with
stone layers. The CaCO; content amounts to 20%
in the sand and to ¢ 55-60% in the stone layers.
Towards the south, the sands are often decalcified
due to percolation of rainwater containing CO,.

The limestone layers, called Balegem or Lede
Stone, are cemented by calcite, contain up to 4% of
FeCO; substitutions, and represent intervals of
lower terrigenous supply, during which more bio-
genic calcareous sediment of authigenic origin for-
med. Much of the calcareous sediment was
reworked during storm activity, leading to intercala-
tions of coarse material rich in fossils and laminated
deposits (Fobe, 1986).

The Lede Formation was laid down in the south-
ern part of the Eocene North Sea Basin, its deposi-
tion being preceded by the closure of the connection
with the Paris Basin (Delattre et al, 1973).
Kaasschieter (1961) interpreted the Ledian sea as a
shallow shelf, comparable to the present-day shelf
off Trinidad. On a decrease in number of for-



aminifera in a northerly direction Kaasschieter con-
cluded that the Ledian sea became deeper to the
north of Lokeren, and also suggested the possibility
of the development of reefs in the Ledian sea, on
account of the presence of the bryozoan genus Fabu-
laria, nowadays known exclusively from the Great
Barrier Reef (Australia).

In the present study, the results of grain size
distribution analyses of the most important outcrops
of the Lede Formation (Fig. 1) are presented.
Particular attention is paid to vertical and lateral
changes. Especially the area around Ronse was
investigated, because of the occurrence there of an
unusual facies, recorded previously by Baudet
(1941) and Kaasschieter (1961). Samples were
either collected by the authors or provided by the
Belgian Geological Survey (BGS).

Figure 2 provides the key to the lithological sec-
tions (Figs 3-8) of the studied outcrops and the grain
size distribution of the sediments exposed. The
results are based on decalcified material. Analyses
of coarse-grained beds cause too much visual defor-
mation and are therefore omitted from the figures,
as these are principally meant to emphasise the
evolution in the sands that separate the gravels.
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Fig. 2. Key to lithologic logs of Figs 3-8.

ExTENsION OF THE LEDE FORMATION

The classic exposures of the Lede Formation are
located in the area between Gent and Brussel. Most
of the outcrops near Brussel have fallen victim to the
recent expansion of the city area. The westernmost
key locality in this area is the Blandijnberg at Gent,
where outcrops are also found in urban areas.
Between Gent and the North Sea, the Lede Forma-
tion is generally missing, but below some recently
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discovered isolated outcrops will be described.
Towards the south and southwest, the Lede Forma-
tion has been recorded from the hills of the Vlaamse
Ardennen near Ronse and from isolated outcrops
near Cassel in northern France. Between Brussel
and Leuven, the Lede Formation is poorly exposed.
East of Leuven, Eocene deposits thin out between
the Palaeocene and Oligocene (Halet, 1932). In
boreholes sunk in northern Belgium, the Lede For-
mation is found to be present between the
Oostham-Kwaadmechelen area and Zelzate. The
formation overlies the Knesselare Formation (Lute-
tian) between the North Sea and Gent (in so far as
the former is present in this area), the Vlierzele
Formation (Ypresian) between Gent and Brussel
and the Brussel Formation (Lutetian) north and east
of Brussel and near Cassel, and is itself overlain by
the Kallo Formation (Bartonian).

LocALrTiES

— The area between Gent and Brussel
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Fig. 3. Lithology and grain size distribution of the Balegem
sandpit.

- Balegem: Verlee sandpit, co-ordinates: x = 110.8,
y = 179.1. There is a working sandpit in the hill
where Mourlon (1887) defined the Ledian, who in
that paper in fact presented a review of the strati-
graphy of a sandpit he had described previously
(Mourlon, 1880). The entire Lede Formation, about
5.5 m thick, is exposed (Fig. 3). As usual, a basal
gravel bed is observed, containing remanié mate-
rial, including fossils (e.g. the foraminifer Nummulites
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laevigatus (Bruguiére, 1792), bivalve shells and
sharks’ teeth) and perforated cobbles. Three
coarser-grained beds occur within the sand: these
are found at 0.8 m (rich in Ditrupa, N. variolarius and
bivalve shells), at 3.2 m (rich in N. variolarius) and at
4.0 m (rich in bivalve shells) above the basal gravel.
Sandy limestones are found near the basal gravel
and around the second coarse-grained bed. In the
description presented by Mourlon (1880), a third
stone layer was recorded near the upper coarse-
grained bed.

Cumulative grain size distribution curves are
dominated by the fraction between 90 and 50 pm
{(about 50% of the sand fraction) and contain a low
amount (<10%) of silt and clay (Fig. 3). Between the
basal gravel and the second coarse-grained bed, a
gradual fining-upward trend in grain size is
observed. Between the second and third gravel bed,
the fraction between 177 and 125 pm is less impor-
tant in the lower part (<15%) than in the upper
metre (ca. 30%). Between the third and the fourth
gravel bed, the fractions coarser than 177 pm (15%)
and 125 pm (up to 30%) are significant, although
the sediment shows a fining-upward trend. On top
of the fourth gravel, less than 10% of the sand is
coarser than 125 pm.
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Fig. 4. Lithology and grain size distribution of the Oosterzele
outcrop.

- Oosterzele: road cut, co-ordinates: x = 111.3,y =
181.6. The lower part of the Lede Formation was
temporarily exposed (1984) in a road cut near
Oosterzele. A stone layer, up to 50 cm thick, was
present at 1.25 m above the basal gravel (Fig. 4).
The lowermost centimetres of the stone contained
coarse quartz grains. Above the stone, the sand was
decalcified. In the sand between the basal gravel
and the stone layer, a gradual fining-upward trend
of the grain size was observed. The fraction coarser
than 250 um remained fairly constant, about 5%.
The amount of the coarser-grained fractions gradu-
ally decreases (>177 pm: from 23% to 15%; >125
pum: from 47% to 28%; >90 um: from 60% to 40%).

The sand on top of the second gravel is coarser than
the sediment below this layer, but again the impor-
tance of the coarse fractions decreases. Between the
base of the stone layer and the sample taken 30 cm
higher up, the following evolution was observed:
2250 pm: from 13% to 2%; >177 pm: from 33% to
3%; >125 pm: from 38% to 6%; >90 um: from 56%
to 35%.

- Lede: filled-in sandpits [BGS 71 E 53, co-ordi-
nates: x = 122.9, y = 183.3; BGS 71 E 57, co-
ordinates: x = 123.4, y = 183.9]. The type locality
of the Lede Formation is situated on a hillock.
There are but few descriptions of outcrops here.
The Ledian was defined by Mourlon (1887) in a
quarry at Balegem. Later, he published (Mourlon,
1888) on the Ledian in its type locality, as exposed
in two sandpits. Descriptions of sections seen in
these outcrops are recorded in the files of the Bel-
gian Geological Survey (71 E 53 and 71 E 57). Only
the lower part of the formation, with two fos-
siliferous stone layers was exposed.

- Meldert: disused sandpit, co-ordinates: x = 133.9,
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Fig. 5. Lithology and grain size distribution of the Meldert sand-
pit. The arrow on the right-hand side indicates the sec-
tion sampled with an auger borehole. N = position of a
stone layer recorded by Nolf (1974); this was not reached
during the present study because of slumping of the bore-
hole under the water table.



y = 180.2. Decalcified sand covering a limestone
layer was excavated here. The stone layer is now
exposed over a large surface. Many holes have been
dug in it, enabling studies of the underlying
unweathered sand. A second stone layer was
recorded by Nolf (1974) at 3 m below the limestone
bed exposed at present. The exposure offers good
conditions for studying the sedimentary structures
of storm deposits in the stone layer. Above an ero-
sional surface and a gravelly layer, vyielding
numerous N. variolarius, subhorizontal laminations
and finally trough cross stratification occurs. In the
northern part of the outcrop, decalcified sand,
which overlies the stone layer was studied. It con-
tains two additional beds of coarse quartz grains.
The sand underlying the stone layer was sampled in
two auger boreholes, but the layer recorded by Nolf
(1974) was not reached because of slumping of the
boreholes under the water table.

The grain size distribution of the sand clearly
differs on either side of the stone layer (Fig. 5).
Above the stone, the sediment contains more clay
(15-30%) than below (<10%), while the sand frac-
tions coarser than 90 um and 177 pm decrease from
90% to 70% and from 15% to 5%, respectively.
Above the next coarse-grained bed, only 5% of the
sediment is coarser than 90 pm and sand coarser
than 177 pm is missing. No changes in grain size
distribution were observed above the third coarse-
grained layer.

- Bambrugge: disused sandpit, co-ordinates: x =
120.0, y = 179.5. Balegem stone was formerly
extracted from this quarry. Nowadays, the pit is
flooded and its walls have slumped. Detailed
descriptions were furnished by Leriche (1926) and
Gulinck (1961). Storm-generated sedimentary
structures with concentrations of N, variolarius, simi-
lar to those seen at Meldert, were observed in stone
slabs. According to Leriche and Gulinck, this level
was the middle one of three stone beds, the upper
one being rich in bivalve shells and the lower one
being 60 cm thick and massive. This sequence is
comparable to the one exposed at the Balegem
sandpit, where the fourth gravel is yields many
bivalve shells, the third one is rich in N. variolarius
and the second one appears as a massive stone layer,
also observed at Oosterzele. A stone layer at the
basal gravel has not been recorded for Bambrugge.

- Erondegem: railroad trench, co-ordinates: x =
120.8, y = 180.7. Along the railroad track from
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Gent to Brussel, between the villages of Ottergem
and Erondegem, a stone layer is exposed, showing
sedimentary structures similar to those seen at
Meldert and Bambrugge.

- Brussel: railroad trench, co-ordinates: x = 151.8,y
= 167.5. In Etterbeek, in the eastern part of the
urban area, a large outcrop was accessible during
the construction of the railroad track from Brussel
to Namur (Mourlon, 1910). The Lede Formation
was between 7 and 10 m thick and several limestone
levels were observed, one of them vyielding
numerous N. variolarius and resembling the stone
layer encountered in the Meldert and Erondegem
areas. It has been pointed out (Fobe, 1986) that the
similar-looking nummulitid-rich  stone layers
observed at Etterbeek, Meldert, Bambrugge and
Erondegem and the third gravel bed at Balegem
might be a single continuous level.

— Qutliers

- Aalter and Ursel: Aalter, temporary outcrop
(1988), co-ordinates: x = 85.9, y = 197.8; Ursel,
borehole BGS 39 W 212, co-ordinates: x = 87.9,y =
204.2. An outcrop exposing the base of the Lede
Formation has recently been described by Steurbaut
& Nolf (1989) in the village of Aalter. A sample of
the stone layer was provided to the authors by Dr.
E. Steurbaut. A petrographical analysis confirmed
that the sandy limestone is characteristic of the
basal gravel of the Lede Formation. The formation
was also encountered in a borehole near Ursel (de
Breuck et al., 1989). Two layers of sandy limestone
were observed, but no coarse-grained beds. The
Lede Formation was thought to be missing in the
area between Gent and the North Sea coast.

- Cassel: disused sandpit at the Mont des Récollets,
co-ordinates: x = 18.5, y = 167.2. Cassel is situated
at 70 km from the nearest exposure of the Lede
Formation on Belgian territory. Disused sandpits
described by Leriche (1921) have lately been rein-
vestigated (Nolf & Steurbaut, 1990). The Lede For-
mation is about 7 m thick and contains seven stone
layers (Fig. 6). However, with the exception of the
stone layer associated with the basal gravel and of
the uppermost bed (rich in bivalve shells), no coarse-
grained layers have been observed. From two stone
layers, Leriche (1921) recorded two characteristic
macrofossils [the gastropod Campanile giganteum
(Lamarck, 1804) and the cephalopod Nautilus burtini
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Galeotti, 1837], but beds of coarse-grained quartz
were missing.
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Fig. 6. Lithology and grain size distribution of the disused sand-
pit at the Mont des Récollets near Cassel (northern
France); ¢ = Campanile giganteum level, n = Nautilus burtini
level (Leriche, 1912).

Grain size distribution shows a clear fining-upward
trend (Fig. 6). In the lowermost metre, about 50 %
of the sediment is coarser than 177 um. In the
upper part of the formation, this fraction stll
amounts to 15%. Throughout the entire formation,
a slight amount of sand coarser than 250 pm is
found. As in the other outcrops studied, the
sediment in the upper half of the Lede Formation is
dominated by the sand fraction between 90 and 125
pm. The amount of silt and clay varies between 5
and 10%.

— The Ronse area

- Louise-Marie: sandpit, co-ordinates: x = 99.478, y
= 162.388. A complete section, 7 m thick (Fig. 7) of
decalcified sands of the Lede Formation is exposed
in a sandpit in the hamlet of Louise-Marie, north-
east of Ronse (Fig. 8). Layers of coarse-grained
quartz occur at 3.9 and 5.9 m above the basal
gravel. In the lowermost metre, a gradual fining-
upward sequence, starting from the basal gravel, is
seen. Between the second gravel bed and the top of
the formation, the fraction coarser than 90 um
gradually diminishes (from 70 to 30%). Above the

third coarse bed, the total sand fraction is also
reduced from 90 to 70 %.
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Fig. 7. Lithology and grain size distribution of the Louise-Marie
sandpit.
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Fig. 8. Map showing location of outcrops in the Ronse area.

- Einsdale: In the hills northwest of Ronse, a differ-
ent facies of the Lede Formation has been encoun-
tered. The area is situated in a hill ridge with alti-
tudes up to +150 m above present sea level. The
facies has been observed near the hamlet of
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Fig. 9. Detailed map showing location of the outcrops in the
Einsdale area. 1 — outcrop of the Vlierzele Formation
along the Bremstraat, 2 — outcrop of the Lede and Kallo
Formations along the Bremstraat, 3 — outcrop of stone
layers in the Lede Formation, 4 — disused sandpit expo-
sing stone layers in the Lede Formation, 5 — disused
sandpit described by Geets (1969), 6 — disused sandpit
described by Mourlon (1889).
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Fig. 10. Lithology and grain size distribution of the Lede Forma-
tion at Einsdale.

Einsdale, at the southern slope of the east-west ori-
ented hills (Fig. 8). From Einsdale, two roads run
downbhill towards the hamlet of Tribury (Fig. 9), and
bifurcate at altitude +120 m and rejoin each other
tens of metres lower. The western branch (Kar-
nemelkstraat) runs across a disused sandpit the
southern limit of which is still visible at +110 m (Fig.
9, locality 1). Cross-stratified glauconitic sand is
exposed here, characteristic of the Vlierzele Forma-
tion, which is the unit underlying the Lede Forma-
tion in the sandpits of Balegem and Louise-Marie.
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The eastern branch (Bremstraat) marks the eastern
border of the former sandpit and runs along an
outcrop of white and brown sand. In the uppermost
part, glauconitic brownish grey clay of the Kallo
Formation is seen. This formation overlies the Lede
Formation at Balegem, Cassel and Louise-Marie.
The largest outcrop was situated between the bifur-
cation of the Karnemelkstraat and the Bremstraat
at +120 m and an angle of 90° in the slope along the
Bremstraat (Fig. 2, locality 2), near +110 m. An
auger borehole near this corner revealed the pres-
ence of the Vlierzele Formation. The deposit
encountered between the Vlierzele and Kallo For-
mations along the Bremstraat clearly corresponds
with the stratigraphical position of the Lede
Formation.

Einsdale: disused sandpit and road exposure, co-
ordinates: x = 91.4, y = 161.5. From observations in

|50m,
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Fig. 11. Detailed map showing location of the localities sampled
in the Einsdale outcrop (A) and of the sections studied
at each locality (B). Fe = ferruginous sandstone, b.g. =
basal gravel of the Lede Formation, s.s. = siliceous
sandstone. Arrows indicate auger boreholes.



- 16 —

small outcrops (the section being disturbed by faults)
combined with auger boreholes a complete section
was obtained (Fig. 10), by correlation of several
points of observation (Fig. 11). At Einsdale, the
Lede Formation consists of a basal gravel (20 cm)
overlain by white clay (20 cm) and slightly coarsen-
ing-upward pale grey sand. At about 2.3 m above
the base of the formation, a thin layer (2 cm) of
ferruginous sandstone is seen. The surrounding
sand has a rusty brown stain. Next, rusty brown
medium-grained sand (1.75 m thick) is seen. The
upper part of the sequence comprises 65 cm of an
alternation of white sandstones with brown patches,
and brown sand. Near the bifurcation of the Kar-
nemelkstraat and the Bremstraat (Fig. 9, locality 3),
three such stone layers occur, 13 cm, 10 cm and 25
cm in thickness, respectively. They contain external
and internal moulds of bivalve shells. The stone is
covered by 65 cm of ochrous sand, clearly finer-
grained than the underlying sediment. The base of
the Kallo Formation (glauconitic sandy clay) is
developed as a thin layer of broken bivalve shells.

The results of grain size distribution analyses for
the lower part of the Lede Formation at Einsdale
are comparable to those of other outcrops (Fig. 10).
At 1 m above the base, the sand becomes gradually
enriched in grains coarser than 125 pm. The frac-
tion between 177 and 250 pm in particular becomes
important. Between 3 and 5 m above the base, 60%
of the sand is coarser than 177 uym. In the upper-
most 63 cm, finer sediment is observed again, with
only 20% coarser than 90 pym and less than 5%
coarser than 177 pm.

A petrographical analysis has shown that the
white sandstones sampled in the upper part of the
section exposed at Einsdale are cemented by epitax-
ial quartz rims surrounding the detrital quartz
grains (Fig. 12). Opaque inclusions delimit the origi-
nal detrital grains. Intergranular pore filling is occa-
sionally incomplete. SEM observations sometimes
showed well-developed crystal faces at the outer
border of grains. When infilling is complete, the
cleavage surface does not go around but right
through the grains, yielding a quartzite-like surface.
Several silicified fossils, mainly bivalve shells and
tests of N. variolarius, show replacement of the origi-
nal calcite by fine-grained equidimensional quartz.
Due to the presence of opaque material, the original
structure of the nummulitids is visible. In places, an
epitaxial rim of an adjoining quartz grain has pene-
trated the nummulitid test. The opaque inclusions
of the fossil have remained intact, but the fine-

R

Fig. 12. Photomicrograph of a sandstone sample from Einsdale.
The cement consists of epitaxial rims of quartz, deposi-
ted upon detrital quartz grains. The original outer mar-
gins of the grains are discernable because of opaque
inclusions. A test of V. variolarius has been replaced by
fine-grained quartz and its chambers are filled with
opaque material. Epitaxial rims of adjoining quartz
grains have in places replaced the fine-grained texture
in the silicified test, but the original outline of the num-
mulitid is still visible due to opaque inclusions. Scale
bar equals 200 pm.

grained quartz in the foraminifer has been partially
replaced by the monocrystalline structure of the rim
(Fig. 12). The texture of the silicified sandstones at
Einsdale differs completely from the commoner Ba-
legem limestone with its fine-grained quartz and
calcite cement (Fig. 13).

The shell bed at the base of the Asse Clay has
been preserved on account of its fossilsbeing sil-
icified. The shells have been replaced by micro-
crystalline quartz, but remnants of the original
structure are visible due to opaque inclusions.

The 2 cm thick layer of ferruginous sandstone

Stone) from the Lede Formation. Cement consists of
fine-grained calcite. Scale bare equals 50 ym.



from the middle part of the Lede Formation consists
of quartz grains cemented by goethite. In compari-
son with the surrounding sand, also studied in thin
sections, the ferruginous stone layer does not show
any particular grain size distribution. The sample
from below the stone bed still contains a large frac-
tion of very fine sand. In the stone layer and in the
overlying sand, this fraction is gradually replaced by
medium-sized quartz grains, an evolution that has
also been observed during grain size distribution
analyses.

Chemical analyses of free iron and aluminium by
means of dithionite extraction (Mehra & Jackson,
1960) show that the red brown medium sand in the
middle of the formation contains between 2.2 and
3.9% of Fe,O4. Lower in the section, in the pale
grey fine sand, lower concentrations were measured
(between 0.7 and 1.3% Fe,Oj3). The lowest amounts
were found in the uppermost 65 cm of fine sand
above the white stone layers (0.6% Fe,O,). The
concentrations of Al,Oj in the red brown medium
sand varied between 0.11 and 0.74%. In the grey
fine sands in the lower part, Al,O; content ranged
between 0.39 and 0.58%. The ratio Fe,03/Al,04
was fairly constant in the grey sand (between 2 and
3.5) and varied between 7 and 25 in the red brown
medium sand.

As to the lateral extension of the facies the follow-
ing observations can be made. The upper part of the
Einsdale facies, containing white sandstone beds, is
visible in a small disused sandpit in the hamlet of De
Kraai, a few hundreds of metres north of the
Bremstraat outcrops (Fig. 9, locality 4). The facies
was also exposed in a large sandpit, now completely
filled in, south of De Kraai (Fig. 9, locality 5). The
outcrop was described by Geets (1969), who pro-
vided grain size analyses from the Lede Formation
as exposed in the sandpit. The sediment and the
patterns of its grain size distribution are similar to
the ones seen for the Bremstraat outcrop. The sand
is characterised by a coarsening-upward and in the
middle of the formation, red brown sand appears,
containing a thin bed of ferruginous sandstone and,
in the upper part, several sandstone beds occur.
Immediately north of De Kraai, there is another
sandpit exposing the Einsdale facies of the Lede
Formation; the section was described by Mourlon
(1889) (Fig. 9, locality 6). From the lowermost metre
of the formation, a second gravel bed was recorded,
immediately above the clay intercalation that was
also encountered in the section along the
Bremstraat.

_17_.

In a westerly direction, between Einsdale and the
River Schelde, delimiting the hill ridge of Ronse, a
facies similar to the one recorded at Einsdale was
recorded by Baudet (1941) from two sandpits at
Orlitain and at the Kluisberg, the westernmost hill
of the ridge (Fig. 8). Between the Kluisberg and the
hills near Cassel (60-70 km), topography is too low
and Lede Formation strata do not occur.

Towards the east, the Einsdale facies is missing
from the sandpit of Louise-Marie, described above,
situated at 6.5 km east of Einsdale. In a filled-in
sandpit at the Kruisberg (3.4 km east of Einsdale),
the Lede Formation was 4.7 m thick and the upper-
most 80 cm consisted of medium sand (‘sable
quartzeux’) with sandstone beds (Mourlon, 1889).
Thus, the Einsdale facies is found over a distance of
5.4 km between the Kruisberg to the east and the
Kluisberg to the west, where its extension is limited
by the valley of the River Schelde.

The Einsdale facies is characterised by a coarsen-
ing-upward sequence, a relatively high amount of
goethite in the coarsest sand and the occurrence of
silicifications. For each of the characteristic features
of the Einsdale facies, several explanations are pos-
sible. Both the brown stain of the sand and the
silicification may have formed during any weather-
ing or decalcification process at any time subse-
quent to the deposition of the Lede Formation. Yet
it must be emphasised that these facies characteris-
tics have not been encountered separately anywhere
else in a decalcified section of the Lede Formation,
The coarsening-upward sand containing goethite
probably represents a remnant of a palaeosol within
the Lede Formation. The sand was deposited under
shallowing conditions and ;subsequently subject to
an oxidising environment. This hypothesis is sup-
ported by the joint occurrence of medium sand and
iron oxides. Both are rather sharply truncated
within the Lede Formation itself and overlain by
fine sand of the normal Ledian facies with a com-
mon iron content. The silicifications are also linked
to this phenomenon, as they are found in the upper
part of the reddish medium sand.

The age of the silicifications is difficult to assess.
The occurrence of a bed of silicified shells at the
base of the Asse Clay suggests that the fossils were
reworked in that state. The source of the silica is
also problematic. In the Belgian Eocene, several
formations contain siliceous sandstones cemented
by opal and chalcedony, originating from biogenic
silica. Concretions of this kind do not occur in the
Lede Formation. The sandstones from the Einsdale
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facies are cemented by epitaxial rims of quartz, as in
quartzite. This type of cementation was not found
anywhere else in the Belgian Eocene. Quartzite-like
sandstones have been described from continental
deposits of the Palacocene Landen Formation (de
Geyter, 1980). These originated from silcrete-like
soil formation. However, the Landenian sandstones
contain structures of continental origin, such as
plant roots and silicified wood fragments.

— Northern Belgium

- Kallo borehole [BGS 27 E 148], co-ordinates: x =
144.9, y = 218.0; Mol borehole [BGS 31 W 237],
co-ordinates: x = 198.4, y = 211.8; Oostham bore-
holes [BGS 46 E 179], co-ordinates: x = 204.5,y =
198.7/[BGS 46 E 180], co-ordinates: x = 206.7,y =
199.3. The Lede Formation in northern Belgium
has been studied in borehole sections at Kallo
(between 180 and 183 m) (Fobe, 1988), Mol
(between 315.9 and 336.4 m), Kwaadmechelen
(BGS 46 E 179, between 202.90 and 209.05 m) and
Oostham (BGS 46 E 180, between 220 and 231.5
m) (Fobe, 1989). With the exception of the basal
gravel, no coarse-grained deposits have been found
associated with stone layers. Grain size distributions
of several samples from Kallo and Mol have been
analysed. They are more or less similar to those
determined for the outcrop areas. Little vertical
evolution is observed in each borehole. At Kallo,
between 20 and 30% of the sand is coarser than 125
pm. At Mol, where the Lede Formation is at least
twice as thick (20 m) as normal, a slight fining-
upward trend has been observed in the lowermost 5
m, followed by a slight coarsening-upward trend.
The fraction coarser than 125 pm nowhere exceeds
10%.

FACIES DISTRIBUTION

Due to tectonic movements, the southern border of
the Cambro-Silurian Brabant Massif was inundated
several times subsequent to the Cretaceous. In the
Ronse area, Cretaceous and Palaeocene deposits
are very thin or even missing. In the underground of
Cassel, the Cretaceous is more than 100 m thick
(Legrand, 1968). Furthermore, the Eocene sequence
here is more complete than in the Ronse area and it
resembles the succession recorded in the Kallo
borehole in northern Belgium.

The Ronse arca was influenced to a greater
extent by the oscillating movements of the Brabant
Massif, which may also have occurred during the
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—— Thickness Cretaceous (Legrand 1968

Fig. 14. Facies distribution of the Lede Formation in the Belgian
Basin, compared with the thickness evolution of the
Cretaceous (Legrand, 1968).

Late Eocene. This might explain the occurrence of
the Einsdale facies, with its palaeosol, in the Ronse
hills. To the north of this area, between Gent and
Brussel, the Lede Formation is characterised by sed-
imentary breaks, accompanied by calcareous sedi-
ments, erosion and internal reworking of coarse-
grained elements in times when the sea floor came
under the influence of storm waves. As already men-
tioned, such storm deposits sometimes show a lat-
eral extension of tens of kilometres in the region
between Gent and Brussel.

In boreholes in northern Belgium, the gravelly
beds seem to be missing. Probably, the sea was too
deep to allow storm waves to reach the sea floor.
This increase in depth of the Ledian sea in northern
Belgium was also mentioned by Kaasschieter
(1961). The Lede Formation in the Ursel borehole
and at Cassel belong to this facies belt as well.
Although only a few observation points are avail-
able, the facies distribution of the Lede Formation
appears to reflect the thickness pattern of the under-
lying Cretaceous, as mapped by Legrand (1968).

CONCLUSIONS

Three depositional facies (the Meldert, Mont des
Récollets and Einsdale facies) are recognised within
the Lede Formation. Their distribution is shown in
Fig. 14, together with the thickness evolution of the
underlying Cretaceous (data from Legrand, 1968).
In the Meldert facies, which outcrops between
Gent, Brussel and Ronse, the formation is charac-
terised by a general fining-upward trend of the grain
size distribution. The total amount of sand remains
constant, but fractions coarser than 90 pm gradu-



ally disappear. Several internal erosion surfaces
occur within the Lede Formation, often associated
with sandy limestone layers. Such complexes of
limestone and gravel may persist laterally over tens
of kilometres and they show storm-generated sedi-
mentary structures. Between each of the gravel
beds, a fining-upward cycle is observed.

The Mont des Récollets facies, as found at Cassel,
Ursel and in northern Belgium, resembles the
Meldert facies, but gravelly intercalations are
absent. Limestone layers mark lower siliciclastic
sedimentation rates without erosion. This could
indicate deposition in deeper water, under storm
wave base. Often, the formation is thicker and con-
tains more stone layers than does the Meldert facies.

The Einsdale facies, a coarse-grained facies with
silicifications and possibly containing a palaeosol,
was found near Ronse. In its type locality, sands of
the Meldert facies pass gradually into the Einsdale
facies and also occur above the latter, with a sharp
contact between the two. The Einsdale facies was
probably deposited wunder shallow nearshore
conditions.

Oscillations of the Brabant Massif may have
influenced the whole mechanism of cyclic sedimen-
tation in the Lede Formation. Siliciclastic sedimen-
tation was interrupted by phases of non-deposition
during which the sand was enriched in authigenic
calcareous material of biogenic origin. Immediately
north of Ronse, between Gent and Brussel, the sea
was shallow enough for the sea floor to be under the
influence of storm waves during periods of the low-
est sea level. Storm layers are encountered at the
base of cycles. In northern Belgium and in the Cas-
sel area, sedimentation took place in deeper water
and phases of lower siliciclastic deposition are only
marked by limestone layers, without erosional sur-
faces. Such conditions seem to have prevailed in the
Cassel area, situated at the same latitude as Ronse,
but in an area less affected by movements of the
Brabant Massif.
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