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This Neogene-2020 volume presents elaborate reviews of our 

current understanding of Miocene and Pliocene deposits in 

Northern Belgium supported by new data. The review includes 

the latest research results notably from important field studies. 

This review volume should allow future progress in 

stratigraphic and palaeogeographic correlations of the Belgian 

Neogene with that of neighbouring countries. For this occasion, 

the Neogene databases of the Geological Survey of Belgium 

(GSB) and of the Flemish Community Databank Ondergrond 

Vlaanderen (DOV) are updated. Hence, reference to boreholes 

in these databases is made by their GSB and DOV code between 

brackets at the first mention of a borehole name in each paper. 

The IUGS definition is followed for the Neogene as the 

System/Period containing Miocene and Pliocene Series/Epochs 

having its upper boundary with the overlying Quaternary 

System/Period between the Piazencian and Gelasian Stages/

Ages at 2.58 Ma (ICS chart, 2020).  

Historical developments in the understanding the 

Neogene of northern Belgium 

The present volume is intended as a step in the sequence of 

research efforts on Neogene deposits in northern Belgium that 

took off already at the end of the 19th century and resulted in a 

set of good quality geological maps. On these 1:40 000 

geological maps made at the turn of the 19th and 20th centuries, 

the Miocene and the Pliocene deposits were identified and 

classified as ‘Poederlien’, ‘Scaldisien’, ‘Diestien’ and 

‘Boldérien’ stages (Légende de la Carte géologique de la 

Belgique, 1909). In a revision of the legend (Légende générale 

de la Carte géologique détaillée de la Belgique, 1929) two new 

stages were added, the ‘Amstélien’ and the ‘Anversien’. 

More elaborate description and discussion of the Neogene 

deposits in Belgium (Tavernier, 1954) were published in the 

classical ‘Prodrome d’une description géologique de la 

Belgique’ (Fourmarier, 1954) introducing new data obtained 

during important public works for the extension of the Antwerp 

harbour (a.o. de Heinzelin de Braucourt, 1955a, b). The 

chronostratigraphy of the deposits was discussed and correlation 

schemes with the Netherlands and England, based on 

macrofossils, were attempted. 

An important international Symposium on the Neogene of 

the Nordic countries including western France, was organised in 

the Ghent University in 1961 and the results were published as a 

memoir of the ‘Société belge de Géologie’ (de Heinzelin & 

Tavernier, 1963). Palaeontological data in that volume also 

include micropalaeontological (foraminifera) and palynological 

studies. Correlations in the Nordic Basin and their integration in 

an international chronostratigraphic scheme were proposed. All 

lithological units in the Belgian Neogene known at that time 

were briefly described and mapped. In addition, several classical 

outcrops visited during a several-days field trip were described, 

and sections of the Antwerp harbour docks documented. 

Sedimentological studies during the 1960s emphasised the 

use of grain-size and heavy mineral analysis as exemplified in 

several Neogene studies by Gullentops (1963) at the occasion of 

the ‘VIe Congrès International de Sédimentologie Hollande-

Belgique’. Heavy mineral data for the Neogene deposits were 

summarised by Geets & De Breuck (1991). 

In the early 1970s new excavations in the Antwerp harbour 

were the occasion to start extensive studies of Neogene 

calcareous microfossils and molluscs of the Belgian Neogene at 

the University of Leuven. A reference result was the benthic 

foraminifera-based Neogene stratigraphy by De Meuter & Laga 

(1976) and its correlation with the Netherlands (Doppert et al., 

1979).  

The need for a scientific base for the groundwater extraction 

in the Neogene deposits of North Belgium led to more drillings 

in the Campine, resulting in a set of several classical geological 

profiles across the Belgian Neogene prepared by the Geological 

Survey of Belgium and available in the archives of the survey 

(Laga, 1976). Besides drinking water, the Opgrimbie sand 

(Gullentops, 1973) and Mol silica-rich silver sand deposits 

represent another important economic value of the Neogene in 

North Belgium. 

Detailed lithological and palaeontological characterisation 

of all the Neogene deposits of Belgium and their correlation 

with the Neogene deposits of the North Sea Basin countries was 

part of the International Geological Correlation Program (IGCP) 

124 during the 1970s and 1980s, the results of which were 

published in an extensively documented volume edited by 

Vinken (1988). 

A major breakthrough for the improvement of the 

stratigraphic position of the Neogene deposits, especially of the 

non-calcareous units, has been the discovery that many of the 

Neogene sand deposits contain stratigraphically useful 

dinoflagellate cysts allowing also the correlation with the 

international chronostratigraphy (Louwye, 2000, 2005; Louwye 

& Laga, 2008). Consequently, since the beginning of the 21st 

century dinoflagellate cyst biostratigraphy has become widely 

applied in modern studies of the Neogene of Belgium. 

The organisation of the different Neogene lithological units 

into a sequence stratigraphic logic has been proposed by 

Vandenberghe et al. (1998, 2004) and for the Pliocene by 

Louwye et al. (2004). In the extensive description of the 

geology of Flanders edited by Borremans (2015) brief review 

summaries of the Miocene and Pliocene are described 

respectively by Louwye et al. (2015) and Laga et al. (2015). 

The renewed 1:50 000 mapping of Flanders and Brussels in 

the late 1980s and the 1990s has used a purely lithostratigraphic 

approach making also a wide use of geophysical well logs 

(mainly natural gamma ray and resistivity logs) for the 

recognition of the units in the subsurface. Geophysical well 

logging for the reconnaissance of the Cenozoic was first 

introduced in Belgium in 1975 in the reference borehole at the 
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Mol Nuclear Energy Research Centre (GSB 031W0237/DOV 

B/1-0158) and ever since gamma ray and resistivity logs have 

been a common stratigraphic tool in Neogene deposit studies. 

The Neogene lithostratigraphy is continuously updated on 

the National Commission for Stratigraphy (NCS) website 

(https://ncs.naturalsciences.be/paleogene-neogene/neogene) and 

still largely reflects the stratigraphic scheme used on the new 

geological maps published between 1993 and 2010. Based on 

the studies in the 1970s, 1980s and 1990s, Laga et al. (2001) 

have (re-)defined the Neogene formations and listed the 

members in each formation. In the present Neogene volume, 

only the stratigraphic units already listed on the NCS website 

have their rank or lithology written with a capital letter.  

Associated with the renewed 1:50 000 mapping, the archives 

of several federal and regional organisations as well as research 

institutes were digitised and collected in the DOV database 

(Jacobs et al., 1993; Vandenberghe et al., 2015). DOV, the 

regional Flanders Soil and Subsoil Database (https://

www.dov.vlaanderen.be) founded in 1996, is a network 

organisation with many subsurface-oriented stakeholders (De 

Keyzer et al., 2019). DOV manages Flanders subsurface data in 

the field of geology, geotechnics, groundwater and soil and 

serves as the information platform, available for re-use by 

external users (De Nil et al., 2020, this volume). Regarding 

geological data, the archive of the federal Geological Survey of 

Belgium (GSB) was the major data source. Since its creation in 

1896 the GSB has collected data and stored a large collection of 

samples and cores. A digital version of borehole and outcrop 

data is available through http://collections.naturalsciences.be/ssh

-geology-archives/arch. A virtual view in parts of these 

collections is possible on http://collections.naturalsciences.be/

ssh-geology/. The DOV database serves as a prime source for 

the 3D geological mapping program of Flanders, including the 

Neogene in North Belgium, by VITO, the Flemish Institute for 

Technological research (Matthijs et al., 2013; Deckers et al., 

2019) and for the H3O-cross-border models with the 

Netherlands (Vernes et al., 2018; Deckers et al., 2014) by the 

GSB and VITO, or specific applications such as the Virtual 

Borehole (De Nil et al., 2018). 

Overview of main results 

Since the Chattian at the end of the Paleogene, a major tectonic 

reactivation of the Roer Valley Graben (RVG) took place in 

northern Belgium, causing a marked subsidence at its western 

border fault zone in NE Limburg. The RVG is part of the 

subsiding Lower Rhine Basin where river deposits together with 

thick brown coal seams were formed during the Neogene. 

Marine Chattian deposits, mainly sandy, glauconitic and often 

shell-bearing, occur in the subsidence-affected NE Limburg 

Graben Shoulder area whereas on the Antwerp Campine block 

to the west only a limited thickness of marine sandy Chattian 

deposits occur, documented to the Antwerp harbour area. These 

sandy deposits are described in the literature as the Voort Sand 

Formation. Both the base and the top of the Chattian deposits on 

the Campine shoulder are bound by unconformities as witnesses 

of the resumed tectonic activity. Geophysical log signatures of 

the Voort Sand, calibrated in the former Limburg coal mining 

reference area, show a NE thickening in the Limburg province 

between the Rijen–Mol–Beringen and the Reppel–Grote Brogel

–Neeroeteren fault systems affecting in particular the upper part 

of the Voort Sand. The northeasternmost borehole of the 

Campine in the RVG, the Molenbeersel borehole, close to the 

Netherlands holds the thickest Chattian succession; it has a 

threefold subdivision that can be followed seismically in the 

Belgian part of the RVG and that is comparable to the Chattian 

succession in the Veldhoven borehole just across the Dutch 

border. Its lowest subdivision is correlated to the Voort Sand 

which includes a thin more clayey-sand zone also systematically 

identified in the Limburg Campine Graben Shoulder area. 

Following the Dutch nomenclature, the middle subdivision is 

the Wintelre Clay, formerly named Veldhoven Clay, and not to 

be confused with the thinner clayey zone within the Voort Sand. 

The upper sandy subdivision is unnamed in Belgium but in 

analogy to the Netherlands probably correlates to the Someren 

unit. In the Netherlands the name Veldhoven is now used as the 

name of the formation including the Voort, Wintelre and 

Someren Members and bound at its top by the Early Miocene 

Unconformity. The Wintelre and Someren Members are 

considered as lower Miocene in the Netherlands (Munsterman et 

al., 2020, fig. 8). However, in the Molenbeersel borehole no 

biostratigraphic information is yet available and on seismic lines 

in the Belgian area only a seismic facies change occurs at the 

top of the possibly Someren sand unit instead of a clear 

unconformity. The earlier proposed correlation of the clayey 

parts of the Veldhoven Formation in the Belgian Chattian with 

the classical Schneider & Thiele subdivisions of the Lower 

Rhine area in Hager et al. (1998), remains uncertain if it only 

were because no depositional facies analysis of the clayey 

intervals in the Belgian Chattian is available.  

Reinvestigation of the dinoflagellate cyst content in two 

reference boreholes in the Antwerp Campine has interpreted as 

Aquitanian the top of what was before considered as Chattian 

Voort Sand and suggested the incorporation of this thin 

Aquitanian top into the overlying Berchem Formation. The 

duration of the hiatus between the Chattian Voort Sand and the 

Miocene Berchem Formation is different in the two boreholes. 

The extensively investigated Berchem and Houthalen 

Formations had, until now, never delivered Aquitanian 

microfossils. Therefore, this surprising result calls for further 

detailed investigations of sediments and microfossils at the 

transition of the Oligocene to the Miocene in more locations. It 

also will require an adaptation of the stratigraphic interpretation 

of the reference geophysical logs of the Oligocene on the 

National Commission for Stratigraphy website. 

Except for these thin Aquitanian layers and another not yet 

fully understood Aquitanian dinoflagellate analysis in the base 

of the Kiel Sand Member of the Berchem Formation, all 

sections of the Berchem and Bolderberg Formations revised in 

the present study interpret these formations as Burdigalian and 

Langhian with a few sections of early Serravallian age and 

therefore confirm the general presence of an important hiatus 

during the Aquitanian. The review has on the one hand 

confirmed the already earlier established lithostratigraphic 

subdivisions in the Berchem and Bolderberg Formations but has 

refined their dinoflagellate cyst stratigraphy hereby better 

positioning the different members of the two formations with 

respect to each other and understanding the palaeogeographic 

evolution in the area. At their top, outside the RVG, both 

formations are bound by a hiatus reflecting the tectonic 

rearrangement related to the Mid Miocene Unconformity 

(MMU) after which the Tortonian Diest Formation is filling the 

NE-SW oriented gully underlying the Hageland and the 

subsiding Campine Basin. 

Of all Burdigalian units, the Edegem Member of the 

Berchem Formation is the oldest (except maybe for sediments of 

the same age at the base of the Houthalen Member of the 

Bolderberg Formation). The presence of a rare megamouth 

shark fossil in the Kiel Sand is newly documented and supports 

the existence of a global megamouth population during the 

Burdigalian. The new study of the Kiel Sand Member 

demonstrates that there is a systematic lithological difference 

with the overlying Antwerp Sand resulting in a distinct colour 

change. The latter sand is slightly finer-grained and contains 

more clay and glauconite. A characteristic strongly undulating 
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shell layer forms the base of the overlying Antwerp Sand. The 

Kiel Sand is decalcified in the south of Antwerp city but picks 

up a rich mollusc fauna northwards in the city; in the same 

direction a mid to late Burdigalian hiatus develops in its top, 

producing the geometry of an unconformity with the overlying 

transgressive Antwerpen Sand. More to the North and East in 

the Antwerp Campine, the Berchem Formation is usually 

described as ‘Antwerpen Sand’ and members are no longer 

distinguished in the borehole descriptions done by the 

Geological Survey of Belgium. Although the limited 

information on Aquitanian deposits in the Campine, when 

combined with data from the Netherlands, suggests a 

transgression over the Campine area from the east at the very 

beginning of the Miocene. The more abundant dinoflagellate 

cyst data at the base of the main body of Burdigalian and 

Langhian deposits point to a transgression over the whole 

Campine coming in from the WNW and gradually transgressing 

eastwards.  

The Zonderschot Member is a geographical variant of the 

Antwerp Member, lithologically difficult to differentiate from it 

and time equivalent with its early Langhian part. The data 

available for the quartz sand dominated Genk Member of the 

Bolderberg Formation also indicate a Langhian age to these 

much more nearshore to coastal deposits as compared to the 

underlying Burdigalian marine glauconitic Houthalen Member 

of the Bolderberg Formation. During the Langhian, the eastern 

Campine already came under more continental influence with 

the deposition of the Genk Member. Even in the underlying 

marine Houthalen Member heavy mineral content shows already 

a more continental influence than in the marine Berchem 

Formation in the northeast. A particular facies of silica sand 

including lignite developed in the Genk Member, namely the 

Opgrimbie sand. The seismically determined geometry of the 

mainly Langhian Genk Member resembles a NW prograding 

delta system relayed by the marine Antwerpen Sand Member. 

The geometry of the Opgrimbie sand facies and the gravel layers 

within this Genk Member needs further elucidation. The Opitter 

member, earlier mapped in east Limburg, is based on an 

erroneous stratigraphic interpretation and thereby also 

invalidates the Neogene activity of the Bree uplift as figured on 

the recent geological map. 

In the Molenbeersel borehole (GSB 049W0226/DOV 

kb18d49w-B226) in the RVG, the subsiding part of NE 

Limburg, the presence of an additional more than 150 m thick 

glauconitic sand unit is demonstrated by geophysical well logs, 

between the Genk Member and the base of the overlying Diest 

Formation; tentatively the name Molenbeersel member is 

proposed for this additional sand unit. In the RVG only two 

boreholes reach the Miocene strata, the Maaseik (GSB 

049W0220/DOV kb18d49w-B220) and Molenbeersel 

boreholes. In the Maaseik borehole, a new biostratigraphic 

interpretation based on the dinoflagellate cysts and on the 

calcareous microfossil Bolboforma has confirmed the time 

equivalence of the originally identified ‘Upper Antwerp’ unit 

with the top of the Berchem and Bolderberg Formations in the 

Campine Block and in addition it has been shown that the 

originally identified ‘unknown facies in the Campine’ unit is 

mainly Serravallian explaining its absence over the Campine 

Block. The newly proposed Molenbeersel member identified in 

the Molenbeersel borehole, can probably be correlated to this 

Serravallian ‘unknown facies in the Campine’ unit, although 

relative dating is needed for confirmation. Therefore, the hiatus 

corresponding to the MMU event in the Campine Block is 

strongly reduced if present at all in this part of the RVG. 

Regarding the Tortonian to Messinian Diest Formation, the 

sediments at the top of the Flemish Hills are no longer 

considered part of the Diest Formation and the same holds for 

the Gruitrode member, described during mapping in east 

Limburg. The glauconite-rich Diest Formation in the Antwerp 

area was reinvestigated in a temporary outcrop near the 

Antwerp International Airport (Deurne) and the classical local 

Deurne Member was redefined together with a newly proposed 

Borsbeek unit underlying it. Both are Tortonian but with respect 

to earlier dinoflagellate zonations, their chronostratigraphic 

position is improved by applying Bolboforma zonations now 

thought to be reliable since the study by King (2016). The 

Borsbeek unit is lithologically differentiated from the Deurne 

Member by its finer grain size and the presence of numerous 

marine mammal bones. The unit can be reduced to a coarse lag 

deposit. The shell-rich overlying Deurne Sand has an erosive 

trough-forming base even cutting down to the Berchem 

Formation and reminiscent of the classical erosive base of the 

Diest Formation in the Hageland thereby fuelling again the 

question of the relationship between the Campine (Kempen) 

Diest sand and the Dessel Sand Member. These two units in the 

Antwerp area are part of the southern Campine fringe of an 

early part of the Tortonian Diest Formation subunit that 

deposited the Hageland Diest sand in the south and includes also 

at least the lower part of the Dessel Member in the Campine. 

The Dessel Member is distinguished by its fine grain size with 

only its lower part containing carbonate. The Dessel Sand is 

attributed, in the literature, to the same Bolboforma zone as 

found in the Borsbeek and Deurne units. The microfossil-barren 

Hageland Diest sand unit represents the filling of an incised 

embayment at the southern limit of the North Sea that developed 

on the emerged land at the end of the Serravallian. However, a 

review of all proposed evolutionary schemes of events during 

this MMU related hiatus and the subsequent initial transgression 

demonstrates that our present understanding is not yet 

satisfactory. A favourite model is strongly relying on the lateral 

filling model in a confined embayment invoked for the first time 

to explain the incised filling of the Eocene Brussels Sand 

Formation in central Belgium (Houthuys, 2011). A new idea on 

the current system shaping the upper Miocene Hageland gully, 

has invoked the role of the geometry of the delta wedge of the 

mid Miocene Genk Sand. The younger depositional subunit of 

the Diest Formation, the Campine (Kempen) Diest sand unit, is 

filling the subsiding Campine Basin by westwards progradation 

during the late Tortonian to early Messinian starting from the 

palaeo-Meuse-Rhine river system mouth in the east. The heavy 

mineral content of the Dessel Member and the Campine 

(Kempen) Diest sand are different from the Hageland Diest sand 

and indicative of a different sediment provenance. The detrital 

clay minerals in the lower and middle Miocene Berchem 

Formation and the post MMU Diest Formation have a similar 

marine-origin composition. A clayey glauconitic sand occurs in 

the top of the Kempen Diest sand unit that is characterised by 

the unusual presence of Fe-vermiculite derived from altered 

glauconite-bearing soil in the provenance area.  

In the Maaseik borehole in the RVG, the Serravallian ‘upper 

Antwerp’ unit is overlain by glauconite sand containing 

microfossils comparable to the Deurne and Dessel Members in 

the Antwerp and Campine area but also with Bolboforma 

calcareous microfossils pointing to an earlier Tortonian age than 

the Deurne and Dessel Sand Tortonian in the Campine area. 

Additionally, dinoflagellate data show that the overlying mica-

rich quartz sand unit X and the lowermost Waubach sand are 

still Tortonian. Besides, the latter is now recognised as the upper 

part of the Inden Formation. Indeed, geophysical well log 

analysis allows a neat subdivision of the former original 

Waubach unit in two parts and only the upper one continues to 

be considered as Waubach sand and gravel Member, whereas 

the lower part is now recognised as the Inden Formation in the 

Belgian part of the RVG. The Kieseloolite Formation hence 
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starts only at the base of the upper Waubach sand and gravel 

Member. No precise age can be given for this base of the 

Kieseloolite Formation but from regional comparisons it is 

assumed to be situated at the beginning of the Messinian. 

Neither can the presence of a hiatus and an eventual Late 

Miocene Unconformity between the Inden and Kieseloolite 

Formations be confirmed; however, in the transition zone 

between both formations the sand is very coarse. The new 

stratigraphic data imply that the Inden Formation and an 

unnamed unit X in the Maaseik borehole are time equivalent 

with the Campine Diest sand unit. 

East of the Kasterlee area, the basal part of the Messinian 

Kasterlee Formation is systematically clay-rich and named the 

clayey Kasterlee unit or clayey Kasterlee Formation. Underlying 

it occurs the Diest Formation that at its top also picks up clay 

laminae and therefore becomes hard to distinguish from the 

clayey basal part of the Kasterlee Formation. No prominent 

emersion features are observed in the top of the Campine 

(Kempen) Diest sand although a particular zone with detrital 

vermiculite exists in the top, now named as clayey Diest D4 

unit. Still a practical boundary between the Diest and Kasterlee 

Formations has been documented in the Campine by integrating 

data from a newly described temporary outcrop at Heist-op-den-

Berg, geophysical borehole logs, geotechnical Cone Penetration 

Test (CPT) logs and sedimentological analyses on core samples. 

An issue needing further attention is the apparent coincidence of 

this Diest and Kasterlee Formations boundary with the transition 

from the dinoflagellate cysts biozones DN9 and DN10 while 

more to the west the main part of the prograding Campine 

(Kempen) Diest sand also contains DN10 dinoflagellates. 

Secondary vivianite nodules occur across the boundary between 

the Diest and Kasterlee Formations. 

The analysis of the transition between the Diest Formation 

and the Kasterlee and Mol Formations in the central and eastern 

Campine area and its comparison to the type area of the 

Kasterlee Formation in the west has led to a new stratigraphic 

scheme. The classical sandy Kasterlee Formation west and 

southwest of Kasterlee village is bordered by a coastal clayey 

facies, named clayey Kasterlee unit or clayey Kasterlee 

Formation, occurring in the central and southern Campine 

including the Heist-op-den-Berg area. Between both 

sedimentary facies a limited zone with barrier sand is present. 

An interesting observation is that the transition of the clayey 

Kasterlee unit into the type sandy Kasterlee Sand area to the 

west can be traced on CPT logs. Above the clayey Kasterlee 

Formation and geometrically lateral of the type Kasterlee Sand, 

occurs a pale grey to white sand. It has been interpreted in the 

past as Kasterlee Sand devoid of glauconite, however 

lithologically and mineralogically this unit fits more the pale to 

white sands of the Mol Formation above it. It is therefore not 

excluded that a major erosion phase occurs between the 

underlying clayey Kasterlee unit and the overlying pale quartz 

sand. Although this possibility seems to be supported by the 

occurrence of clear erosion and reworking at that level in 

borehole cores in the central Campine, it is hard to evaluate the 

importance of this erosion and therefore an intra-formational 

erosive phase of minor palaeogeographical importance is also 

possible, and thus uncertainty remains. Because of this 

uncertainty this unit was labelled in the present Neogene volume 

at the same time as ‘Kasterlee-sensu-Gulinck’ unit pointing to 

the presumed chronostratigraphically equivalence with the type 

Kasterlee Formation meant by Gulinck and as ‘lower Mol’ unit 

stressing the lithostratigraphic equivalence with the Mol 

Formation. The precise nature of the relationship between these 

units needs further study. 

In the central Campine boreholes the top of the clayey 

Kasterlee unit is recognised as a marked gamma ray (GR) signal 

increase. However, towards the eastern Campine area 

lithological control for the significance of this GR signal 

becomes missing. In the RVG area itself, such a signal 

corresponds to the top of the upper Tortonian quartz mica-rich 

sand unit X and not of the clayey Kasterlee unit. In the Lower 

Rhine area, the upper Tortonian Inden Formation and the 

Messinian upper Waubach sand and gravel Member are mainly 

fluviatile and therefore it is suggested that the end Tortonian to 

Messinian coastal lagoonal clayey Kasterlee unit in the central 

Campine, and even the ‘lower Mol’ or ‘Kasterlee-sensu-

Gulinck’ unit, are bordering the fluviatile domain in the RVG 

domain. Besides, the heavy mineral association in this ‘lower 

Mol’ or ‘Kasterlee-sensu-Gulinck’ is comparable to the 

association in the upper Waubach sand and gravel Member at 

the base of the Kieseloolite Formation and hence at the base of 

the Messinian.  

Direct chronostratigraphic control of the evolution within 

the fluviatile and swamp units of the Kieseloolite Formation in 

the Maaseik borehole situated in the RVG is poor, but as 

equivalent lithostratigraphic units are identified in the Dutch and 

German parts of the RVG, chronostratigraphic information is 

borrowed from these areas. The Brunssum clay and lignite 

complex including the intercalated Pey Sand developed during 

the Zanclean, which outside the RVG is mainly a period of 

emersion, except for the early Zanclean Kattendijk Formation 

and the mid to upper Zanclean incursions of the Broechem layer 

and the Luchtbal Crag in the Antwerp area in the west.  

An analysis of CPT data has demonstrated the existence of a 

NE-SW oriented deep gully system at the basis of the Kattendijk 

Sand analogous to the gully system under the Hageland Diest 

sand. Consequently, two Kattendijk Sand units are 

distinguished, a lower one filling the incised gullies and the 

upper one transgressing over the wider area. After the Zanclean 

general emersion of the central and eastern Campine area, the 

balance between varying sea level and uplift–subsidence was 

restored in favour of a rising relative sea level and sedimentation 

resumed at the turn of the Zanclean to the Piacenzian with the 

development in the west of the Oorderen Member, at the base of 

a continuous series of units of the marine Lillo Formation, while 

in the east the fluviatile Mol Sand represents further expansion 

of the RVG river system over the Campine Shoulder area. In the 

RVG, a complex of fine sand, clay and lignite formed, including 

the Reuver clay at the top of the Kieseloolite Formation. During 

the Piacenzian the fluviatile silica sand of the Mol Formation 

gradually or more probably stepwise encroached westwards, 

covering by the end of the Piacenzian the Lillo Formation in the 

Antwerp Campine where the fluviatile to coastal quartz sand 

became known under the name Merksplas Sand as it picks up 

more impurities in the quartz sand. The most eastward marine 

sand unit during the Piacenzian is the Poederlee Sand underlain 

by the Hukkelberg gravel. Its mineralogy testifies of its more 

landwards location compared to the Lillo Formation. Borehole 

logs in the area confirm the limited westwards extension of the 

Poederlee Sand. The Oorderen Member wedges out laterally of 

the lower part of the Poederlee Sand and consequently the top 

part of the latter is broadly time equivalent with the Kruisschans 

Member and the lower part of the Merksem Member. The Dutch 

Huijbergen borehole, located close to the Belgian Essen 

borehole, can be interpreted in terms of the stratigraphic 

subdivisions of the Belgian Lillo and Merksplas Formations 

based on wireline logs. Also, CPT records allow to consistently 

subdivide the Lillo Formation thereby clearly identifying a 

middle clay-enriched part although its correspondence to the 

existing lithostratigraphic units is not yet fully understood. 

Regarding methodology, the interpretations summarised 

above have been obtained by the classical stratigraphic methods 

of investigation. Dinoflagellate cyst studies became a primary 
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tool for biostratigraphy. Considerable progress has been possible 

since the common use of geophysical borehole logging, in 

particular natural gamma ray and resistivity records. The 

potential of using Cone Penetration Testing logs for 

stratigraphic use was demonstrated across several papers in this 

volume. The use of statistical handling and graphics of existing 

and newly acquired heavy mineral data, made this old 

sedimentary petrology method useful again and it allowed to 

recognise more subtle gradations in the evolution of marine 

versus continental provenance. Progress in the computer-aided 

systematic identification and accurate quantification of clay 

minerals also revives its potential in stratigraphy for 

characterising units, for understanding provenance and for 

demonstrating reworking and evaluating continental versus 

marine influences. 

In the course of the redaction of the Neogene volume a data 

collection specially designed for the Neogene data has been 

constructed. This collection of reference data points of 

boreholes, outcrops and CPTs can be consulted either via https://

doi.org/10.20341/gb.2020.021-SM1 or in its DOV-environment 

via https://www.dov.vlaanderen.be/data/opdracht/2020-018771. 

It is meant to be the open reference dataset also for future 

research that can easily be accessed from the papers in the 

Neogene volume. It has required a thorough quality control of 

existing and newly delivered data and the scrutinizing of all data 

according to their degree of relevance for Neogene stratigraphy. 

This quality control is only possible through a close cooperation 

between the specialist geologists and the data managers. 

Developing specific data sets as developed for the Neogene in 

this volume should become a standard methodology for 

subsurface data in Flanders. 

Stratigraphic summary tables 

In this Neogene-2020 volume, existing lithostratigraphic 

subdivisions have been refined or questioned and new units are 

proposed. In several cases the chronostratigraphic frame and the 

palaeogeographical significance of these lithostratigraphic units 

have been improved. This has resulted in a set of four 

stratigraphic tables in which existing and newly proposed 

lithostratigraphic units are positioned with respect to their 

estimated chronostratigraphic age and to their geographical 

location. Obviously, such tables can only be as accurate as the 

data allow and their fate in the future is continuous adaptation 

following the ongoing research. Newly introduced units will 

need further discussion in the National Commission for 

Stratigraphy before becoming official and ranked in the 

stratigraphical hierarchy. Only units already officialised by NCS 

have their rank written with capital letter in the tables. 

The advantage of positioning the lithostratigraphic units as 

accurate as possible with respect to their estimated 

chronostratigraphic age allows to visualise in the tables also the 

presence and duration of hiatuses during which unavoidably 

weathering and erosion occurred on the emerged land and which 

are essential components of the palaeogeographic evolution of 

the area. In compensation for the apparent lack of the physical 

importance of the units, the thickness of each stratigraphic 

subdivision is included with each unit in the table. The 

combination of time and thickness on the other hand allows to 

estimate sedimentation rates or sediment preservation rates. 

Obviously, uncertainties are inherent and are indicated in the 

tables with question marks or dashed lines. Biozones are used to 

position the lithostratigraphic units in the chronostratigraphy. In 

the tables a lithostratigraphic unit holding a particular biozone is 

generally represented over the full biochron time interval which 

obviously might not be the case as biozones generally represent 

considerable time intervals.  

As the tables are in 2D and presented along idealised West-

East profiles across North Belgium, more northern and southern 

areas are necessarily projected on the profile. The main 

geographical areas are Antwerp city and harbour, Antwerp 

Campine, Limburg Campine, Roer Valley Graben and in some 

cases specific areas are added such as Hageland and Brussels, 

Tienen, or Brabant area. Locations of some well-studied 

reference boreholes are also indicated along the profiles as are 

important fault systems. 

In the legends of the tables below, we describe their main 

features and refer to the relevant literature for justification. 

When referring to a particular borehole for the first time, its 

archive code in the Geological Survey of Belgium (GSB) 

archives and its code in the DOV data collection, together with a 

hyperlink, are added between brackets after the borehole name. 

This is the way all data points are labelled in the different papers 

of this Neogene volume. They constitute the Neogene reference 

data points collected in the table in De Nil et al. (2020, this 

volume) in which the location names are arranged 

alphabetically. 

The Oligocene to Miocene Stratigraphic Table (Fig. 1) 

The time scale with magnetostratigraphy and NP zonations is 

after Coccioni et al. (2018) and was figured in Vandenberghe 

(2017, fig. 4); dinoflagellate zonations are after Munsterman et 

al. (2020) and Van Simaeys et al. (2004) with the Chattian base 

at the boundary between NSO5a and b. Calcareous 

nannoplankton zonation is after Steurbaut (1986). The span of 

the hiatus between base Chattian and top Rupelian deposits in 

Belgium is after Vandenberghe (2017) (see also Coccioni et al., 

2018, fig. 10). Note that almost the entire hiatus is Rupelian and 

almost no Chattian is missing. The Asterigerina Horizon at the 

base of the Voort Sand and its correlation to the North Sea 

alternative NP24*/NP25* and the international biozonation is 

discussed in De Man et al. (2010). According to data in Van 

Simaeys et al. (2004) and Munsterman & Deckers (2020, this 

volume) NSO5b and NSO6 are commonly present in the 

Belgian Chattian although some discrepancies can be noted 

when comparing biostratigraphic data in detail with the 

reference Rupelian–Chattian stratigraphy (Coccioni et al., 

2018). The exact chronostratigraphic position of the top of the 

Voort Sand within NSO8 biozone is uncertain.  

For the Antwerp harbour and the Campine area two sections 

with slightly different orientation are presented together with the 

stratigraphic position of the base of the overlying Berchem and 

Bolderberg Formations. Biozones and thickness data are based 

on the Ekeren borehole (GSB 015W0142/DOV GEO-60/2718-

A) (Vandenberghe et al., 2004) for the Antwerp harbour and on 

the Essen ONDRAF-NIRAS borehole (GSB 001E0071/DOV 

B/1-1092) (Van Simaeys, written com.), the Turnhout–Meerle 

1:50 000 map sheet 8-2 (Buffel et al., 2002), and the Weelde 

(GSB 008E0133/DOV kb8d8e-B26) and ON-Mol-1 (GSB 

031W0314/DOV ON-Mol-1) boreholes (Munsterman & 

Deckers, 2020, this volume) for the Antwerp Campine. The 

Limburg Campine thickness data are after Dusar & 

Vandenberghe (2020, this volume) and the biozone data from 

De Man et al. (2010, fig. 4). The clayey horizon with Schneider 

& Thiele S&T 06 code (Schneider & Thiele, 1965), is discussed 

in Dusar & Vandenberghe (2020, this volume) and its 

stratigraphic position is based on the ON-Mol-1 borehole.  

The RVG thickness data are based on the Molenbeersel 

borehole (Deckers, 2015). As no biostratigraphic data are 

available in this borehole equivalent chronostratigraphic data 

are taken from Munsterman et al. (2020). The identification of 

the Schneider & Thiele S&T 06 horizon is based on Hager et al. 

(1998); these authors also interpreted the Wintelre Clay as 

equivalent to the Schneider & Thiele S&T 1 horizon. Note 

however that the S&T 1 is positioned in the Chattian by Schäfer 

https://www.dov.vlaanderen.be/data/opdracht/2020-018771
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& Utescher (2014, fig. 3) while the Wintelre Clay is positioned 

in the Aquitanian by Munsterman et al. (2020). 

The chronostratigraphic position of the Boncelles Sand is 

poorly constrained (see Dusar & Vandenberghe, 2020, this 

volume). The Rijen–Mol–Beringen (R.M.B), the Aa, and the 

Reppel–Grote Brogel–Neeroeteren (R.GB.N) fault systems are 

influencing the thickness development and therefore their 

approximate positions are indicated by vertical arrows. 

The lower and middle Miocene Stratigraphic Table (Fig. 2) 

The biozones are dinoflagellate cyst zonations: M (= 

Munsterman & Brinkhuis, 2004), DN (= de Verteuil & Norris, 

1996) and D & P (= Dybkjær & Piasecki, 2010). Discrepancies 

exist between the zonation schemes and the correspondence 

between DN and D & P zone boundaries, with red lines for firm 

correlation levels, is given in tables in Everaert et al. (2020, this 

volume) and in Munsterman et al. (2020). Louwye et al. (2020a, 

this volume) present a correspondence table between the three 

zonation schemes after Dybkjær & Piasecki (2020). The North 

Sea Oligocene zones NSO are following Van Simaeys et al. 

(2005). 

Antwerp city and harbour, and Antwerp Campine  

The Burdigalian biochron age C. cantharellus for the main 

Berchem Formation mass is based on Louwye et al. (2020a, this 

volume). The ON-Mol-1 borehole situation with a very thin M2 

Aquitanian interval at the base of the Berchem Formation above 

Chattian NSO6 and the very thin dinoflagellate Aquitanian M1 

and M2 interval at the base of the Berchem Formation above 

Chattian NSO8 in the Weelde borehole situation, are reported in 

Munsterman & Deckers (2020, this volume) and drafted as a lag 

deposits. 

In the Antwerp city type area a marked laterally progressive 

hiatus at the level of DN3 or C. aubryae is present (Louwye et 

al., 2000; Everaert et al., 2020, this volume). It is unknown how 

this hiatus develops further to the north (Antwerp Campine) 

since in several boreholes in that area the characteristic C. 

aubryae and E. insigne zones are commonly present in the 

Berchem Formation (Louwye et al., 2020a, this volume). To the 

north and east in the Antwerp Campine the formation is not 

commonly subdivided in individual members and only reported 

as Antwerp Sand. The possible extension of the Edegem Sand 

suggested in the North Antwerp Campine is following Laga 

(1976) reporting it in the borehole Essen-Kalmthout (GSB 

006E0110bis on profile PGL 77 /103/DOV kb7d6e-B239) based 

on clayey dark green sand samples in the borehole description 

by Gulinck (1969) and also containing C. cantharellus (Louwye 

et al., 2020a, this volume). The base of the main mass of the 

Berchem Formation in the Antwerp Campine boreholes is based 

on borehole data discussed in Louwye et al. (2020a, this 

volume) and Munsterman & Deckers (2020, this volume). The 

biozone of the Zonderschot Sand is from Louwye et al. (2020a, 

this volume) but the precise lithological transition from the 

Zonderschot Member to the Antwerpen Member remains 

unknown. 

Limburg Campine 

All data are based on Louwye et al. (2020a, this volume). 

The slightly diachronic boundary between the Houthalen marine 

Sand and the Genk Sand is reflected in the occurrence of the L. 

truncatum zone in both the top of the Houthalen Sand and the 

base of the Genk Sand. The position and the names of the 

gravels in the Genk Member are from Matthijs (1999). The 

Kikbeek lignite is a name given in Beerten et al. (2018). Dashed 

lines indicate uncertain limits of the Opgrimbie glass sand facies 

in the Genk Member. 

Brabant 

The lithostratigraphic data are from outcrops in East Brabant 

(named Bolderberg sand in Gullentops & Vandenberghe, 2001) 

and for Brussels from de Heinzelin (1963a). The uncertainties of 

the boundaries reflect the limited amount of control data 

available. 

Roer Valley Graben 

Data are from the Molenbeersel and Maaseik boreholes. The 

chronostratigraphic position of the underlying Voort and 

Someren Members of the Veldhoven Formation is based on the 

Molenbeersel borehole and discussed in the Legend 

Stratigraphic Table Oligocene to Miocene. The 

chronostratigraphic position of the overlying Diest Formation is 

based on dinoflagellate cyst biostratigraphy and Bolboforma 

(B.) biostratigraphy (Goolaerts et al., 2020, this volume) 

discussed in the Legend Stratigraphic Table upper Miocene. 

Most detail for the upper part is derived from the revision of 

dinoflagellate cyst and Bolboforma biostratigraphy in the 

Maaseik borehole (Louwye et al., 2020a, this volume). The thin 

Bolboforma barren interval is the possible position for a MMU 

hiatus if it were not representing the Bolboforma subfragoris 

zone (11.56 Ma – 10.50 Ma). Based on dinoflagellate cyst 

content the formerly named intervals ‘unknown in the Campine’ 

and ‘Upper Antwerp Sand’ are part of a continuous 

sedimentation to the top of the Genk Member. 

The Genk Member is recognised in the Molenbeersel 

borehole by its log signature as a lignite-bearing quartz sand and 

is equivalent to the Dutch Heksenberg Member. The glauconite-

bearing section above it in the Molenbeersel borehole consists 

of the newly proposed Molenbeersel member (Louwye et al., 

2020a, this volume) and the Diest Formation. The former unit is 

considered equivalent to the Dutch Vrijherenberg Member and 

the boundary with overlying Diest Formation is in the top of the 

M11 close to the M12 biozone (see for details Deckers & 

Munsterman, 2020). Therefore, in the Table, the base of the 

Diest Formation in the Molenbeersel borehole is placed at the 

same level as the base of the Deurne-Dessel microfossil-bearing 

sand in the Maaseik borehole. In previous stratigraphic practice, 

all glauconitic sands down to the top of the Genk-Heksenberg 

Formation were included in the Breda Formation. According to 

Munsterman et al. (2020) the Vrijherenberg Member is now 

included in the Groote Heide Formation between the EMU 

(Early Miocene Unconformity) and MMU whereas Louwye et 

al. (2020a, this volume) suggest to include the Molenbeersel 

member in the Bolderberg Formation. The large-scale 

deformations in the Heksenberg Member are seismically 

derived after Deckers (2015). Biostratigraphic constraints for 

the Houthalen Formation are limited (Louwye et al., 2020a, this 

volume). 

The upper Miocene Stratigraphic Table (Fig. 3) 

The stratigraphic positions of the top of the underlying Berchem 

and Bolderberg Formations and the base of the overlying 

Pliocene units are given in the legends of corresponding lower 

and middle Miocene and Pliocene Stratigraphic Tables. The 

Diest Formation, the Kasterlee Formation and the Roer Valley 

Graben area are discussed separately. The dinoflagellate 

zonations (de V & N: de Verteuil & Norris, 1996; D & P: 

Dybkjær & Piasecki, 2010) are given together with the relevant 

Bolboforma zones (after King, 2016). 

The lithostratigraphic terminology of the units of the Diest 

Formation in the Campine is discussed in Houthuys et al. (2020, 

this volume) and thickness data are from reference boreholes 

and from literature. The stratigraphy of the Deurne and 

Borsbeek units in Antwerp is from Goolaerts et al. (2020, this 

volume). The Bolboforma stratigraphy follows King (2016) and 

determines the base of the Diest Formation with B. metzmacheri 

reported from the Deurne and Dessel Members (Willems, 1976; 

Laga & De Meuter 1972; Goolaerts et al., 2020, this volume). 

The Dessel Member has not been reported east of the Mol–
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Dessel area by Gullentops & Vandenberghe (1995, profile 1 fig. 

30). In the Limburg Campine area the base of the Campine Diest 

sand, without underlying Dessel Sand, is definitely within 

dinoflagellate cyst zone A. umbraculum and tentatively also 

placed at the base of the B. metzmacheri Zone. Note that, if the 

Bolboforma zonation is followed, the glauconite radiometric age 

reported as probably reliable in Vandenberghe et al. (2014) for 

the base of the Diest Formation in the ON-Dessel 5 borehole 

(GSB 031W0370/DOV ON-Dessel-5) also has to be influenced 

by reworked pellets. Within the fine-grained Dessel Sand 

Member a lower carbonate holding part and an upper part 

without carbonate are distinguished but chronostratigraphic 

information about the boundary between both parts is missing 

and therefore only tentatively indicated as a dotted line. Aside 

the calcareous microfossil Bolboforma, the chronostratigraphic 

range of the Diest Formation in the Campine is further 

constrained by the dinoflagellate cyst literature data summarised 

in Vandenberghe et al. (2014, fig. 3) with the addition that A. 

umbraculum Zone (in DN8 Zone) also occurs at the base of the 

Poederlee borehole (P) (GSB 030W0300/DOV kb16d30w-

B315). Note that whereas biozone DN10 occurs in a substantial 

part of the Diest Formation in the western Kalmthout (K) (GSB 

006E0110), Oostmalle (O) (GSB 029E0249/DOV kb16d29e-

B276) and Poederlee (P) boreholes and in a minor top part of the 

Diest Formation in the Retie (R) (GSB 031W0243/DOV 

kb17d31w-B228), ON-Dessel-5 (D) and Mol-Belchim (M) 

(GSB 031W0221/DOV kb17d31w-B212) boreholes, the study 

of the Kasterlee deposits (Vandenberghe et al., 2020, this 

volume) states that the boundary between the Diest and 

Kasterlee Formations coincides with the DN9 to DN10 

boundary. A clayey and vermiculite containing unit (D4) occurs 

in the top of the Diest Formation in the Limburg Campine 

(Adriaens & Vandenberghe, 2020, this volume).  

In the Hageland area, the incision of the deep gully 

necessarily precedes its infill, but its precise timing and 

evolution is unknown and therefore indicated by a dashed 

incision line and question mark. In the Hageland the Dessel 

Sand is not observed south of the Veerle borehole (V) (GSB 

060E0215/DOV kb24d60e-B219) in which it holds 

dinoflagellate zone DN8 (U. umbraculum); the dinoflagellate 

barren Hageland Diest sand is considered of similar age in the 

genetic model of Vandenberghe et al. (2014). Goolaerts et al. 

(2020, this volume) suggest a possible relationship between the 

Borsbeek unit in the Antwerp area and the Hageland Dessel 

sand. 

The Hechtel borehole (He) (GSB 047E0192/DOV kb17d47e

-B186), without biostratigraphic data is similar in thickness to 

the nearby Wijshagen borehole (Wij) (GSB 048W0180/DOV 

kb18d48w-B181) with biostratigraphic control (DN8) and 

therefore both boreholes are placed near to each other in the 

table. According to the description by Gulinck (1964a), the 

clayey D4 facies could be present in the top of the Wijshagen 

borehole but no clay mineral analyses are available and 

therefore it is not indicated on the profile. According to the 

genetic model in Vandenberghe et al. (2014, fig. 13) the Diest 

Formation at Wijshagen and Neeroeteren could be deposited 

during both DN8 and DN9, an uncertainty indicated by the 

question mark. In the Neeroeteren borehole (N) (GSB 

064W0234/DOV kb26d64w-B242) the Diest Sand described by 

Gulinck (1964b) as the Opoeteren facies holds biozone DN9. 

Biostratigraphy, thickness and geographical distribution of 

the Kasterlee Formation and the ‘lower Mol’ or ‘Kasterlee-sensu

-Gulinck’ unit, including the unnamed sand unit in between 

both, are discussed in Vandenberghe et al. (2020, this volume). 

Included are the data on the Hallaar (a), Beerzel (b) and Heist-

op-den-Berg (c) units in the Kasterlee Formation from 

Verhaegen et al. (2020, this volume). The type Kasterlee Sand 

thickness of nearly 20 m is from the Rees borehole (GSB 

017E0399/DOV kb8d17e-B495) in Buffel et al. (2001) and 

from Laga (1976); the boundary between Diest and Kasterlee 

Formations in this borehole coincides with the DN9 and DN10 

boundary. The ‘clayey Kasterlee’ unit of the Kasterlee 

Formation together with the ‘lower Mol’ or ‘Kasterlee-sensu-

Gulinck’ unit belong to the same dinoflagellate cyst zone DN10 

as does a large part of the Diest Formation in the west. 

Therefore, question marks are inserted at the lateral transition of 

the Diest Formation to the Kasterlee Formation and also at the 

top of the western part of the Diest Formation. Short hiatuses 

are shown at the transition of the Diest Formation and the 

‘clayey Kasterlee’ unit, and between the latter and the ‘lower 

Mol’ or ‘Kasterlee-sensu-Gulinck’ unit based on the generally 

observed reworking at the base of the overlying units 

(Vandenberghe et al. 2020, this volume; Adriaens & 

Vandenberghe, 2020, this volume). The question mark between 

the type Kasterlee Sand and the ‘lower Mol’ or ‘Kasterlee-sensu

-Gulinck’ reflects the uncertainty of their lateral relationship: a 

facies evolution transition or an erosive contact (Vandenberghe 

et al., 2020, this volume).  

The stratigraphy of the upper Waubach Member, the Inden 

Formation and the unit X in the RVG section is from the revised 

Maaseik borehole (Ma) discussed in Louwye & Vandenberghe 

(2020, this volume). Combining revised dinoflagellate zonations 

(Louwye et al., 2020a, this volume) and Bolboforma data, 

originally determined by Hooyberghs et al. (2004) and now re-

interpreted in the composite stratigraphy of King (2016), allows 

to improve the chronostratigraphic position of the ‘Deurne–

Dessel microfossil association’, the ‘unknown facies in the 

Campine’ and the ‘Upper Antwerp sand’ units originally 

identified in the Maaseik borehole Breda Formation section 

(Vandenberghe et al., 2005). Assuming that the Bolboforma-

barren lower part of the ‘Deurne–Dessel microfossil 

association’ unit corresponds to the missing Bolboforma 

subfragoris Zone (dotted vertical line) means that sedimentation 

in the Roer Valley Graben was not markedly interrupted by the 

MMU as it was in the Campine. In the Molenbeersel borehole 

(Mo), presented at the right side in the lower part of the RVG 

column, Deckers & Munsterman (2020) have newly identified, 

below the Diest Sand, the Molenbeersel member probably 

corresponding in its top to the ‘unknown facies in Campine’ unit 

in the Maaseik borehole (left side of the column), and 

consequently also putting the base of the Diest Sand in the 

Molenbeersel borehole at the same level. According to these 

authors (op. cit., fig. 3), the boundary with the underlying quartz 

sand of the Genk Member occurs within dinoflagellate zone M7 

(for a large part DN5) being therefore somewhat older than the 

top of the Genk Member in the Limburg Campine as determined 

in Louwye et al. (2020a, this volume). Therefore, its top in the 

RVG is indicated with a dashed line. 

The Pliocene Stratigraphic Table (Fig. 4) 

The biostratigraphic columns are taken from the IGCP-124 

project results in the Zanclean–Piacenzian interval (Vinken, 

1988, fig. 267) and stretched along the present 

chronostratigraphic stage boundary ages (ICS chart, 2020). 

These IGCP-124 biostratigraphic subdivisions are also used in 

the Pliocene studies by Buffel et al. (2001) and Vandenberghe et 

al. (2000). The regional Reuver–Brunssum stratigraphic 

positions are from Wong et al. (2007, fig. 13). Reuver A, B, C 

subdivisions are based on pollen associations by Zagwijn in the 

RVG area (see also de Mulder et al., 2003, fig. 111 and 

Westerhoff, 2009, fig. 5.7). The Kieseloolite Formation includes 

at its top the Reuver Clay (TNO-GDN, 2020).  
The chronostratigraphic position of the Kattendijk 

Formation is based on a combination of IGCP-124 data and 
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dinoflagellate cyst ranges in Deckers & Louwye (2020, this 

volume) and its thickness data are from Deckers & Louwye 

(2020, this volume) and from profiles by Laga (1976). Data in 

the Waasland area are from Laga (1971).  

The estimated chronostratigraphic position of the less than 

25 cm thick Broechem concretion layer, occurring intercalated 

between the Kattendijk Sand and the Luchtbal Member, is in 

line with the mollusc similarity with the Coralline Crag 

(Wesselingh et al., 2020, this volume). The Broechem layer is 

particular as it is a marine quartz sand unlike the glauconitic 

marine sand of the under- and overlying formations. 

IGCP-124 biostratigraphic data of the Luchtbal Member are 

in line with the 4.04 Ma sequence boundary at its base proposed 

by De Schepper et al. (2009) and its thickness is from Louwye 

et al. (2020b, this volume) and from profiles in Laga (1976). 

The chronostratigraphic positions of Oorderen, Kruisschans, 

Merksem and Zandvliet Members of the Lillo Formation are in 

line with the dinoflagellates ages reported in Louwye et al. 

(2020b, this volume) and with the IGCP-124 biostratigraphic 

data; the Amerika dock gravel at the base of the Kruisschans 

Member follows de Heinzelin (1963b) and the Grobbendonk 

clay layer as correlating with the Kruisschans Member follows 

Vandenberghe et al. (2000). The CPT B subdivision in the Table 

marks the clayey middle part of a threefold CPT subdivision of 

the Lillo Formation by Deckers et al. (2020, this volume) and 

therefore put along the clayey top part of the Oorderen Member 

and the Kruisschans Member. The chronostratigraphy, thickness 

and geometrical position of the Poederlee Formation is 

presented as discussed in Louwye et al. (2020b, this volume); 

the Heieinde data are from Buffel et al. (2001). The vertical 

hatched line between the Poederlee Sand and the Lillo 

Formation indicates that the exact transition is not observed but 

the Poederlee Sand extension to the west is limited. 

The geometry of the Merksplas and Mol Formations with 

the Rees facies at their transition, is figured as discussed in 

Louwye et al. (2020b, this volume). The palynologies of the 

Merksplas Formation and of the lignites of the Mol Formation 

are similar and considered Reuver B (Louwye et al., 2020b, this 

volume). The thickness of the Merksplas Formation is from 

profiles in Laga (1976) and of the Mol Formation from profiles 

in Vandenberghe et al. (2020, this volume, figs 2, 5).  

No biostratigraphic control exists regarding the base of the 

Donk Sand Member. It is assumed in the Table that the 

westward extension of the fluviatile sand out of the RVG 

occurred stepwise in line with subsidence pulses in the Campine 

area creating also accommodation for marine sediments in the 

west such as the deposition of the Broechem layer and the 

Luchtbal Member and the start of Oorderen Member, with a 

next pulse bringing the Mol Sand into contact with the 

Poederlee Sand and a final pulse allowed even further westward 

extension of the fluviatile facies such as the Rees facies and the 

Merksplas Formation overstepping at that moment the marine 

deposits. In the Limburg Campine subsurface the clay layer 

capping the ‘lower Mol’ or ‘Kasterlee-sensu-Gulinck’ (level 3 

on fig. 5 in Vandenberghe et al., 2020, this volume) is 

tentatively equated with the lowermost Brunssum clay (Louwye 

& Vandenberghe, 2020, this volume). 

All data in the RVG are from the Maaseik borehole 

(Vandenberghe et al., 2020, this volume; Louwye & 

Vandenberghe, 2020, this volume). The upper Waubach 

Member is top Miocene (Louwye et al., 2020b, this volume). 

Following Wong et al. (2007, fig. 13), the complex with 

Brunssum clays and Pey Sand is the regional Brunssumian stage 

and hence Zanclean. The regional stage Reuverian is made up of 

all Pliocene deposits above the Brunssum Complex following 

Wong et al. (2007, fig. 13). Dricot, cited in Gullentops & 

Vandenberghe (1995, p. 27), considers the Russendorp Lignite 

flora different from the Maat Lignite flora but both lignites as 

Reuver. Vandenberghe et al. (2005) consider the upper part of 

the palynology A interval similar to the Mol Sand lignites and 

the top of palynology A as about equivalent to the boundary 

between ‘Scaldisien’ and ‘Merksemien’ sensu de Heinzelin 

(1963b) which is within Reuver A; the palynology B zone is 

considered as Reuver C in Vandenberghe et al. (2005). The 

palynology in the Kruisschans and Merksem Members could be 

interpreted as Reuver B (Louwye et al., 2020b, this volume). 

These published attributions to substages A, B, C within the 

Reuver regional stage can only be considered as tentative. 

Besides, as these substages are based on pollen associations they 

do not have a direct chronostratigraphic meaning but rather 

point to changes in the vegetation cover (see also Kemna & 

Westerhoff, 2007). Note that the Reuver clay bed in the top of 

the Maaseik borehole section (Vandenberghe et al., 2005) forms 

the top of the Kieseloolite Formation according to Westerhoff 

(2009, fig. 5.7) and TNO-GDN (2020). At the top of the RVG 

section a question mark indicates the possible presence of the 

Quaternary already in the top of the Shinveld /Jagersborg Sand; 

Shinveld is the name used in the Dutch nomenclature (Wong et 

al., 2007) whereas Vanhoorne et al. (1999) used the name 

Jagersborg. No obvious hiatuses are demonstrated in the 

Pliocene section in the RVG. 

The present topographic difference between the Campine 

Plateau and the eroded sand West of it makes that the hiatus 

with the Quaternary deposits is probably somewhat larger in the 

west, indicated with the hatched line at the top and the question 

marks. 

Outlook for future research 

Understanding the Neogene stratigraphy and its 

palaeogeographical evolution has considerably progressed 

during the last decennia but challenging issues remain. 

The surprising identification of Aquitanian sediments in the 

Campine needs confirmation in other boreholes straddling the 

Oligocene–Miocene boundary. Undoubtedly the way 

dinoflagellate cyst analyses are used amongst researchers of the 

North Sea Basin needs to become more comparable between 

each other and further integration is needed. Stratigraphic issues 

could definitely benefit from a more combined use of different 

fossil groups for stratigraphic zonation. Such an approach was 

successfully used in the IGCP-124 North Sea correlation project 

leading to a regional stratigraphic zonation. The modern 

progress in dinoflagellate stratigraphy should not develop 

alongside other older or new biostratigraphic work as 

demonstrated by the application of the Bolboforma zonation 

since King (2016) proved their reliability in a comprehensive 

North Sea Basin stratigraphy. An example of the need for better 

stratigraphic resolution is the occurrence of the same 

dinoflagellate cyst zone characterising as well the western part 

of the prograding mass of Diest Campine sand, as the Kasterlee 

Sand, the clayey Kasterlee unit and the lower part of the lower 

Mol or Kasterlee-sensu-Gulinck unit.  

The Burdigalian–Langhian biostratigraphy of the Members 

of the Berchem and Bolderberg Formations has improved. 

Biostratigraphy data on the Houthalen Sand are still too limited 

and the meaning of the Genk Member subdivisions described 

during the geological mapping is not yet understood and neither 

is the precise geometrical relation of the Opgrimbie silica sand 

facies in it. A palynological comparison of the Kikbeek lignite 

in the latter with the Morkhoven and Frimmersdorf lignite 

horizons of the Lower Rhine Ville Formation is still lacking. An 

integrated sedimentological, mineralogical and 

micropalaeontological study of the regional palaeogeographical 

evolution of both the Berchem and Bolderberg Formations 

would be a logical follow-up investigation. 
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Several studies of the Diest Formation and its members have 

led to the proposition of genetic models. Nevertheless, several 

of the proposed elements in these models remain debatable and 

will need verification. The present review of the models has the 

advantage for follow-up studies to address more efficiently 

crucial issues trying to confirm or invalidate a model or parts of 

it. The sedimentological understanding of the newly introduced 

Borsbeek unit, the Deurne and the Dessel Members with respect 

to each other and to the Campine Diest sand probably is still 

hiding some surprises, not to speak of their relationship with the 

Hageland Diest and Dessel sand. The precise lateral transition 

from the Diest Campine sand to the unit X and the Inden 

Formation in the RVG needs to be documented in more detail. 

Besides, the complete continental Pliocene section in the Belgian 

RVG needs a better chronostratigraphic characterisation. 

Understanding the regional palaeogeographical evolution 

and in particular the exact nature of the contacts between the 

‘clayey Kasterlee’ Formation and the ‘lower Mol’ or ‘Kasterlee-

sensu-Gulinck’ and the Mol Formation, will require additional 

biostratigraphic control, sedimentological and mineralogical 

analyses and more detailed lateral correlations by for example 

CPT-type investigations. Also, the nature of the lateral transition 

of the previously mentioned stratigraphic units with the 

stratotype Kasterlee and the Poederlee Formations is not well 

understood. The same holds for the lateral evolution of the 

typical Mol Sand towards the Merksplas Sand and the presence 

of transition facies between. Even more important is that more 

detailed palynology is needed to precisely characterise the 

Pliocene to Pleistocene transition.  

In the Neogene studies, palaeobathymetric interpretation of 

macrofossils and microfossils is generally missing. Also remains 

the barely addressed geochemical issue of the origin of the 

enormous quantities of iron enclosed in unusually abundant 

glauconite pellets apparently formed only at a few specific 

stratigraphic levels and more generally reworked than thought 

before. Related to the iron geochemistry in the Neogene strata, 

is the poorly studied presence of siderite horizons and 

concretions often described in sections. Another geochemical 

element that needs more attention is phosphorus, occurring 

obviously in the numerous levels with bone fragments but also 

in diagenetic vivianite and apatite cementations. 

The existing wealth of data already collected on the 

Neogene geology of Belgium should not make us forget that to 

solve existing uncertainties and unknowns and to improve our 

existing models, investment remains necessary in the collection 

of new and always better quality data. By its nature, regional 

geology is necessarily based on partial datasets and their 

completion is seldom finished. Field data are the primary data 

requiring investment in the study of temporary excavations and 

outcrops and in obtaining information from new boreholes. 

Conservation and retrieval facilities for cores and samples 

should be maintained with easy access for researchers. 

Analyses addressing sedimentology, biostratigraphy, 

mineralogy and other scientific disciplines, should be done 

together at the same time on the same quality samples. Progress 

in analytical techniques should complement classical sediment-

petrological methods by studying detailed properties of specific 

minerals leading to their specific provenance areas. Analytical 

methods now allow to obtain grain-size distributions combined 

with automated shape analysis potentially upgrading the latter to 

a more common analysis and thereby exploiting its 

sedimentological information (Blott & Pye, 2008). Also, SEM 

investigation of quartz grains is underexploited in studies of the 

Neogene in Belgium although such surface textures could be of 

help in understanding transport and depositional history (Vos et 

al., 2014). 

Studied sections should preferably also have 

stratigraphically well calibrated good quality geophysical 

borehole logs which will continue to be an invaluable source for 

correlation work in the area. Once better stratigraphically 

calibrated this could also become true for Cone Penetration 

Testing, the use of which is recommended. Improvement of the 

stratigraphic calibration of geophysical and geotechnical log 

signals requires teamwork. Surface geophysical methods such as 

Ground Penetrating Radar and shallow reflection seismic 

surveys are not commonly used today in Neogene studies but 

could be considered to investigate specific issues at relatively 

shallow depths. 

The updated Neogene database is offering a powerful tool 

for data retrieval. It goes beyond saying that a database without 

continuous updating rapidly becomes useless. The data in the 

central database should not only consist of the interpreted 

stratigraphic boundaries forming the base for geographical 

distribution studies and for building 3D models but also contain 

analytical results of all nature. The common availability of 

software for interpretation, statistical analysis or graphic 

presentations of the analytical data requires that the data can be 

made available for use in such software programs. This can 

require reworking of old data when acquired before automated 

instrumentation became available and when the presentation of 

data was done in a different way as is for example the case with 

the wealth of old grain-size data that should be valorised. 

All the above suggestions are a plea for teamed project and 

collaborative research around specific topics. Obviously, a good 

balance is required between the common research goal and the 

individual creativity and curiosity; too fragmented or dispersed 

research needs to be avoided. A good understanding between 

research institutes, university laboratories, private earth science 

and technology-based companies and geological surveys is the 

basis for such collaborative research. The National Stratigraphic 

Subcommission for the Paleogene and Neogene could become 

the natural platform for such coordination aside its primordial 

task of establishing a scientifically sound and still practical 

stratigraphy and thereby officialising stratigraphic 

nomenclature, a prerequisite for communication amongst all 

users of subsurface data. It goes indeed without saying that the 

many lithostratigraphic units, formal and informal, redefined 

and proposed in this Neogene volume need a further thorough 

discussion in the National Commission for Stratigraphy with 

some necessary regrouping of units aiming at presenting a 

scientifically sound and still practical Neogene stratigraphy. 
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