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INTRODUCTION

Despite the small size of its territory (ca. 
30,500 km²), Belgium shows a rich geology, en-
compassing  various  lithologies  and  covering  a 
large part of the geological timescale, from Lower 
Palaeozoic  to  Holocene.  Figure 1 presents  the 
geological map of Belgium.  Figure 2 represents 
the simplified  N-S  geological  section  showing 
the geometrical relationships between the differ-
ent geological units.

Excepting  the  Quaternary  cover,  rocks 
outcropping in Belgium can broadly be divided 
into  two  large  areas  (Figures 1-2;  Fourmarier, 
1954; Robaszynski & Dupuis, 1983).  The north-
ern part of the country mainly exhibits Cenozoic 
deposits consisting in predominantly marine and 
unconsolidated sediments  (Vandenberghe  et al., 
1998).   They may reach a thickness of several 
hundreds of metres.   Sediment accumulation in 
this area resulted from relative sea-level fluctu-
ations  and  migration  of  the  sea  to  the 
north/north-west.  The situation in Southern Bel-
gium is completely different as consolidated Pa-
laeozoic rocks dominate over large areas.  These 
rocks underwent strong deformations at the end 
of Carboniferous. However, Mesozoic rocks oc-
cur  in  the  area  of  Mons  (Cretaceous),  Liège 
(Cretaceous)  and Arlon (Triassic  and Jurassic). 
Thin Cenozoic deposits are rather poorly repres-
ented, except in the Mons Basin area, the Hes-
baye region and the northern part of the Hainaut 
province.

Almost all these rocks are of sedimentary 
origin  (Bultynck  &  Dejonghe,  2001).  Occur-
rences  of  magmatic  rocks  are  rather  rare  (De-
naeyer  & Mortelmans,  1954;  Corin,  1965;  An-
dré, 1983) and metamorphic rocks are restricted 
to  the  Ardenne  Anticlinorium and  the  Brabant 
Massif (Beugnies, 1986; Fielitz & Mansy, 1999).

The Spy cave is  located on the eastern 
slope  of  the  Orneau  Valley.   Tributary  of  the 
Meuse River,  the  Orneau River  flows  between 
Gembloux and Jemeppe-sur-Sambre from north 
to south along the southern flank of the Brabant 
Massif and its Upper Palaeozoic cover.  The val-
ley exposes one of the most interesting and com-
plete  outcrops  in  the  Palaeozoic  series  of  the 
area.  The new geological maps of the valley are 
now  published  at  1:25,000  (Figures 3-5;  Del-
cambre & Pingot, 2002, 2008).  This paper aims 
at  replacing  the  cave  of  Spy  in  its  geological 
background, both at regional (Belgium) and local 
(Orneau Valley) scales.

LOWER PALAEOZOIC

In  Belgium,  Lower  Palaeozoic  rocks 
(Cambrian, Ordovician and Silurian) crop out in 
the Stavelot, Rocroi, Serpont and Givonne inliers 
as well  as in the  Bande silurienne du Condroz  
and in some valleys of the Brabant Massif (Fig-
ures 1-2).  Most Lower Palaeozoic sediments are 
marine,  siliciclastic  and  often  turbiditic  (Ro-
baszynski & Dupuis, 1983; Verniers et al., 2001).
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GEOLOGICAL CONTEXT

Stéphane PIRSON, Bernard DELCAMBRE & Éric GOEMAERE

Abstract

The geological context of the Spy area is presented, from Lower Palaeozoic to Quaternary.  It focuses on Upper Pa-
laeozoic, including the Lower Carboniferous limestone in which the Spy cave opens.  Special attention is also given to the  
Quaternary.
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Figure 1.  Geological map of Belgium (after Pirson et al., 2008).  In white: natural regions of Southern Belgium.
In bold black: Variscan structural units.  The white rectangle positions the studied area of Figure 3.

Figure 2.  Simplified N-S geological section showing the geometrical relationships between the different geological 
units (after Pirson et al., 2008, modified from Raoult & Meilliez, 1986).  The Ardenne Allochton corresponds to the 

rocks which have been overthrusted to the north-west on the Brabant Parautochton by the Midi Thrust.
Thicknesses and dips are not respected.



        Figure 3.  Geological map centred on the Orneau River.  Close up of the Fleurus-Spy and Chastre-Gembloux geological maps (after Delcambre & Pingot, 2002, 2008).  The geographical setting of this detailed geological map is shown in Figure 1.

      Figure 4.  Geological N-S cross-sections of the Orneau River (after Delcambre & Pingot, 2008).  The position of these sections is shown in Figure 3.
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Between  Gembloux  and  Alvaux,  the 
Orneau Valley crops Ordovician and Silurian lay-
ers  especially  constituted  of  shales  and  siltites. 
Their age extends between Llanvirn to the upper 
part of Wenlock.  In Grand-Manil, to the south of 
the city of Gembloux, the shales contain a thick 
(50 m) volcanic bed located more or less at the 
limit  between  Ordovician  and  Silurian  stages. 
Strongly kaolinised, this bed (designed as Nivelles 
Horizon in Brutia Formation) is considered as the 
result of an ignimbritic flow.  It shows a very het-
erogeneous and brecciated texture with fragments 
of rhyolithic material and dark sedimentary shale 
as well as fine-grained whitish matrix.  Two other 
sub-metric to metric pyroclastic deposits are ob-
served in the Ashgill (Grand Manil Horizon) and 
at the top of Llandoverian shales (Pitet Horizon). 
They correspond to weathered sub-metric to met-
ric ash falls deposits.

The  Ordovico-silurian  formations  seem 
rather monotonous.  But in details,  a lithostrati-
graphic chart can be established (Verniers  et al., 
2001; Delcambre & Pingot, 2002, 2008), based on 
the  shape  of  the  sedimentary  turbiditic  records 
(Figure 5).  The biostratigraphic column relies on 
rare occurrences of graptolites and on the distribu-
tion of chitinozoans (Michot, 1954; Samuelsson & 
Verniers,  1999;  Verniers  et al.,  2001).   Macro-
fauna  is  very  poor  except  in  the  Huet-Madot 
Group characterised by a rich fauna of Brachio-
pods,  Crinoids, Bryozoans and Trilobites (Upper 
Caradoc to Ashgill; Lespérance & Sheehan, 1987).

These  deposits  were  deformed  by  the 
Avalonia-Baltica-Laurentia  collisions  between 
Late Ordovician to Early Devonian (e.g. Sintub-
in,  1999;  Verniers  et al.,  2001).   These Lower 
Palaeozoic deformations have been called “Cale-
donian Orogeny” in the literature and are some-
times referred to as the “Caledonian Cycle”.  The 
strains  caused  by the  orogen print  cleavage  in 
these fine-grained sedimentary rocks. The Lower 
Palaeozoic rocks are unconformably covered by 
Devonian sediments.

UPPER PALAEOZOIC: THE VARISCAN 
CYCLE

Upper  Palaeozoic  rocks  overlay  uncon-
formably  the  Lower  Palaeozoic  basement  and 

form the main part of  the outcrops in Southern 
Belgium.  Classically,  several  structural  units 
caused by the Variscan Orogeny are recognised 
(Figures 1-2).  From a structural point of  view, 
Belgium constitutes  the  northern  border  of  the 
European  Variscan  Belt  and  belongs  to  the 
Rheno-hercynian fold-and-thrust belt, or Rheno-
hercynian Zone  (RHZ)  (Matte,  1986a,  1986b; 
Franke, 1989).  To the north of this belt lies the 
Brabant Massif, which is not or little affected by 
Variscan  deformation.   The  RHZ  encompasses 
mainly marine or coastal sediments, deposited in 
the  Rhenohercynian  Sea  and  subsequently 
deformed during Variscan Orogeny. This marine 
area is developed on the passive margin between 
the Brabant Massif to the north (southern flank 
of  the  Old  Red  Sandstone  Continent;  Ziegler, 
1990) and the Lizzard-Giessen-Ostharz Ocean to 
the south.  The history of the RHZ is intimately 
linked to the opening and closing of that ocean, 
according to the mechanisms of plate tectonics 
(Oncken et al., 1999; Vanbrabant et al., 2002).

In Belgium, the sedimentation during the 
Variscan cycle can be divided into two main dis-
tinct phases (Robaszynski & Dupuis, 1983): the 
Devono-Dinantian and the Upper Carboniferous.

The  first  Variscan  sedimentation  phase 
corresponds to the Devono-Dinantian transgres-
sions, which reached the continent lying north in 
three  main  successive  transgression-regression 
pulses of the Rhenohercynian Sea:

a. The Lower Devonian (Godefroid  et al., 1994)
is  characterised  by  fluvio-littoral  and  low 
marine environments and the sedimentation is 
mainly detrital.  The sea receded to the south 
in  the Late  Lower  Devonian time  and sedi-
mentation had a more continental character.

b. During the Middle Devonian (Bultynck et al.,
1991)  and  Frasnian  (Boulvain  et al.,  1999), 
marine transgression resumed to the north and 
reached the Namur sedimentation area.  Sedi-
mentation was more calcareous (Tsien, 1980). 
Major  regressions  took  place  in  the  Upper 
Givetian  and  in  the  Famennian,  with  the 
comeback  of  terrigenous  inputs  (Thorez  & 
Dreesen, 1986; Bultynck et al., 1991).

c. The third pulsation corresponds to the Dinan-
tian (Paproth et al., 1983a; Hance et al., 2001; 
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Poty et al., 2001) and is clearly dominated by 
carbonate marine sediments.

The  second  Variscan  sedimentation 
phase  relates  to  the  Upper  Carboniferous 
(Namurian  and  Westphalian;  Paproth  et al., 
1983b; Delmer et al., 2001).  Sedimentation rad-
ically changes during this period as the Variscan 
orogenic belt is forming, leading to deformation 
and exhumation  of  the  pre-orogenic  sediments. 
The tectonic uplift forces the sea to retreat to the 
north and leads  to  the  formation  of  a  foreland 
basin collecting siliciclastic sediments.  The en-
vironment  progressively  grades  from  coastal 
(Namurian)  to  more  continental  and deltaic  fa-
cies (Westphalian).  Variscan structural units are 
broadly  oriented  NE-SW  in  most  areas  of  the 
RHZ (Figure 1) as a result of the prevailing NW-
SE compressive strains.  The Variscan Orogeny 
ends with the development of the Midi  Thrust, 
during the Late Westphalian (Figures 1-2).  An 
important  thrust  sheet  known as  the  “Ardenne 
Allochton”  is  overlying  the  Lower  Palaeozoic 
foreland (Brabant  Massif)  and its  Devono-Car-
boniferous  cover  (Namur  Parautochton).   The 
rocks situated north of  this  thrust  complex  be-
long  to  the  Brabant  Massif  (Robaszynski  & 
Dupuis,  1983;  Raoult  & Meilliez,  1986;  Bless 
et al., 1989).

The  Devono-Carboniferous  of  the 
Orneau  Valley  is  located  in  the  Namur  Pa-
rautochton and corresponds to the  northern de-
formation front of the Variscan Belt.  This area 
then belongs to the North-Variscan Externides or 
to the Rhenohercynian Zone.  Between Alvaux 
and Onoz, the Devono-Dinantian beds are gently 
dipped to the south and only affected by some 
large undulations.  The layers are cut by radial 
faults.  South of the Betche aux Rotches cave, the 
rocks  become  strongly  folded  and  faulted. 
Thrusts as well as synclines and anticlines with 
axial planes dipping to the south affect the Upper 
Visean and the Coal Measures.

A long period of emersion prevails after 
the  Variscan  deformation,  i.e.  from the  end of 
Carboniferous  to  Mid-Cretaceous  (ca. 150 Ma). 
Very few deposits are related to this period.  Per-
mian coarse continental rocks (conglomerate) are 
known in the Stavelot-Malmedy area (Bultynck 

et al.,  2001) and Permian marine deposits were 
cored  at  depth  in  the  Campine  Basin  (Dusar 
et al., 2001).

The Devonian formations of the Orneau River

The Lower Devonian and the Eifelian are 
missing in the Orneau Valley as in the other out-
crops  in  the  southern  flank  of  the  Caledonian 
Brabant Massif.  The sea covers the Lower Pa-
laeozoic basement during the Givetian age.  The 
sedimentation  begins  with  red  detritic  material 
containing marine fauna.  The contact with the 
underlying Silurian represents an angular uncon-
formity and is underlined by a small conglomer-
atic bed (de Dorlodot, 1885; Devivier, 1913; Fig-
ure 6).  These sandy to argillaceous deposits rep-
resent the first member of the Bois de Bordeaux 
Formation (Les Mautiennes Member).  They rap-
idly pass  to  the  well-bedded limestones  of  the 
Alvaux Member (Lacroix, 1972; Bultynck et al., 
1991),  consisting  especially  of  organoclastic 
limestones with thin intercalations of shales.  The 
upper part of the member contains a biostromal 
horizon.  A thick argillaceous bed of brown shale 
with some calcareous lenses marks the top of the 
Alvaux Limestone.

The end of the Givetian sedimentation is 
characterised by a strong regressive event corres-
ponding to the Mazy Member of the Bois de Bor-
deaux Formation.  It contains red sandstones and 
siltstones  with  some  conglomeratic  layers  and 
fine-grained grayish to variegated limestones.

The  carbonates  are  particularly  de-
veloped  in  the  Orneau  area  during  Givetian, 
compared  with the  other  outcrops covering the 
southern flank of Brabant Massif where the de-
tritic facies prevail.  At the top of the Givetian, 
the sea probably gives up the region.

A second transgressive movement occurs 
during the Frasnian time.  The Bovesse Forma-
tion, badly exposed in the Orneau Valley, begins 
with a thin metric bed of shale with, according to 
Asselberghs  (1936),  a  fine  basal  ferruginous 
gravel  (Bossière  Member).   These deposits  are 
covered  by shaly to  sandy materials  containing 
dolomitic or argillaceous fine-grained limestones, 
sometime nodular.  The formation includes large 
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lenticular and decametric-bedded units of strongly 
dolomitised limestones (Combreuil Member).  In 
some places, relicts of macrofauna (corals) can be 
recognised.

The  second  part  of  the  Frasnian  sedi-
mentation corresponds to the Rhisnes Formation. 
This unit is divided into three members (Watia-
mont, Golzinne and Falnuée).  The first and the 
third ones contain argillaceous to nodular brachi-
opods-rich  limestone,  partly  dolomitised.   The 
central  member  includes  the  Marbre  noir  de  
Mazy or de Golzinne, consisting of very fine and 
strongly  metric-bedded  black  limestone  with 
conchoidal  fractures.   This member  produces a 
marble  of  great  value  sought-after  for  the 
smoothness of its grain and its major black col-
our.  Fine-bedded platy clayey limestones separ-
ate  each bed of marble  (Kaisin,  1912;  Dumon, 
1933).

The  Rhisnes  Formation  is  overlaid  by 
greenish  to  yellowish  shales  attributed  to  the 
Franc-Waret  Formation,  which  is  Frasnian  and 
Lower Famennian in age.  This unit contains some 
traces of brachiopods.  To the east, near Les Isnes, 
it contains a sub-metric bed of oolithic hematite 
mined in the 19th century.  To the west, around 
Balâtre, the formation disappears: Carboniferous 
deposits directly overlie the Rhisnes Formation.

The  Lower  Carboniferous  formations  of  the 
Orneau River

In the Orneau Valley, a gap correspond-
ing to a major part of the Famennian stage occurs 
between the top of the Franc-Waret Shales (or the 
Rhisnes Limestones) and the arenaceous Bois de 
la Rocq Formation. The latter unit displays vari-
ous lithologies, mainly carbonated sandstones and 
subsidiary  sandy  limestones,  black  limestones 
with Cryptophyllus (Conil, 1959) and dolostones. 
The upper part of the Bois de la Rocq Formation 
is clearly of Hastarian age (Lower Tournaisian). 
The lower part could still belong to the top of the 
Famennian stage.

Limestones and dolomites dominate the 
Dinantian  strata  (Delépine,  1911).   The  Pont 
d’Arcole Formation makes exception to this rule 
and is  characterised by brownish shales  poorly 

fossiliferous except at the top.  They are overlaid 
by some crudely bedded layers of crinoidal lime-
stone, which quickly passes to dolomite.  These 
layers are attributed to the Landelies Formation 
that closes the Hastarian succession.

Along the Orneau Valley, the Ivorian is 
completely represented by the dolomites  of the 
Namur Formation.  The Lalaing Formation and 
the Ecaussines Formation (not represented in the 
geological  map  of  Figure 3)  are  not  observed 
along the Orneau Valley but are recognised west-
ward of Tongrinne and St Martin-Balâtre.  The 
lower  part  comprises  thick-bedded  to  massive 
coarse-grained  crinoid-rich  dolomite  (Hance 
et al., 1981).  These layers are overlaid by well-
bedded and cherty dark dolomite that constitutes 
an  easily  recognisable  member  of  the  Namur 
Formation (Ivorian to Lower Moliniacian).  The 
upper  part  contains  again  crinoidal  dolomite 
with, at the top, oolithic limestone and dolomitic 
limestone.

In  the  Orneau  area,  important  disused 
quarries  expose  the  Onoz  Formation  that  suc-
ceeds the Tournaisian dolomites.   North of the 
railway tunnel, a quarry exposes dark limestones, 
dolomitic limestones and dolomites (Carrière du 
Parc Member in Delcambre & Pingot, 2008).  In 
the  south  flank  of  the  tunnel,  a  second quarry 
shows  by  fine-grained  and  well-bedded  black 
limestones  (Carrière  Leurquin  Member  in  Del-
cambre & Pingot, 2008).  Algal facies are well 
developed  (oncolites,  stromatolites,…).   This 
unit contains some layers of oolithic coarse lime-
stone and breccias.  The Onoz Formation repres-
ents the Moliniacian stage in the Orneau Valley 
(Lower Visean; Hance et al., 1981).

Lives  Formation  succeeds  to  the  Moli-
niacian strata.   It  includes  well-bedded pale  or 
dark limestones arranged in sequences.  Each se-
quence contains at the base bioclastic dark grey 
limestone and at the top fine-grained and algal 
limestones.  The formation gradually and later-
ally passes to breccias with boulders of limestone 
and calcitic  or  micritic  matrix.   In  the  Orneau 
Valley,  the Lives Formation contains at the top 
massive  pale  limestone  generally  completely 
brecciated.  The Betche aux Rotches cave is de-
veloped in the top of this massive and brecciated 
part of Lives Formation.
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The Hoyoux Group closes the carbonated 
sedimentation of the Visean. It contains thin-bed-
ded  and  well-stratified  limestones.   The  lower 
part  of  the group exposes especially pluricenti-
metric  to  decimetric-bedded  fine-grained  and 
stromatolitic limestones (Thon-Samson and Poil-
vache  Formations).   The  upper  part  (Anhée 
Formation) corresponds to parasequences of dark 
well-bedded  limestones  with  thicker  bioclastic 
bases.   The top of the formation contains very 
coarse-grained  and  fossiliferous  layers.   Thin 
seams  of  dirty  coal  are  inserted  in  limestones. 
One of them has been mined 100 m in the south 
of the cave.

The  Upper  Carboniferous  formations  of  the 
Orneau River

Before joining the Sambre River, Orneau 
River crops the Upper Carboniferous Coal Meas-
ures.  At a small scale, coal seams were mined 
before World War I in the lowest part of the val-
ley; after the war, some of them persisted (Del-

cambre & Pingot, 2008).  At Spy, mining in the 
Hordin gallery started in the first half of the 19th 
century and lasted until 1925 (Demanet & Biot, 
1951).   The  Coal  Measures  consist  of  shales, 
siltites and sandstones.  They start with Namuri-
an strata containing marine fauna.  Then, parallic 
sedimentary  conditions  progressively  occur  to-
wards  the  Westphalian  where  the  main  coal 
seams are developed.  These layers correspond to 
the  Comble  Nord of  the  productive  Bassin 
houiller de Charleroi. At the base of the Namuri-
an, the Pendleian strata are missing: a gap occurs 
between Visean and Namurian without evidence 
of unconformity in this area.

MESOZOIC

Lower Mesozoic deposits are poorly rep-
resented in Belgium due to dominant continental 
conditions during this period.  Marine sediments 
from Triassic and Jurassic only crop out in South-
ern Belgium (Belgian Lorraine;  Boulvain  et al., 
2001;  Figures 1-2).  They are also known from 
boreholes  in  the  Campine  Basin  (Dusar  et al., 
2001).  Only continental  deposits  of the Lower 
Cretaceous are preserved in the Mons Basin (Ro-
baszynski et al., 2001; Pirson et al., 2008).

During Upper Cretaceous, an epicontin-
ental sea progressively floods a large part of Bel-
gium (Robaszynski  et al., 2001).  Today, Creta-
ceous  strata  mainly  crop  out  in  the  Liège-
Maastricht  area  and  in  the  Mons  Basin  (Fig-
ure 1).   Southern Belgium may have been only 
sparsely covered with marine deposits from this 
period as this area constituted a small continent 
connected with Variscan formations in Germany 
(positive  Ardenno-Rhenish  Massif;  Ziegler, 
1990).

During Permo-Triassic and Jurassic, the 
Orneau Valley remains a continental area.  The 
first  traces  of  marine  deposits  attributed  to 
Coniacian or Santonian (Upper Cretaceous) are 
preserved  around  Gembloux:  outliers  of  the 
glauconitic  Sands  of  Lonzée  with  chalky 
boulders,  invertebrate  macrofauna  and  remains 
of  marine  reptiles  (Mosasaurus,  Hainosaurus). 
During Upper Cretaceous, Orneau Valley is loc-
ated at the western flank of the Ardenno-Rhenish 
Massif.
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Figure 5.  (opposite page and above) Lithostrati-
graphic and chrono-stratigraphic patterns of the Spy 

area (after Delcambre & Pingot, 2008).

limestone

brecciated limestone

nodular limestone

dolostone

sandstone with gravel 

sandstone

siltstone

shale

sandy shale

magmatic  facies (cinerite)

nodule of limestone

chert

conglomerate

bed with marine fauna

coal



V.  Geological context

PALAEOGENE AND NEOGENE

During the Palaeogene and Neogene, the 
sea episodically invades Belgium, first from both 
the west and the north, then only from the north. 
From the Miocene onward, marine sediments are 
more  and  more  distant  from  the  Sambre  and 
Meuse  axis  (de  Heinzelin,  1963;  Laga  et al., 
2001).  This is linked with the generalised uplift 
of the Ardenne (Macar, 1976; Demoulin, 1995a) 
and  the  subsidence  of  the  Netherlands  Basin. 
During the same period, the Belgian Basin is def-
initely isolated from the Paris Basin by the Weald-
Boulonnais-Artois bulge, which is associated with 
the Ardenne uplift (Vandenberghe et al., 1998).

In  Northern  Belgium,  Palaeogene  and 
Neogene deposits are mainly marine sediments, 
reaching  several  hundreds  of  metres  (Vanden-
berghe et al., 1998; Laga et al., 2001).  In South-
ern Belgium,  the Palaeogene sea only makes a 
few  incursions  that  rarely  crossed  over  the 
Sambre and Meuse axis southwards, mainly dur-
ing  the  “Bruxellian”  (Lutetian  pro  parte)  and 
Oligocene  (Ek  &  Ozer,  1976;  Robaszynski  & 
Dupuis,  1983;  Demoulin,  1995b).   Residual 
superficial deposits (mainly marine sands) in the 
Liège and Namur areas as well as marine sands 
trapped in karstic sink-holes in the Condroz are 
evidence of these marine incursions (Robaszyn-

ski & Dupuis, 1983; Demoulin, 1995b).  There 
is,  however,  an  exception  with  the  subsiding 
Mons Basin,  which continued to act  as a sedi-
mentary trap for marine deposits during the first 
part  of  Palaeogene (Cornet,  1927;  Robaszynski 
& Dupuis, 1983; Dupuis & Robaszynski, 1986; 
Vandenberghe  et al.,  1998;  Laga  et al.,  2001). 
Neogene marine sediments are absent in South-
ern Belgium.

Traces  of  Eocene transgressions appear 
on  the  two sides  of  the  Orneau Valley,  where 
Lutetian sands of the Bruxelles Formation cover 
the Palaeozoic basement.  The North Sea trans-
gresses on the northern flank of the Ardenne and 
develops  a  system  of  sand  bars  and  channels 
(Houthuys & Gullentops, 1985).  In Orneau Val-
ley, diagenetic processes lead to the cementation 
of these Lutetian sands and the development of 
the  “Fayat  sandstones”  facies  of  the  Bruxelles 
Formation  (Rutot,  1887).   This  cemented  sand 
was used by prehistoric humans in Velaine-sur-
Sambre, both as polishing stones and as a stand-
ing stone (Rutot, 1887; Pirson et al., 2003).

QUATERNARY

Apart from a few marine and fluvio-mar-
ine deposits related to the coastal plain, Quaternary 
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Figure 6.  Synthetic sketch of the geometric relations between the tectonic units exposed along the Orneau Valley,
where the main orogenic angular unconformities (UUUU) and sedimentary gaps are summarised.
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sediments  are  of  continental  origin  in  Belgium 
(e.g. Paepe & Vanhoorne, 1967, 1976; Haesaerts, 
1984a; Gullentops et al., 2001; Baeteman, 2004).

The glaciers from Northern Europe never 
reached Belgium.   However, at  their maximum 
extent, they went as far as Southern Netherlands. 
Belgium was thus situated at their border.  Cli-
mate was then periglacial. Several times, perma-
frost affected the territory (Haesaerts & Van Vliet, 
1973; Haesaerts, 1984a).

Fluviatile environment

The formation of today’s drainage pattern 
goes back to the end of Neogene and to Quatern-
ary  (de  Heinzelin,  1963;  Laurent,  1976;  Grim-
bérieux  et al.,  1995).   During the retreat  of  the 
Oligocene sea, rivers were flowing to the north on 
top of the Palaeogene marine sands,  originating 
most  of  the  rivers  (consequent  streams). 
Shoreline being situated to the north, preferential 
orientation of rivers  was thus south/north.   The 
direction of some of the present  streams is  still 
perpendicular  to the Variscan structures.   These 
rivers then equally cut carbonated rocks, shales or 

sandstones.  It is generally considered that once 
passed through the loose Cenozoic cover, rivers 
carried on channeling in the Palaeozoic hardened 
rocks  but  keeping  the  same  general  orientation 
(superimposition;  e.g.  Grimbérieux  et al.,  1995). 
However, the impact of transversal Variscan geo-
logical structures should not be neglected.

After  the  retreat  of  the  Oligocene  sea, 
High  Belgium  underwent  a  generalised  uplift 
(Macar,  1976;  Demoulin,  1995a)  leading  to  an 
increase of erosion rate and to the down-cutting of 
rivers.  This, combined to the Quaternary global 
climatic changes, allowed the preservation of allu-
vial  terraces  (Alexandre-Pyre  &  Kupper,  1976; 
Cornet, 1995).  The best-studied alluvial terraces 
in Belgium are those of the Meuse (e.g. Pissart, 
1975;  Juvigné & Renard,  1992)  and the Escaut 
Basins  (Tavernier  & De Moor,  1975),  although 
their chronology remains rather inaccurate.  The 
terraces of the Haine Basin are an exception.  The 
four  preserved  terraces,  which  yield  interesting 
Lower and Middle Palaeolithic series, have recor-
ded MIS 12 to 6 in a quite well-defined chrono-
stratigraphic framework (Briart  et al., 1868; Hae-
saerts, 1978, 1984b; Pirson et al., 2009).
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Figure 7.  Distribution of the Palaeozoic carbonated rocks in Belgium
(after Toussaint & Pirson, 2007, modified from Ek, 1976).
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The story of the Orneau River drainage 
pattern remains  very badly known.  In front of 
Spy cave, the size of the valley appears too big for 
this small  river.   This has been interpreted as a 
result  of  the  growing  meanders  of  the  Sambre 
River  intersecting  each  other  and  cutting  off  a 
meander loop.  The resulting abandoned meander 
of the Sambre River was then partly used by the 
Orneau River.  As a consequence, the confluence 
between the two rivers migrated 2 km southwards 
(Fichefet, 1933).  The timing of this meander cut- 
off  remains  largely  unknown.  Fichefet  (1933) 
reports  the  presence  of  several  alluvial  terraces 
with pebbles in the lower portion of the present 
Orneau Valley.  He mentions one of them in the 
“Fond-des-Cuves” (in fact in “Les Ôrnias”) at an 
altitude of 118 m, which can also be found on the 
other side of the present Orneau Valley,  “at the 
Spy cave”.   According to this author,  when the 
Sambre River was flowing in the present  lower 
valley of the Orneau, the confluence was situated 
somewhere around the Spy cave.

Aeolian environment

During some particularly cold and dry cli-
matic phases, aeolian deposits covered the region. 
In Middle Belgium, a thick silt cover settled down 
(loess),  sometimes  reaching  10 metres  or  more. 
To the north, these aeolian deposits became more 
sandy (Paepe & Vanhoorne, 1976).

Aeolian  deposits  from  Middle  Pleisto-
cene  are  barely  represented  in  Belgium  and 
therefore remain poorly known, with the excep-
tion  of  the  Eben-Emael/Maastricht  area  which 
yielded  an  important  succession  of  loess  and 
interglacial  palaeosols  dating  back  to  MIS  12 
(Meijs,  2002).  The Upper Pleistocene deposits 
are much largely spread and were well  studied 
during the last fifty years (e.g. Gullentops, 1954; 
Haesaerts,  1974,  2004;  Paepe  &  Vanhoorne, 
1976; Juvigné  et al., 2008; Pirson  et  al., 2009). 
This led to better understand the palaeoenviron-
mental  and  chronostratigraphic  framework  of 
this  kind  of  environment.   Palaeoenvironment 
information  is  recorded  through  sedimentary 
dynamics,  fossil  soils  and  periglacial  features 
(Haesaerts, 1974; Haesaerts & Van Vliet-Lanoë, 
1981; Van Vliet-Lanoë, 1988), and further docu-
mented by palynological and faunal data (Bastin, 
1971;  Gautier  et al.,  1973).   The  chronostrati-

graphic background is elaborated thanks to clima-
tostratigraphy (Haesaerts,  1974,  2004;  Haesaerts 
& Van Vliet-Lanoë, 1981) and completed by data 
from  several  disciplines:  mineralogy,  tephro-
chronology,  TL  stratigraphy,  archaeology, 
radiocarbon  dates  and  luminescence  dates  (see 
synthesis  in  Pirson  et al.,  2009).   A  reference 
sequence has been elaborated for the Upper Pleis-
tocene loessic deposits  (Haesaerts,  1974,  1984a, 
2004;  Pirson  et al.,  2009).   Loessic  sequences 
yielded some major Palaeolithic sites, associated 
with  an  accurate  chronostratigraphic  framework 
(Haesaerts, 1978, 2000, 2004).

Around Spy, especially in the Gembloux-
Mazy area, a thick loess cover is present.  It has 
been studied the last 60 years (Manil, 1949, 1952; 
Paepe, 1966; Paepe & Vanhoorne, 1967; Juvigné, 
1977;  Bolline  et al.,  1980).   The  major  pedol-
ithostratigraphic  units  of  the  Upper  Pleistocene 
are recorded, including MIS 5 with the Rocourt 
Pedocomplex  and  the  Humiferous  Complex  of 
Remicourt bearing the Rocourt Tephra.  One of 
the  first  palynological  diagrams  obtained  from 
loess sections comes from Tongrinne (Bastin in 
Paepe et al., 1968).

Karstic environment

Formation of Belgian caves mainly dates 
back to  Quaternary (Ek & Poty,  1982).   More 
than 3,000 caves are known in Belgium.  Some 
of them have been recognised in the Jurassic of 
Southern Belgium (Gaume) or in the Malmedy 
Permian conglomerate, but most of them open in 
Middle and Upper Devonian limestones as well 
as  in  Dinantian  limestones.   Their  geographic 
distribution  is  thus  mainly  restricted  to  Namur 
and  Dinant  Synclinoria  and  to  Vesdre  Massif 
(Figures 1 and 7).  These Devono-Carboniferous 
limestones crop out on more than 1,600 km² (Ek, 
1976).  The larger caves of the country are loc-
ated  in  the  Devonian  limestone  of  Calestienne 
(Eifelian, Givetian and Frasnian), at the edge of 
Ardenne.  An overview of karstic phenomenon in 
Belgium is given in Ek (1976, 1995) as well as in 
Ek & Poty (1982).

Together with loess and lakes, caves are 
interesting environments for the study of Quatern-
ary.   They  act  as  sedimentary  traps,  recording 
periods of time that are usually not preserved in 
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the region because of the erosive dynamics dom-
inating on a continental environment.  In Belgium, 
karst is one of the few sedimentary environments 
allowing detailed study of Quaternary palaeoen-
vironments  (Pirson  et al.,  2006,  2008;  Pirson, 
2007), together with the loess from Middle Bel-
gium and deposits from the Flemish Valley.

In the area of Spy, important karstic fea-
tures have been reported in the Lower Carbonifer-
ous limestones (see Delcambre & Pingot, 2008). 
In the Lives Formation limestones, several cave 
networks have been described, the most  famous 
being the cave of Spy.  The age of the genesis of 
this cave is unknown.  It must have been linked 
with the down-cutting of  the  Orneau River,  the 
detail of which is largely unknown (see “Fluviat-
ile environment” section above).  The age of the 
cave filling is also very badly defined (see Pirson 
et al., this volume: chapter VI); it cannot help de-
fining a terminus ante-quem for the formation of 
the cave.  As far as the cave sediments are con-
cerned, the antiquity of the field research prevents 
any reliable analysis, either from stratigraphic or 
sedimentologic points of view.
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