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ABSTRACT. The Caledonian basement crops out in the middle and southern part of Belgium in two major tectonic units: the
Brabant Massif in the Brabant Parautochthon and the Stavelot-Venn, Rocroi, Givonne and Serpont inliers in the Ardenne Allochthon.
The main aim of this work is to achieve a chronostratigraphic correlation between the Brabant Massif and the Ardenne inliers, from
the lower Cambrian to the Middle Ordovician. Throughout his career, Michel Vanguestaine established an informal acritarch
biozonation for this basement, which is only linked to the international stratigraphic scale in vigour at that time. Our first step was to
correlate these informal biozones with the trilobite (Cambrian) and graptolite (Ordovician) biozonations which are currently well
correlated with the chronostratigraphy. Then, compilation of the literature concerning each of these sedimentary units makes it
possible to assign a chronostratigraphic position to their constituent formations. This work has permitted the establishment of a
complete chart of the stratigraphic correlations between the Brabant Massif and the three main Ardenne inliers (Stavelot-Venn,
Rocroi and Givonne). Geological implications are discussed: the Brabant Massif and the Ardenne inliers formed a single
sedimentation basin with different and rheologically contrasting basements (rift and shoulder). New arguments confirm the presence

of a Caledonian orogeny in the Ardenne.
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1. Introduction

The last complete accounts of the comparative stratigraphy of
the Belgian Caledonian basement, namely the Brabant Massif
and the Ardenne inliers (Vanguestaine, 1992; Verniers et al.,
2001, 2002) are becoming dated. Indeed, in the last 20 years,
progress in the study of the Belgian Lower Palaeozoic
stratigraphy, but also of the global stratigraphy (Ogg et al.,
2008; Gradstein et al., 2012, 2020) has greatly increased, which
justifies the present work.

The Caledonian basement crops out in the southern half of
Belgium and neighbouring countries, where it is observed in two
major tectonic units: the Brabant Parautochthon to the N and the
Ardenne Allochthon to the S (Fig. 1). The latter belongs to the
westernmost part of the Rheno-Hercynian domain and is close
to the Variscan front. The Midi-Eifel-Aachen Thrust Fault
displaced the Ardenne Allochthon several tens of km to the N,
as shown by deep seismic investigations (see recent overview in
Mancy & Lacquement, 2006; Meilliez & Lacquement, 2020).
This northern shift is responsible for the formation of frequently
overturned thrusts sheets which also incorporated Lower
Palacozoic units as for example in the Condroz Inlier (e.g.
Bélanger et al., 2012). The Brabant Massif can be observed in
the valleys that incise its southern rim but it is also present to the
N under the Mesozoic and Cenozoic cover. In the Ardenne
Allochthon the Caledonian basement is exposed in four inliers:
Stavelot-Venn Inlier (SVI), Rocroi Inlier, Givonne Inlier and
Serpont Inlier in descending order of area. These are
disconnected from the underlying parts of the Caledonian
basement by the Variscan thrusting. The Caledonian basement
of Belgium and neighbouring countries belongs to the Avalonia
microcontinent (e.g. Verniers et al., 2002; Winchester et al.,
2002; Cocks & Torsvik, 2005; 2021). Palacogeographic models
for the Early Palaeozoic reveal notable differences between
different authors; the reader is referred to the recent models of
Domeier (2016) and Cocks & Torsvik (2021) in which the Peri-
Gondwanian terranes such as Avalonia E and W, Ganderia and
Carolinia are shown to have rifted and drifted on a single plate
until just prior to their accretion with Baltica and Laurentia.

https://doi.org/10.20341/gb.2021.004

2. Informal acritarch biozones of Vanguestaine and
methodology used in the work

2.1. The informal acritarch biozones
Vanguestaine and co-workers

established by

Since his PhD thesis in 1973, Michel Vanguestaine did not
cease to ameliorate, change and extend his informal
biostratigraphic scale based on acritarch associations by
applying it in areas of the Cambrian and Ordovician inliers of
Stavelot-Venn Inlier, Rocroi Inlier and Givonne Inlier as well as
to the Brabant Massif. This pioneering work, carried out in part
with his students and colleagues, spanned more than 40 years
and was interrupted by his early death. His scale (Vanguestaine,
1986; 1992) comprised 13 informal zones ranging from Zone 0
to Zone 9, including zones 4a, 4b, cf 5 and cf 6. This scale is
currently only partially and imperfectly correlated with the
international stratigraphic scale except for the Brabant Massif
(Linnemann et al., 2012; Herbosch & Verniers, 2013, 2014) and
the Stavelot-Venn Inlier (Herbosch et al., 2020).

2.2. Methodology adopted in this work

Given the scarcity of other fossils than acritarchs in the
sedimentary strata of the Belgian Caledonian basement, the
chronostratigraphical dating of the Cambro-Ordovician acritarch
biozones in Belgium always was established indirectly, through
intermediate steps as correlations from biozonations made with
other fossil groups established abroad. I therefore started by
listing the most recent published biozonations for Cambrian
trilobites and Ordovician graptolites (Peng et al., 2020;
Goldman et al., 2020). Then, all publications of Vanguestaine
and co-authors were analysed in an attempt to link the different
informal acritarch zones they published to the internationally
established trilobite and graptolite biozonations. This should
allow attributing these informal zones with the most recently
established international chronostratigraphy (Gradstein et al.,
2020). The comparison is restricted to the time interval from the
upper part of Cambrian Stage 2 (Terreneuvian Series) to the
lower part of the Darriwilian (Middle Ordovician), interval
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Figure 1. Simplified geological map of the southern part of Belgium and neighbouring countries showing the main tectonostratigraphic units of the
Palaeozoic. To the N the Brabant Parautochthon is separated from the Ardenne Allochthon by the Midi-Aachen Thrust Fault. The four Ardenne
inliers, Stavelot-Venn, Rocroi, Givonne and Serpont, are represented in purple. The N-S red line is the trace of the section of the Fig. 6. Modified

from Herbosch et al. (2020).

which corresponds to the sedimentary record of the Ardenne
inliers (Verniers et al., 2001; 2002).

3. The trilobite biozonation for the Cambrian

Peng et al. (2020, fig. 19.2) list the most recent trilobite
biozonation data for Baltica (no data for Gondwana) from the
middle Wuliuan to the top of the Cambrian. For Stages 2 to 4,
an interval where formally no trilobite biozonation has yet been
established, the “Correlation chart for major Cambrian areas” in
the E Avalonia region (Geyer et al., in Geyer & Shergold, 2000)
is used.

4. The graptolite biozonation for the Ordovician

Goldman et al. (2020, figs 20.3 and 20.4) provide the most
recent data on the graptolites biozonation from Britain. For the
Tremadocian, the biozonation of Goldman et al. (2020, fig.
20.4, Baltica column) is used as is more adapted to the Belgian
biozonation used by Wang & Servais (2015).

5. Correlation of the Vanguestaine informal acritarch
biozones with the recent global chronostratigraphy

5.1. Zone 0

The taxa in Zone 0 are present in the interval that includes the
undifferentiated Olenellid and the Protolenid—Strenuellid
trilobite biozones of E Avalonia (sensu Geyer & Shergold,
2000). Indeed, Vanguestaine (1991, p. 223) attributed the
association found in the Oisquercq Formation (Fm) of the
Lessines borehole to the lower Cambrian. This conclusion was
confirmed by Vanguestaine et al. (2001, p. 68) who showed that
this same association was restricted to the lower Cambrian in
the higher parts of the Bray Group (Ireland) where in the
vicinity of the sampling Oldhamia was found. The stratigraphy
of the “lower Cambrian” has been refined in recent years and
the Bray Group is attributed now to global stages 3 and 4.
However, in those two stages, no formal trilobite biozones have
been established yet particularly not in Avalonia, a
microcontinent not included in the Cambrian overview tables of
Gradstein et al. (2012, 2020). But when Peng et al. (2020, p.
575) wrote: “Stage 4 spans almost the entire range of Olenellus
(s.l.) and Redlichia (s.l.), the representative forms of the
“olenellid” and “redlichiid” faunal realms. They are both extinct
near the end of the stage”. It can be concluded, despite some
uncertainty concerning their lower (Fallotaspis) and upper
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(Oryctocephalus indicus) limits, that Zone 0 can reasonably be
considered to be comprised in the interval between the base of
the Olenellid Superzone and the base of the O. indicus Biozone
(Stage 3 and Stage 4 of the Series 2). Zone 0 could possibly
extend to the top of the O. indicus Biozone, which is the base of
Zone 1.

5.2. Zone 1, Zone 2 and Zone 3

It is difficult to correlate these three zones with the recent global
stratigraphy due to many inaccuracies and different versions of
their definition. However, there is no doubt that they generally
are attributed to the Miaolingian in litteris, more or less the
“middle Cambrian”. The succession of the three biozones above
each other has never been challenged, but their correlation with
the chronostratigraphy has evolved and changed through
advancing insights. To illustrate the different proposed
hypotheses, Figure 2 shows the successive versions published
by Vanguestaine and colleagues in chronological order, versus
the biozonation with trilobites from the Miaolingian Series
(Peng et al., 2020). The position of zones 1 to 3 is highly
variable in the different publications, but has developed over
time as more data became available for comparison and control,
not just in Belgian successions but also elsewhere. It was not
until the work of Vanguestaine & Léonard (2005, fig. 8) in the
Givonne Inlier that a more reliable succession emerged, even if
it is still partly uncertain due to the absence of outcrops in some
sections (see § 8.4.1). It can also be noted that the position of
Zone 4b is quite stable, unlike Zone 4a which is rarely observed
(see § 5.3).

It can be concluded, despite minor uncertainties, that
(Fig. 2):
- Zone 1 can be correlated approximately with the trilobite
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biozones from the base of the A cadoparadoxides oelandicus

Superzone to the base of the Ptychagnostus atavus Biozone.
- Zone 2 appears to be correlatable to the extension of the

Adara alea acritarch Biozone (Martin & Dean, 1988 in

Newfoundland; Vanguestaine & Léonard, 2005, fig. 7,

Givonne Inlier), which corresponds to the trilobite biozones

from a level in the upper Tomagnostus fissus Biozone to the

lower Ptychagnostus punctuosus Biozone in Newfoundland

(Martin & Dean, 1988). This interval in turn correlates

approximately with the Ptychagnostus atavus and P.

punctuosus trilobite biozones (Hildenbrand et al., 2021, fig.

3).

- Zone 3 was rarely observed, as can be seen in Figure 2, and
only in the Stavelot-Venn Inlier (Vanguestaine, 1986; 1992,
fig. 5) and in the Givonne Inlier (Vanguestaine & Léonard,
2005). From the correlation shown in Vanguestaine (1992,
fig. 6), Zone 3 seemingly equates with a level within the
interval from the base of the Goniagnostus nathorsti
Biozone to about the upper part of Lejopyge laevigata
Biozone (Fig. 2).

Accurate correlation of these three zones to the standard
chronostratigraphy is particularly crucial (see § 8.2). Indeed,
Zone 3 and Zone 4a seem to be absent in the Rocroi Inlier
(Vanguestaine, 1977, fig. 6, 1992, fig. 5).

5.3. Zone 4a and 4b

Note that Zone 4a is rarely observed or cited, but could occupy
the lower part of Zone 4b or the upper part of Zone 3
(Vanguestaine & Léonard, 2005). We can clearly question its
existence as a useful biozone. Zone 4b is well constrained by
Vanguestaine (1992, figs 5, 6) and Ribecai & Vanguestaine
(1993, fig. 3), and can be correlated from about the upper part of
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Figure 2. Stratigraphic scheme of the chronostratigraphy and the trilobites biostratigraphy from the Wuliuan to the Jiangshanian stages
(Peng et al., 2020) against the different versions of the informal acritarch biozones published by Vanguestaine and co-workers (in chronological
order). Our proposed synthesis of the acritarch biozones is in red. Vg. = Vanguestaine; Guzhang. = Guzhangian; Jiang. = Jiangshanian.
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L. laevigata trilobite Biozone to the top of the Olenus trilobite
Biozone (Fig. 2).

5.4. Zone cf 5 and Zone 5

Contrary to the original definition by Vanguestaine (1986, p.
71), the Zone cf 5 lies just below Zone 5 (Vanguestaine, 1992,
fig. 5). This short zone is intermediate in character between
zones 4b and 5. Zone 5 is well defined and can be correlated
from the Parabolina trilobite Biozone to the base of the Peltura
trilobite Biozone (Vanguestaine, 1992, fig. 6; Ribecai &
Vanguestaine, 1993, fig. 3).

5.5. Zone cf 6 and Zone 6

Zone cf 6 lies just below Zone 6 (Vanguestaine, 1992, figs 5, 6).
It is a short zone intermediate in character between zones 5 and
6 (Vanguestaine, 1992, fig. 5). Zone 6 is well constrained in
Vanguestaine (1992, figs 5, 6) and Ribecai & Vanguestaine
(1993, fig. 3) and can be correlated with the middle of Peltura
trilobite Biozone to the top of the A cerocarina trilobite Biozone.
The latter is the highest trilobite biozone of the Cambrian (Stage
10 of the Furongian Series).

5.6. Zone 7

Zone 7 and the overlying zones are Ordovician and the acritarch
biozones can be correlated with the graptolite biozonation of
Avalonia (Goldman et al., 2020, fig. 20.4, column Baltica for
the lower Tremadocian then column Britain and fig. 20.3,
column Britain). Zone 7 was already observed in an early phase
of the work of Vanguestaine (1973, 1974) in the Jalhay Fm
(Sm1), the lower part of the Salm Group of the Stavelot-Venn
Inlier. The Jalhay Fm consists of three members. Graptolites are
abundant in the Solwaster Member (Mbr) (Smla) and rarer in
the Spa Mbr (Sm1b), whereas acritarchs are present at the top of
the Solwaster Mbr, abundant in the Spa Mbr and again only
present in the upper part of the Lierneux Mbr (Smlc) (Catot,
1991; 1992). Zone 7 is hence established in Stavelot-Venn Inlier
from the base of the Solwaster Mbr to the top of the Spa Mbr.

This is confirmed by Wang & Servais (2015, fig. 2) who re-
investigated the collections of graptolites from this formation
preserved in Belgian museums. Based on the ranges of the
lower Tremadocian graptolites (Cooper et al., 1998; 2004), the
Solwaster Mbr (Smla) extends from the base of the
Rhabdinopora praeparabola to the Rhabdinopora flabelliformis
parabola  graptolite  biozones while R. flabelliformis
Sflabelliformis, R. flabelliformis socialis and R. flabelliformis
anglica biozones occur in a slightly higher part. The lower part
of the Spa Mbr (Sm1b) shows the R. f. socialis and R. f. anglica
graptolite biozones. The Solwaster Mbr hence can be attributed
to the lower Tremadocian, in the time slice 1a (Webby et al.,
2004), and the lower part of the Spa Mbr to the upper half of the
same time slice 1a also from the lower Tremadocian (Wang &
Servais, 2015, fig. 2) (Fig. 3).

5.7. Zone 8

This poorly defined Zone 8 (Vanguestaine, 1974; 1992) has
only recently been revised. Acritarchs from the “messaoudensis-
trifidum acritarch assemblage” observed in the upper part of the
Lierneux Mbr (Smlc) can be correlated with the upper
Tremadocian (Servais & Mette, 2000; Vanguestaine & Servais,
2002; Breuer & Vanguestaine, 2004). It therefore appears that
the Jalhay Fm can be dated with most, if not all of the
Tremadocian. The discovery of conodonts of the Parastodus
proteus Biozone at the boundary between the Meuville and Les
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Plattes members (Ottré Fm, Sm2) in the Lienne Syncline
tentatively gives a latest Tremadocian age, although an early
Floian age cannot be excluded (Vanguestaine et al., 2004). An
early Floian age is more likely in the light of the
biostratigraphical age of the Jalhay Fm which, as we have just
seen, seems to occupy all the Tremadocian as well as the
lithostratigraphic position where the conodont was found. Zone
8 can therefore be considered to occupy the upper part of the
Tremadocian and extends into the lower part of the Ottré Fm to
approximately the boundary between the Meuville and Les
Plattes members (Fig. 3; Herbosch et al., 2016).

5.8. Zone 9

Zone 9 was added by Vanguestaine (1986) following the
discovery of a new acritarch association in the Stavelot-Venn
Inlier (upper Salmchateau Mbr, Sm3b, Bihain Fm), top of the
Salm Group. The same acritarch association was observed in the
Vieux-Moulins de Thilay Fm of the Rocroi Inlier (Roche et al.,
1986) which also forms the top of the Salm Group (Fig. 3).
More recently Vanguestaine & Wauthoz (2011) identified the
acritarch biozone “Frankea hamata—Striatotheca rarrigulata” in
Zone 9 from the lower and middle part of the Abbaye de Villers
Fm of the Brabant Massif.

In the English Lake District, the Frankea hamata—
Striatotheca rarrigulata Biozone is situated in the same level
with the Isograptus gibberulus and Aulograptus cucullus
(formerly Didymograptus hirundo) graptolite biozones (Cooper
& Molyneux, 1990; Molyneux in Cooper et al., 2004). In the
Brabant Massif, the Thyle valley section of the Abbaye de
Villers Fm was sampled in collaboration with Michel
Vanguestaine. Sample 89/7 is located a few metres above the
boundary with the underlying Chevlipont Fm (Vanguestaine &
Wauthoz, 2011). There is no fault between these two formations
(geological map of Herbosch & Lemonne, 2000), contrary to the
Anthoine & Anthoine’s (1943) descriptions. On the other hand,
an important stratigraphic hiatus is observed between the
Chevlipont and Abbaye de Villers formations (e.g. Verniers et
al., 2001). Although the boundary between these two formations
is not visible in the Thyle valley due to an observation gap, we
can assume, by comparison with the Wépion borehole, that the
contact between the Chevlipont and Abbaye de Villers
formations corresponds also to an unconformity. It was indeed
demonstrated in the Wépion borehole (Condroz Inlier) that the
top of the Chevlipont Fm corresponds to an unconformity
(Graulich, 1961; Vanmeirhaeghe, 2006). Sample 89/7 contains
only Striatotheca rarrigulata (Vanguestaine & Wauthoz, 2011),
which is one of the characteristic acritarchs of the Frankea
hamata—Striatotheca rarrigulata assemblage observed in the
remainder of the formation. We therefore suggest that the
Abbaye de Villers Fm could be indirectly correlated by the
acritarch biozones to the upper Dapingian and the lowermost
Darriwilian.

In the uppermost parts of the Stavelot-Venn Inlier and
Rocroi Inlier sedimentary record, the acritarch associations are
similar, with in particular the presence of the three guide species
of Zone 9 (Frankea sartbernardensis, Arkonia tenuata,
Striatotheca principalis; Vanguestaine, 1986; Roche et al.,
1986). The acritarch associations of Zone 9 can also be assigned
to the Frankea hamata—Striatotheca rarrigulata Biozone, even if
not all typical acritarch species are present. This is all the more
likely as Servais et al. (2017), in a synthesis of the First
Appearance Datum (FADs) of selected acritarch taxa from the
Middle Ordovician, place the FAD of the genus Frankea in the
upper part of the Dapingian (stage slice Dp3; Servais et al.,
2017, fig. 4), that of the genus Arkonia in the first half of the
Darriwilian (provisional stage slice Dwl). The presence of two
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Figure 3. Chronostratigraphic position of the informal acritarch biozones of Vanguestaine reinterpreted in this study and the formations of
the Stavelot-Venn, Rocroi and Givonne inliers between the lower Cambrian and the Middle Ordovician. Trilobite biozones after Geyer & Shergold
(2000) and Peng et al. (2020). Graptolite biozones after Goldman et al. (2020, figs 20.3 and 20.4). Chronostratigraphy after Gradstein et al. (2020).
Time slices after Webby et al. (2004) and stage slices after Bergstrom et al. (2009). Dotted line: boundary between formations less precise. Zone V. =
reinterpreted Vanguestaine’s acritarch biozones; st. sl. = stage slices; ti. sl. = time slices; Rhabd. = Rhabdinopora; Oldha. = Oldhamia; Salmchat. =
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of these three important genera in Zone 9 corresponds to the
1. gibberulus and A. cucullus biozones, from the upper
Dapingian to the lowermost Darriwilian.

With the above, we have established that the Abbaye de
Villers Fm of the Brabant Massif, the Salmchateau Mbr (Sm3b)
of the Stavelot-Venn Inlier and the Vieux Moulins de Thilay Fm
(Sm3) of the Rocroi Inlier belong to the same acritarch Zone 9
and therefore belong to the same time interval (Figs 3, 5). This
is an important conclusion because in the Brabant Massif it
corresponds to a resumption of sedimentation after a long
stratigraphic hiatus and in the two other cases it is the end of
sedimentation in the Ardenne inliers. This paradox, known for a
long time but never discussed nor explained, is not a simple
coincidence and requires a better explanation (see § 9.3).

6. Chronostratigraphy of the formations of the
Brabant Massif

The most recent stratigraphic description of the Cambrian and
Ordovician formations of the Brabant Massif was published by
Herbosch & Verniers (2013, 2014). This chapter will only make
minor adjustments resulting from the advancement of global
stratigraphy (Gradstein et al., 2020). It will take into account the
new stratigraphic advances since the last syntheses and will
explain the choices and decisions, including those that are less
well supported scientifically.

6.1. The Blanmont Formation

The Blanmont Fm is the oldest formation cropping out in the
Brabant Massif (Herbosch et al., 2008). Malaise (1900, 1901)
mentioned the presence of the ichnofossil Oldhamia in slates
interbedded in quartzites of former quarries in the Orne valley
(Mont-St-Guibert). The present-day outcrops, much less
numerous, do not allow to confirm the presence of this
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ichnofossil. Moreover, these old descriptions are not accurate
enough to identify in which part of the formation Oldhamia was
found.

In spite of the absence of other fossils, only an approximate
age range can be assigned to the Blanmont Fm by indirect
arguments and comparison with the formations of the Deville
Group of the Ardenne inliers. First, the Blanmont Fm is
lithologically very similar to the essentially quartzitic
formations of Hourt (Stavelot-Venn Inlier) and Longue-Haie
(Rocroi Inlier) formations, except for the absence of Oldhamia
in the latter two. In contrast, Oldhamia is present in the three
members of the Tubize Fm (Brabant Massif), in the middle part
of the Bellevaux Fm (Stavelot-Venn Inlier) and at the base of
the Quatre Fils Aymon Fm (Rocroi Inlier; Fig. 4). The
Oisquercq, Quatre Fils Aymon and Bellevaux formations can be
correlated, via biostratigraphy of acritarchs, to Zone 0 (e.g.
Vanguestaine, 1992). This allows to date these formations from
the middle of Stage 3 to the lower part of the Wuliuan Stage of
the Series 2 (see § 5.1). Consequently, the top of the Hourt and
the Longue-Haie formations is placed at the lower limit of Zone
0 (Fig. 4), whereas the upper limit of the Blanmont Fm is placed
somewhat higher as it contains Oldhamia. The lower limit of
these three formations is placed well below the appearance of
Oldhamia (about the base of Stage 3 in Herbosch & Verniers,
2011, fig. 2). In consequence, the Blanmont Fm extends
approximately from about the middle of Stage 2 to the middle of
Stage 3 (Fig. 4).

6.2. The Tubize and Oisquercq formations

As we have just seen, the Tubize Fm extends from about the
middle of Stage 3 (in the Olenellid Superzone) to the lower half
of Stage 4 (Fig. 4). The Oisquercq Fm, assigned only in two
boreholes to Zone 0 (Vanguestaine, 1992), extends from about
the lower half of Stage 4 to the base of the Wuliuan (Figs 4, 5).
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Figure 5. Chronostratigraphic
position of the informal acritarch
biozones of  Vanguestaine
reinterpreted in this study and the
formations of the Brabant Massif
between the lower Cambrian and
the Middle Ordovician. Trilobite
biozones after Geyer & Shergold
(2000) and Peng et al. (2020).
Graptolite biozones after
Goldman et al. (2020, figs 20.3
and 20.4) and chronostratigraphy
after Gradstein et al. (2020).
Time slices after Webby et al.
(2004) and stage slices after
Bergstrom et al. (2009). Dotted line:
boundary between formations
less precise; st. sl. = stage slices;
ti. sl. = time slices; Zone V. =
reinterpreted

acritarch  biozones;

Vanguestaine’s
Rhabd.

Rhabdinopora.
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6.3. The Jodoigne Formation

This formation has so far not yielded any macro- or
microfossils, despite numerous attempts with Michel
Vanguestaine during the survey of the Jodoigne—Jauche map
(Herbosch et al., 2019). Based on detailed mapping, lithological
and sedimentological observations, combined with an
evaluation of existing biostratigraphic data of the neighbouring
formations and the few boreholes, Herbosch et al. (2008)
suggested that this formation belongs to the Miaolingian Series
(former Middle Cambrian). Important evidence is found in the
Leuven borehole (89E01), dated by acritarchs and correlated
with the lower part of the middle Cambrian (Vanguestaine,
1974; 1992, fig. 8). This borehole and also the Heverlee
borehole (89E363) show a typical turbiditic facies allowing
these two borehole successions to be reassigned to the Jodoigne
Fm rather than to the Mousty Fm, to which they were assigned
previously (e.g. De Vos et al., 1993). The Jodoigne Fm occupies
the interval between the underlying Oisquercq Fm and the
succeeding Mousty Fm, i.e. the entire Miaolingian Series

(Fig. 5).
6.4. The Mousty Formation

The lower and middle parts of the formation were dated by
acritarchs only in boreholes (Vanguestaine, 1974; 1992)
indicating the lower and middle parts of the upper Cambrian for
the Eine (84E1372) and the Vollezele (100E010) boreholes
(Vanguestaine et al., 1989; Vanguestaine, 1992, fig. 8). In the
Cortil-Noirmont (130W539) borehole, probably located at the
base of the formation, the predominance of the
Prismatomorphitae (Timofeevia—Cristallinium—Vulcanisphaera)
over the Diacromorphitae (Acanthodiacrodium—Arbusculidium—
Ladogella) is characteristic of the upper Cambrian. This
together with the presence of several specimens of ?Lusatia sp.
as in the upper Cambrian from Montcornet-en-Ardennes
(Rocroi Inlier; Ribecai & Vanguestaine, 1993, Zone cf 6) and
the absence of Tremadocian markers led to the interpretation of
an upper Cambrian age (Vanguestaine, pers. comm., 1998;
Vanguestaine in Delcambre & Pingot, 2002, p. 17).

In the uppermost member of the Mousty Fm, the Tangissart
Mbr, the discovery of the graptolite Rhabdinopora flabelliformis
ssp. socialis (between Laroche and Faux; Lecompte, 1948;
1949) proves its lowest Tremadocian age. Recently, Wang &
Servais (2015, figs 2, 3) have taken up the exhaustive study of
the graptolite R. flabelliformis of the Brabant Massif and the
Wépion borehole (Condroz Inlier) stored in Belgian collections.
They have shown that the graptolites of this upper member
belong to the R. praeparabola Biozone which is found at the
extreme base of the Tremadocian Stage, more precisely the
lower part of the time slice 1a of Webby et al. (2004), which
extends precisely from 486.85 to c. 485.5 Ma using the
graptolite biozonation of Goldman et al. (2020, fig. 20.4,
column Baltica).

In conclusion, the Mousty Fm extends from the base of the
Furongian Series to the base of the Tremadocian. It therefore
includes the Paibian, Jiangshanian and Stage 10 as well as the
basal 1 Ma or so of the Tremadocian (Fig. 5).

6.5. The Chevlipont Formation

The lower half of the formation contains the dendroid
graptolites R. flabelliformis ssp. socialis and typica (Lecompte,
1948; 1949) and also very well preserved acritarchs (Martin,
1969a, b; 1976) that indicate the lower Tremadocian. In the
upper part of the formation, in Bois de 1’Hermitage, Lecompte
(1949) described a clearly different subspecies R. flabelliformis
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aff. norvegica which indicates a higher level. Wang & Servais
(2015, fig. 2) showed that graptolites collected in the Chevlipont
Fm (including those from the Wépion borehole) belong to the
Rhabdinopora praeparabola, R. f. parabola, Anisograptus
matanensis and R. f. anglica biozones spanning the time slice 1a
of Webby et al. (2004) (Fig. 5). In Goldmann et al. (2020, fig.
20.4, Baltica column) the top of the R. anglica Biozone is dated
at 482.7 Ma which, in the absence of other palacontological
data, can be considered as the age of the top of the Chevlipont Fm.

Vanguestaine (2008, p. 13) placed the acritarchs from the
Chevlipont Fm (Sennette valley), in the Acanthodiacrodium
angustum assemblage. In that paper Acanthodiacrodium spp.,
Cymatiogalea spp., and Stelliferidium spp. are commonly found,
Vulcanisphera flagellum is present, and Acanthodiacrodium
ubuii is probably also present but poorly preserved. This
assemblage is similar to that observed in Chevlipont Fm from
the Thyle river and in the Lessines (Brabant Massif) and
Weépion (Condroz Inlier) boreholes, and also in the Solwaster
and Spa members of the Jalhay Fm (Stavelot-Venn Inlier). An
early Tremadocian age is therefore probable, but more accurate
identification of A. ubuii would be needed to confirm this, as
the species is restricted to the lower part of the Tremadocian
(Rasul & Downie, 1974).

In conclusion, the age of the Chevlipont Formation is early
Tremadocian (485.5—c. 482.7 Ma) except the lowermost basal
Tremadocian which belongs to the Mousty Fm (Fig. 5).

6.6. Hiatus

There is then a stratigraphic hiatus of about 15 Ma which
corresponds to an emersion of the Brabant Massif coincident
with the drifting of the Avalonia microcontinent away from
Gondwana and the opening of the Rheic Ocean (see arguments
in Cocks & Torsvik, 2002; 2005; 2021; Verniers et al., 2002;
Linnemann et al., 2012; Herbosch et al., 2016).

6.7. The Abbaye de Villers Formation

Of the chitinozoans observed in the middle part of the formation
(according to the map of Herbosch & Lemonne, 2000)
Eremochitina brevis is the most characteristic (Samuelsson &
Verniers, 2000). It is the eponymous species of the E. brevis
Biozone in the upper part of the Floian Stage of “North”
Gondwana (Goldman et al., 2020, table 20.4). The species
Lagenochitina  obeligis,  Euconochitina  vulgaris  and
Cyathochitina cf. dispar, found in the upper part of the
formation (Dyle and Senne basins), are less indicative but
suggest an age between mid Dapingian and mid Darriwilian
(Samuelsson & Verniers, 2000). Martin (1976), Vanguestaine et
al. (1989) and Vanguestaine (in André et al., 1991) reported the
presence of the acritarchs Frankea sartbernardensis var. A.,
Adorfia firma, and Frankea hamata var. A. The genus Frankea is
considered to have its first appearance in the upper Dapingian
(stage slice Dp3; Servais et al., 2017).

As shown in § 5.8, the acritarchs of the entire Abbaye de
Villers Fm can be attributed to the Frankea hamata—Striatotheca
rarrigulata assemblage (Vanguestaine & Wauthoz, 2011) which
are also found in the English Lake District in the 1. gibberulus
and A. cucullus graptolite biozones. Considering the latter as the
most reliable estimate and the age of the overlying Tribotte Fm
(see § 6.8), the Abbaye de Villers Fm can be located indirectly
from the upper Dapingian to the lower Darriwilian (Fig. 5).

6.8. The Tribotte Formation

A poor chitinozoan assemblage containing FEuconochitina
vulgaris indicates an upper Floian to lower Darriwilian
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(Verniers et al.,, 1999; Samuelsson & Verniers, 2000). The
assemblage of acritarchs recorded by Vanguestaine & Wauthoz
(2011) from the lower part of the Tribotte Fm in the Dyle basin
is very similar to that of the Abbaye de Villers Fm and belongs
also to the Frankea hamata—Striatotheca rarrigulata Biozone.
The wuppermost part of the formation vyields Frankea
sartbernardensis and possibly Vogtlandia multiradialis possibly
indicating an age from the lower half of the Darriwilian
(Vanguestaine & Wauthoz, 2011, fig. 4). In conclusion and
taking into consideration the age of the Abbaye de Villers and
Rigenée formations, the Tribotte Fm encompasses a small time
interval in the lower Darriwilian corresponding approximately
to the upper part of the A. cucullus Biozone to the lower
Didyimograptus artus Biozone (Fig. 5).

6.9. The Rigenée Formation

Graptolites from the lithological “unit D” in the Sennette valley,
now attributed to the Rigenée Fm, were placed by Martin &
Rickards (1979) at the top of the Didymograptus bifidus
Biozone (now D. arfus Biozone). A study of old and new
collections from the km 39.775 canal section by Maletz &
Servais (1998, fig. 4) shows that the graptolites are too poorly
preserved to differentiate between the D. arfus and the D.
murchisoni biozones. Servais (1991; 1993) observed the
successive appearances of Frankea sartbernardensis, Arkonia
virgata and Frankea hamulata in the lowermost, lower and
middle parts of the formation, the last two species being
Llandvirn (upper Darriwilian) markers and not recorded from
Arenig (Floian, Dapingian and lower Darriwilian) strata.
Vanguestaine & Wauthoz (2011, fig. 4), taking all available data
into account, placed the Arenig—Llanvirn boundary (mid
Darriwilian) within the Rigenée Fm (at the appearance of either
A. virgata or F. hamulata). A poor assemblage of chitinozoans
with Lagenochitina obeligis and Cyathochitina calix indicates
most probably a Darriwilian age (Molyneux, com. pers., 2021).
It can be added that the base of the overlying formation, the Ittre
Fm, contains chitinozoans belonging to the late Sandbian to
early Katian (Vanmeirhaeghe, 20006).

Taking into account all these results, particularly the
stratigraphic position of the underlying Tribotte Fm and the
overlying Ittre Fm, the Rigenée Fm can be approximately
located from the lower to the upper Darriwilian, or even the mid
Sandbian (Fig. 5).

The sedimentary record of the Brabant Massif continues
well above the Rigenée Fm until the end of the Silurian. The
revision of the remainder formations is not discussed here
because the sedimentary record in the Ardenne inliers ends in
the Middle Ordovician.

7. Chronostratigraphy of the formations of the
Stavelot-Venn Inlier

The most recently established stratigraphy of the Cambrian—
Ordovician in the Stavelot-Venn Inlier was established by
Herbosch et al. (2020, fig. 3). As such, only minor adjustments
are made here, following the advancement of the global
stratigraphy (Gradstein et al., 2020). But as with the Brabant
Massif, this chapter will take into account new stratigraphic
advances since the last syntheses and will explain choices and
decisions, including those that are less well supported
scientifically.

7.1. The Hourt Formation

The Hourt Fm is the oldest formation cropping out in the
Stavelot-Venn Inlier (von Hoegen et al., 1985; Geukens, 2008).
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Despite the absence of macro- and microfossils, an approximate
age can be assigned by comparison with the lithologically very
similar Blanmont (Brabant Massif) and Longue-Haie (Rocroi
Inlier) formations. As a consequence of the reasoning in § 6.1
(Fig. 4), the top of the Hourt Fm is placed at the lower limit of
Zone 0. Its lower limit is placed well below the appearance of
the Oldhamia ichnofossil (Herbosch & Verniers, 2011), i.e.
around 525 Ma. The Hourt Fm thus approximately comprises
the interval between the upper part of Stage 2 and the middle of
Stage 3 (Figs 3, 4).

7.2. The Bellevaux Formation

The ichnofossil Oldhamia was discovered at the end of the 19th
century (Malaise, 1874; 1876; 1878) in approximately the
middle part of the formation (Figs 2, 3). The uppermost part of
the formation was dated by acritarchs from Zone 0
(Vanguestaine, 1974; 1992). The Bellevaux Fm thus extends
between the middle of Stage 3 to the top of Stage 4 (Fig. 3).
However, it is possible that its upper limit reaches the top of the
O. indicus Biozone (see § 5.1).

7.3. The Wanne Formation

The Wanne Fm consists of two unnamed members, Rvl and
Rv2 (former nomenclature of Geukens, 1949; Beugnies, 1960b).
Member Rv1 contains acritarchs from Zone 1 (Vanguestaine,
1977, fig. 3; 1992, fig. 5) which is correlated from the top of the
O. indicus to the top of the Ptychagnostus gibbus biozones.
Member Rv2 contains acritarchs from Zone 2 and Zone 3
(Vanguestaine, 1977, fig. 3; 1992, fig. 5). It thus extends from
the lowest part of the Wuliuan Stage to the middle part of the
Guzhangian Stage, i.e. a large part of the Miaolingian Series
(Fig. 3).

7.4. The La Venne Formation

This formation also consists of two unnamed members, Rv3 and
Rv4 of the former nomenclature (Geukens, 1949; Beugnies,
1960b). Member Rv3 contains acritarchs from Zone 4a in its
lower part and Zone 4b in its upper part (Vanguestaine, 1977,
fig. 3; 1992, fig. 5; Ribecai & Vanguestaine, 1993, figs 2, 3).
These zones are correlated from the upper part of the L.
laevigata Biozone to the top of the Olenus Biozone. The upper
part of Member Rv4 contains acritarchs from Zone 5 (same
references), which correlates from the upper half of the
Parabolina Biozone to the base of Peltura Biozone. Taking into
account the lower limit of the La Gleize Fm that follows it,
Zone cf 6 must be added, the top of which is in the middle of the
Peltura Biozone (Ribecai & Vanguestaine, 1993, figs 2, 3).

The La Venne Fm thus occupies the upper half of the
Guzhangian, the Paibian, the Jiangshanian stages and the lower
half of Stage 10, which is a large part of the Furongian Series

(Fig. 3).
7.5. The La Gleize Formation

The La Gleize Fm contains acritarchs of Zone 6, which has been
correlated with trilobite biozonation from the middle of the
Peltura Biozone to the top of the Acerocarina Biozone
(Vanguestaine, 1992). It thus extends over most of Stage 10 and
its top coincides with the top of the Cambrian (Fig. 3).

7.6. The Jalhay Formation

As mentioned above, the formation consists of three members.
In the two lower ones (Solwaster and Spa members) acritarchs



146

of Zone 7 are present. Graptolites are also present and range
from the R. praeparabola to R. flabelliformis anglica biozones
(Wang & Servais, 2015). Recently, Candela et al. (2021)
described graptolites identified as R. flabelliformis socialis
and ?R. praeparabola in the lower part of the Solwaster Mbr of
the Jalhay Fm which confirms the early Tremadocian age (time
slice la) of this member, already found by Wang & Servais
(2015). The upper Lierneux Mbr contains acritarchs of the
higher Zone 8 which is correlated with the upper part of the
Tremadocian (see § 5.7). Hence, the Jalhay Fm spans over the
whole Tremadocian (Fig. 3).

7.7. The Ottré Formation

The Ottré Fm contains three members that are completely
devoid of microfossils due to their highly oxidizing depositional
environment (Herbosch et al., 2016). But the discovery of
conodonts of the Parastodus proteus Biozone at the boundary
between the Meuville and Les Plattes members in the Lienne
Syncline (Vanguestaine et al., 2004) allows to tentatively
attribute this level to the latest Tremadocian without excluding
the lower Floian. An early Floian age is more likely in the light
of the upper Tremadocian age of the underlying Jalhay Fm. The
upper limit of the Ottré Fm is uncertain, and is placed more or
less arbitrarily in the upper part of the Floian Stage. Thus the
Ottré Fm extends from the top of the Tremadocian to
approximately the upper part of the Floian (Fig. 3).

7.8. The Bihain Formation

The Bihain Fm comprises two members. The upper one, the
Salmchateau Mbr, contains acritarchs of Zone 9 that have been
correlated with the I gibberulus to A. cucullus graptolite
biozones (Vanguestaine, 1986; 1992; Servais, pers. comm.,
2005). The Bihain Fm extends from approximately the
uppermost part of the Floian to the lowermost Darriwilian
(Fig. 3).

The sedimentary record of the Stavelot-Venn Inlier ends
with the upper member of the Bihain Fm. The stratigraphic
hiatus that follows goes as high as the uppermost Pridoli (c. 418
Ma, Silurian) with the “Gedinnian transgression” underlined by
the conglomerate of the Ardennian unconformity.

8. Chronostratigraphic position of the formations of
the Rocroi and Givonne inliers

The Rocroi and Givonne inliers are considered together, given
the important similarity of the sedimentary records of the Revin
Group (the Deville Group is not cropping out at Givonne) in
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these two units. Furthermore, it would not have been possible to
understand the succession of informal biozones in the Rocroi
Inlier without the biostratigraphic investigations carried out in
the Givonne Inlier, especially the most recent ones
(Vanguestaine, 1977; Léonard, 2004; Vanguestaine & Léonard,
2005).

8.1. Palaeogeographical and tectonic relationships between
these two inliers

There is few literatures on the palacogeographic and tectonic
relationship between these two nearby inliers. However,
Beugnies (1960a) emphasised on numerous occasions the strong
lithological similarities between their constituent formations, in
particular with regard to the marker levels constituted by the
roofing slate seams (i.e. Beugnies, 1960a, 1960b). These two
Cambrian inliers have tectonic structures that are globally
oriented E-W (e.g. Beugnies, 1960a; 1963; Bélanger, 1998) and
their extremities are only about 15 km apart. An N-S section
parallel to the Meuse river (Lacquement, 2001, fig. 157D;
Sintubin et al., 2009, figs 2, 3) shows that the Givonne Anticline
is thrusted to the N onto the Neufchateau Synclinorium via the
Herbeumont Fault. This thrust, whose throw is in the order of
2500 m (Asselberghs, 1946), brings up a deeper part of the
Rocroi Inlier near the southern edge of the Givonne Inlier
(Fig. 6). These observations suggest that these two nearby but
currently distinct inliers were part of the same sedimentation
basin and were separated at the time of their deposition by only
a few tens of km, at the very most 100 km. This conclusion is
important for understanding the lithostratigraphic relationships
between these two nearby inliers.

8.2. Contrasting presence of acritarch Zone 3 and Zone 4a in
the Givonne Inlier and their absence in the Rocroi Inlier

In his review paper, Vanguestaine (1992, fig. 5) emphasised
several times the absence of Zone 3 and Zone 4a in the Rocroi
Inlier and the same article suggested the occurrence of an
important stratigraphic gap. This suggestion gives rise to two
remarks:

(1) Zone 3 shows a duration of approximately 3 Ma (see §
5.2; Fig. 3) and we have argued above that the poorly defined
Zone 4a can no longer be proven to exist (see § 5.3). This
stratigraphic or observational gap is therefore not a very large
one.

(2) the Rocher de I’Uf section at Fumay, where
Vanguestaine (1977, fig. 4) sampled, is marked by the Rocher
de I’Uf Fault which, according to Beugnies (1962, p. 22-23), is
an overthrust fault that removes three quarters of the Roche a
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Figure 6. Simplified cross-section of Variscan foreland fold-and-thrust belt in the Ardenne from the Brabant basement in the N to the Rocroi and
Givonne inliers in the S. See Fig. 1 for the location of the section. Modified from Sintubin et al. (2009).
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Sept Heures Fm. In consequence, it might be likely that a part of
the strata assigned to Zone 3 have been removed by the Rocher
de I’Uf Fault.

In addition, Zone 3 was identified in Givonne Inlier in three
sections: Moulin Chicot (Vanguestaine, 1977, fig. 8), Claire-
Terne de la Borne and Falizette (Vanguestaine & Léonard,
2005, fig. 3). However, we have just seen that Givonne Inlier is
probably a thrusted part of the Rocroi Inlier and that,
consequently, the distance of their depositional environment
was relatively small, especially as it is a deep depositional basin.
If Zone 3 is present in the Givonne Inlier, then it should also be
present in the Rocroi Inlier and there would be no stratigraphic
gap in the Rocroi Inlier. I am well aware that this is a working
conclusion that would require further biostratigraphic
investigations to be confirmed.

8.3. Chronostratigraphy of the formations of the Rocroi Inlier
8.3.1. The Longue-Haie Formation (Dvl)

The Longue-Haie Fm is the oldest formation cropping out in the
Rocroi Inlier (Beugnies, 1963). No macro- or microfossils have
been observed. Its uppermost part shows a roofing slate seam,
the St Anne Mbr, 4 to 7 m thick. Despite the absence of fossils,
an approximate age can tentatively be attributed to it by
comparison with the Blanmont (Brabant Massif) and Hourt
(Stavelot-Venn Inlier) formations which are lithologically very
similar. As a consequence of the reasoning in § 6.1 (Fig. 4) the
top of the Longue-Haie Fm is placed at the lower limit of Zone
0. Its lower boundary is positioned well below the appearance of
the Oldhamia ichnofossil (Herbosch & Verniers, 2011), around
525 Ma. The Longue-Haie Fm is approximately and tentatively
placed between the upper half of Stage 2 and the lower half of
Stage 3 (base of the Olenellid Superzone) (Fig. 3).

8.3.2. The Quatre Fils Aymon Formation (Dv2)

In the N of the inlier (between Haybes and Fumay) Oldhamia
was described in the lower 15-20 m of the formation (Beugnies,
1963, p. 29). Its middle part contained acritarchs from Zone 0
(Vanguestaine, 1977, p. 254; 1992, fig. 5). Its upper part shows
a thick (10-25 m) roofing slate seam, the Renaissance Mbr,
exploited in the past. The Quatre Fils Aymon Fm is thus
approximately located between the lower half of Stage 3 and the
lower part of the Wuliuan Stage. However, it is tentative to
suggest that its upper limit reaches the top of the O. indicus
Biozone (Fig. 3).

8.3.3. The Rocher de I’Uf Formation (Rvl)

In the Rocher de 1’Uf section at Fumay this formation is
assigned to Zone 1 (Vanguestaine, 1977, figs 4, 6). The
uppermost part of the formation shows a thin (3—5 m) roofing
slate seam called the Peureux Mbr (Rv1b). The Rocher de 1’Uf
Fm includes most of the upper part of the Wuliuan Stage

(Fig. 3).
8.3.4. The La Roche a Sept Heures Formation (Rv2)

In the Rocher de 1’Uf section at Fumay this formation contains
acritarchs from Zone 2 (Vanguestaine, 1977, figs 4, 0).
However, as there are doubts about the continuity of this section
(see discussion § 8.2) and as Zone 3 is observed in the Givonne
Inlier, the assumption that the La Roche a Sept Heures Fm
covers the whole of the chronostratigraphic interval from the
Drumian to the middle part of the Guzhangian seems
reasonable. The upper part of the formation shows a thick (10—
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30 m) roofing slate seam called La Folie Mbr (Rv2b). I would
therefore consider as a working hypothesis that the La Roche a
Sept Heures Fm lies between the base of the Drumian and the
middle of the Guzhangian (both Miaolingian) (Fig. 3).

8.3.5. The Anchamps Formation (Rv3)

In the Rocher de 1’Uf section at Fumay this formation contains
acritarchs from Zone 4b (Vanguestaine, 1977, figs 4, 6;
Vanguestaine, 1992, fig. 5). By correlation, as explained above,
the Anchamps Fm can indirectly be dated from the middle of
the Guzhangian (Miaolingian) to the upper part of the Paibian
(Furongian) (Fig. 3).

8.3.6. The Petite-Commune Formation (Rv4)

This formation contains acritarchs from the upper part of Zone
4b to the top of Zone cf 6, with in between Zone cf 5 and Zone
5 (Meilliez & Vanguestaine, 1983; Vanguestaine, 1992, fig. 5;
Ribecai & Vanguestaine, 1993, figs 2, 3). The Petite-Commune
Fm is hence indirectly dated from the upper part of the Paibian
to the lower part of Stage 10 (both Furongian) (Fig. 3).

8.3.7. Stratigraphic hiatus

Above the previous formations, there is a long stratigraphic
hiatus of about 19 Ma. It could be shorter if the discovery of the
Rhabdinopora graptolite, reported by Malaise (1878) in the
Rocroi Inlier, was confirmed, which is nevertheless unlikely for
Beugnies (1963). This hiatus corresponds broadly to that
observed in the Brabant Massif, although it is slightly longer (19
Ma vs 15 Ma; Figs 3, 5). In comparison with the Brabant
Massif, it is tempting to attribute also this hiatus to the drifting
of the Avalonia microcontinent away from Gondwana together
with the opening of the Rheic Ocean (Cocks & Torsvik, 2002;
2005; Verniers et al., 2002; Herbosch et al., 2020).

8.3.8. The Vieux Moulins de Thilay Formation (former RvS, now Sm3)

This formation, which was defined by Beugnies (1963) as the
top of the Revin Group (RvS5), was redefined as belonging to the
Salm Group by Geukens (1981) on a lithostratigraphic basis.
This hypothesis was confirmed by Roche et al. (1986) who
found an association of acritarchs typical of Zone 9. This
allowed to date indirectly the Vieux Moulins de Thilay Fm. to
the uppermost Dapingian and lowermost Darriwilian. It means
that the formation falls within the same range as the
Salmchateau Mbr of the Bihain Fm (Stavelot-Venn Inlier) and
the Abbaye de Villers Fm (Brabant Massif) (see discussion
§ 5.8; Figs 3, 5).

8.4. Chronostratigraphy of the formations of the Givonne
Inlier

8.4.1. Introduction

For Beugnies (1960a; 1962) the Givonne Inlier shows only the
Rv2 to Rv4 formations belonging to the Revin Group, but he
wrote that the Salm Group could also be represented by the
Pourru-aux-Bois Fm (Rv5). The latter formation has not yet
been dated, so the hypothesis remains open. The biostratigraphic
investigations of Vanguestaine (1977) and Vanguestaine &
Léonard (2005, fig. 3) were carried out in the vicinity of
Bosséval-et-Briancourt, the less metamorphic western end of the
Givonne Inlier. There are two N-S oriented sections: the first
goes from the Ri de la Claire to the Ri du Terne de la Borne for
1400 m, the second, more to the SE, follows the Ri des
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Falizettes for 800 m (op. cit., 2005, fig. 3). These two sections
contain some observation gaps.

As a result of their field work and biostratigraphic study,
Vanguestaine & Léonard (2005) concluded that the
lithostratigraphic succession proposed by Beugnies (1962, fig.
5, p. 74) for these sections, from bottom to top: La Chapelle Fm
(Rv2) — Illy Fm (Rv3) — Sautou Fm (Rv4), was incorrect.
Indeed, most of the Sautou Fm, in its type locality, is older than
the La Chapelle Fm. It also appears, from the biostratigraphy,
that the Illy Fm includes unnamed stratigraphic units older than
the Sautou Fm as defined above. Finally, these authors
discovered a roofing slate seam, not described by Beugnies,
which thickness of 8—10 m indicates that it could be the lateral
equivalent of the Peureux Mbr of the Rocroi Inlier. Finally,
Vanguestaine & Léonard (2005) questioned the relevance of the
geological maps of the Givonne Inlier published by Beugnies
(1960b, 1962) given the results of their study.

Nevertheless, the work of these authors, in particular on the
Claire-Terne de la Borne section (Vanguestaine & Léonard,
2005, figs 6, 8), will allow us, thanks to the identification of the
acritarch biozones, to correlate the three lower units of the
Revin Group with those of the neighbouring Rocroi Inlier.

8.4.2. The unnamed formation equivalent to the Rocher de I'Uf
Fm (Rvl) of the Rocroi Inlier

This unnamed formation is located in the centre of the Bosséval
Anticline of the Claire-Terne de la Borne section where it
contains acritarchs from Zone 1 (Vanguestaine & Léonard,
2005, figs 6, 8). Beugnies (1960b, 1962) interpreted this section
as the upper part of the Illy Fm (Rv3). In view that the acritarchs
indicate Zone 1, it is highly probable that this
lithostratigraphical unit which also contains acritarchs of Zone
1, can be the lateral equivalent of the Rocher de I’Uf Fm (Rv1)
in the neighbouring Rocroi Inlier. An additional argument is the
discovery of a roofing slate seam, a few tens of metres under the
dated unit, all the characteristics of which, in particular its
thickness (6-8 m), correspond to the Les Peureux Mbr of the
Rocroi Inlier (Fig. 3).

8.4.3. Assignment of Zone 2 identified in the Claire—Terne de la
Borne section

On either side of the core of the anticline in the Claire-Terne de
la Borne section, Vanguestaine & Léonard (2005) identified
acritarchs of Zone 2. However, Beugnies (1960b) recognized
there the Illy and Sautou formations. As these two intervals (on
either side of the anticline) belong to Zone 2, it is possible to
correlate it with Zone 2 present in the lower part of the Roche a
Sept Heures Fm (Rv2 of the Rocroi Inlier). Given the
observational gaps in the section, acritarchs of Zone 3, which
should follow, are not observed, nor the roofing slate marker at
its top (Vanguestaine & Léonard, 2005, figs 6, 8). Nevertheless,
we will see in the following section, that this Zone 3 is
identified in two other places.

8.4.4. Position of Zone 3 and Zone 4b

In the Falizette section, Vanguestaine & Léonard (2005, fig. 5)
showed Zone 4b overlying an undifferentiated Zone 4. Given
that they record Stelliferidium ? sp. A and Lophosphaeridium ?
kryptoradiatum, one can see why they referred it to Zone 4, but
this does not exclude that these forms first appear in Zone 3
(Molyneux, pers. comm., 2021). This might fit the lithological
succession better as the roofing slate seam Olly Mbr is observed
just between the two zones (Vanguestaine & Léonard, 2005, fig.
5). The Olly Mbr, a few metres thick, forms the boundary
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between the La Chapelle (Rv2) and the Illy (Rv3) formations in

the lithostratigraphy of Beugnies (1960b, 1962). Moreover,

Zone 3 was observed by Vanguestaine (1977, fig. 8) to the N of

Moulin Chicot which belongs to the Falizette section. Zone 4b

is also observed at the northern end of the Claire-Terne de la

Borne section where, given the anticlinal structure, it would be

logical for it to succeed Zone 3 (Vanguestaine & Léonard, 2005,

fig. 8).

These observations strongly suggest:

- that Zone 3 not observed in the Rocroi Inlier is present in La
Chapelle Fm sensu Beugnies (1960b). This last formation is
similar in aspect to the La Roche a Sept Heures Fm.
Without proving it, there is an additional argument that the
roofing slates of the Olly Mbr are a lateral equivalent of the
La Folie Mbr (Fig. 3);

- that Zone 4b is the equivalent of the Anchamps Fm of the
Rocroi Inlier (Fig. 3).

8.4.5. Conclusions

It has been possible for me, with difficulty given many
contradictions and imprecision in the literature, to correlate
three new formations in the Givonne Inlier with their lateral
equivalents in the Rocroi Inlier. They are not named because
they do not correspond to the stratigraphic nomenclature
proposed by Beugnies (1960b, 1962), except for the Olly Mbr.
These three unnamed formations can be dated via the acritarchs
biozonations from the Wuliuan to the Paibian (Fig. 3).

However, this should be considered as tentative requiring
further research to be confirmed. In the same order of thought,
Beugnies (1960b) mapped the >400 m thick Pourru-aux-Bois
Fm (Rv5), subdivided in members, that could correspond to the
Petite-Commune (Rv4) and Vieux-Moulin de Thilay (Sm3)
formations of the Rocroi Inlier (Fig. 3). This also needs future
research.

9. Discussion on geological implications
9.1. Learnings from the graphical synthesis

Figure 7 shows the stratigraphic correlations of the formations

in the Brabant Massif and the two major inliers of the Ardenne,

Stavelot-Venn Inlier and Rocroi Inlier, from the lower

Cambrian to the Middle Ordovician. Formations belonging to

Megasequences 1 and 2 (e.g. Woodcock, 1991; Vanguestaine,

1992; Verniers et al., 2002) are coloured in yellow and green

respectively and the large-scale tectonic events allow inferences

to be made. Figure 8 is more comprehensive as it compares the
same three areas from the lower Cambrian to the Devonian as
well as the three megasequences with their thicknesses and, of

importance, the magmatic events (Linnemann et al., 2012;

Herbosch et al., 2020). These two graphical syntheses allow for

some interesting global observations, some of which are well

known but have not been satisfactorily explained:

- The sedimentary record of these three areas begins
simultaneously even if the alignment of their base in the
Terreneuvian Series, around c. 525 Ma, has only weak
stratigraphic arguments to support it. Their lithology is
predominantly  sandstone and their  depositional
environments are interpreted as shallow, while the major
part of the subsequent sedimentary record is mostly deep
oceanic (Beugnies, 1963; von Hoegen et al., 1985;
Geukens, 1963; Verniers et al., 2002; Herbosch & Verniers,
2013).

- Megasequence 1 occurs in all three areas but is
significantly thicker in the Brabant Massif (>9 km; Fig. 8).
It is interrupted by a stratigraphic hiatus at the beginning of
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STRATIGRAPHIC CORRELATIONS BRABANT MASSIF - ARDENNE INLIERS

the Ordovician in the Brabant Massif and Rocroi Inlier but

not in the Stavelot-Venn Inlier where sedimentation is

continuous until the beginning of the Middle Ordovician

(Lamens, 1985; Verniers et al., 2002; Herbosch & Verniers,

2014).

- Megasequence 2 is greatly reduced in time and thickness in
the Stavelot-Venn Inlier (~0.6 km, ~10 Ma) and Rocroi
Inlier (~0.1 km, ~2 Ma). It is moderate in the Brabant
Massif (about 1.3 km) but extends to the Upper Ordovician
(~20 Ma).

- Megasequence 3 is absent (stratigraphic hiatus) in the
Ardenne inliers and continuous until the top of the Silurian
in the Brabant Massif.

- At the Dapingian-Darriwilian boundary, sedimentation
resumes in the Brabant Massif while it stops in the two
Ardenne inliers.

- Concerning magmatism, which is not the subject of this
paper, the reader is referred to Herbosch et al. (2020) who
overview previous research and describe new data followed
by a new interpretation. In short, magmatism is essentially
intermediate to felsic in the Brabant Massif and Stavelot-
Venn Inlier and tholeiitic in the Rocroi Inlier. The acme of
acid magmatism concentrated at the Ordovician—Silurian
transition (450-440 Ma; Fig. 8) and that of the Rocroi Inlier
is extremely brief and dated to the upper Pridoli (see § 9.4).

- The Brabant Massif was affected only by the Caledonian
orogeny whereas the Ardenne inliers were affected first by
the Caledonian and then by the Variscan orogeny (Fig. 8).
This last hypothesis is disputed by some authors who
minimize the importance of a Caledonian folding (see
references in § 9.4).

The explanations for these observations, sometimes
conflicting, are essentially due to large-scale tectonic events
linked to the history of the Avalonia microplate from the
Cambrian to the Devonian. This story starts at the beginning of
the Cambrian with its location at the western edge of the West
African Craton (present position), then continues at the
beginning of the Ordovician with its drifting from Gondwana
and opening of the Rheic Ocean. This continues with its rapid
northward drift into the Iapetus Ocean, its soft docking with
Baltica in the Upper Ordovician, and ends during the Devonian
with the collision of Baltica—Avalonia with Laurentia closing
the Iapetus Ocean (e.g. recent review papers Herbosch et al.,
2020; Cocks & Torsvik, 2021). In the following sections, we
will take a closer look at some events in the history of the
Avalonia microplate that have recently come into focus.

9.2. The Cambrian palaeogeographical position of Avalonia
and its subsequent rifting from Gondwana

The palacogeographical position of Avalonia during the
Cambrian, before drifting, has been located off West Africa (see
overview in Domeier, 2016; Cocks & Torsvik, 2021) or even off
South America (e.g. Nance et al., 2008). Based on a detailed
interpretation of the detrital zircon age spectra and on
rheological considerations, Herbosch et al. (2020, fig. 20)
proposed a more constrained palacogeographical position for
Avalonia before its drifting from Gondwana. The Rheno-
Hercynian basement forms a protuberance located at the SE
extremity of Avalonia (Fig. 9C) which corresponds exactly in
size to the actual western embayment of the West African craton
observed on the southern coast of Mauritania and Senegal.
Herbosch et al. (2020, fig. 20) then proposed that the Rheno-
Hercynian basement was ripped off the West African
metacratonic margin during the drifting of Avalonia from
Gondwana (Fig. 9) in the lowermost Ordovician (e.g. Cocks &
Torsvik, 2005; 2021; Domeier, 2016). This is consistent with
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Figure 9. Geodynamic model proposed for Cambrian to Silurian
history of E Avalonia by Herbosch et al. (2020). A: Cambrian rifting
period (Terreneuvian to Furongian, 525-487 Ma). This cross-section is
based on the present-day structure of the Albuquerque Basin from New
Mexico (Russel & Snelson, 1994) transposed to the Brabant Massif
located in the most subsident zone (rift) and the Ardennes located on the
shoulder of the rift separated by the Condroz shoal. B: During Lower
Ordovician (Tremadocian—Floian; 487-471 Ma), the Rheic Ocean
opened to the E of the Brabant—Ardenne rift zone, within the Gondwana
fractured basement. The southern margin of Avalonia is thus made of a
Gondwana metacratonic margin, which meets the lithospheric zones
proposed by Smit et al. (2018). C. The Middle Ordovician—uppermost
Silurian (471-419 Ma) corresponds to the main lifespan of the Rheic
Ocean whose medio-oceanic ridge can apply stress on the S margin of
Avalonia, especially during the docking of Avalonia with Baltica
(around 448 Ma) and later with Laurentia (from 430 Ma). This induced
strike-slip movements along the SW boundary (Bray Fault) of Avalonia
and along its eastern margin (Rheno-Hercynian Domain margin).
Modified from Herbosch et al. (2020).
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the SE extension of the Midlands microcraton under the
southern part of the Brabant Massif and under the Ardenne,
which has already been proposed by several authors (Blundell,
1993; Chacksfield et al., 1993; Sintubin, 1999; Sintubin &
Everaerts, 2002). It is geophysically demonstrated by Smit et al.
(2018), who showed that a large part of the Rheno-Hercynian
domain is above the Avalonia microcraton (Fig. 9C). In the new
configuration proposed by Herbosch (2020, figs 18, 19) the
Brabant Massif lies above the Gondwanan metacratonic margin
(SE extension of the Midlands microcraton) in its southern part
(Fig. 9C) and above the Southern North Sea—Liineburg terrane
to the NE (Sintubin & Everaerts, 2002, fig. 10; Sintubin et al.,
2009, fig. 11). This metacratonic margin, on which the Ardenne
Allochthon is located, was bordered to the N by several
subsiding basins: Brabant, East Anglia, and Welsh (Fig. 9C).

Major events affecting the Avalonia microplate (see § 9.1)
allow us to explain why sedimentation begins more or less
simultaneously in the Brabant Massif and in the Ardenne inliers.
Indeed, while proto-Avalonia was still part of Gondwana in the
lower Cambrian (Fig. 9A) a rift began to form initially on the
shelf which rapidly deepened. Subsidence is much more
important in the Brabant Massif, which is located on a different,
less rigid basement.

9.3. The Brabant Massif and the Ardenne inliers form a single
basin with contrasted basement

Although the Brabant Massif and the Condroz Inlier have
already been shown to form a single sedimentation basin
(Verniers et al., 2002; Herbosch & Verniers, 2014), its
extension to the Ardenne inliers had only been suggested
(Owens & Servais, 2007; Linnemann et al., 2012). It is only
recently that this has been further investigated (Herbosch et al.,
2020). These authors promote the hypothesis that the Brabant
Massif and the Ardenne inliers formed a single basin from the
lower Cambrian to the Middle Ordovician.

The apparently contradictory observations made earlier (see
§ 9.1) concerning the thicknesses and the hiatuses between the
different areas can be reconciled if we adopt the hypothesis of a
more rigid basement is present under the Ardenne inliers. The
Brabant Massif being located in a much more subsiding region
belonging to a failed arm of the rift that led to the Rheic Ocean
opening (Verniers et al., 2002). Given this context, it can be
assumed that the Ardenne inliers were located on one shoulder
of the Brabant Massif rift (Herbosch et al., 2020). Rheological
contrasted behaviours between rift and its shoulder are well
known and continue to display contrasted evolution after the
ocean opened (e.g. Faleide et al., 2008). In this hypothesis, the
Brabant Massif being located in the rift itself will be affected by
much more deepening under extension than the Ardenne inliers
with their more rigid basement. This rift shoulder was probably
composed of distinct blocks which may have moved vertically
in relation to each other, and which would explain the presence
of a hiatus in the Lower Ordovician of the Rocroi Inlier and
only a regression in the Stavelot-Venn Inlier (Fig. 8). When
subjected to compressive stress, the Brabant Massif deforms and
lifts more easily, which is the cause of the hiatus resulting from
the Baltica—Laurentia collision (Fig. 8).

9.4. The Ardenne inliers have been affected by the Caledonian
orogeny: new arguments

The age and the nature of the event responsible for the
Ardennian unconformity are an old debate that lasts since the
beginning of geological research in the Ardenne. Briefly, it can
be said that a large number of authors (i.e. Beugnies, 1963;
Delvaux de Fenffe & Laduron, 1991; Bélanger et al., 1997;
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Bélanger, 1998; Geukens, 1999) tends to the view that the
Ardenne inliers underwent two orogenic phases, a Caledonian
phase of general poorly defined Ordovician age and a Variscan
phase that is well documented and dated from the upper
Carboniferous. However, Van Baelen & Sintubin (2008) and
Sintubin et al. (2009) argue, on the basis of very detailed but
local studies in Stavelot and Rocroi inliers, that there are no
structural arguments in favour of the occurrence of an
Ardennian orogenic event. For them, the angular discordance
observed all around the Ardenne inliers reflects the late Silurian/
Early Devonian onset of the Rheno-Hercynian basin
development. However, this study provides three new
arguments in favour of the existence of a mid-Ordovician
Caledonian orogenic event:

(1) The highest stratigraphic units in both the Rocroi and
Stavelot-Venn inliers are of the same age. This is well shown by
the presence of the same acritarch biozone (Zone 9) in both
topmost strata (see § 5.8), indicating a late Dapingian to early
Darriwilian age (Figs 3, 7). This gives a time-based argument in
favour of a tectonic event that caused a simultaneous uplift and
emergence of the Ardenne inliers at the beginning of the Middle
Ordovician, even if we know that the presence of these highest
layers is not a proof of ending of sedimentation.

(2) Palaeocurrent data obtained in the Brabant Massif for the
late Ordovician and Silurian turbidites suggest currents directed
on average northwards (Debacker et al., 2014). In details: NNW
in the Llandovery to Wenlock of the Méhaigne (Verniers & Van
Grootel, 1991), northwards in the Wenlock of the Orneau
(Verniers & Van Grootel, 1991), northwards in the Ludlow of
the Sennette (Louwye et al., 1992), northwards current and N
dipping slope for the Wenlock of the Orneau (Debacker et al.,
2014). These observations suggest that the Ardenne basement,
made predominantly of fine-grained siliciclastic rocks,
represents a likely source area for the mud-dominated turbidites
of the Brabant—Condroz Silurian foreland basin (Debacker et al.,
2014). This statement is supported by the presence of freshly
reworked Lower—Middle Ordovician acritarchs throughout the
Silurian of the Condroz Inlier, the source area of which should
be located to the S of the Condroz, i.e. the Ardenne inliers
(Martin, 1969a, b, 1974).

(3) It has been demonstrated in the Rocroi Inlier (Meilliez,
1981; Goffette et al., 1990; Goffette, 1991) that the magmatic
dykes “cut folds in the Cambrian formations, and are themselves
affected by the penetrating cleavage that affects the basement
and the cover” (Meilliez & Lacquement, 2006, p.73). The
intrusion of these dykes occurred by hydraulic fracturing in an
extremely short time, geologically instantaneous (Goffette,
1991). It can thus be considered that the 421 + 3 Ma age
(Pridoli) obtained on the felsic Mairupt dyke (Cobert et al.,
2018) is that of the whole dyke swarm. We can therefore deduce
that the Rocroi Inlier was folded before the Silurian—Devonian
boundary (419 Ma; Gradstein et al., 2020), i.e. during an early
Caledonian phase.

Put together, these independent but convergent arguments
are strongly in favour of a Caledonian tectonic event. This event
must be post lower Darriwilian (Middle Ordovician), the age of
the youngest sediments affected by this event in the Stavelot-
Venn Inlier and Rocroi Inlier (Fig. 8). It must also be pre-Pridoli
for the Rocroi Inlier dykes, and before the mid Silurian for the
Brabant Massif foreland basins (Van Grootel et al., 1997). This
age also corresponds to the magmatic flare-up on both sides of
the Katian—Hirnantian boundary in the Brabant Massif and in
Stavelot-Venn Inlier (Helle sill; Fig. 8). There is also evidence
for a tectonic activity at about this time in the Welsh Basin,
dated as late Katian, and referred to as Shelveian event (e.g.
Pharaoh, 2018). Altogether, this points to a Middle to Upper
Ordovician age for this Caledonian tectonic event. The latter age
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could be considered as the time of the climax of the Ardennian
tectonic event, which can be considered as a far-distant effect of
the Avalonia—Baltica docking in an intracontinental setting
(Herbosch et al., 2020).

10. Conclusions

The Ardenne inliers and Brabant Massif both belong to the
Avalonia microplate but only the Ardenne inliers have been
affected by the Variscan orogeny. This implies that the
correlations between these two Cambro-Ordovician basements
are not straightforward and have been much discussed but not
updated. This work, by taking up all the literature concerning
the litho-, bio- and chronostratigraphy of the Brabant Massif and
the three main inliers of the Ardenne, i.e. Stavelot-Venn, Rocroi
and Givonne, has been able to achieve the following:

- to more accurately correlate Vanguestaine’s 13 informal
acritarch biozones with the most recent geological time
scale (Gradstein et al., 2020);

- to establish an up to date chronostratigraphy of the
formations of the Brabant Massif and the Stavelot-Venn
Inlier;

- to establish a completely new chronostratigraphic position
of the formations of the Rocroi and Givonne inliers;

- concerning the Givonne Inlier, Vanguestaine & Léonard
(2005) proved that the lithostratigraphy used so far should
be redone. The units used are without definition, but no
new formal or informal units are proposed by them nor in
the present paper.

However, it is necessary to point out that the boundaries
between formations, represented in dashed lines in Figures 3, 5,
7 and 8, are less precise than those represented in solid lines.
Similarly, the biostratigraphic correlations between the Ardenne
inliers, in particular between the Rocroi Inlier and the Givonne
Inlier, must also be taken with a certain amount of caution as
explained above (see § 8.4.5).

This synthesis, summarised in Figures 7 and 8, allows more
general inferences to be drawn in relation to the eventful
tectonic history of the SE part of the Avalonia microplate. The
sedimentation of the Caledonian basement from Belgium and
neighbouring countries starts more or less simultaneously within
Stage 2 following the formation of a rift that affects proto-
Avalonia (e.g. Verniers et al., 2002), which was still part of the
Gondwana continent. The Brabant Massif is located in the much
more subsiding region belonging to a failed arm of the rift that
led to the Rheic Ocean opening. Then, following the proposition
of Herbosch et al. (2020), the basement of the Rheno-Hercynian
domain can be assumed to be a piece of lithosphere ripped off
from the margin of the West African craton during the opening
of the Rheic Ocean (Fig. 9).

In a general way, the strong resemblance of the depositional
environments (mostly deep and anoxic) and stratigraphic
similarities that can be observed between the Brabant Massif
and the Ardenne inliers demonstrate that they were deposited in
one single sedimentary basin. The differences, which are mainly
observed from the Ordovician onwards (Megasquence 2;
Fig. 8), can be explained by contrasted basement, the Ardenne
inliers corresponding to a more rigid rift shoulder while the
Brabant Massif was located in the rift itself (Herbosch et al,
2020; Fig. 9A).

Finally, this work provides new arguments—particularly the
synchronicity of the end of sedimentation in the Stavelot-Venn
and Rocroi inliers, which is earlier in the Middle Ordovician
than previously proposed, and the Pridoli age of the dykes that
intersect the folds of the Rocroi Inlier—which tends to
demonstrate, in addition to the arguments from the literature,
that the Ardenne inliers were affected by a phase of the
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Caledonian orogeny as early as the Middle Ordovician.
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