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Preface

Studies of long-term seismic activity in any region of
the world require the longest historical perspective as
possible. In most of the regions of Europe, before the
XIIIth and the XIVth centuries, historical sources al-
low to establish a catalogue of felt earthquakes but
the available data give very few information to esti-
mate local intensities and epicentres.

Thus, the knowledge of the seismic activity begins
really at this epoch and covers a time period of less
than 700 years. From that time, sources from differ-
ent origins (chronicles, annotations, parish registers,
account registers,...) give us more details on local ef-
fects and allow reliable estimation of damages and
perceptibility area of the earthquakes. It is then possi-
ble to determine the probable epicentral area of the
strongest earthquakes and also to estimate their mag-
nitude by comparison with recent earthquakes for
which the magnitude has been instrumentally deter-
mined.

Recent studies showed that from their estimated
magnitude, several events in western and central Eu-
rope could or should be considered as large earth-
quakes even if co-seismic surface ruptures are appar-
ently unknown in the history.

It should be noted that the absence of any previous
reference to a surface rupturing earthquake in stable
Europe is also due to a poor inventory of potentially
seismogenic faults, the seemingly relatively long re-
currence intervals for similar events along a single
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fault portion and also the a-priori idea in the scientif-
ic and engineering community that the occurrence of
this kind of earthquakes was not possible.

Thus, fundamental problems of estimating the size
of large earthquakes and the return period of major
seismic events along active faults must be studied us-
ing geological investigations of Holocene and Late
Pleistocene deposits.

This kind of studies, using the paleoseismic me-
thodology, is relatively common in some very seismi-
cally active regions of the world where large earth-
quakes occurred frequently and where active faults
are well known. In Europe, except in Italy, very few
paleoseismological studies have been conducted up to
the beginning of the PALEOSIS-project, supported
by the European Commission for the period 1998-
2000.

The surface faulting of seismic origin is the prima-
ry observation necessary to recognise historical and
pre-historical large earthquakes in the field.

Severe shaking due to earthquakes can also induce
surface ground cracking, sand injections, shallow lo-
cal land-slips and other liquefaction figures. Further-
more, in natural caves, strong ground motions could
cause speleothem fractures and dislocations. These
indirect observations can provide evidence of past
strong earthquakes in regions where active faults are
not identified.

The purpose of the PALEOSIS-project was to devel-
op a methodology to identify active faults in presently
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low seismicity areas of Europe and to demonstrate
their activity in terms of historical or pre-historical
large earthquakes. The final workshop of the project
was open to all scientists working in Europe in this
field of research. It has been held in Han-sur-Lesse
(Belgium) from March 13 to March 17, 2000. Most
of the presentations have been prepared for this spe-
cial issue of the Netherlands Journal of Geosciences
‘Geologie en Mijnbouw’. Extended abstract of all the
presentations have been published in the ‘Cahiers du
Centre Européen de Géodynamique et de Séismolo-
gie, vol 18 (2001)’.

Many persons and organisations made possible the
workshop in Han-sur-Lesse. Our special thanks are
for J. Jean-Barthelemy, N. d’Oreye, A. Fievez and H.
Martin. The workshop was organised by the Euro-
pean Centre for Geodynamics and Seismology in
Luxemburg and supported by the European Com-
mission DGXII, la Société Anonyme des Grottes de
Han, the City of Rochefort, The Royal Observatory of
Belgium, le Centre Belge d’Etudes Karstologiques
and the Polytechnic Faculty of Mons.

Further, we thank the reviewers for their contribution
which facilitated our work. They allowed significant
improvement of the submitted papers: K. Atakan
(Norway), P. Augliera (Italy), K. Beerten (Belgium),
A. Becker (Switzerland), F. Bergerat (France), M.
Cushing (France), G. D’Addezio (Italy), N. D’Agosti-
no (Italy), D. Delvaux (Belgium), D. de Martini
(Italy), B. Dost (the Netherlands), F. Doumaz (Italy),
P. Forti (Italy), P. Galli (Italy), C. Giraudi (Italy), H.
Haak (the Netherlands), D. Jongmans (Belgium), C.
Kasse (the Netherlands), R. Maire (France),
Menkovic (the Netherlands), G. Michel (Germany),Y.
Quinif (Belgium), K. Reicherter (Germany), P. San-
tanach (Spain), I. Stewart (United Kingdom), M.
Streker (Germany), H. Seysmonsbergen (the Nether-
lands), S. Styros (Greece), ]J. Vandenberghe (the
Netherlands), J. Van Dijke (the Netherlands), S.
Vandycke (Belgium), T. van Eck (the Netherlands), E.
Vittori (Italy), A. Vulcano (Italy), R. Westerhof (the
Netherlands)
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The Bree Uplift is a particular structure in the direct footwall of the southwestern graben boundary fault system of the Roer
Valley Graben, which has been firstly recognized at the base of the Cretaceous. To date fault activity around the Bree Uplift
has been confined to the Subhercynian (late Cretaceous) inversion event or considered fading out during Tertiary times.

The revision of the existing geological data reveals that the Bree Uplift can still be recognized on the top-Tertiary map. This
infers at least a late Tertiary activity, suggesting continuous fault activity in the graben boundary fault system not only on the
major boundary faults but also on different splay faults, bounding individual fault blocks.

Keywords: Bree Uplift, Campine Basin, Miocene, Pliocene, Roer Valley Graben

Introduction

In the Bree area (NE Belgium) the southwestern
boundary fault system of the Roer Valley Graben
shows some particular features at the base of the Cre-
taceous (Fig. 1): (1) the convergence of the Heerler-
heide and Feldbiss faults; (2) the bifurcation towards
the north into the Grote Brogel, Reppel and Bocholt-
Hamont faults; and (3) the presence of two fault
blocks, the Bree Uplift and the Op-den-Berg fault
block. The latter structures are currently interpreted
(Langenaeker, 1999; 2001) as the result of a Subher-
cynian (late Cretaceous) dextral transpressional de-
formation episode acting on the graben boundary
fault system. Demyttenaere (1989) and Langenaeker
(1999; 2001) do not consider more recent fault activ-
ity around the Bree Uplift, while Rossa (1986) con-
sidered a gradually fading activity into the Tertiary.
Late Tertiary activity, however, has to date never been
considered.

During the revision of the geological maps of Bel-
gium, sheet 18-10 Maaseik-Beverbeek (Sels et al.,
1999) and sheet 26 Rekem (Buffel et al., 1999), a
number of stratigraphical and sedimentological in-
compatibilities arose in the Neogene deposits in the
direct footwall of the graben boundary fault system in
the Bree area.

Already Mourlon (1898) observed a relatively thin
series of Diest Sands overlying white Bolderberg
Sands, contrary to what was generally observed in the
region (see Gullentops & Huyghebaert, 1999). A
reinterpretation of the borehole data in the Bree area
seems to confirm Mourlon’s observation. Because at
that time there was no knowledge of faults in this
area, because of the absence of deep boreholes or
seismic profiles, Mourlon (1898) assumed that the
Diest Sands were deposited concordantly on top of
the Bolderberg Sands (Mourlon, 1898).

In the current paper it will be demonstrated, based
on a reinterpretation of existing data as well as on
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new observations that the Bree Uplift can still be rec-
ognized on the top-Tertiary map. This implies at least
late Tertiary activity on the faults limiting the Bree
Uplift. The outline of this particular structure will be
constrained, taking into account of the geometry of
the Bree Uplift at the base of the Cretaceous (Lange-
naeker, 1999; 2001).

Geologic setting

The area of interest is situated along the southwestern
boundary fault system of the Roer Valley Graben
(Fig. 1). The graben boundary fault system is ex-
pressed in both the Mesozoic and Cenozoic strati-
graphical distribution, indicating a repeated activity
since Palaeozoic times (Demyttenaere, 1989; Lange-
naeker, 1999; 2001). On the subcrop map at the base
of the Cretaceous (Langenaeker, 1999; 2001) the
Jurassic is only subcropping in the hanging wall of the
graben boundary fault system. On the top-Tertiary
map (Fig. 2) the Pliocene Kiezelodliet Formation is
again only developed in the hanging wall of the
graben boundary fault system (Figs. 2 & 4). The Mol
Formation, on the other hand, which is assumed to be
a time-equivalent facies of the Kiezelodliet Formation
(Sels et al., 1999), only occurs in the footwall of the

graben boundary fault system (Fig. 2).
Geomorphologically the graben boundary fault
system is, moreover, expressed by a number of promi-
nent linear scarps (Paulissen, 1997; Paulissen et al.,
1985). Recently, trenching has revealed important
mainly Pleistocene activity on the graben boundary
fault system (Camelbeeck & Meghraoui, 1998).
South of Bree, the graben boundary fault system
(Fig. 1) consists of two major faults, the Heerlerhei-
de-Rotem and Feldbiss-Neeroeteren faults. While the
former shows major Cimmerian activity, the latter
predominantly shows Tertiary to recent activity (De-
myttenaere, 1989; Rossa, 1986). Towards the north
both faults converge. Commonly the Heerlerheide
fault is considered a splay fault of the Feldbiss fault
(Langenaeker, 2001). North of Bree, three major
faults are considered to be kinematically equivalent to
the Heerlerheide-Feldbiss fault system (Fig. 1). Al-
though Langenaeker (2001) considers the Grote Bro-
gel fault as the graben boundary fault, most of the
displacement in both Cimmerian and late Tertiary
episodes is observed along the Bocholt-Hamont fault.
The Reppel fault, finally, is situated inbetween the
Grote Brogel and Bocholt-Hamont faults. The pro-
longation of the Heerlerheide-Feldbiss fault system
into the Reppel-Bocholt-Hamont fault system, as

Bree Uplift
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Fig. 1. Subcrop map at the base of the Cretaceous with the main faults of the southwestern boundary fault system of the Roer Valley Graben
(NE Belgium). Hatched area is where Palacozoic rocks are subcropping (after Langenaeker, 2001).
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Fig. 2. Revised top-Tertiary map (sheet 18-10 Maaseik-Beverbeek — after Sels et al., 1999).

suggested by the above-mentioned particular strati-
graphical distributions, is moreover corroborated by a
linear high on the gravity anomaly map (Everaerts,
pers. Comm.).

In the direct footwall of the graben boundary fault
a broad high can be recognized between Dilsen and
Bree (Fig. 1), formerly called the Neeroeteren-Rotem
Horst (Grosjean, 1939). In this area Palaecozoic rocks
are directly subcropping underneath the Cretaceous
cover (Fig. 1), similar to the situation on the Peel
Horst (Rossa, 1986). A number of particular struc-
tural features characterize this high. Contrary to the
overall structuration of the Palaeozoic series in the
Campine Basin, the Palaeozoic series in the high are
characterized by open, NW-SE-trending, folds
(Bouckaert et al., 1981), which are roughly parallel to
the fault traces. Striking, however, is that towards the
graben boundary fault (Heerlerheide fault) the fold
trend curves into a more NNE-SSW orientation.

Directly south of Bree a positive Bouguer anomaly
has been observed (Bouckaert et al., 1981). The geo-
logical feature, associated with this anomaly, seems to
have a major influence on the geometry of the graben
boundary fault system. On the one hand, the faults
seem to circumscribe the anomaly. On the other

hand, while along the anomaly the graben boundary
fault system consists of only one major fault, both to
the north and south of the anomaly the fault system
consists of a number of bifurcated faults.

Bree Uplift — a short review

On top of this positive Bouguer anomaly a particular
structural high in the direct footwall of the graben
boundary fault, the Bree Uplift, has been defined on
seismic sections (Bouckaert et al., 1981). This elon-
gated (10 x 2 km) structure is characterized by a re-
duced Upper Cretaceous cover sequence, indicating a
Subhercynian activity on the fault system (Lange-
naeker, 2001).

Whereas Bouckaert et al. (1981) still considered
the Bree Uplift as an integral part of the Neeroeteren-
Rotem Horst, Rossa (1986) identified an E-dipping
fault bordering the Bree Uplift to the southwest (fault
k — Rossa, 1986). He considers this fault as the north-
ern continuation of the Heerlerheide fault. The main
rise of the Bree Uplift takes place in the Campanian.
Its inverse activity constantly slows down in the Ter-
tiary. Miocene activity is considered local and rather
hypothetical (Rossa, 1986).
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Eversince the Bree Uplift is considered as a fault-
bounded structural unit in the footwall of the Heer-
lerheide-Feldbiss fault system. Fault k of Rossa
(1986) is renamed by Demyttenaere (1989) as the
Bree fault. According to Demyttenaere (1989), re-
cently concurred by Langenaeker (1999; 2001), the
activity on the southwestern border fault of the Bree
Horse ceased after the Subhercynian inversion. Con-
trary to Rossa (1986), no trace of any Tertiary activity
has been described by both authors.

Kinematically this particular structure is currently
interpreted as a half positive flower structure, caused
by an uplift in a restraining bend of the graben
boundary fault system generated during a dextral
transpressional deformation episode (Dusar & Lange-
naeker, 1992; Langenaeker, 1999; 2001). Similarly
the Op-den-Berg fault block, just south of the Bree
Uplift (Fig. 1), has been interpreted as a half negative
flower structure, situated in a releasing bend of the
graben boundary fault system (Langenaeker, 1999;
2001).

Stratigraphical evidences

By means of a re-evaluation of the historical observa-
tions, the proper observations and a re-interpretation
of the relevant borehole data in the Bree area, evi-
dence is given of some stratigraphical particularities
in the direct footwall of the graben boundary fault
zone. The stratigraphical interpretation is backed up
by new grain-size analyses (see Gullentops &
Huyghebaert, 1999).

Bocholt Fault

Reppel Fault

Grote Brogel Fault

Data

Opitter quarry

In the abandoned Opitter quarry, situated at a few

hundred meters west of fault scarp (Fig. 3), repre-

senting the surface trace of the graben boundary fault

(Heerlerheide-Feldbiss fault), the following section

can be observed:

— a1 to 2.6 m thick unit of light-green sands, with at
its base a pebble horizon with fragments of ferrugi-
nous sandstone (de Heinzelin, 1963); grain-size
analysis show that these sands are rather well-sort-
ed sands with a mean grain size of around 170 mm;
the glauconite content is relatively low (10 to 15%
of total amount of grains);

— a4 to 5 m thick unit of darker-green clayey, strongly
bioturbated (annelid tubulations), coarse-grained
sands with a high glauconite content (up to 50%);
grain-size analysis show that these sands are badly
sorted and have a mean grain size of around
250mm; at the base some small quartz pebbles and
strongly decalcified shells are found; this horizon is
interpreted as a beach layer;

— a unit of at least 7 m of white, micaceous sands; in
a 4 m deep drill hole these white sands are still en-
countered, clearly indicating that the white color is
not due to decoloration or a change in facies; these
sands are well-sorted with a mean grain size of
around 140 mm; these sands contain almost no
glauconite; glauconite-rich tubulations may be pre-
sent, however.

Kiezelodliet Formation

Mol Formation

Kasterlee Formation

Diest Formation

Bolderberg Formation (Opitter Member)

Boreholes or outcrops with reduced
Kasterlee/Diest sequence

Boreholes with "normal"
Kasterlee/Diest sequence

Heerlerheide Fault Feldbiss Fault

Fig. 3. Top-Tertiary map of the Bree area. Dotted lines represent the fault-zone traces at the base of the Cretaceous (after Langenaeker,

2001). Indication of all relevant data points.
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Itterbeek valley

In the Itterbeek valley the same dark-green sands as in
the Opitter quarry are observed in outcrop. Grain-size
analysis confirms this correlation. White sands are,
however, within reach by hand drillings. A grain-size
analysis shows that these sands have the same signature
as the white sands at the base of the Opitter quarry.

Oputter Mill (Pollismolen)

The same succession of at least 3 m of dark-green,
bioturbated, sands, overlying at least 6 m of pure
white sands, has been observed in an outcrop behind
the Opitter Mill (Fig. 3). Again, a grain-size analysis
confirms the correlation. Also, the beach layer has
been recognized at the base of the upper sand unit.

Gruitrode Mill (Rooiermolen)

Mourlon (1898) described the same succession on
this now vanished outcrop (Fig. 3). By means of hand
drillings, Mourlon (1898), moreover, shows that the
white sands have a total thickness of 9 m with a gravel-
ly base. de Heinzelin (1963) describes a cross-lamina-
tion in the lower part of this white sand unit.

Belgian Geological Survey boreholes
Based on the borehole data (see appendix for a more
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detailed description) in the wider area it becomes ob-
vious that the sequences observed in the outcrops in
the Bree area show some particularities, clearly devi-
ating from the regional sequence in the footwall of the
graben boundary fault system. It should be noticed
that in the lithological descriptions of the boreholes
the limit between the two glauconite-bearing sands is
often difficult to determine.

In boreholes 48E248, 48E257 and 48W181 (Fig.
3) the ‘normal’ sequence is observed, consisting of
more than 50 m of dark green, glauconite-rich coarse
sands before the white sands (up to 100 m thick in
borehole 48E248) are reached.

In the Bree area a number of boreholes (48E258,
48E150, 48E151 and 48E177 — Fig. 3) again show a
deviation of this regional pattern. Only a thin layer,
with a maximum thickness of 6 m, of the dark-green,
glauconite-rich sands is observed, overlying the white
sands. The thickness of the latter sands could never
been determined because the boreholes were never
deep enough.

Interpretation

In the footwall of the graben boundary fault system
three formations are currently of interest. In the
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Heerlerheide-
Feldbiss Fault

Fig. 4. Itterbeek valley cross section. See Fig.
3 for legend. Q = Quaternary; BbOp =
Bolderberg Formation, Opitter Member; Bb
= Bolderberg Formation, undifferentiated
(after Sels et al., 1999).
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hanging wall these formations are buried underneath
a thick sequence (more than 200m) of gravel and
coarse sands, called the Kiezelodliet Formation (Up-
per Pliocene) (Figs. 3 & 4).

The upper glauconite-bearing sands belong to the
Kasterlee Formation (early Pliocene). Its normal
thickness exceeds 30 m. The underlying, glauconite-
rich, coarse-grained sands can be identified as the Di-
est Formation (late Miocene). The normal thickness
in the area varies between 50 and 100 m because of
the erosive character of the Diest Formation. These
sands are deposited in deep erosion channels cutting
into the underlying formations. Finally, the underly-
ing white, medium to coarse-grained pure sands with
a small amount of glauconite, forms the upper part of
the Bolderberg Formation (late Miocene).

In the proximity of the graben boundary fault sys-
tem, just southwest of Bree, however, a number of
stratigraphical inconsistencies are observed in both
outcrops and boreholes. The different formations
show a particular facies and a reduced thickness. A
detailed sedimentological description of these forma-
tions in the Bree area can be found in Gullentops &
Huyghebaert (1999).

The Kasterlee Formation has a thickness of only a
few meters. The sands are well sorted. Gullentops &
Huyghebaert (1999) interpret these sands as deposit-
ed on a wave platform. At the base a gravel horizon
may be present, indicative of an erosive contact with
the underlying Diest Sands (cf. Gullentops &
Huyghebaert, 1999). Also the Diest Formation has a
thickness of only 2 to 4 m. The base consists of a peb-
ble horizon with decalcified shells, interpreted as a
beach layer (Gullentops & Huyghebaert, 1999).
These sands, moreover, show a finer grain size and a
lower glauconite content than normal. Again these
sands are interpreted to have been deposited on a
coastal platform at the outskirts of an erosion chan-
nel, eroding the underlying sands. Finally, the upper
part of the Bolderberg Formation shows a particular
facies. Fine-grained, well-sorted sands underlain by a
gravel horizon (Mourlon, 1898) define a separate
stratigraphical unit, called the Opitter Member (Sels
et al., 1999). This unit has a minimum thickness of
9m. Its presence in the upper part of the Bolderberg
Formation outside the Bree area remains to date a
matter of discussion. Also, these sands are considered
to have been deposited on a wave platform.

Geometrical inferences
The rather limited area, in which these stratigraphical

inconsistencies occur, occupies a very particular posi-
tion in the direct footwall of graben boundary fault

system. It largely coincides with the extent of the so-
called Bree Uplift as defined at the base of the Creta-
ceous (Langenaeker, 1999; 2001). These stratigraphi-
cal differences infer that the outline of the Bree Uplift
can still be recognized on the top-Tertiary map (Sels
et al., 1999). All outcrops in the area, as well as bore-
holes 48E258, 48E150, 48E151 and 48E177 are situ-
ated within the limits of this structure (Fig. 3). An
outline of the Bree Uplift on the top-Tertiary map is
proposed purely based on an extrapolation of the out-
line at the base of the Cretaceous.

Due to a weak tilting of the strata, resulting in a
northeastern overall dip, and the incision of both the
Itterbeek and the Eetsevelderbeek, all three forma-
tions are cropping out on the top-Tertiary map, thus
defining the Bree Uplift. The northeastern limit of
this structure is well defined by the morphological
fault scarp, which resulted from quaternary activity
on the graben boundary fault. An apparent normal
throw of more than 250 m is obvious. The southwest-
ern limit of the structure has, however, to date not
been defined properly. A faulted contact is assumed
primarily based on the abrupt change in the western-
most part of the Itterbeek valley (Fig. 4). While in the
last outcrop in the Itterbeek valley the white sands of
the Bolderberg Formation are directly subcropping,
the top of the Bolderberg Formation is only reached
in borehole 48E248 underneath an approximately
80m thick sequence of Kasterlee and Diest Sands. An
apparent reverse displacement of approximately 80m
can thus be inferred. The attitude of this border fault
can not be constrained properly. On seismic section
the bad resolution only allows the identification of a
disturbed zone. Exact location, extend and attitude of
the assumed fault can not be determined. A north-
eastern dip, parallel to the graben boundary fault, is
assumed, again primarily based on an extrapolation
of the border fault at the base of the Cretaceous. Sim-
ilar to the Bree Uplift at the base of the Cretaceous a
half-graben fault block in the footwall of the graben
boundary fault is thus apparent on the top-Tertiary
map. This southwestern border fault may thus link up
with the fault k of Rossa (1986) or the Bree fault of
Demyttenaere (1989).

Kinematic inferences

Taking into account the sedimentological characteris-
tics of the three formations within the outline of the
top-Tertiary Bree Uplift (Gullentops & Huyghebaert,
1999) an interaction between fault activity along this
structure and sedimentation of these sands may be in-
ferred. Based on the presence of the particular Opit-
ter Member at the top of the Bolderberg Formation,
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consisting of marine sands deposited on a wave plat-
form, the existence of a high during late-Miocene
times can be postulated. Activity on the reverse
southwestern border fault thus occurred before the
end of the Miocene. Also the erosive nature of the Di-
est Formation, its reduced thickness and its particular
facies, characteristic for deposition on a coastal plat-
form at the outskirts of the main channel (Gullentops
& Huyghebaert, 1999) indicates the presence of a
high as well as fault activity during the early Pliocene.
The question can moreover be asked if a active fault
scarp defined the border of the main channel in this
area. A post-Diestian fault activity is apparent based
on the displacement at both sides of the southwestern
border fault. Also the Kasterlee Sands are deposited
on a wave platform, strongly eroding the underlying
sands. This again indicates the presence of a high dur-
ing the deposition of the Kasterlee Sands and most
probably a reverse fault activity during sedimenta-
tion.

A nearly continuous reverse fault activity during
late Miocene and early Pliocene times can thus be as-
sumed on the southwestern border fault, probably as-
sociated with a continuous normal fault activity on
the graben boundary fault, gradually squeezing out a
pop-up structure, the Bree Uplift, in the graben
shoulder.

No indications are found for Quaternary activity on
the southwestern border fault, contrary to the graben
boundary fault, which activity continuous up to very
recent times (cf. Camelbeeck & Meghraoui, 1998).

Discussion

The stratigraphical and sedimentological particulari-
ties in the direct footwall of the graben boundary
fault southwest of Bree clearly indicate a reverse fault
activity along the southwestern border fault of the
Bree Uplift during late Tertiary times. Due to the ero-
sive contact between the different formations, the dis-
placement associated with this late Tertiary fault ac-
tivity can, however, not be constrained properly.
These conclusions are thus in contradiction with
the observations of Langenaeker (1999; 2001) and
Demyttenaere (1989), who limit the presence of this
structure at the base of the Cretaceous and do not
recognize any post-Subhercynian activity on the
southwestern border fault of the Bree Uplift. The ob-
servations, on the other hand, complement the obser-
vations of Rossa (1986), who still recognizes the Bree
Uplift at the base of the Miocene, although the dis-
placement seems negligible. Rossa (1986) considers a
decreasing activity on the fault during Tertiary time,
fading out before the Miocene. The seemingly contra-

diction of the current conclusions with the observa-
tions of Rossa (1986) may be due to the resolution of
the technique applied. Rossa’s conclusions are based
on the interpretation of seismic sections, of which the
resolution is rather poor in the upper part. Our con-
clusions, on the other hand, are based on direct field
observations, allowing a much higher resolution. In
this respect our conclusions have not to be considered
as contradictory to those of Rossa (1986) but as a re-
finement, extending the fault activity along the south-
western border fault into the Pliocene.

The assumption made to define the outline of the
Bree Uplift on the top-Tertiary map, based on the
continuity of the limiting faults, remains very hypo-
thetical. Although no indications can be found in
boreholes nor on seismic sections, it can not be ex-
cluded that the southwestern border fault, as defined
at the base of the Cretaceous (Demyttenaere, 1989;
Langenaeker, 1999; 2001), can not be extrapolated to
the surface, and that different superimposed struc-
tures have to be considered, bordered by distinct
faults, splaying off from the graben boundary fault at
different levels. Indeed, the three-dimensional archi-
tecture, as well as the linking of the different faults in
the area, remains a matter of discussion.

Finally, the true kinematics remains hypothetical.
The Bree Uplift at the base of the Cretaceous is inter-
preted as a pop-up structure on the graben shoulder,
squeezed out during dextral transpressional deforma-
tion conditions during the Subhercynian inversion in
a restraining bend of graben boundary fault system.
The question can indeed be asked if the presence of
the Bree Uplift on the top-Tertiary map implies that
these particular deformation conditions prevailed
throughout the Tertiary.

Conclusions

To date it was inferred from seismic data that fault ac-
tivity around the Bree Uplift ceased after the Subher-
cynian inversion event (Demyttenaere, 1989; Lange-
naeker, 1999; 2001) or gradually faded in the Tertiary
(Rossa, 1986). Based on detailed stratigraphy in out-
crops and boreholes, it has been demonstrated in the
current paper that the Bree Uplift is still present on
the top-Tertiary map (Sels et al., 1999), extending the
observations of Rossa (1986) into the Pliocene. Based
on sedimentological characteristics it could moreover
be inferred that the Bree Uplift acted as a high during
Miocene and Pliocene sedimentation in the area, im-
plying continuous reverse fault activity on its south-
western border fault.

The recognition of a continuous fault activity
around the Bree Uplift from Cretaceous time on-
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wards clearly complies with the recent conviction of a
continuous Tertiary and Quaternary activity in the
graben boundary fault system, as recently revealed by
trenching (Camelbeeck & Meghraoui, 1998).
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Appendix — Description and interpretation of the BDG boreholes

48E150

depth Lithology Interpretation

Om-1m50 gravel mixed with gravely yellowish sand transferring in Quaternary with reworked Kasterlee and
glauconite bearing quartz sand with pebbles in contact with the Diest formations
underlying clay

1m50-1m80 clay with yellow and white glimmers

1m80-3m20 whitish en yellowish sand with gray clay layers and an occasional Bolderberg Formation, Opitter Member
glauconite grain

3m20-7m20 yellow sand

48E151 (Moulin de Gruitrode)

depth Lithology Interpretation
0m-3m30 gray quartz bearing glauconite sands with white spots of Quaternary and Diest Formation
annelid tubulations
3m30-3m60 dark brown gravel layer with fossils, white phosphor concretions Bolderberg Formation, Opitter Member;
and little pebbles Bolderberg and Voort Formations. Opitter
(Ostrea edulis, Cardium decorticatum, Cyprina Islandica, Cerithium Member certainly not deeper than 26m80.
tricinctum, etc. ...) The boundary between Bolderberg and Voort
Formations possibly between 32m20 and 41m50.
3m60-9m60 white glimmer sand with yellow parts
9Im60-26m80 yellow medium fine sand, glimmers and occasional glauconite

grains, sometimes a little darker

26m80-74m10

green rather coarse sand with glimmers; at the base darker, more
glimmers and glauconite

48E177

depth Lithology Interpretation

Om-1m green glauconite rich sand with gravel and some fossils Quaternary and Diest Formation

1m-2m yellow fine sand with little glauconite and many glimmers Bolderberg Formation, Opitter Member

(resembles Bb)

48W181

Depth Lithology Interpretation

Om-8m whitish sand with gravel Quaternary

8m-16m whitish half-fine sand with some coarser elements Kasterlee and Diest Formations. Boundary
between Kasterlee and Diest Formations possibly
between 24m and 32m.

16m-20m white grayish rather fine sand

20m-24m idem but very heteromorphous and hard clay fragments

24m-32m heteromorphous gray greenish sand with a piece of wood

32m-52m heteromorphous gray greenish sand with clayey parts
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48E248

Depth Lithtology Interpretation

Om-15m fine yellow loamy sand with pebbles, mixed with white sand Quaternary

15m-32m fine yellow loamy sand with clay parts Kasterlee and Diest Formations. Boundary
between Kasterlee and Diest Formations possibly
between 32m and 37m.

32m-72m dark green glauconite rich micaceous medium to course sand

72m-82m fine dark green glauconite rich micaceous bearing sand

82m-107m idem mixed with brown sand with wood fragments Bolderberg Formation

107m-152m dark brown medium to coarse micaceous quartz sand with silex

and peat-like wood

152m-187m idem but fine and with fragments of shells

187m-252m very fine green sand with shell fragments of glycymeris and corals Voort Formation

48E257

Depth Lithology Interpretation

Om-9m yellowish brown sand with loam, coarse gravel Quaternary

Im-14m fine white sand Kasterlee Formation

14m-30m bluish black solid clay with fine sand

30m-59m green sand with black dots Diest Formation

48E258

depth Lithology Interpretation

Om-5m50 loam with gravel Quaternary

5m50-15m loam with sand

15m-23m50 white sands Bolderberg Formation
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