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Abstract

The literature suggests that the Asquempont fault, a supposedly important reverse fault forming the limit between the Lower
to lower Middle Cambrian and the Ordovician in the Sennette valley, is poorly understood. Nevertheless, this fault is com-
monly equated with a pronounced NW-SE-trending aeromagnetic lineament, the Asquempont lineament, and both the
geometry of the Asquempont lineament and the supposed reverse movement of the Asquempont fault are used to develop
large-scale tectonic models of the Brabant Massif. New outcrop observations in the Asquempont area, the “type locality” of
the Asquempont fault, in combination with outcrop and borehole data from surrounding areas, show that the Asquempont
fault is not an important reverse fault, but instead represents a pre-cleavage, low-angle extensional detachment. This detach-
ment formed between the Caradoc and the timing of folding and cleavage development and is not related to the aeromagnetic
Asquempont lineament. The Asquempont area also contains several relatively important, steep, post-cleavage normal faults.
Apparently, these occur in a WNW-ESE-trending zone between Asquempont and Fauquez, extending westward over Quenast
towards Bierghes. This zone coincides with the eastern part of the WNW-ESE-trending Nieuwpoort-Asquempont fault zone,
for which, on the basis of indirect observations, previously a strike-slip movement has been proposed. Our outcrop observa-
tions question this presumed strike-slip movement. The Asquempont fault may be related to the progressive unroofing of the
core of the Brabant Massif from the Silurian onwards. Possibly, other low-angle extensional detachments similar to the
Asquempont fault occur in other parts of the massif. Possible candidates are the paraconformity-like contacts depicted on the
most recent geological map of the Brabant Massif.

Keywords: Anglo-Brabant fold belt, Lower Palaeozoic, extensional detachment, normal faults

The low-grade Lower Palaeozoic Brabant Massif
(Fig. 1) forms the southeastern part of the largely
concealed Anglo-Brabant deformation belt, one of
the deformation belts of eastern Avalonia. An angular
unconformity separates the deformed Lower Palaeo-
zoic deposits of the massif from overlying relatively
undeformed, diagenetic, Middle Devonian continen-
tal deposits (Fourmarier, 1914, 1921; Legrand, 1967;
De Vos er al., 1993a; Van Grootel et al., 1997). There
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is only evidence for a single progressive deformation,
currently considered to have taken place from the ear-
ly Silurian to the latest Early Devonian, possibly con-
tinuing into the Eifelian (Debacker, 2001; Verniers ez
al., 2002; Debacker et al., 2002).

Outcrops in the Brabant Massif are scarce. Only in
the southern part of the massif, small rivers cut
through the overlying Mesozoic and Cenozoic de-
posits, thus allowing a direct observation of the Lower
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Fig. 1. Geological subcrop map of the Brabant Massif (after De Vos ez al., 1993a and Van Grootel er al., 1997) showing the position of the
study area, the Asquempont lineament and several outcrop and borehole localities used in this study (Asquempont, Bever, Lessines, Quenast,
Schendelbeke, Waregem). Note that the Asquempont lineament, depicted as an unnamed fault on the map of De Vos ez al. (1993a) on the ba-
sis of aeromagnetic data, only recently received its name (Sintubin & Everaerts, 2002).

Palaeozoic rocks. Because of the poor degree of expo-
sure, the architecture of the core of the massif is still
under debate. To overcome this problem, during the
last decade much attention has been paid to geophys-
ical data. High-quality aeromagnetic maps (Chacks-
field er al., 1993; De Vos et al., 1993b; Belgian Geo-
logical Survey, 1994) show the centre of the Brabant
Massif as an aeromagnetic high, attributed to the
magnetite-bearing lowermost Cambrian Tubize For-
mation (de Magnée & Raynaud, 1944; Chacksfield ez
al., 1993; De Vos et al., 1992, 1993a). The southwest-
ern limit of this aeromagnetic high is formed by a
pronounced NNW-SSE-trending aeromagnetic linea-
ment, currently termed the Asquempont lineament
(Fig. 1; Sintubin & Everaerts, 2002). On the basis of
the apparent coincidence in the Asquempont area be-
tween the outcrop trace of the Asquempont fault de-
picted by Legrand (1967) and the trace of the
Asquempont lineament, several researchers attributed
this aeromagnetic lineament to the Asquempont fault
(e.g. Sintubin et al, 1998; Sintubin, 1997b, 1999;
Debacker, 1999; Mansy et al., 1999). In addition,
since Legrand (1967) defined the Asquempont fault
as an important NE-dipping reverse fault (cf. Hen-
nebert & Eggermont, 2002), many authors also con-
sider the aeromagnetic Asquempont lineament as an
important reverse fault and have used this idea to de-
velop large-scale tectonic models for the Brabant
Massif (e.g. De Vos er al., 1993a; Sterpin & De Vos,
1996; Everaerts et al., 1996; De Vos, 1997; Sintubin et
al., 1998; Sintubin, 1997b, 1999; Mansy et al., 1999).

However, from the literature it appears that the
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Asquempont fault was never properly examined, the
fault kinematics are not understood, the age is uncer-
tain, and even its orientation is not clear. From the
19th century onwards geologists have attributed the
stratigraphic gap between the Lower to lower Middle
Cambrian Oisquercq Formation and the lower
Tremadoc Chevlipont Formation in the Asquem-
pont-Virginal area, Sennette valley, to the activity of
an important fault (Fig. 2). Both Dumont (1848) and
Malaise (1873, 1908) mention an abrupt, tectonic
contact between the Cambrian and the Ordovician.
According to Fourmarier (1914, 1921), however,
there is no evidence for a tectonic contact in the
Asquempont-Virginal area. Without presenting any
evidence, Mortelmans (1955) puts forward an impor-
tant N-dipping thrust in the same area and labels it
the Virginal fault. Following the construction of the
new Brussels-Charleroi canal, Legrand (1967)
changes the name of this fault to Asquempont fault.
He describes it as a steeply N-dipping zone, with ex-
tensive brecciations and numerous quartz veins,
forming the limit between the Oisquercq Formation
and the Chevlipont Formation and, without clear ar-
guments, puts forward a reverse movement with a
sinistral component. To date, this is still the most ex-
tensive, and most used (e.g. Hennebert & Egger-
mont, 2002), description of this fault. However, al-
though in the Asquempont area the limit between the
Oisquercq Formation and the Chevlipont Formation
was attributed to this supposedly important fault
(Fig. 2), in other outcrops several researchers claim to
have observed a gradual transition or a conformable
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Fig. 2. Synthetic chart of the chronostratigraphical position of the
formations mentioned in this paper, taken from Verniers ez al.
(2001). The absolute time-scale is that of Gradstein & Ogg
(1996). In the Sennette valley, the Asquempont fault juxtaposes
the Chevlipont Formation and the Oisquercq Formation, hereby
removing the Mousty Formation and parts of the former two for-
mations.

contact between both formations (e.g. Fourmarier,
1914, 1921; Vanguestaine, 1977; Lenoir, 1987; Ser-
vais et al., 1993), whereas in the Lessines borehole, in
the Dendre valley, this contact appears to be formed
by a microconglomerate (Herbosch et al, 1991;
Vanguestaine, 1991). These observations are difficult
to reconcile with the idea of an important fault struc-
ture.

In this paper the Asquempont fault is described
and re-defined in its ‘type locality’. These new obser-
vations are linked with observations from other out-
crop areas and boreholes and finally the data are
compared with aeromagnetic data. This results in an
entirely different image than that based on the origi-
nal description of Legrand (1967).
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Geological setting

The Asquempont-Virginal area is situated in the Sen-
nette valley, in the southern part of the Brabant Mas-
sif, 25 km to the SSW of Brussels (Fig. 1). The
Asquempont fault occurs in the sub-vertical northern
limb of a hectometre-scale synform with a step fold-
like geometry and a S-verging asymmetry (the
Asquempont synform; Debacker et al, 2001).
Throughout the study area, cleavage dips moderately
to steeply towards the NE and generally shows a
small-angle divergent cleavage fanning across the
folds. The cleavage/bedding intersection and fold
hinge lines are sub-horizontal to gently plunging (Fig.
3). A small angle axial cleavage transection is com-
mon (sensu Johnson, 1991), the sense of which may
vary from fold to fold. This variation in sense and
amount of cleavage transection, in combination with
the small changes in fold hinge line orientation, may
be attributed to a periclinal fold shape (cf. Debacker
et al., 1999). As in the other outcrop areas of the Bra-
bant Massif (Sintubin, 1997a, 1999; Sintubin et al.,
1998; Debacker et al., 1999, 2001; Debacker, 1999,
2001, 2002; Belmans, 2000) tectonic folding is coge-
netic with cleavage development.

The outcrops in the Asquempont-Virginal area can
be combined into three large sections, thus enabling a
study of the lateral prolongation of the deformation

: contours of poles to
bedding (n = 808)

+ : pole to cleavage (n = 604)

o :cleavage/bedding intersection (n = 168)
O : Beta-axis of bedding: fold axis

<+ : Beta-axis of cleavage

—————— : best fit girdle through
bedding poles
: mean cleavage plane

Fig. 3. Lower hemisphere equal area stereographic projection
showing bedding, cleavage and cleavage/bedding intersection data
from the Asquempont-Virginal area. The data are taken from out-
crops labelled in figure 4.
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shown are the positions of the section line along the Bief 29 section (Fig. 8) and of the section line along the Virginal railway section (Fig. 9).
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F8 forms the “true” contact between the Ois-
quercq Formation and the Chevlipont
Formation (Lower Tremadoc). This fault pre-
dates cleavage development and is affected by
the post-cleavage overturning, normal faulting
and F7. Local post-cleavage slip zones along
parts of F8 probably formed during overturning
of bedding and cleavage (flexural slip).

Tremadoc Chevlipont Formation are not observed in this fault zone.

F7: semi-ductile to brittle post-cleavage fault zone, truncating F8 and as such only
apparently forming the Cambrian-Ordovician contact. F7 testifies of several episodes of
movement, the early episodes accompanied by fold development, the later episodes by
mainly brittle deformation. Note that although the fault rock is dated as lower Tremadoc
by means of acritarchs (Lenoir, 1987), the lithological aspects characteristic of the lower

40118

Fig. 5. The classical outcrop of the Asquempont fault (Legrand, 1967), in the southern part of outcrop central Asquempont section 2, along
the central Asquempont section, after removal of debris and vegetation. See text for explanation and figure 4 for location. Distances, ex-
pressed in metres, are based on kilometre posts along the E-side of the canal.

related to and surrounding the Asquempont fault
(Fig. 4). The classical outcrop of this fault, as de-
scribed by Legrand (1967), along the E-side of the
new Brussel-Charleroi canal, forms part of the central
Asquempont section. The Bief 29 section is com-
posed of outcrops along the eastern side of an isolated
part of the old (i.e. pre-1962) Brussel-Charleroi
canal. The Virginal railway section (cf. Mortelmans,
1955) consists of outcrops along an abandoned rail-
way to the NW of the Bief 29 section and the central
Asquempont section.

Seven different formations occur in the study area,
the youngest being the middle Caradoc Bornival For-
mation, the oldest the Lower to lower Middle Cam-
brian Oisquercq Formation. A detailed description of
the different formations can be found in Verniers et al.
(2001).

Macroscopic observations
The central Asquempont section 2: the classical outcrop of

the Asquempont fault
Distances along this outcrop are expressed in metres
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along the E-side of the canal, from Charleroi to Brus-
sels. At the time of this study, the outcrop was covered
with vegetation and debris. Removal of this cover
showed that, even on the basis of geometry alone, this
outcrop contains much more information and is more
complex than what is presented by Legrand (1967).
At least three large structural elements can be distin-
guished (Fig. 5).

Anuformal structure north of the fault zone
Between 40140 and 40120 m the cleavage in the Ois-
quercq Formation is deformed into a sub-horizontal
to gently NW-plunging open antiformal structure
(Fig. 5, Fig. 6A). Where observable, bedding orienta-
tions show that the angle between bedding and cleav-
age remains the same (32 t 10°). As such, this defor-
mation post-dates the cleavage-related tectonic fold-
ing. Several small reverse faults occur, sub-parallel to
the cleavage, with a direction of displacement orient-
ed perpendicular to the axis of the antiformal struc-
ture. Where present, the fault material is a crush brec-
cia to protocataclasite.

The antiformal structure and the cleavage-parallel
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Fig. 6. Lower hemisphere equal area stereographic projections of the semi-ductile and brittle post-cleavage deformation in the classical out-
crop of the Asquempont fault, southern part of outcrop central Asquempont section 2 (cf. Fig. 5). A) deformation in the antiformal structure
to the north of F7: overturning of cleavage and bedding, with bedding- and cleavage-parallel slip planes, affected by two small steeply dipping
faults; B) folded anisotropy in F7, with fold axes trending sub-parallel to the trend of the fault zone; C) small faults within F7, of which the
individual measurements are contoured and the mean orientations are shown as great circles. Note the predominantly dip-slip displacements
along the faults and the sub-parallelism between the faults and the regional structural trend (cf. Fig. 3).

slip planes are cut by sub-vertical faults, with a small
down-throw towards the south (< 0.5 m), and a pre-
dominantly dip-slip displacement. The fault material
is a fine crush breccia to protocataclasite. Towards the
south (between 40118 and 40119.5 m) this structure
is truncated by the Asquempont fault sensu Legrand
(1967).

The Asquempont fault sensu Legrand (1967): F7

Between 40119.5 and 40114 m a very distinct, sub-
vertical to steeply dipping quartz vein-rich zone of in-
tense deformation occurs (Fig. 5), apparently separat-
ing the Oisquercq Formation (greenish grey mud-
stone) from the upper Arenig unnamed unit of the
Abbaye de Villers Formation (black mudstone to
blue-grey fine sandstone) (Verniers er al, 2001;
Samuelsson & Verniers, 2000). The black to dark grey
rocks inside the deformation zone yielded a biostrati-
graphic age of early Tremadoc (acritarchs) and are
considered to belong to the Chevlipont Formation
(Lenoir, 1987). It should be mentioned, however,
that, due to the deformation, sedimentological fea-
tures characteristic of the Chevlipont Formation can-
not be observed inside the deformation zone and
that, lithologically, the deformed rocks may belong to
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any formation predominantly composed of black to
grey mudstone to siltstone.

A very distinct sub-vertical to steeply dipping folia-
tion is present, predominantly along the N-side of the
fault zone. This foliation is deformed into numerous
centimetre- to decimetre-scale folds, with sub-hori-
zontal to moderately plunging hinge lines, trending
parallel to the fault zone (Fig. 5, Fig. 6B). A dark pro-
tocataclasite to cataclasite is present in the central
and southern part of the fault, locally containing mil-
limetric zones of ultracataclasite, cut by at least two
sets of small normal faults (Fig. 5, Fig. 6C). Centime-
tre to decimetre-thick quartz veins cross-cut the small
folds and the (proto-)cataclasite in the central parts of
the fault zone. In turn, the veins are deformed by
small, steeply SW-dipping normal faults (Fig. 5, Fig.
6C). In the middle and upper part of the outcrop, the
dark bluish grey to black Ordovician rocks are sepa-
rated from the pale, greenish grey overturned rocks of
the Qisquercq Formation by a 5 cm-thick protocata-
clasite to cataclasite (Fig. 7A). Although this seems
compatible with the description of Legrand (1967),
observations in the lower part of the outcrop show
that this is not the original contact between the Lower
to lower Middle Cambrian and the Ordovician.
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Fig. 7. Two different types of tectonic contacts between the dark grey to black Ordovician rocks and the greenish grey (grey on figure) mud-
stone of the Lower to lower Middle Cambrian Oisquercq Formation in outcrop central Asquempont section 2. A) Brittle post-cleavage con-
tact formed by F7 (sample TD147); B) pre-cleavage contact: the trace of the cleavage is marked in white (sample TD156). Note that in B the
cleavage crosscuts the contact between the two different lithologies. The long side of A is inclined 20 to 30° to the SW, whereas in B the cleav-

age is sub-horizontal to gently inclined to the E.

The contact between the Cambrian and the Ordovician:
F8

In the lower part of the outcrop, between 40120 and
40125 m, in the antiformal overturned part, non-
brecciated deposits of the Chevlipont Formation oc-
cur, separated from the overlying overturned Ois-
quercq Formation by a 0.5-1 m-thick zone (F8) con-
sisting of lenses of the Chevlipont Formation and the
Oisquercq Formation (Fig. 5). The contacts between
the different lenses are usually sharp and welded and
the cleavage remains undisturbed as it passes through
them (Fig. 7B). This suggests a pre-cleavage origin. In
this zone, several striation-bearing, cleavage-parallel
slip surfaces are present. Since these also occur in the
overlying overturned part of the Oisquercq Forma-
tion and post-date cleavage development they are not
considered related to F8. Only at one locality in F8, a
small infilled post-cleavage slip zone coincides with a
contact between lenses of Cambrian and Ordovician
rocks, suggesting a local reactivation of parts of F8.
This ‘true’ contact between the Oisquercq Formation
and the Chevlipont Formation (F8) is, in turn, de-
formed into an antiformal structure and truncated by
the large fault zone (F7) and the small sub-vertical
normal faults.

Normal faults south of F7

Around 40085 m a steep, quartz vein-bearing, post-
cleavage semi-ductile to brittle deformation zone is
present (F12), similar to F7. As argued by Legros
(1991), the presence of the Abbaye de Villers Forma-
tion (including the unnamed unit) both to the north
and to the south of this deformation zone suggests a
relatively small displacement. Possibly this fault rep-
resents a splay of F7. In the densely covered slope be-
tween 40080 m and 39830 m, the distribution of the
Abbaye de Villers Formation and the Tribotte Forma-
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tion suggests the presence of several N-dipping nor-
mal faults with a relatively small displacement.

In addition, further to the south, towards the
Fauquez area, between 39500 and 38000 m, recent
observations have evidenced the presence of several,
relatively important, steep, post-cleavage normal
faults (Debacker er al., 2001; Debacker, 2001; Van
Grootel ez al., 2002).

The Bief 29 section

Distances along the NE-side of this bend of the old
canal are measured starting from the eastern extremi-
ty, closest to the bridge of Asquempont (see Fig. 4 for
location). The 260 m-long section shown in Fig. 8
comprises the Ittre Formation, the Rigenée Formation
and the Abbaye de Villers Formation. The largest out-
crop of the Ittre Formation (outcrop Bief 29 section 1)
is a temporary outcrop, which only emerged during
extremely low water levels caused by workings. The
same accounts for the northernmost part of the Ab-
baye de Villers Formation (outcrop Bief 29 section 3).

Large-scale kink band

The most apparent feature of this section is a large-
scale sigmoidal change in cleavage dip (between 550
and 700 m, Fig. 8). Apart from some brittle cleavage-
parallel slip surfaces, the zone with the lowest cleav-
age dip does not show evidence for strong shearing,
nor does it reflect higher strains than the surrounding
rocks. The structure is interpreted as a large-scale,
100 m wide kink band with steeply SW-dipping kink
band boundaries (cf. Goscombe et al., 1994). The lo-
calised cleavage-parallel slip zones may result from
flexural slip during kink band development.

Faults
A reverse moderately NE-dipping fault (F9) with,
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" with volcanic intercalation
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Fig. 8. Cross-section along the Bief 29 section (see Fig. 4 for section line). The projected distances are measured along the NE-side of the old
canal (Bief 29), starting from its easternmost extremity. Note the large-scale sigmoidal change of cleavage and bedding. Outcrops are marked

in black.

judging from the stratigraphy, a displacement of mini-
mum 18 metres, separates the Ittre Formation from
the Rigenée Formation. This fault, post-dating cleav-
age development, runs along the axial surface of a
small antiform with a step fold-like geometry (Fig. 8).
The Rigenée Formation, in turn, is separated from
the Abbaye de Villers Formation by a wide, post-
cleavage fault zone (F10; Fig. 8), characterised by a
semi-ductile deformation of the cleavage and a fine
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crush breccia to protocataclasite. The protocataclasite
zones are cross-cut by numerous small faults, testify-
ing of several episodes of movement. Striations on the
fault planes indicate a dip-slip movement. Although
the sense of slip could not always be determined on
the fault surfaces, the steeply SW-dipping orientation
of the faults, combined with the stratigraphic jump
across this fault zone, implies a normal displacement,
estimated at minimum 200 m. A similar fault zone is

Kink band boundary SW

tZone of slump folds
Chevlipont Fm. @ Oisquercq Fm.

Cleavage

Fig. 9. Cross-section along the Virginal railway section (see Fig. 4 for section line), showing the Cambrian-Ordovician limit (F8), with four
possible traces (F8a and F8d assuming a post-folding origin, F8b and F8¢ assuming a pre-folding origin), the likely position of F10 (cf. Fig.
8), and the inferred large-scale kinking of bedding and cleavage. Outcrops are marked in black and distances are expressed in railway kilome-

tres.
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encountered around 600 m (F11; Fig. 8). There,
however, the pronounced semi-ductile deformation of
the cleavage, combined with the abundance of lo-
calised post-cleavage crush breccias, and the width of
the fault zone relative to the height of the outcrop, do
not allow to determine the fault zone orientation.
Small faults in this zone are steeply S-dipping and in-
dicate a dip-slip down-throw towards the south.

The Virginal railway section

Although not as well exposed as the Bief 29 section,
the Virginal railway section covers more formations
and clearly shows the contact between the Lower to
lower Middle Cambrian Oisquercq Formation and
the lower Tremadoc Chevlipont Formation (Fig. 9,
see Fig. 4 for location).

The contact between the Cambrian and the Ordovician:
F8

This contact consists of a several metre-wide zone in
which lenses of the Chevlipont Formation are repeat-
edly encountered in between rocks of the Oisquercq
Formation and vice versa. An important difference
with the faults along the Bief 29 section and the cen-
tral Asquempont section is the absence of post-cleav-
age fault fabrics and semi-ductile cleavage deforma-
tion. In outcrop and on cut hand specimens the cleav-
age can be seen cross-cutting the boundaries between
the fragments of the two different formations (cf. Fig.
7B). Hence, faulting pre-dates cleavage. Several
planes with (dip-slip) striations are present. However,
these are not restricted to this fault zone, and since
they crosscut the cleavage they are not considered re-
lated to F8.

The orientation of this fault zone is difficult to de-
termine. A comparison of the position of the fault
zone in both railway trenches points to a strike of
320° to 330°, oblique to the cleavage. In outcrop, the
fault zone appears to be steeply dipping. However,
because of the small height of the outcrop in compar-
ison to the width of this fault zone, the overprint of
the steeply to moderately NE-dipping cleavage and
the absence of measurable pre-cleavage fault planes,
the exact dip and the cut-off angle with bedding re-
main uncertain (Fig. 9).

Large-scale kink band

By analogy with the Bief 29 section, the change in
cleavage orientation in the Rigenée Formation and
the lower part of the Ittre Formation in the southern
part of the section is interpreted as a large-scale kink
band with steeply SW-dipping kink band boundaries
(Fig. 9). It should be taken into account that because
of the scarcity of outcrops this part of the section is
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not very well constrained. Nevertheless, the observa-
tions suggest that the apparent width of the kink band
is larger than in the Bief 29 section and that not one
but two large-scale kink bands seem to be present. Ei-
ther this is a result of faulting (F11?) or a result of
kink band bifurcation (cf. Dubey & Cobbold, 1977).

Fault fabric

Fault zone F7

The foliated rock in fault zone F7 consists of an alter-
nation of dark-coloured quartz-rich bands with a
large amount of opaque material and beige to pale-
grey phyllosilicate-rich bands. The bands are usually
0.5 to 5 millimetres thick. At first sight this particular
disposition shows resemblance to a fabric resulting
from metamorphic differentiation, i.e. a pressure so-
lution-related preferential concentration of quartz on
the one hand and mica on the other hand, giving rise
to quartz and mica bands at high angles to the origi-
nal, destroyed fabric (see Cosgrove, 1976; Price &
Cosgrove, 1990). However, although often having an
ondulose extinction and showing evidence of recrys-
tallisation, the detrital nature of the quartz grains is
still recognisable. In addition, in general these quartz
grains do not show a preferred elongation and strain
shadows have not been observed. Hence, these
quartz-rich bands most likely reflect bedding. The
phyllosilicate-rich bands almost entirely consist of
white mica and chlorite-mica stacks, with a preferred
alignment sub-parallel to the sub-vertical foliation.
Within these phyllosilicate bands a disjunctive cleav-
age occurs, with microlithons generally 25 to 50 mi-
crons wide. This steeply NE-dipping cleavage occurs
at a very small angle (< 30°) to the sub-vertical folia-
tion reflected by the banding. This disposition is iden-
tical to the disposition of bedding and cleavage in the
unnamed unit, directly south of F7 (cf. Fig. 5).

Throughout the small folds within F7, the angle
between cleavage and bedding remains the same.
Hence, these folds post-date cleavage. Within these
folds, both along cleavage and along bedding planes,
small curved slip planes occur, reflecting a down-
throw to the north. This sense of movement also be-
comes apparent from small displacements of millime-
tre-scale, quartz-infilled fractures oriented at high an-
gles to the bedding in the sub-vertical limbs of the
small folds.

The larger veins in F7, cross-cutting the foliation
and the folds, contain a quartz and carbonate infill,
with occasionally some chlorite. Locally the relatively
undeformed carbonate takes up the largest portion of
the veins, acting as a matrix for the deformed quartz
crystals. These veins are deformed by small normal
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faults, running sub-parallel to the foliation, with a
down-throw to the south.

Fault F8

Like the macroscopic observations on oriented hand
specimens, also microscopic observations indicate
that this fault did not form after cleavage develop-
ment. The fault rock consists of a mixture of frag-
ments of greenish-grey mudstone of the Oisquercq
Formation, rich in white mica, and dark grey mud-
stone and pale-coloured siltstone to fine-grained
sandstone of the Chevlipont Formation or the un-
named unit. The limits between the different frag-
ments are crosscut by the cleavage and pressure solu-
tion seams occur around the more competent (Or-
dovician) fragments, indicating that they were isolat-
ed bodies prior to cleavage development. Further-
more, the cleavage does not show evidence of defor-
mation. The only changes in cleavage orientation are
due to cleavage refraction. Thin sections from F8 in
the central Asquempont section occasionally show
small quartz veins cross-cutting the cleavage. Because
these veins do not occur in F8 in the Virginal railway
section, post-date the cleavage and do not show a re-
lationship with the contacts between the different
lithologies inside F8, they are considered related to
the nearby presence of F7.

Discussion

Correlation across the study area

Three types of faults are recognised, two of which post-
date cleavage development. F8, pre-dating cleavage de-
velopment, is encountered in the Virginal railway sec-
tion (Fig. 9), the central Asquempont section (Fig. 5)
and in outcrop Rue de I’ancien canal 1, at the N-side of
the eastern end of the old canal (Bief 29, see Fig. 4 for
location). Since this fault represents the ‘true’ Cambri-
an-Ordovician contact, we define her as the Asquem-
pont fault, by analogy with Legrand (1967).

Of the post-cleavage faults, the reverse faults, as en-
countered along the Bief 29 section (F9, Fig. 8), seem
the least important, both in occurrence as in amount
of displacement. In contrast, numerous post-cleavage
steeply N- and S-dipping normal faults occur. Of
these, F7, wrongly considered to form the Cambrian-
Ordovician contact by Legrand (1967), probably has
the largest displacement (see below). The normal
fault zone F10, encountered in the Bief 29 section,
can be traced towards the east, running in between
outcrops Virginal railway section 2 and 3, and towards
the west, in between outcrops Rue de I’ancien canal 2
and 3 (Fig. 4).

The large-scale kink band can easily be correlated
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between the Virginal railway section and the Bief 29
section. Towards the east, parts of it are encountered
in outcrop Rue de I’ancien canal 3. The northern part
of this kink band shows striking similarities with the
post-cleavage overturning encountered in outcrop
central Asquempont section 2. There, F7 truncates
this kink band, suggesting that F7, like F10 and F11
in the Bief 29 section, formed after kink band devel-
opment.

A geological map of the area was constructed tak-
ing into account all the observations, and keeping the
number of faults as low as possible (Fig. 10). A signif-
icant repetition of the Ordovician formations be-
comes apparent. The only candidate for this repeti-
tion is F7. The structural observations and the strati-
graphic distribution indicate a down-throw to the
north, with an estimated amount of displacement be-
tween 700 and 1000 m.

Although outcrop central Asquempont section 2
shows a juxtaposition of the Chevlipont Formation
and the Oisquercq Formation (F8, Fig. 5), the carto-
graphic distribution of the different rock units sug-
gests that at this locality F8 forms the contact be-
tween the Oisquercq Formation and the Rigenée For-
mation or the Ittre Formation (Fig. 10). This is com-
patible with observations of previous researchers
(Dumont, 1848; Malaise, 1873, 1908), who describe,
close to the lock along the old canal (presently situat-
ed in the middle of the new canal), a deformed zone
of dark grey to black rocks (i.e. Ordovician), contain-
ing magmatic levels, adjacent to greenish rocks (i.e.
Oisquerq Formation). On the basis of Primitia
simplex, Malaise (1908) considered the former rocks
as ‘Llandeilo’, which is now upper Llanvirn-lower
Caradoc. Corin (1963) determined the fine-grained
volcanic nature of the magmatic rocks. To our knowl-
edge, the only volcanic rocks in this area are situated
in the lower part of the middle Caradoc Ittre Forma-
tion (cf. Debacker et al., 2001; Verniers et al., 2001).
Taking into account the large width of F8 in the Vir-
ginal railway section, this apparent discrepancy
(Chevlipont Formation in outcrop versus Ittre/
Rigenée Formation on map) may be explained by ar-
guing that along the central Asquempont section the
outcropping four square metres of the Chevlipont
Formation below F8, does in fact represent a lens of
Tremadoc rocks trapped in F8.

Judging from the relative orientation of F8 and the
different post-cleavage faults on the map, it appears
that, outside of the large-scale kink band, F8 is sub-
vertical to steeply NE-dipping, which corresponds
well with the observations in the Virginal railway sec-
tion (cf. Fig. 9). The apparent strike of this fault
(320°-330°) is oblique to bedding and cleavage.
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Fig. 10. Geological map of the Asquempont area. The repetition of the Upper and Middle Ordovician beds is attributed to F7, whereas the
Cambrian-Ordovician contact is formed by F8. Note the exceptional position of the classical outcrop of the Asquempont fault, situated at the
junction of three large, apparently unrelated structural features: F8, F7 and the large-scale kink band.
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Relative age of the different structures

The orientation of the N- and S-dipping post-cleav-
age normal faults (F6, F7, F10, F11, F12) reflects an
extensional setting (steeply plunging maximum com-
pressive stress), suggesting fault initiation after the

main compressive deformation. As indicated by the
faulted protocataclasites and the locally occurring de-
formed veins with a broken quartz infill, these faults
experienced several episodes of movement. Some of
these faults (F7, F12) experienced relatively high flu-
id pressures, both during the early stages of move-
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Fig. 11. Schematic representation of the nature and position of the Cambrian-Ordovician contact along the E-side of the railway in the Que-
nast area, Senne valley, to the north of the Quenast plug (cf. Fig. 12). Distances are expressed in railway kilometres. Note the repetition of the
different rock units, crosscut by the cleavage.
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Fig. 12. Simplified topographic map of the Rebecq-Ittre area, showing the aeromagnetic contours (taken from Belgian Geological Survey,
1994), the trace of the aeromagnetic Asquempont lineament (cf. Fig. 1 and Fig. 13), the probable trace of the Asquempont fault (F8) be-
tween the Asquempont area to the SE (cf. Fig. 10) and the Quenast area to the NW (cf. Fig. 11), and the several kilometres wide zone of nor-
mal faults between Bierghes and Asquempont, apparently forming the southeastern extension of the Oudenaarde-Bierghes fault zone, which
was incorporated in the Nieuwpoort-Asquempont fault zone by De Vos et al. (1993a; cf. Everaerts et al., 1996; Sterpin & De Vos, 1996). The
trace of the Asquempont fault to the NW of Quenast is based on the distribution of Cambrian and Ordovician deposits depicted on the geo-
logical map of De Vos et al. (1993a), slightly corrected with the aid of unpublished borehole data. Note the discrepancy in orientation and po-

sition between the Asquempont fault and the Asquempont lineament.

ment (quartz veins) and during the later stages of
movement (carbonate infill). The large-scale kink
band, of which the geometry is compatible with the
orientation of the principal stress axes responsible for
normal faulting (cf. Paterson & Weiss, 1966, Price &
Cosgrove, 1990), probably formed slightly before or
during the early stages of normal faulting. Possibly,
some of the normal faults developed preferentially
along zones of weakness generated by the large-scale
kink band.

The reverse fault F9 (Fig. 8, Fig. 10), of which
movement post-dates cleavage development, formed
during compression. Its particular disposition along
an antiformal hinge zone may suggest fault initiation
related to fold development.

At present, not taking into account the few welded
faults related to slumping (e.g. Debacker ez al., 2001),
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F8 appears to be the only known pre-cleavage fault in
the Brabant Massif (cf. Fourmarier, 1921; Legrand,
1967; Debacker et al.,, 1999, 2001; Belmans, 2000;
Debacker, 2001, 2002). In the Brabant Massif cleav-
age is considered to have formed cogenetically with
folding (Sintubin ez al., 1998; Sintubin, 1997a, 1999;
Debacker et al., 1999, 2001, 2002; Debacker, 2001).
Therefore, since F8 pre-dates cleavage development,
it should also pre-date folding.

Correlation with other outcrop areas and boreholes: nature
and age of the faults

The Asquempont fault, F8

Along the railway in the Quenast area, Senne valley,
situated a few kilometres to the west of the Sennette
valley, a steeply dipping pre-cleavage tectonic contact
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ment (cf. Fig. 1; De Vos et al., 1993a), the trace of the aeromagnetic lineament associated with the Nieuwpoort-Asquempont fault zone (cf.
Fig. 1; De Vos et al., 1993a), the position of the study area and of several outcrop and borehole localities in which a tectonic contact is en-
countered between Cambrian and Ordovician formations that strongly resembles the Asquempont fault (F8). Belgian Lambert coordinates

are added for a better orientation (cf. Fig. 1).

occurs between steeply dipping beds of the Oisquercq
Formation to the north and the Chevlipont/Abbaye
de Villers Formation to the south (Fig. 11, Fig. 12)
(cf. Vanguestaine, 1977; Lenoir, 1987). The nature of
this contact is practically identical to that of the
Asquempont fault in the Virginal railway section in
the Sennette valley.

In the unexposed areas to the west of Quenast, sev-
eral boreholes show sub-horizontal to gently dipping
Ordovician and Cambrian deposits, separated by a
pre-cleavage contact zone strongly resembling F8 (see
Fig. 1 & Fig. 13 for location). At Bever (borehole
383DB1) sub-horizontal Upper Ordovician rocks
(probably Caradoc; dated biostratigraphically with
chitinozoans; Verniers, unpub. data) are separated by
a sub-horizontal zone of pre-cleavage deformation
(Debacker, 1998) from underlying deposits of the
Oisquercq Formation. In the Lessines borehole, the
sub-horizontal contact between sub-horizontal sedi-
ments of the Lower Ordovician Chevlipont Forma-
tion and the underlying Lower to lower Middle Cam-
brian Oisquercq Formation, originally described as a
“micro-conglomerate” by Herbosch er al. (1991),
shows very strong similarities with F8. A similar con-
tact between Ordovician rocks and underlying Lower
to lower Middle Cambrian rocks has also been ob-
served in boreholes at Schendelbeke and Waregem
(DeVos, pers. comm. 1999).

Provided the correlation between the tectonic con-
tacts observed in outcrops and boreholes is valid, it
appears that F8 not only pre-dates cleavage, but, as
expected, also pre-dates folding. More importantly,
since this fault places younger deposits on top of old-
er deposits, it is a normal fault instead of a reverse
fault. Hence, the Asquempont fault, F8, can be re-
garded as a pre-cleavage and pre-folding low-angle
extensional detachment.

In the Asquempont-Virginal area, the youngest
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beds cut by F8 appear to belong to the Rigenée For-
mation or the base of the Middle Caradoc Ittre For-
mation. In the Bever borehole the deposits directly
above the Oisquercq Formation are of Late Ordovi-
cian age, probably Caradoc. As such, movement
along F8 can be confined to the period spanning the
Caradoc to the time of cleavage and fold develop-
ment.

Large post-cleavage normal faults

Although a certain bias may be present due to the de-
gree of exposure and the time spent studying the dif-
ferent outcrop areas, important, steeply dipping,
post-cleavage normal faults like those encountered in
the ~3 km wide zone in the Sennette valley between
the Asquempont-Virginal area to the north and the
Fauquez area to the south (cf. Debacker ez al., 2001;
Debacker, 2001; Van Grootel et al., 2002) appear to
be rather scarce in the outcrop areas to the east of the
Sennette valley (Dyle, Orneau and Mehaigne valleys;
Belmans, 2000; Debacker, 2001, 2002; Herbosch &
Lemonne, 2000; Herbosch et al., 2002). However, in
the outcrop areas to the west of the Sennette valley
similar, steeply dipping normal faults, often contain-
ing a quartz and/or carbonate infill, seem abundant
(Fig. 12; cf. figs. 1 & 13). Several of these are present
in the Senne valley in the surroundings of the Que-
nast plug (Debacker, 2001; Herbosch, unpub. data;
cf. André & Deutsch, 1985) and new observations in-
dicate that also the presumed mylonitic strike-slip
shear zones cross-cutting the sill at Bierghes (André &
Deutsch, 1985) are in fact steeply N-dipping normal
faults, reactivating the pre-existing cleavage fabric. Al-
so in the unexposed parts of the Brabant Massif, fur-
ther to the WNW, numerous boreholes show brecciat-
ed rocks cemented by a quartz and/or carbonate ma-
trix (Legrand, 1968). The WNW-ESE-trending zone
of brecciation, apparent from these borehole observa-
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tions, was labelled the Oudenaarde-Bierghes fault
zone by Legrand (1968). On the basis of geophysical
data and stratigraphic jumps inferred from borehole
data, De Vos ez al. (1993a) extended this fault zone
towards the east and towards the west and labelled it
the Nieuwpoort-Asquempont fault zone. The appar-
ent scarcity of important normal post-cleavage faults
to the east of the Sennette valley, the similarity and
parallelism between these faults in the study area and
those at Bierghes and Quenast, and the alignment of
these three outcrop areas, lying in the eastward exten-
sion of the Oudenaarde-Bierghes fault zone (Fig. 12,
Fig. 13), suggests that these faults may form part of
the same large fault zone, i.e. the eastern part of the
Nieuwpoort-Asquempont fault zone of De Vos et al.
(1993a).

Based on poor, indirect evidence from the Bierghes
sill, André & Deutsch (1985) put forward a strike-slip
movement of unknown sense and amount of displace-
ment along parts of the Oudenaarde-Bierghes fault
zone. This idea was shared by Everaerts et al. (1996)
and Sterpin & De Vos (1996), who, on the basis of
aeromagnetic, geochemical, hydrochemical and AF-
MAG lineaments in the unexposed parts of the Bra-
bant Massif, interpreted the Nieuwpoort-Asquem-
pont fault zone as the mean shear plane of a sinistral
Riedel system and hence concluded a sinistral sense
of movement. However, the absence of strike-slip in-
dicators in outcrop and the consistent normal sense
of movement along the observed faults are difficult to
reconcile with this supposed strike-slip movement.

The nature of the large normal post-cleavage faults
(quartz veins, semi-ductile cleavage deformation)
suggests development at a certain depth. Hence, con-
sidering the Late Palaeozoic and younger history of
the Brabant Massif (cf. Patijn, 1963; Van den haute &
Vercoutere, 1989), it does not seem likely that these
faults originated after the Givetian unconformity.
This pre-unconformity initiation is compatible with
the Lochkovian to Namurian age of normal faulting
in the eastern part of the Brabant Massif (Poty,
1991), can be reconciled with the Rb-Sr isotope re-
settings between the middle Eifelian and the late
Frasnian (time-scale of Gradstein & Ogg, 1996), con-
sidered to mark movements along parts of the Qude-
naarde-Bierghes fault zone (André & Deutsch, 1985),
and also matches the data from Ronquiéres, four kilo-
metres to the south of the study area, where normal
faults formed prior to the Givetian conglomerate de-
position (Debacker er al., 1999) as well as during and
after deposition of the Givetian (Legrand, 1967; De-
backer et al., 1999). As evidenced by outcrop obser-
vations many of these normal faults were later reacti-
vated. According to hydrochemical studies (Sterpin &
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De Vos, 1996) and recent earthquakes (Camelbeeck,
1993, 1997) parts of the Nieuwpoort-Asquempont
fault zone are still active (cf. De Vos, 1997).

Comparison with aeromagnetic data

Although in the Asquempont-Virginal area both
traces seem parallel, the trace of F8, the Asquempont
fault, as defined in this paper, is situated 1.5 km to
the southwest of the pronounced aeromagnetic
Asquempont lineament (Fig. 12). It might be argued
that this is compatible with the steep NE-dip of the
Asquempont fault: since the aeromagnetic lineament
corresponds to the position of the fault at depth it
shows up to the northeast of the fault outcrop trace.
However, a larger-scale picture demonstrates that
both features are unrelated. When the outcrop posi-
tion of F8 in the Senne valley is taken into account,
an apparent trace of approximately 300°-120° is ob-
tained (figs. 12 & 13), coinciding with the trace of the
Virginal fault drawn by Mortelmans (1955; cf. Beug-
nies in Waterlot ez al., 1973). This trace is oblique to
that of the aeromagnetic Asquempont lineament.
Furthermore, when also the borehole data (e.g.
Lessines, Bever, Waregem, Schendelbeke) are incor-
porated (Fig. 13), it becomes clear that F8 cannot be
related to this aeromagnetic lineament.

Between Asquempont and Quenast and extending
some 10 km further to the northwest, the mapped
trace of the Asquempont fault apparently coincides
with a very weak aeromagnetic lineament (Fig. 12).
Considering the inferred low cut-off angle with bed-
ding, the pre-folding nature of the Asquempont fault
and the presence of a rather thick mass of rocks of the
Oisquercq Formation in the footwall of this fault,
having comparable to only slightly higher magnetic
susceptibilities than those of the Ordovician rocks in
the hanging wall (De Vos et al., 1992), the aeromag-
netic gradient associated with the contact between
these lithologies is indeed expected to be very weak, if
visible at all.

The Oudenaarde-Bierghes fault zone (Legrand,
1968; André & Deutsch, 1985) coincides with a seg-
ment of a relatively wide, irregular, WNW-ESE-trend-
ing aeromagnetic and gravimetric lineament running
from Asquempont to Nieuwpoort (Fig. 13, cf. Fig. 1,
Fig. 12), called the Nieuwpoort-Asquempont fault
zone by De Vos er al. (1993a; cf. Chacksfield er al.,
1993). The large normal post-cleavage faults encoun-
tered in the Asquempont-Virginal-Fauquez area,
those from the Quenast area and the Bierghes sill and
the brecciations of the Oudenaarde-Bierghes fault
zone all lie within the zone occupied by this geophysi-
cal lineament, thus supporting the correlation be-
tween the observed normal faults and the eastern part
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1. Development of F8, placing Ordovician

deposits (white) on top of the Lower to lower
Middle Cambrian Oisquercq Formation (grey)

—————,

—_————

2. Folding and cleavage
development with formation
of the Asquempont synform

3. Kink band development
in the northern limb of the
Asquempont synform

4. Development of F7,
displacing both the kink
band and F8

b4

Outcrop .
level

Fig. 14. Schematic representation of the consecutive development of 1) the Asquempont fault as defined in this study (F8), 2) folding and
cleavage (e.g. the Asquempont synform, Debacker ez al., 2001), 3) the large-scale kink band and 4) the steep normal fault F7, thus offering an
explanation for the structural complexity of the classical outcrop of the Asquempont fault and the Asquempont-Virginal area.

of the Nieuwpoort-Asquempont fault zone. However,
although locally strike-slip movements may have oc-
curred along this fault zone, our observations suggest
that at least its eastern part essentially consists of N-
and S-dipping, post-cleavage normal faults.

Conclusions

Although many researchers have advocated the im-
portance of reverse and strike-slip faults in the Senne-
Sennette outcrop area and further to the west (e.g.
Mortelmans, 1955; Legrand, 1967; André &
Deutsch, 1985, Sterpin & De Vos, 1996; Everaerts et
al., 1996; Hennebert & Eggermont, 2002), new out-
crop observations from the Senne-Sennette valley, in
particular from the Asquempont-Virginal area, “type
locality” of the Asquempont fault, indicate that the
most important faults appear to be normal faults.

In the area between Fauquez, Asquempont-Vir-
ginal, Quenast and Bierghes, a large number of steep,
N- and S-dipping post-cleavage and post-folding nor-
mal faults are encountered. At least several of these
originated prior to deposition of the Givetian con-
glomerates and many experienced reactivation. These
large normal faults most likely form part of the
WNW-ESE-trending Nieuwpoort-Asquempont fault
zone. At present, there is no kinematic evidence for
strike-slip movements along this fault zone.

In contrast to the opinion of Legrand (1967), the
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real contact between the Lower to lower Middle
Cambrian and the Ordovician in the Asquempont
area is formed by a several m-wide pre-cleavage fault
(F8). Taking into account the classical definition of
Legrand, (1967), it is this fault that we redefine here-
in as the Asquempont fault (F8). The Asquempont
fault is not a reverse fault, but instead is a low-angle
extensional detachment of which the activity can be
confined to the period between the early Caradoc and
the timing of folding and cleavage development.
There is no relationship between the Asquempont
fault and the aeromagnetic Asquempont lineament.
The structural complexity of the central Asquem-
pont section, the classical outcrop of the Asquempont
fault, and the resulting confusion concerning the na-
ture of the Cambrian-Ordovician contact (cf.
Legrand, 1967) is mainly due to its particular posi-
tion, situated at the intersection between a large post-
cleavage normal fault (F7: the Asquempont fault of
Legrand, 1967), the presently redefined Asquempont
fault (F8) and a large-scale kink band (Fig. 14).
Possibly, the Asquempont fault originated during
the early, Silurian stages of progressive basin inver-
sion as a result of the unroofing of the rising and
steepening Cambrian core of the Brabant Massif
(Debacker, 2001, Sintubin & Everaerts, 2002,
Verniers et al. 2002, Debacker et al., 2002, Sintubin et
al., 2002). According to this hypothesis, similar low-
angle extensional detachments might also be expect-
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ed in the northern part of the Brabant Massif. On the
geological map of De Vos et al. (1993a), a number of
unexplained contacts are shown, resembling paracon-
formities or low-angle unconformities (see Fig. 1). As
shown in this paper, the contact between the Ordovi-
cian (Lower, Middle or Upper Ordovician) and the
Lower to lower Middle Cambrian Oisquercq Forma-
tion in the southwestern part of the Brabant Massif
can, at least partly, be attributed to the Asquempont
fault. However, this contact is also shown in the
northwestern part of the Brabant Massif and appar-
ently continues towards the east, first as the limit be-
tween the Oisquercq Formation and the Middle to
Upper Cambrian Mousty Formation, then as the lim-
it between the lowermost Cambrian Tubize Forma-
tion and the Mousty Formation. Could also these
contacts represent low-angle extensional detachments
similar to the Asquempont fault?
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