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Sedimentologische reconstructie van het Bekken van de Kempen tijdens het Dinantiaan. 

De diepe lagen van het Dinantiaan in het Kempens Bekken zijn tot op heden relatief weinig 

verkend, terwijl ze het gros van het potentieel vertegenwoordigen voor allerlei 

reservoirtoepassingen zoals gasopslag, geothermie en warmteopslag. De heterogeniteit in deze 

lagen zorgt voor veel onzekerheid en dus een groot exploratierisico. Recent werden nieuwe 

gegevens en inzichten vergaard vanuit diepe geothermieprojecten, via seismisch onderzoek en 

diepboringen. Deze studie-opdracht beoogde een sedimentologische analyse van het Dinantiaan in 

het Kempens Bekken en een paleogeografische bekkenreconstructie, die kunnen dienen als sturing 

bij het 3D geometrisch modelleren van de respectievelijke lagen. Om kruisbestuiving tussen het 

structurele modelleerwerk en de sedimentologische reconstructie te bekomen werden ad hoc 

overlegmomenten voorzien waarbij inzichten gedeeld en bediscussieerd werden. De 

onderzoeksopdracht stelde voorop dat alle beschikbare data en wetenschappelijke inzichten 

zoveel mogelijk verwerkt en geïntegreerd werden met daarbij aanvullend eigen onderzoek met 

minstens bijzondere aandacht voor: (i) de mogelijke aanwezigheid van evaporieten, (ii) de 

overgang van Laat Viseaan (V3c) naar Namuriaan, (iii) de betekenis van breccies en build-up 

structuren, (iv) integratie van nieuwe data, (v) diktevariaties en (vi) recente biostratigrafische 

inzichten. 

De studie werd uitgevoerd door PanTerra Geoconsultants en werd begeleid door een brede 

stuurgroep van sedimentologische experten die telkens waardevolle input en adviezen 

aangeleverd hebben tijdens de studie en bij de beoordeling van de tussentijdse resultaten. Dit 

rapport bevat de resultaten van de literatuurstudie, de interpretaties van bestudeerde geologische 

gegevens, het opzetten van een stratigrafisch kader, de analyses met CycloLog en de correlaties 

met de biostratigrafie, het opstellen van bekken-brede correlatie panelen met aandacht voor 

diktetrends, het nagaan van eventuele aanwezigheid van evaporieten en paleosols, de finale 

sedimentologische analyse en integratie, en tot slot de paleogeografische bekkenreconstructie 

met kaarten per tijdsinterval.  

Bijgevoegd bij het eindrapport zijn een reeks sleutelfiguren (correlaties en kaarten bij de 

reconstructie), alsook een petrografische beschrijving van slijpplaatjes van de nieuwe boringen te 

Beerse.  

 

Dit rapport bevat de mening van de auteur(s) en niet noodzakelijk die van de Vlaamse Overheid. 
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MANAGEMENT SAMENVATTING 
De laatste jaren waren de Dinantiaan carbonaatafzettingen in Noordoost België het onderwerp van 

verschillende studies die gericht waren op het ondersteunen van exploratie- en 

productieactiviteiten voor ŀŀǊŘǿŀǊƳǘŜ ώΨgeothermieΩϐ. Deze Dinantiaan carbonaatformaties hebben 

plaatselijk zeer goede reservoireigenschappen (= hoge porositeit en hoge permeabiliteit). Dit is ten 

minste gedeeltelijk het gevolg van karst verschijnselen [= grot vorming] in deze carbonaatlagen. 

Goede reservoireigenschappen in deze carbonaatafzettingen waren al eerder aangetoond tijdens 

de ontwikkeling van de ondergrondse gasopslag in Loenhout en door de boring van de 

geothermieput Merksplas-Beerse. Meer recent bevestigden de resultaten van twee nieuwe 

geothermieprojecten in respectievelijk Mol (VITO) en Beerse (Janssen Pharmaceutica) het 

aanzienlijke geothermische potentieel van de Dinantiaan carbonaatafzettingen. 

Deze hernieuwde belangstelling voor de Dinantiaan carbonaten als mogelijke bron van aardwarmte, 

leidde, naast het uitvoeren van nieuwe seismische meetcampagnes in Vlaanderen, ook tot het met 

ŎƻƳǇǳǘŜǊǎ ƘŜǊōŜǿŜǊƪŜƴ ώΨǊŜ-ǇǊƻŎŜǎǎƛƴƎΩϐ Ǿŀƴ oude seismische gegevens. Behalve met deze nieuwe 

seismische gegevens, werd door het boren van enkele nieuwe geothermieputten in het Kempens 

Bekken ook veel nieuwe informatie en kennis over de Dinantiaan carbonaatafzettingen verworven. 

Dit is de eerste, geïntegreerde studie van zowel de seismiek als de nieuwe en de oude boorputten, 

met gebruikmaking van alle beschikbare biostratigrafische en petrografische gegevens.  

Het Vlaams Planbureau voor Omgeving (hierna VPO genoemd) heeft PanTerra Geoconsultants B.V. 

(hierna PanTerra genoemd) opdracht gegeven tot het uitvoeren van een geïntegreerde 

stratigrafische en sedimentologische studie op de Dinantiaan carbonaatafzettingen in het Kempens 

Bekken. Daarbij dienden zowel alle beschikbare geologische gegevens als de huidige stand van 

kennis over deze potentieel belangrijke bron van aardwarmte gedocumenteerd te worden.  

De studie werd uitgevoerd door het Project Team, bestaande uit vaste PanTerra-medewerkers en 

PanTerra Associates. Het Project Team heeft veel baat gehad van de kennis en adviezen van een 

groep geologische experts. Deze adviesgroep bestond uit vertegenwoordigers van de opdrachtgever 

[VPO], de Stuurgroep en Technische Experts. Tijdens het project zijn met TEAMS een aantal 

onderwerp-specifieke workshops alsook inhoudelijke evaluaties van het verrichtte werk gehouden. 

¢ƛƧŘŜƴǎ ŘŜȊŜ ΨƻƴƭƛƴŜΩ ¢9!a{ ōŜǎǇǊŜƪƛƴƎŜƴ ƘŜŜŦǘ ŘŜ {ǘǳǳǊƎǊƻŜǇ ŘŜ ǾƻƻǊǳƛǘƎŀƴƎ Ǿŀƴ ŘŜ ǎǘǳŘƛŜ Ŝƴ ŘŜ 

behaalde resultaten uitgebreid besproken en becommentarieerd.  

Door het projectteam zijn de volgende werkzaamheden uitgevoerd: 

¶ Literatuuronderzoek (wetenschappelijke artikelen, technische rapporten en oude kaarten) 

¶ Beoordeling van putgegevens (mud logs, boorgruis, slijpplaatjes en kernbeschrijvingen) 

¶ Update van de stratigrafische dataset 

¶ CycloLog-analyse en kalibratie met biostratigrafische gegevens (zowel oude als recente 

boorputten) 

¶ Constructie van correlatiepanelen van de boorputten en analyse van diktevariaties  

¶ Screening op de aanwezigheid van anhydriet en paleosols door middel van log-analyse van 

boorputten 

¶ SedimentologiǎŎƘŜ ŀƴŀƭȅǎŜΣ ƛƴŎƭǳǎƛŜŦ ƛƴǘŜǊǇǊŜǘŀǘƛŜ Ǿŀƴ ǇƻǘŜƴǘƛšƭŜ ŜǾŀǇƻǊƛŜǘŜƴΣ ōǊŜŎŎƛŀΩǎΣ 

karst en tektonische kenmerken 



///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// //////////////////  

            pagina 5 van 123 

¶ Paleogeografische reconstructies en kaarten voor belangrijke stratigrafische intervallen 

 

Naast het algemene doel om zoveel mogelijk beschikbare gegevens en inzichten te integreren in een 

samenhangend bekkenmodel, waren voor deze studie nog vier specifieke aandachtspunten 

geformuleerd: 

1. Evalueer de mogelijke aanwezigheid van evaporieten in de Dinantiaan afzettingen. 

2. Evalueer de herkenning van breccies en build-up structuren op basis van de putgegevens, 

en de implicaties daarvan voor de sedimentologische interpretatie. 

3. Evalueer de dikte variaties op basis van de putcorrelaties in de context van de 

bekkenontwikkeling. 

4. Evalueer de overgang van het Laat Viseaan naar het Namuriaan in de context van de 

bekkenontwikkeling. 

 

Om aan deze doelstellingen te voldoen, werd een grote historische dataset geïntegreerd met recent 

vrijgegeven en/of verworven gegevens. Het gebruik van een nieuwe correlatietechnologie [de 

Ψ/ȅŎƭƻƭƻƎΩ ƳŜǘƘƻŘŜϐ die gebruik maakt van de beschikbare petrografische en paleontologische 

gegevens, resulteerde in een herziene stratigrafische interpretatie op bekkenschaal. Dit nieuwe 

correlatiemodel voor de Dinantiaan afzettingen is gebaseerd op een uitgebreid overzicht en 

integratie van alle beschikbare sedimentologische, stratigrafische en paleontologische gegevens. 

Hierbij werd gebruik gemaakt van de Ψ/ȅŎƭƻ[ƻƎΩ-correlatie software om de verschillende gegevens 

in een sequentie-stratigrafisch kader te plaatsen. 

De belangrijkste conclusies en aanbevelingen voor elk specifiek onderzoeksdoel zijn als volgt: 

1. Wat betreft de mogelijke aanwezigheid van evaporieten in de Dinantiaan 

carbonaatafzettingen 

Er zijn geen aanwijzingen dat er significante hoeveelheden evaporieten voorkomen in de 

Dinantiaan afzettingen. Bij het beoordelen van deze conclusie moet rekening worden 

gehouden met de beperkingen van de toegepaste techniek (d.w.z. met een petrofysische 

analyse van de boorput logs kunnen alleen evaporietlagen dikker dan 45 cm met zekerheid 

worden geïdentificeerd). Ook is de beperkte beschikbaarheid van representatief 

monstermateriaal [zoals boorgruis, kernen en slijpplaatjes] uit de boorputten een bron van 

onzekerheid. Op basis van de beschikbare gegevens zijn er echter geen evaporietlagen 

herkend in de bestudeerde putten. Weliswaar zijn er verschillende intervallen geïdentificeerd 

als mogelijk evaporiet houdend (bijvoorbeeld op basis van de aanwezigheid van een indirecte 

indicator zoals kwarts pseudomorfen), maar er is geen direct bewijs gevonden van de 

aanwezigheid van een evaporietmineraal zoals anhydriet. Door het ontbreken van 

representatieve slijpplaatjes voor sommige gesteentelagen is het echter onmogelijk om de 

aanwezigheid van sommige mineralen eenduidig te bepalen. Het opnieuw bemonsteren en 

beschrijven van het beschikbare oude boorgruis en/of kernmateriaal uit de mogelijk 

evaporiet-voerende lagen, zou de twijfels over het al dan niet aanwezig zijn van evaporieten 

in de Dinantiaanlagen van het Kempens Bekken mogelijk kunnen wegnemen, en daarmee ook 

de robuustheid verhogen van het geïnterpreteerde afzettingsmilieu tijdens het Dinantiaan. 
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Samengevat: er zijn geen eenduidige aanwijzingen voor de oorspronkelijke aanwezigheid van 

evaporieten in het Dinantiaan. Het is daarom onwaarschijnlijk dat de vorm en/of 

samenstelling van de Dinantiaan carbonaatafzettingen in het Kempens Bekken significant 

beïnvloed werd door het oplossen van oorspronkelijk aanwezige evaporietlagen.  

2. Wat betreft de aanwezigheid van Ψbuild-upΩ structuren en breccie afzettingen 

Het voorkomen van Ψbuild-upΩ structuren [= grote, rifachtige biogene structuren] is 

aangegeven op zowel de putcorrelatiepanelen als op de paleogeografische kaarten. Grote, 

biogene build-ups lijken het meest voor te komen in Tournaisiaan en Moliniaciaan 

afzettingen. Op seismische profielen zijn in het gebied tussen Kessel en boorput DZH26, 

geïsoleerde build-up structuren duidelijk herkenbaar in verder goed gelaagde afzettingen. 

Oostwaarts in het gebied van Poederlee in het zuiden tot Turnhout in het noorden gaan die 

geïsoleerde build-ups over in verticaal gestapelde build-up structuren. In de Liviaan 

afzettingen zijn geen build-ups herkend. Dit hangt mogelijkerwijs samen met de transgressie 

die begon tijdens het Moliniaciaan en die een maximale uitbreiding [ΨaŀȄƛƳǳƳ CƭƻƻŘƛƴƎ 

{ǳǊŦŀŎŜΩ ƻŦ ΨaC{Ωϐ ƘŀŘ ǘƛƧŘŜƴǎ ƘŜǘ hƴŘŜǊ [ƛǾƛŀŀƴΦ In de onderste Warnantiaan afzettingen zoals 

aangeboord in de Heibaart- en Poederlee-putten, zijn wel weer build-up structuren herkend. 

Deze bevindingen passen goed in het algemene patroon van carbonaatafzettingen 

όΨŎŀǊōƻƴŀǘŜ ŦŀŎǘƻǊƛŜǎΩύ Ǿŀƴ /ŀǊōƻƻƴ ƻǳŘŜǊŘƻƳΦ ½ǳƭƪŜ ΨŎŀǊōƻƴŀǘŜ ŦŀŎǘƻǊƛŜǎΩ ǿƻǊŘŜƴ ǾŜŜƭŀƭ 

gekenmerkt door carbonaatafzetting in een sedimentatiegebied gekenmerkt door een 

meestal vrij vlak topografisch reliëŦ ώΨǊŀƳǇΩ Ŝƴ ΨǎƘŜƭŦΩ όҐ ŎƻƴǘƛƴŜƴǘŀŀƭ Ǉƭŀǘύ ǘƻǇƻƎǊŀŦƛŜϐΦ  

De herkenning van build-up structuren hielp om specifieke sedimentaire omgevingen beter 

te identificeren en te karakteriseren (d.w.z. een kust-ƴŀōƛƧŜ ΨrampΩ met lokaal inter- tot sub-

getijden invloeden). De waargenomen verspreiding van de build-ups wordt echter sterk 

beïnvloed door de gebiedsdekking met de beschikbare seismische lijnen. Nieuwe seismische 

opnames in gebieden met een tot nog toe beperkte seismische dekking (en/of slechte 

kwaliteit van de seismiek), kan nieuwe informatie opleveren over de mogelijke aanwezigheid 

van biogene build-up structuren in deze regio's.  

De in de putten geïdentificeerde breccie intervallen zijn op basis van alle beschikbare 

informatie geclassificeerd als zijnde van tektonische, van karst-gerelateerde of van 

sedimentaire oorsprong. De verspreiding van de verschillende soorten breccies is, in 

combinatie met o.a. de aan karst-gerelateerde verschijnselen een belangrijke indicator 

geweest bij de paleogeografische reconstructies van het Kempens Bekken. Een andere 

belangrijke paleogeografische indicator is de verspreiding van slump- en conglomeraat 

afzettingen. In putten die bekken-/diepwater facies hebben aangeboord komen vaak slump 

afzettingen voor. In putten die ondiep water tot continentale, overgangsafzettingen 

aanboorden werden echter conglomeraten aangetroffen. Ook in gebieden gekarakteriseerd 

door actieve blok-breuken tijdens het Dinantiaan zijn conglomeraten aangetroffen. 

Bovendien moet er rekening mee worden gehouden dat, indien breccies relatief recent 

gevormd zijn [bijvoorbeeld door late breukbewegingen en/of karstificatie en daarom niet 

beïnvloed zijn door intensieve begravingsdiagenese en cementering], de aanwezigheid van 

breccies een positieve invloed kan hebben op de reservoir eigenschappen (d.w.z. hoge poro-

perm waarden) van de onderzochte formaties. Daarentegen kunnen zulke breccies ook 
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operationele problemen veroorzaken tijdens het boren (bijvoorbeeld volledig verlies van de 

boorǎǇƻŜƭƛƴƎ ώΨǘƻǘŀƭ ƭƻǎǎŜǎΩϐ en/of uitspoeling Ǿŀƴ ƘŜǘ ōƻƻǊƎŀǘ ώΨǿŀǎƘ-ƻǳǘǎΩϐ). Om deze 

redenen kan het van cruciaal belang zijn om de aanwezigheid en verspreiding van zulke 

breccies tijdens de verkenningsfase zo goed mogelijk te voorspellen. Daarom is een belangrijk 

resultaat van deze studie de identificatie van gebieden met een grotere kans op aanwezigheid 

van karst verschijnselen, waaronder ook breccies.  

Om zoveel mogelijk ǊƛǎƛŎƻΩǎ te beperken bij zowel de exploratie naar geothermie als bij het 

boren van productieputten voor aardwarmte, wordt aanbevolen om eerst betere seismische 

gegevens te verwerven. Ad-hoc herbewerking van oude seismische gegevens ώΨǊŜ-ǇǊƻŎŜǎǎƛƴƎΩϐ 

en/of nieuwe acquisitie van hetzij 2-D of van 3-D seismiek (NB: met de nadruk op het 

registreren van de karakteristieke diffracties veroorzaakt door de randen van karst holtes, als 

op speciale signaalverwerking gericht op het behoud van die karakteristieke diffracties, en 

gecombineerd met het verbeteren van de continuïteit van reflecties) kunnen helpen om de 

aanwezigheid van karst holtes te identificeren voorafgaand aan het boren. Verder zou de 

verwerving van speciale boorgatmetingen (ȊƻƎŜƴŀŀƳŘŜ ΨƛƳŀƎŜ ƭƻƎǎΩ ƻŦ ΨBHIΩ ƭƻƎǎ) en/of van 

kernmonsters in toekomstige putten, de beschikbaarheid van betrouwbare putgegevens 

vergroten. Hierdoor zal ook de betrouwbaarheid van de reservoirmodellen aanzienlijk 

verbeteren.  

3. Wat betreft de stratigrafische diktevariaties  

De stratigrafische dikteverschillen tussen de putten zijn geëvalueerd door eerst de op putlog-

gebaseerde correlaties te kalibreren in putten met de meest betrouwbare biostratigrafische 

gegevens. Vervolgens door die gecalibreerde correlaties te extrapoleren naar putten met een 

lage biostratigrafische resolutie en vervolgens naar putten zonder biostratigrafische 

gegevens. Hierbij is ook gebruik gemaakt van seismische interpretaties en andere regionale 

geofysische gegevens, voor zover die gegevens inzicht verschaften in de tektonische 

beïnvloeding van de sedimentatie patronen. Hieruit bleek dat afgezien van dikteverschillen 

die waarschijnlijk verband houden met verschillen in het afzettingsmilieu [bijvoorbeeld een 

ΨōǳƛƭŘ-ǳǇΩ versus gelaagde carbonaatafzettingen], ook grote dikteverschillen veroorzaakt door 

differentiële bodemdaling - zelfs met lokaal ǎŜŘƛƳŜƴǘŀƛǊŜ ƘƛŀǘŜƴ ώΨŘƛǎŎƻƴŦƻǊƳƛǘƛŜǎΩϐ ς 

voorkomen in zowel het Tournaisiaan als in het Boven-Warnantiaan (MFZ 15). Beide 

verschijnselen zijn ook herkenbaar op de seismiek. Een belangrijk nieuw resultaat van deze 

studie is echter dat grotere syn-sedimentaire breukactiviteit beperkt was tot het MFZ 15 

interval. Tot nog toe werd aangenomen dat het hele Warnantiaan beïnvloed was door syn-

sedimentaire breukactiviteit. Verder was ook niet bekend dat het NW-deel van het Kempens 

Bekken gekenmerkt was door non-depositie. Op basis van deze nieuwe inzichten wordt 

aanbevolen om de nieuw ontwikkelde correlatieǘŜŎƘƴƛŜƪ ώΨŎƻǊǊŜƭŀǘƛƻƴ ǿƻǊƪŦƭƻǿΩϐ ook toe te 

passen op nog nieuw te boren putten, en ook om de biostratigrafische evaluatie van oude 

putten verder uit te breiden. Beide benaderingen zijn - zeker in in combinatie - zeer effectief 

gebleken.  

4. Wat betreft de Laat Viseaan (eind-Dinantiaan) naar Namuriaan overgang 

De op log-gebaseerde correlatie die gekalibreerd en geïntegreerd is met de biostratigrafie 

heeft aangetoond dat het Kempens Bekken tijdens de overgang Viseaan naar Namuriaan ook 
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beïnvloed werd door syn-sedimentaire breukactiviteit. De syn-sedimentaire breuken 

veroorzaakten differentiële daling van delen van de shelf, en deze tektonische activiteit viel 

waarschijnlijk samen met een grote relatieve zeespiegeldaling. Als gevolg hiervan werd de 

configuratie van het Kempens Bekken gekenmerkt door een complex patroon van hoge en 

lage gebieden. Tijdens de overgang van Viseaan naar Namuriaan werd hierdoor de 

verspreiding van verschillende carbonaatfacies sterk beïnvloed. In het NW-deel van het 

bekken werd een groot gebied gekenmerkt door erosie en/of niet-afzetting van sediment. Dit 

gebied strekte zich NW-ZO uit van Heibaart tot Poederlee. In dit gebied vond waarschijnlijk 

meteorische karstificatie plaats tijdens het late Viseaan/ Namuriaan waarbij plaatselijk het 

MFZ15 stratigrafische interval volledig geërodeerd werd (aannemend dat daar ooit Viseaan-

afzettingen aanwezig waren). Naar het NO toe ging dit gebied over naar een ondiepe zee in 

een continentaal plat setting. In het gebied van Beerse en in een open, ondiep watergebied 

rond Turnhout vond verminderde depositie plaats. De N- en ZO-randen van dit gebied met 

ondiep water afzettingen, werden waarschijnlijk gevormd door syn-sedimentaire breuken. 

Hierdoor is er een abrupte overgang van het ondiepe continentaal plat naar diepwater 

condities in het noorden. Daarentegen is er een meer geleidelijke overgang naar het ZO, 

resulterend in de ontwikkeling van een overgang naar een breed platform met sub-bekkens, 

zoals blijkt uit de MOL-GT-putten. Aan de ZO-kant van het bekken werd daarentegen een dik 

pakket MFZ 15 (Late Viseaan) tot vroege Namuriaan sedimenten afgezet. Deze bevatten veel 

ge-ǊŜǎŜŘƛƳŜƴǘŜŜǊŘŜ ŀŦȊŜǘǘƛƴƎŜƴ ώƻΦŀΦ ΨƳŀǎǎ-flowΩ afzettingen zoals turbidieten]. Dit is in 

overeenstemming met het type afzettingen dat wordt verwacht in een diep bekken dat 

gelegen is naast een carbonaat platform dat gekenmerkt wordt door zowel intense erosie als 

door tektonische instabiliteit door breukbewegingen.  

Het bovenstaande paleogeografische kader heeft waarschijnlijk tijdens de overgang van het 

Viseaan naar het Namuriaan, dat wil zeggen tijdens de afzetting van de Goeree Formatie (Laat 

Viseaan, bovenste MFZ 15) en de Souvré Formatie (Vroeg Namuriaan, basis MFZ 16), ook een 

belangrijke rol gespeeld. Deze studie geeft aan dat de Goeree Formatie waarschijnlijk 

aanwezig is in een groot deel van het gebied ten zuidwesten van de grootste carbonaat shelf 

(dwz de ondiep water carbonaat shelf die is aangeboord door o.a. de Poederlee, Turnhout en 

Heibaart putten). Naar verwachting zal de Goeree Formatie aanwezig zijn langs de grens van 

de ondiep water carbonaat shelf en het daarnaast gelegen diepwater gebied, en ook in de 

lagunaire afzettingen bij Halen.  

De verwachtte aanwezigheid van de Goeree Formatie in zowel de omgeving van Halen als 

elders in het Kempens Bekken is een nieuw resultaat van deze studie. Deze interpretatie 

wordt ondersteund door de aangetoonde aanwezigheid van de Goeree Formatie in de MOL-

putten. Wat betreft de afzetting en verspreiding van de Souvré Formatie, geeft deze studie 

ook aan dat de Souvré Formatie waarschijnlijk ooit aanwezig is geweest in het grootste deel 

van het Kempens Bekken,zelfs in dat deel van de carbonaat shelf dat tijdens de overgang 

Viseaan ς Namuriaan sterke erosie ondervond (d.w.z. rond Poederlee en mogelijk ook in de 

put Merksplas-Beerse). Dit met uitzondering van het gebied rond de Heibaart en DZH putten 

wat waarschijnlijk een structureel hoog was,gekenmerkt door niet-afzetting en/of 

droogvallen en erosie.  
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In het gebied dat tijdens het MFZ 15 interval droog viel, vond hoogstwaarschijnlijk 

meteorische karstvorming plaats. Daardoor zullen de Dinantiaan kalkafzettingen in dat gebied 

naar verwachting goede reservoir eigenschappen hebben. Dit is onafhankelijk van latere 

breukvorming en/of mogelijke hydrothermale re-activitatie van de meteorische karst. 

Daardoor vormt de regio Heibaart-Poederlee-Beerse-Merkplas een veelbelovende zone voor 

de exploratie naar aardwarmte. De meest aantrekkelijk zone is naar verwachting te vinden 

langs de noordelijke grensbreuk, waar de daar gelegen biogene build-up waarschijnlijk droog 

zal zijn gevallen en daardoor vermoedelijk verkarst zal zijn. Hetzelfde geldt ook voor de 

grenszone verder naar het zuiden langs het NW-ZO georienteerde breuksysteem.  

Ook in de diepwater breccie-facies die verwacht worden aanwezig te zijn net ten noorden van 

de carbonaat shelf kunnen mogelijk goede reservoireigenschappen in de tijds-equivalente 

afzettingen bewaard zijn. Dit gaat uit van de aanname dat de oorspronkelijk goede 

reservoirkwaliteit niet vernietigd werd door diagenese tijdens de ŘƛŜǇŜ ōŜƎǊŀǾƛƴƎ ώΨŘŜŜǇ 

ōǳǊƛŀƭ ŘƛŀƎŜƴŜǎƛǎΩϐΦ  
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EXECUTIVE SUMMARY 
 

In recent years, the Dinantian carbonates in Northern Belgium have been the subject of several 

studies that focussed on supporting geothermal exploration and production activities. Locally, these 

Dinantian carbonate formations have very good reservoir properties (i.e., high porosity and high 

permeability). This is due, at least in part, to the presence of karst features. The local presence of 

very good reservoir properties was already proved by the historical development of the 

underground gas storage at Loenhout and the drilling of the Merksplas-Beerse geothermal well. 

More recently, the results of two new geothermal projects at Mol (VITO) and at Beerse (Janssen 

Pharmaceutica) brought the exploration potential of the Dinantian geothermal energy carbonate 

play into the spotlight. 

This renewed interest for the Dinantian resource also led to new seismic acquisition campaigns and 

vintage seismic reprocessing programmes in Flanders. As well as the new seismic data, each of the 

recent geothermal wells drilled in Campine produced new data and insights into the characteristics 

of the Dinantian reservoirs. This was complemented by new analytical work focusing on both new 

and legacy wells. However, to date these new and legacy data had not yet been integrated in a single 

study.  

The Flemish Planning Bureau for the Environment and Spatial Development (Vlaams Planbureau 

voor Omgeving, hereafter referred to as VPO) requested PanTerra Geoconsultants B.V. (hereafter 

referred to as PanTerra) to carry out an integrated stratigraphic & sedimentological study of the 

Dinantian interval across the Campine Basin. The study was to combine documentation of all the 

available geological data and most recent understanding of that data, as well as an integrated 

interpretation framework for this important subsurface resource. 

The study was executed by the Project Team comprising both PanTerra staff and PanTerra 

Associates. The Project Team benefited highly from the inputs and reviews by a panel of experts 

comprising representatives of the Client, as well as members of the Steering Committee and the 

Technical Contributors. During the project, several dedicated workshops and technical review 

sessions were held using TEAMS. During these TEAMS meetings, the Steering Committee reviewed 

and provided extensive feedback on study results and progress.  

The following work was carried out by the Project Team: 

¶ Literature review (scientific papers, technical reports, and vintage maps) 

¶ Well data review (mud logs and descriptions of cuttings, thin sections, and cores) 

¶ Stratigraphy data set update 

¶ CycloLog analysis and calibration with biostratigraphic data (both legacy and recent wells) 

¶ Construction of well correlation panels and analysis of thickness variations  

¶ Screening for the presence of anhydrite and paleosoils based on petrophysical well log 

analysis 

¶ Sedimentological analysis, including interpretation of potential evaporites, breccias, karst 

and tectonic features 

¶ Paleogeographic reconstructions and maps for key stratigraphic intervals 
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Apart from the general goal of integrating as much as possible the available data and insights in a 

consistent basin model, four main research questions were explicitly included in the study scope: 

1. Evaluate the potential presence of evaporites in the Dinantian sequence 

2. Evaluate the recognition of breccias and build-up structures from well data, and their 

implications for the interpreted sedimentary environment. 

3. Evaluate the thickness variations on the basis of the well correlations in the context of the 

basin development.  

4. Evaluate the transition from the Late Visean to the Namurian in the context of the basin 

development.  

To address these objectives, a large legacy data set was integrated with newly released and/or 

recently acquired data. The use of a novel correlation technology [i.e., ǘƘŜ ƴƻǾŜƭ Ψ/ȅŎƭƻ[ƻƎΩ 

application] integrated with petrographic and paleontological data, resulted in a revised basin-wide 

correlation model. Specifically, this revised correlation model for the Dinantian carbonates is based 

on a comprehensive review and integration of all available sedimentological, stratigraphic, and 

palaeontological data in combination with the use of the 'CycloLog' correlation software to place 

those data in a sequence stratigraphic framework. 

The main conclusions and recommendations for each study objective are as follows: 

1. Regarding the possible presence of evaporite in the study area. 

There is no clear evidence for the presence of significant thicknesses of evaporites. 

Limitations of the applied technique (i.e., well log analysis can only reliably identify 

evaporite layers thicker than 45 cm) and the availability of core/thin section material should 

be considered when evaluating the results. Given these constraints, no clear evidence of 

evaporites being present can be identified in the investigated wells. Several intervals were 

identified as potentially evaporite bearing (or of a proxy such as quartz pseudomorphs after 

a precursor evaporite mineral), but no direct evidence of the presence of evaporite minerals 

(e.g., anhydrite) was found. However, in some intervals, it was not possible to verify 

independently the origin of some minerals because of the lack of representative thin 

sections. Retrieving and analysing the missing legacy material [cuttings / cores / thin 

sections] or re-sampling of relevant intervals, could help to clear the remaining doubts as to 

the possible presence of evaporitic minerals in the area and ς if present - the implications 

for the interpreted depositional environment during Dinantian times.  

In summary given the paucity of hard evidence indicating the original presence of 

evaporites, it is thought to be unlikely that dissolution of evaporites exerted a significant 

control on the composition and/or shape of the basin-fill sediments. 

2. Regarding the presence of build-up structures. 

The presence of build-up structures is highlighted in the correlation panels and mapped in 

the paleogeographic reconstructions. The presence of such bioconstructions seems more 

prevalent in Tournaisian to Moliniacian times, where bedded intervals with isolated build-
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ups were recognized on seismic lines in an area ranging from Kessel to well DZH26, 

transitioning Eastward to vertically stacked build-ups in the area ranging from Poederlee in 

the South to Turnhout further to the North. Build-up structures appear to be absent in the 

Livian interval, possibly because of a transgressive event that started during the Moliniacian, 

and which culminated in a maximum flooding surface ώΨaC{Ωϐ at the base of the Livian. Build-

up structures were identified again in the lower Warnantian interval, which were drilled by 

the Heibaart and Poederlee wells. Overall, these findings fit well within the framework of 

Carboniferous carbonate factories dominated by ramp to shelf geometries and the 

recognition of build-up structures helped to better identify and characterize specific 

sedimentary environments (i.e., inner ramp environment or inter- to subtidal environmental 

conditions). However, the observed distribution of build-up structures is strongly influenced 

by currently available seismic coverage. Acquiring new seismic data in areas with currently 

limited and/or poor-quality seismic coverage may provide new information on the possible 

distribution of build-up structures in these regions.  

Regarding the recognition of breccias, using all available information the identified breccia 

intervals were classified as of either tectonic, karst-related, or depositional origin. The 

presence and type of sedimentary breccia and karst-related deposits were key inputs for the 

Dinantian paleogeographic reconstructions of the Campine Basin. In particular, slump-

related breccia deposits were recognized in wells penetrating basinal/deep water facies, 

while conglomerates were recognized in wells penetrating shallow water to continental 

deposits. Conglomerates were also observed in areas affected by Dinantian block faulting. 

Brecciated intervals that formed relatively recently [for example due to post-depositional 

faulting and/or late karstification and therefore not affected by intensive burial diagenesis 

and cementation], typically positively impact reservoir properties (i.e., give rise to high 

poroperm values). However, such brecciated, high poroperm intervals may also pose 

operational risks during drilling (i.e., total mud-losses and/or wash-outs). For these reasons, 

understanding the origin of the different types of breccia and predicting their possible 

presence prior to drilling is important. In this sense, an important result of this study is the 

identification of areas that may have a higher chance of hosting karst features, including 

breccias. To further de-risk future geothermal exploration and production activities in the 

study area, ad-hoc reprocessing of legacy seismic data and/or new 2-D and/or 3-D seismic 

acquisition (NB: both with emphasis on imaging the tell-tale diffractions caused by the edges 

of karst cavities, with processing explicitly aimed at preserving those acoustic diffractions, 

as well as enhancing continuity of acoustic reflections) could help to identify the presence 

of karst cavities prior to drilling. Moreover, acquisition of additional borehole image log 

(BHI) data and/or cores in future wells, would increase the availability of well-based 

reservoir data. This in turn would help to improve the reliability of the resulting reservoir 

models.  

3. Stratigraphic thickness variations 

Thickness variations between wells were interpreted by first calibrating the well log-based 

correlation in wells with high resolution biostratigraphic data, and then extrapolating that 

correlation to wells with only low resolution, or even no biostratigraphic data. Additional 

input from local seismic interpretation and other regional geophysical data was also 
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incorporated, where this information provided insights into possible tectonic controls on 

carbonate deposition. As a result, it appears that apart from variations likely linked to 

differences in depositional environment [e.g., a biogenic ΨōǳƛƭŘ-ǳǇΩ versus a layered 

carbonate], major thickness differences, partly even due to local non-deposition [i.e, 

disconformities], occurred during Tournaisian as well as during upper Warnantian times 

(MFZ 15). Both types of thickness variations are supported by seismic-scale evidence. 

However, the restriction of the interval of higher syn-sedimentary faults activity to only the 

MFZ 15 interval, is a novel result of this study. In the past, the entire Warnantian was held 

to be significantly affected by fault activity and an area of non-deposition in the NW part of 

the basin was not recognised. Based on this new observation, it is recommended to also 

apply the developed correlation tools and workflow to any future wells, and to further 

expand the biostratigraphic analysis of legacy wells, as both tools proved to be very 

effective, particularly when applied in combination. 

4. Concerning the Late Visean (end-Dinantian) to Namurian transition. 

The Cyclolog-based well log correlation as calibrated and integrated with the 

biostratigraphy, shows that during that interval, the Campine Basin was also affected by the 

activity of syn-sedimentary faults. These syn-sedimentary faults caused differential 

subsidence of parts of the carbonate shelf, and this tectonic activity was likely simultaneous 

with a major relative sea-level drop. As a result, the Campine Basin was characterized by a 

complex pattern of structurally high and low areas that influenced both the type and 

preservation of carbonate deposits that formed during the Visean to Namurian transition. 

In the NW part of the basin, a large area characterized by erosion &/or non-deposition was 

present - this area extended NW-SE from Heibaart to Poederlee. This area was likely affected 

by a late Visean/ early Namurian karstification event that locally eroded the MFZ 15 

stratigraphic interval entirely (assuming that Visean deposits were originally present). 

Toward the NE, this area passed to a shallow shelf with a zone of reduced deposition in the 

Beerse area, and into a shallow water area around Turnhout. The N and SE margins of this 

shallow water shelf were likely bordered by syn-sedimentary faults, causing a very rapid 

transition from shelf to deep water conditions in the North, and a more gradual transition 

toward the SE, allowing the development of a broad inner platform to sub-basin transition, 

documented also by MOL-GT wells. The SE side of the basin, in contrast, saw the deposition 

of a thick pile of MFZ 15 (late Visean) to early Namurian sediments. These are rich in 

reworked intervals [e.g., mass-flow deposits such as turbidites], which is consistent with the 

type of deposits to be expected in a basin next to a carbonate platform that experienced 

severe erosion and instability due to fault activity.  

The paleogeographic framework described above, probably also influenced the deposition 

of the formations at the Visean to Namurian transition, namely the Goeree (Late Visean, 

uppermost MFZ 15) and Souvré (Early Namurian, base MFZ 16). In particular, this study 

suggests that the Goeree Formation may be present in much of the area South-West of the 

main shallow water shelf (i.e., the shelf penetrated by e.g., the Poederlee, Turnhout and 

Heibaart wells). The Goeree Formation should therefore be expected to occur in the 

platform to sub-basin transition to deep water area, and in the shallow water to restricted 

lagoon around Halen. The likely presence of the Goeree Formation in the Halen area and its 
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probable extension into a broader part of the Campine Basin is a novel result of this study. 

This is in fact supported by the description of the presence of Goeree Formation in the MOL 

wells. Regarding the deposition of the Souvré, this study suggests that it may have been 

present in most of the Campine Basin, even in part of the previously exposed shelf (i.e., in 

the Poederlee and possibly also in Merksplas 1 well). That is except for the area around the 

Heibaart and DZH wells, which was probably a structural high characterized by emersion 

and/or non-deposition.  

The areas that were exposed during MFZ 15 time were most likely impacted by meteoric 

karstification. Consequently, the Dinantian carbonates in that area are expected to have 

acquired good reservoir poroperm characteristics. This is independent of subsequent fault 

activity and/or subsequent hydrothermal re-activation of the meteoric karst. This makes the 

area around Heibaart-Poederlee-Beerse-Merkplas a promising target for geothermal 

exploration. A zone along the northern boundary fault is thought to be the most promising. 

In that zone a build-up structure is present. This build-up was most likely exposed during 

lowstand, making it prone to meteoric karstification. The same is likely to hold further to 

the south along the NW-SE oriented fault system.  

If not destroyed by deep burial diagenesis, good reservoir properties in time-equivalent 

deep-water deposits could also potentially be preserved in the breccia facies that is likely to 

be occur just north of the structural high. That is alongside the NW-SE bounding fault that 

controlled the northern margin of the Dinantian carbonate shelf. This assumes that the 

originally good reservoir quality of those breccias has not been destroyed by deep burial 

diagenesis.  
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1 INTRODUCTION 

In recent years, the Dinantian carbonates in Northern Belgium have been the target of several 

studies that focussed on supporting geothermal exploration and production activities. These 

Dinantian carbonate formations have locally very good reservoir properties (high porosity and high 

permeability) due, at least in part, to the presence of karst features. Good reservoir properties were 

already proved through the historical development of the underground gas storage at Loenhout and 

the drilling of the Merksplas-Beerse geothermal well. More recently, the results of two new 

geothermal projects at Mol (VITO) and Beerse (Janssen Pharmaceutica) brought the potential of the 

Dinantian carbonate play for geothermal energy exploration under the spotlight.  

 

Across the border in the Netherlands, the Dinantian formations were the focus of exploration for oil 

ŀƴŘ Ǝŀǎ ŘǳǊƛƴƎ ǘƘŜ Ψулǎ ŀƴŘ ΨфлǎΣ ƛƴ ōƻǘƘ ƻƴǎƘƻǊŜ ŀƴŘ ƻŦŦǎƘƻǊŜ areas. In recent years however, the 

Dinantian has also been targeted for geothermal energy production (e.g. five geothermal wells near 

Venlo, namely CAL-GT-01 to 05). Regional studies were realized in the context of the Ultra Deep 

Geothermal Energy research led by EBN and sponsored by the Dutch Ministry of Economic Affairs. 

Meanwhile this new and ongoing Dutch SCAN programme aims to de-risk various geothermal plays, 

including the Dinantian carbonates. This programme consist of new dedicated seismic acquisition, 

vintage seismic reprocessing, together with a series of future dedicated geothermal exploration 

wells.   

 

This renewed interest for the Dinantian resource also led to new seismic acquisition campaigns and 

vintage seismic reprocessing programmes in Flanders. Beyond the new seismic data, each of the 

recent geothermal wells drilled in Campine produced new data and insights into the characteristics 

of the Dinantian reservoirs. This was complemented by new analytical work focusing on both new 

and legacy wells. However, to date these new and legacy data had not yet been integrated.  

The Flemish Planning Bureau for the Environment and Spatial Development (Vlaams Planbureau 

voor Omgeving, hereafter referred to as VPO) requested PanTerra Geoconsultants B.V. (hereafter 

referred to as PanTerra) to carry out an integrated stratigraphic & sedimentological study of the 

Dinantian interval across the Campine Basin, in order to document the current data and state of 

knowledge, as well as provide an integrated interpretation framework of this important resource. 

 

1.1 OBJECTIVES 

Main goal of the study was to provide a sedimentological reconstruction of the basin during the 

Dinantian and define the concepts that could steer future work in the area, like a 3D modelling of 

the Dinantian interval. Moreover, VPO identified four main research questions for this study: 

1. Potential presence of evaporites in the Dinantian sequence 
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2. Recognition of breccias and build-up structures from well data, and their implications 
for the interpreted sedimentary environment. 

3. Thickness variations resulting from the basin analysis and correlations 
4. The transition from Late Visean to Namurian in connection with location in the basin. 

 

1.2 ANALYTICAL WORK 

In order to properly address the research questions, the following work was realized: 

¶ Literature review (scientific papers, technical reports and vintage maps) 

¶ Well data review (mud logs, cuttings, thin section and core descriptions) 

¶ Stratigraphy dataset update 

¶ CycloLog analysis and calibration with biostratigraphic data (both legacy and recent 

studies) 

¶ Correlation sections and thickness variation analysis 

¶ Anhydrite and paleosoils screening through well log analysis 

¶ Sedimentological analysis, including interpretation of potential evaporites, breccias, karst 

and tectonic features 

¶ Paleogeographic reconstructions and maps for key stratigraphic intervals 

 

1.3 PROJECT STAKEHOLDERS 

The study was realized with the contributions of the Project Team, composed of PanTerra staff and 

associates, and benefited by the inputs and reviews of an extensive panel of experts composed of 

the Client, Steering Committee and Technical Contributors (Table 1). 

 

Table 1: Project stakeholders (*, until July 2022). 

 
 

Name Organization Role

Client Helga Ferket VPO Client Focal Point

Michiel Dusar Belgisch Geologische DienstSteering Committee Member

Philippe Muchez KU Leuven Steering Committee Member

Jef Deckers VITO Steering Committee Member

Bernd Rombaut VITO Steering Committee Member

Maxime Latinis Fluxys Steering Committee Member

Johanna van Daele VPO Steering Committee Member

Jan van Roo VPO Steering Committee Member

Stijn Bos HITA Steering Committee Member

Rudy Swennen KU Leuven Project Mentor

Evert van de Graaf PanTerra consultant Technical advice, analysis and implementation support

Philip Drijkoningen PanTerra consultant Communication in Belgium

Francesco Vinci PanTerra Geologist and implementation

Angela Pascarella PanTerra Petrophysicist

Jerome Amory PanTerra Project Manager

Coen Leo* PanTerra Project Manager and implementation

Technical ContributorsLuc Hance ConsultHance Biostratigrapher

Steering Committee

Project Team
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The Steering Committee provided peer review feedback on work performed by the Project Team, 

with extensive sessions during dedicated workshops and technical review sessions. Their 

suggestions and contributions are much appreciated, as they significantly improved the quality of 

the work done. 
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2 GEOLOGICAL SETTING 

The study area is part of the Campine (or Campine-Brabant) Basin, a Variscan foreland basin with a 

NW-SE orientation extending from the northern flank of the London-Brabant Massif north-eastward 

up to the (Zandvoort-)Maasbommel-Krefeld High complex in the Netherlands and Germany (Bless 

et al., 1983; Harings, 2014) (Figure 1). An updated review of the geology of the area is presented by 

van der Voet et al. (2020), partly summarised in the following Sections. 

In the West the Campine Basin extends into the North Sea towards the UK (Total E&P UK, 2007), 

while in the East it extends into Germany (the Niederrheinische Bucht) where it is bordered by the 

Midi thrust fault (Bless et al., 1983). The southern, north-eastern and possibly northern edges of the 

Campine-Brabant Basin were occupied by carbonate platforms during the Lower Carboniferous 

(Kombrink et al., 2008; Geluk et al., 2007), particularly during the Visean and Tournaisian stages, 

also known as the Dinantian series among European geologists. 

 

 

Figure 1 Map of the Campine-Brabant Basin, with well locations that penetrated Lower Carboniferous carbonates (black 
dots) and the possible outlines of the carbonate ramp/shelf (dashed black line and blue fill). From van der Voet et al. 
(2020) and references therein. 

From a structural point of view, the Campine Basin is characterized by block faulting, dominated by 

syn-sedimentary normal faults with a NNW-SSE orientation (Figure 2), that caused large lateral 

differences in the thickness of the Visean sequence in northern Belgium (Bless et al., 1981; Muchez 

et al., 1987b; Muchez and Langenaeker, 1993;  Langenaeker, 2000; Bos and Laenen, 2017; SCAN, 

2019a). This pattern was further fragmented by east-west oriented cross-faults (Langenaeker, 
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2000).  Furthermore, an east-west-oriented listric normal fault, the Hoogstraten fault, developed in 

the northern part of the Belgian Campine-Brabant Basin along the Belgium-Netherlands border due 

to N-S extension during the Middle Devonian to Early Carboniferous. This north-dipping growth fault 

down-thrusted the Lower Carboniferous sequence (Vandenberghe, 1984; Muchez and Langenaeker, 

1993; Langenaeker, 2000; Deckers et al., 2019). 

 

 

Figure 2 Structural map of the Campine Basin (G3Dv3.1 model, Deckers et al., 2019). In black base Carboniferous fault 
lines, in green distribution of Dinantian carbonates in the area (from DOV portal, www.dov.vlaanderen.be). 

The Lower Carboniferous Dinantian carbonates are believed to have formed in a ramp or shelf 

environment carbonates, (Reijmer et al., 2017; SCAN, 2019a, 2019b). The latest update of Dinantian 

lithostratigraphy was realized by Laenen (2000; Figure 3), and from oldest to youngest the 

formations can be summarized as follows: 

¶ The Bosscheveld Formation, consisting of sandstones, siltstones, claystones, and 

limestones, is a transition from Devonian siliciclastic deposits to the Lower Carboniferous 

ΨKolenkalk GroupΩ. It is found only in the south-eastern part of the Campine-Brabant Basin. 

¶ The dark claystones of the Pont dΩArcole Formation form the base of the Kolenkalk Group 

which are overlain by dolostones of the Vesder Formation from the Tournaisian to lower 

Moliniacian stages. 

¶ The massive limestones of the Steentje-Turnhout Formation conformably overlie the 

dolostones and are covered by bioclastic wacke- to grainstones of the Velp Formation.  

http://www.dov.vlaanderen.be/
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¶ The Kolenkalk Group continues with the Loenhout Formation, consisting of fossiliferous 

mudstones, bio- and lithoclastic wacke- to grainstones and boundstones, locally 

intercalated with clay rich layers. 

¶ The Kolenkalk Group is disconformably overlain by the Souvré Formation, consisting of 

thin-bedded chert-bearing limestones, dolostones, and claystones. 

In the Netherlands, the Lower Carboniferous carbonates are represented by the Zeeland 

Formation or Carboniferous Limestone Group (Van Adrichem Boogaert and Kouwe, 1993ς1997), 

further subdivided into three members:  

¶ The Beveland Member of Tournaisian to early Visean age, which includes dolostones with 

interbedded limestone, siltstone, and claystone.  

¶ The Schouwen Member of early to late Visean age, known for its fossil-rich limestones. 

¶ The Goeree Member of late Visean age, composed of partially silicified dark limestones. 

 

 

 

Figure 3 Chrono- and lithostratigraphic subdivision of the Lower Carboniferous carbonates in the Campine-Brabant Basin 
in northern Belgium (Laenen, 2003) and the southern Netherlands (Van Adrichem Boogaert and Kouwe, 1993ς1997). 
Modified after van der Voet et al. (2020). 

Near the London-Brabant Massif a stratigraphic gap was identified between the upper Visean 

carbonates and the lower Namurian shales (Graulich, 1962; Bouckaert, 1967). An angular 

unconformity at the base of Namurian deposits onlapping onto the Visean, especially at the flanks 

of the Heibaart and Poederlee highs, was reported by Dreesen et al. (1987). This gap is believed to 

have resulted from the Sudetic orogenic movements in combination with a fall in global sea level 

(Bouckaert, 1967). This hiatus coincides with a paleokarst level, which has been recognized in some 

parts of the Campine-Brabant Basin (Vandenberghe et al., 1986; Dreesen et al., 1987). This meteoric 
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karst development, caused by the step-wise sea level drop, is most evident at the local highs that 

were exhumed. For example, in the area of the Heibaart and Poederlee highs, the karstification has 

according to Dusar et al. (2015) incised up to 200m into the underlying rocks. The karstified 

limestones in Heibaart have been used as a reservoir for gas storage by Fluxys since 1981. On seismic 

data from the Campine Basin, Dreesen et al. (1987) identified various collapse structures that most 

likely resulted from the dissolution of the underlying carbonates. In their paleokarst model, the 

karstification affecting the uppermost Visean limestones, was influenced by the infiltration of 

meteoric water along faults and joints, leading to dissolution and the formation of collapse 

structures at deeper levels.  During the early Namurian, the karst topography was drowned due to 

a major transgression (Bouckaert, 1967). Despite this flooding, dissolution of the carbonates 

continued as a result of continued groundwater circulation during the Namurian, leading to further 

collapse breccias (Dreesen et al., 1987; Muchez et al., 1994a). Another period of potential paleo-

karstification is linked to uplift and emergence during the Cretaceous. Cretaceous-age karstification 

of Dinantian carbonates is for instance clearly evident in outcrop in the Visean type area. The 

question of whether hypogenic karstification also impacted the Lower Carboniferous carbonates in 

the Campine-Brabant Basin remains a topic of debate (SCAN, 2019b). 
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3 METHODS AND DATA 

3.1 LITERATURE REVIEW (SCIENTIFIC PAPERS, TECHNICAL REPORTS 

AND VINTAGE MAPS) 

An extensive literature review comprising published scientific papers, as well as unpublished 

technical reports and vintage maps, was performed prior to and in parallel with the technical 

execution of the study. This review of legacy data in combination with the technical advice and 

comments provided by members of the Steering Committee, ensured that the interpretations of the 

present study take into account all the available evidence collected during previous studies of the 

Dinantian interval in the Campine Basin.  

A full list of literature sources used for the present study is presented in Chapter 6 ς Bibliography. 

 

3.2 WELL DATA REVIEW (MUD LOGS, CUTTINGS, THIN SECTION 

AND CORE DESCRIPTIONS) 

Well data covering the Dinantian of the Campine Basin were reviewed to assess information 

availability and quality. Wells with an adequate dataset (e.g. well data sets comprising as a minimum 

a GR log and/or biostratigraphy data) were included in the well-log correlation and thickness 

variation analysis.  

A few wells lacking in log data but located in key areas were also included in the study; these were  

used mainly in the paleogeographic maps reconstructions. 

In addition, several wells drilled in the Dutch parts of the Campine Basin were also included in the 

study. These well data were recently reviewed in a major review study by TNO and EBN (SCAN, 

2019b), and can be accessed on the Dutch geological survey portal NLOG (www.nlog.nl).  

Access to proprietary information for the Belgian wells was granted by the Operators, while access 

to public domain data was facilitated by VPO, when not freely available on the DOV portal 

(www.dov.vlaanderen.be) 

A full list of wells included in the study and the data available for these wells is presented in Table 2 

and their geographic positions are shown on a map in Figure 4. 
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Table 2 Wells used in the study and related data available for Dinantian interval. 

 
 

Well name (this study) Well name (DOV) Well name (BGD) Year GR SGRSonic Density Neutron Resistivity PEF Cuttings Core

BEERSE-GT-01 NA NA 2020 Yes No Yes No No Yes No Yes No

BEERSE-GT-01a NA NA 2020 Yes No Yes No No Yes No Yes No

BEERSE-GT-02 NA NA 2020 Yes No Yes Yes No Yes No Yes No

Booischot kb24d59e-B160 BGD059e0146 1963 No No No No No No No Yes Yes

DZH1 (Heibaart) kb8d7e-B219 BGD007e0196 1977 Yes No Yes Yes Yes Yes No Yes Yes

DZH18 kb8d16e-B168 BGD016e0178 1992 Yes No Yes Yes Yes Yes Yes Yes No

DZH26 BGD016E0229 016e0229 1994 Yes Yes Yes Yes Yes Yes Yes Yes No

DZP1 (Poederlee) KOEN-B181 BGD030W0371 1984 Yes Yes Yes Yes Yes Yes Yes Yes Yes

GEVERIK-01 NA NA 1986 Yes No Yes Yes Yes Yes No Yes Yes

HALEN (KB-131) kb25d76e-B246 BGD076e0243 1962 Yes No No No No Yes No Yes Yes

Heibaart 1bis kb8d7e-B216 BGD007e0178 1962 Yes No No No No Yes No Yes No

HEUGEM-01-S1 NA NA 1981 Yes No Yes No No Yes No Yes Yes

KASTANJELAAN-02 NA NA 1981 Yes No Yes No No No No Yes Yes

Kessel kb16d44w-B16 BGD044w0011 1902 No No No No No No No Yes Yes

KORTGENE-01 NA NA 1982 Yes No Yes Yes Yes Yes No Yes Yes

LOKSBERGEN kb25d76w-B285 BGD76w0273 1960 No No No No No No No Yes Yes

MERKPLAS 1 kb8d17w-B312 BGD017w0265 1987 Yes Yes Yes Yes Yes Yes Yes Yes No

MOL-GT-01-S1 B/1-102786 NA 2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes

MOL-GT-02 B/1-102785 NA 2016 Yes No Yes Yes Yes Yes Yes Yes No

MOL-GT-03-S1 B/1-102784 NA 2018 Yes Yes Yes Yes Yes Yes Yes Yes No

Rillaar kb24d75e-B321 BGD75e0317 1961 Partly No No No No No No Yes No

's Gravenvoeren (B3175)vgmperceel4-B3175 BGD108W0361 1987 Yes No No No No Yes No Yes Yes

THM-2002 NA NA 1986 Partly No No No No Partly No Yes No

TURNHOUT-1 kb8d17e-B272 BGD017E0225 1952 Partly No No No No Partly No Yes Yes
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Figure 4 Map showing Dinantian wells included and not included in the present study. Black line is Belgium / Netherlands 
/ Germany border.  
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3.3 WELL LOG ANALYSIS: ANHYDRITE AND PALEOSOILS  

 

Screening for the possible presence of Anhydrites and Paleosoils was carried out through a 

qualitative analysis of selected well logs.  

 

The main diagnostic criterion for the presence of Anhydrites is its high density, typically 2.98 g/cm3 

associated with a high volumetric cross section (U), typically of 15 barns/cm3 (NB the volumetric 

cross section, U, is the product of the photoelectric factor, PEF, and density RHOB). Due to the tool 

resolution, the typical anhydrite responses can only be identified on wireline logs if an anhydrite 

layer is thicker than the vertical resolution of the density log, which is 18 inches (or 45 cm). If the 

anhydrite layer is thinner than the vertical resolution of the density log, they will cause an increase 

of density but the typical anhydrite density will not be recorded. As a result, the presence of thinner 

layers (<45 cm) cannot be completely excluded, even in absence of anomalously high-density values. 

The first step when screening for the presence of anhydrite is to identify intervals with density higher 

than the density of the expected main lithology. For this study, the observed density should 

therefore be higher than calcite (2.71 g/cm3) and/or of dolomite (2.84 g/cm3). Therefore, a graphical 

cut-off of RHOB > 2.85 g/cm3 was applied to the log plots. Once the higher density intervals are 

identified, other data, such as volumetric cross-section, mud logs and cores (if available) are 

analysed to establish the cause of the observed high density. 

All the wells with a density log (RHOB) of adequate quality were screened for anhydrite, but no 

clear evidence of its presence was found (see Section 4.4.1 for details of the interpretation).  

 

The logs used for paleosoil screening were the spectral Gamma Ray (SGR), the Caliper and the 

Density. The diagnostic criteria are based on the notion that paleosoils are often characterized by 

an apparent very high porosity caused by large washouts in combination with a high Thorium 

content. The underlying assumptions being that: 1) paleosoil deposits are mechanically weak and 

hence susceptible to wash-outs, and 2) that poorly soluble Thorium is relatively enriched in highly 

leached soils. Intervals with those characteristics were flagged as potential paleosoils. Note that only 

a paleosoil layer thicker than the vertical resolution of the SGR, which is 24 inches (about 60 cm), 

can be identified with this approach. Thinners layers may have an impact on the log signal but not 

be fully resolved.  

A clay-type comparison of the high Th intervals with the Dinantian paleosoils described in literature 

(SCAN, 2019b) was performed using the K-Th cross-plot. 

Only selected wells indicated by the steering committee, namely MOL-GT-01-S1 and MOL-GT-03-S1, 

were screened for paleosoils. Results of the analysis suggests that these intervals of abnormally high 

Th are probably not related to paleosoils (see Section 4.4.2 for details of the interpretation).   

 

3.4  WELL-LOG BASED CORRELATION (CYCLOLOG) 

For this study, twenty wells were correlated with the help of CycloLog® software and the INPEFA® 

methodology. The correlation methods used in this study have been developed and practiced over 
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several years (Nio et al., 2005; De Jong et al., 2007). By highlighting and extracting normally very 

subtle vertical trend patterns from routine wireline log data, these methods allow the development 

of a framework of near-synchronous correlation surfaces.  

This section of the report introduces the methods used and the principles underpinning them. 

Project specific results are presented and discussed in section 4. 

 

Briefly, the approach comprises two key elements: 

1. A facies-sensitive log ς normally the GR ς is transformed into a spectral trend (or INPEFA) 

curve, which shows along-hole changes in the wave-form properties of the data. This method is 

analogous to the edge-enhancement algorithms routinely used in photo-image enhancement. The 

ǎƻŦǘǿŀǊŜ ǳǎŜŘ ŦƻǊ ǘƘƛǎ ƛǎ tŀƴ¢ŜǊǊŀΩǎ ǇǊƻǇǊƛŜǘŀǊȅ /ȅŎƭƻ[ƻƎϯ ǎƻŦǘǿŀǊŜΦ 

2. The Global Cyclostratigraphy model of Perlmutter and Matthews (1990) and Perlmutter et 

al. (1998) is then applied to the interpretation of this otherwise unmodified information. 

The spectral trend/INPEFA transform method is described in Nio et al., (2005). The principles and 

practice of CycloLog interpretation methods are described in more detail in Nio et al. (2006), in the 

context of Climate Stratigraphy. 

3.4.1 The Spectral Trend or INPEFA Transform 

The log spectral-ǘǊŜƴŘ ǘǊŀƴǎŦƻǊƳ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨLbt9C!Ω ƻǊƛƎƛƴŀǘŜŘ ŦǊƻƳ the development of 

software for the analysis of cyclicity in wireline logs. The rationale to search for such cyclicity arises 

from the Global Cyclostratigraphic model (summarized below), which predicts that the character of 

a vertical lithofacies succession is to a large extent controlled by cyclical climate changes 

όΨaƛƭŀƴƪƻǾƛǘŎƘ ŎȅŎƭƛŎƛǘȅΩύΦ 

The spectral trend approach treats a wireline log as a composite wave-form, with properties of 

wave-length, amplitude and phase that vary along-hole. As such, it can be analysed using the 

methods of spectral analysis; the mathematical method used in CycloLog is Maximum Entropy 

Spectral Analysis (MESA). 

To examine changes in the wave-form properties of the data, MESA computes a Prediction Error 

Filter, a mathematical model of the data, with which the actual data are compared, not all at once 

but using a sliding window of (usually) 10 metres (30 feet) in length. The resulting PEFA function 

represents the errors arising from using the mathematical model to predict the data value from one 

window to the next. It is thus an expression of the continuity (or otherwise) of the spectral (wave-

form) properties of the data. The spectral trend curve is then the integral of the PEFA values (INPEFA 

= Integrated PEFA). It shows the cumulative error in predicting from model to data as the sliding 

window is moved up the log from bottom to top. This is analogous to the edge-enhancement 

algorithms routinely used in photo-ƛƳŀƎŜ ŜƴƘŀƴŎŜƳŜƴǘΦ Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘƛǎ ΨŜŘƎŜ 

enhancementΩ ŀǎǇŜŎǘ ƻŦ ǘƘŜ /ȅŎƭƻƭƻƎ ƳŜǘƘƻŘΥ ǘƘŜ ǎǇŜŎǘǊŀƭ ŀƴŀƭȅǎƛǎ ŘƻŜǎ ƴƻǘ ŀŘŘ Řŀǘŀ ƻǊ 

information, it enhances contrast in vertical log sequences and thereby makes it easier to identify 

changes in vertical trends. For a more detailed account, see Nio et al, (2005).  
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Before describing the analysis and interpretation of the INPEFA curve, we turn back to the global 

cyclostratigraphic model, to establish what it is that we are looking for in the spectral trend curves. 

3.4.2 Global Cyclostratigraphy 

The global cyclostratigraphic model of Perlmutter et al. (1990, 1998) was developed as a tool to help 

predict vertical lithofacies successions.  The model assumes that global climate is largely controlled 

ōȅ ŎƘŀƴƎŜǎ ƛƴ 9ŀǊǘƘΩǎ ƻǊōƛǘŀƭ ǇŀǊŀƳŜǘŜǊǎΣ ǘƘǊƻǳƎƘ ǘƘŜƛǊ ƛƴŦƭǳŜƴŎŜ ƻƴ ƛƴǎƻƭŀǘƛƻƴ: this is the 

Milankovitch model of orbitally-forced climate change. In turn these orbitally-forced changes in 

climate are an important control on the accumulation of sedimentary sequences. This is through the 

combined effect of climate on both sea level and on sediment supply. 

 

Global Cyclostratigraphy is based on the following key principles: 

¶ Milankovitch theory predicts climate change with periodicities on the order of 104 to 106 

years. Depositional processes at those at time scales can be expected to be recognizable in 

basin fill sequences and consequently also in wireline log data. 

¶ The range of climatic variation generated by orbitally-forced insolation change depends on 

latitude and is therefore predictable.  Climate can vary from warmer to cooler and/or from 

arid to humid over a typical climatic cycle. 

¶ Lithofacies succession is controlled by climate succession, operating through the variables 

of weathering and erosion, sediment transport, sea-level (or base-level), and depositional 

environment. 

¶ ά/ƭƛƳŀǘic succession over geological time is mappable and ƛǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ Ǝƭƻōŀƭ Ǉƻǎƛǘƛƻƴέ 

(Perlmutter et al, 1998).  Patterns of lithofacies succession are broadly similar within any 

one climatic belt. 

¶ Climatic succession controls depositional rates as well as lithofacies. Through its influence 

on energy conditions and base-level, it will also control the balance between deposition, 

non-deposition and erosion within the basin. Therefore, the vertical pattern of hiatuses and 

erosion surfaces will to a significant degree also reflect climate cyclicity. Albeit that 

variations in the rates of subsidence and uplift (I.e., tectonic effects that vary spatially within 

a basin and/or over geological time) will also leave an imprint on the stratigraphic character 

of a basin fill.  

 

Assuming that tectonic effects are recognizable and semi-quantifiable, the vertical stratigraphic 

succession in a basin is primarily related to climatic change, albeit in the form of a filtered and 

incomplete record.   

Because climate change is a control on stratigraphy that is external to the basin, it is predicted that 

the pattern of vertical lithofacies change (including any hiatuses and erosion surfaces) will be 

broadly similar, at least within any latitude-related climatic belt. 
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Vertical successions within a basin are what is in fact sampled by wireline logs.  Therefore, an 

analytical tool that looks at the patterns of vertical change (and is also sensitive to breaks in the 

succession) can potentially reveal the pattern imposed on the depositional system by the successive 

changes in climate. The INPEFA curve of the GR log is just such a tool. 

 

The following diagram summarizes the main principles of climate stratigraphy. 

 

  

Figure 5 Principles of climate stratigraphy. 

 

3.4.3 A Note on the Role of Tectonic Processes 

Given the emphasis on climate as a key control on the character of a stratigraphic succession, it 

might be assumed that this ignores the effects of tectonics. Tectonic processes are, however, not 

disregarded in this approach.  The effects of climate change on the lithofacies succession - and the 

link with wireline logs - are in the 10,000s to 100,000s years part of the time-spectrum. Tectonic 

processes generally act on much a longer time-scale than insolation-driven climatic changes, so in 

terms of their effect on stratigraphy, climate-driven patterns can be considered as superimposed on 

tectonically controlled patterns that are of longer duration. The resolution of CycloLog analysis 

allows to capture both signals, not only the shorter term variations, more likely to have a primarily 

climatic control (e.g. vertical lithofacies variations expressed by changes and patterns of the INPEFA 

curves), but also the longer term variations, likely caused by tectonic activity (e.g. an overall increase 
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in sediment-grainsize in a given area and/or regional to local changes in length of INPEFA trends due 

to syn-sedimentary faults activity). 

 

3.4.4 CycloLog Analysis INPEFA log curve and interpretation 

The workflow applied for the correlation is shown in Figure 6. 

 

Figure 6 Workflow applied for the correlation. 

The INPEFA transform of a facies-sensitive log reveals the vertical pattern of along-hole change 

through the stratigraphic succession. It also highlights the discontinuities (hiatuses and/or 

unconformities) in the succession. The global cyclostratigraphic model gives us reason to expect that 

vertical lithofacies change, being under external (climatic) control, should have similar 

characteristics wherever we sample it within a given latitudinal climatic belt. 

If the INPEFA curves of facies-sensitive logs in different wells indicate likely equivalent points in the 

stratigraphy, and/or equivalent segments of the succession, there is a sound basis to interpret these 

features as being most probably synchronous from well to well. INPEFA curves of facies-sensitive 

logs can therefore be used to generate correlations with genetic and hence time significance. 

The INPEFA curve is calculated with as input the GR curve (INPEFA_GR).  The INPEFA curves are 

displayed in a wide track in order to emphasize the trends that they reveal. The INPEFA is calculated 

on large and smaller scales, by doing this the different curves display a hierarchy in the correlation 

and stratigraphic subdivision. 
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3.4.5 Turning-Points, Bounding Surfaces and Stratigraphic Packages 

Intervals of positive (left-to right) and negative (right-to-left) trends in the INPEFA curve are 

separated by turning-points and these are (also) the most important features of the INPEFA curve 

that should be identified and named.  In order to keep the terminology neutral, the following 

terminology is used in Figure 7. 

¶ A positive turning-point is a point at which the trend (in an upward direction) changes from 

negative to positive (clockwise). 

¶ A negative turning-point is a point at which the trend (in an upward direction) changes from 

positive to negative (anti-clockwise). 

 

In lithological terms, in sections of  carbonates alternating with sandy and/or shaly lithologies: 

¶ A positive turning-point in the INPEFA curve of a GR log usually marks the end of a sand- or 

carbonate-prone trend, and the beginning of a shale-prone trend. 

¶ A negative turning-point usually marks the end of a shaling-up trend, and the beginning of 

a sand- or carbonate-prone trend. 

 

However, one cannot make a definitive judgement about the stratigraphic importance and relative 

position of trends and turning-points without considering the question of whether they can be 

correlated between wells: 

¶ If a positive turning-point is also identifiable in other wells, such a trend change can be 

regarded as marking a correlatable surface, which is called a Positive Bounding Surface 

(PBS). 

¶ Similarly, if a negative turning-point is identifiable in other wells, such a trend change is 

recognized as a Negative Bounding Surface (NBS). 
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Figure 7 Example of an INPEFA-GR curve from CycloLog, the observations and the terminology used, and a likely 
interpretation with respect to shale content. 

 

3.4.6 Correlation INPEFA_GR Curves and thickness variation analysis 

Although the analysis and correlation of INPEFA_GR curves is to a large degree a matter of 

experience, some general principles are important to note. 

First, it is important to realize that the wave-form properties can only be analysed for sections that 

have been preserved. The INPEFA_GR will be identical for different wells if - and only if - the 

preserved sections are identical. Practically speaking, this only occurs rarely. The interpretation of 

INPEFA_GR curves, therefore, focuses on identifying equivalent breaks and trends rather than on 

finding identical patterns. 

 

The analysis and interpretation of the spectral trend curves is done in several iterative steps: 

1. A first-pass analysis and interpretation focus on identifying the major breaks and 

stratigraphic packages in the total study interval. INPEFA_GR curves generated over the 

total study interval are used in this step (so-called long-term INPEFA_GR curves; shown in 

black on the well composites) They show relatively little detail; only the major turning-points 

and trends are obvious.   

2. Next, INPEFA_GR curves are generated over shorter intervals (so-called short-term 

INPEFA_GR curves; shown in various colours on the well composite panels, see for example 

Figure 21 to Figure 28), to enhance the character of the trend curve.  Usually, these intervals 
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are chosen to cover sections in the study wells that are thought to be (time-) equivalent.  If 

the intervals chosen are indeed equivalent, the INPEFA_GR curves will show improved 

resemblance, and correlations will become more obvious. Several passes of such an analysis 

and interpretation, using short-term INPEFA_GR curves over varying intervals, may be 

necessary to identify the major correlatable events. These, then become the anchor-points 

in the correlations.   

3. In subsequent steps, detail is added to the interpretations, and higher-order events and 

packages are identified, by using INPEFA_GR curves generated over still shorter intervals.  

These should show yet more character and thus facilitate detailed interpretations between 

earlier identified lower-order stratigraphic boundaries. 

 

Factors that must be considered while interpreting INPEFA_GR curves include the following. 

¶ Sediment coarseness (i.e. grain-size). Climate-driven changes in a depositional system are 

likely to be synchronous at a basinal scale. Breaks and trends of time-equivalent sediment 

packages with different lithofacies content will be similar in the INPEFA_GR curve, but not 

necessarily identical. For example, a negative bounding surface may have very high 

amplitude if it is overlain by a very thick, clean sand, but lower amplitude if it is overlain by 

laterally equivalent finer-grained deposits. Careful analysis and interpretation will reveal the 

corresponding trends and breaks.  Generally speaking, the shorter the interval of analysis, 

the closer the similarities of the breaks and trends of time-equivalent units. 

¶ Hiatuses. Hiatuses occur in the geological record at all scales: from short duration hiatuses 

due to fluvial scouring to long hiatuses (e.g. disconformities and unconformities) due to 

uplift and erosion.  Hiatuses will be represented by breaks in the wave-form properties of a 

study interval and, hence, in the INPEFA_GR curve. Their presence often is only revealed 

after careful study and comparison of shorter interval INPEFA_GR curves.  

¶ Accommodation.  Areal variations in accommodation space will result, ultimately, in 

differences in preserved section. Wells located along the basin margin where there was less 

accommodation space, will show less preserved section than wells in the centre of the basin 

where there was more accommodation space. 

 

Generally speaking, the low-order stratigraphic bounding surfaces and stratigraphic packages are 

identified and correlated in the INPEFA_GR curves with a high level of confidence. Often this is 

ŀŎƘƛŜǾŜŘ ōȅ ǎƛƳǇƭŜ άǇŀǘǘŜǊƴ-ƳŀǘŎƘƛƴƎέ ƻŦ ǘƘŜ Lbt9C!ψDw ŎǳǊǾŜǎΣ combined with general geological 

knowledge of the study section. At this scale of resolution, biostratigraphic and seismic data, if 

available, will provide constraints on the interpretations. The identification of higher-order 

bounding surfaces and packages in the individual wells usually presents no problems. Their 

correlation from well-to-well, however, may not always be straightforward, due to the presence of 

ƭƛǘƘƻŦŀŎƛŜǎ ǾŀǊƛŀǘƛƻƴǎ ŀƴŘκƻǊ ƘƛŀǘǳǎŜǎΦ άtŀǘǘŜǊƴ-ƳŀǘŎƘƛƴƎέ ƻŦ Lbt9C!ψDw ŎǳǊǾŜǎ - identification of 

equivalent turning-points and trends - has to be carefully tempered by considerations of the 
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geological implications of one interpretation versus another.  Note that the resolution of seismic 

and biostratigraphic data is rarely high enough to provide constraints at this level of detail. 

In this study the numbering convention increases from base to top, and is used for correlation 

purposes. Note that the numbering system is not a direct indication of hierarchical significance.  

Once ready, the CycloLog based correlation was used to highlight thickness changes of the 

investigated stratigraphic intervals. Thicknesses were calculated from TVD depth values. No overall 

correction for the dipping of layers was applied, as this type information was available for a few 

wells only. Therefore, some uncertainty should be considered when thickness values are compared. 
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3.5 INTEGRATION WITH NEW AND LEGACY BIOSTRATIGRAPHY 

DATA 

The wells included in this study are mostly legacy wells, some of which were drilled as long ago as 

мфлнΣ ǿƛǘƘ ǎƻƳŜ ƻŦ ǘƘŜ ƪŜȅ ǿŜƭƭǎ ŘǊƛƭƭŜŘ ƛƴ ǘƘŜ Ψрлǎ ŀƴŘ Ψслǎ ƻŦ ǘƘŜ нлth century, with the three most 

recent well drilled in 2020 (Table 2). 

 

 

 

Figure 8 Comparison of the Poty et al. (2006) zonation with previous zonal schemes. Modified from Poty et al. (2006) 
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¢ƘŜ ƭŀǎǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ōƛƻǎǘǊŀǘƛƎǊŀǇƘƛŎ ǊŜǾƛŜǿ ƻŦ ǘƘŜǎŜ ǿŜƭƭǎ ǿŀǎ ǇǳōƭƛǎƘŜŘ ƛƴ ǘƘŜ Ψтлǎ ό.ƭŜǎǎ Ŝǘ ŀƭΦ 

(1976), but since that time the foraminiferal biozonation of the Dinantian and the stratigraphy of 

the Campine area were revised several times. The latest scheme was published by Poty et al. (2006; 

Figure 8) and that review subdivided the Dinantian into 16 Mississippian Foraminiferal Zones (MFZ). 

Following the scheme of Poty et al. (2006), the stratigraphy of some of the key wells of the Campine 

Basin was revised by Hance and Poty (in progress). Their review was conducted in parallel with the 

present study, and their results have been incorporated in our correlations and well panels as 

ǎǘǊŀǘƛƎǊŀǇƘƛŎ ŎƻƭǳƳƴǎ ƴŀƳŜŘ Ψ.ƛƻǎǘǊŀǘƛƎǊŀǇƘȅ aC½ΩΦ 

However, not all of the investigated wells have been reviewed yet, and as a consequence the legacy 

biostratigraphy data can refer to different stratigraphic schemes, depending on the year and author 

of the study Table 3. 

Table 3 Litho- and/or biostratigraphic sources for the wells included in the present study. Note that for Beerse-GT-01a 
both a lithostratigraphic classification from VPO and preliminary biostratigraphy indications from Hance and Poty are 
listed. 

Well Litho-/ Biostratigraphy source Year 

BEERSE-GT-01 This study 2023 

BEERSE-GT-01a This study / Hance & Poty 2023 / (Preliminary) 

BEERSE-GT-02 This study 2023 

Booischot Hance & Poty 2022 

DZH1 (Heibaart) Hance 2022 

DZH18 NA NA 

DZH26 NA NA 

DZP1 (Poederlee) Hance 2022 

GVK-01 Mathes-Schmidt  2000 

Halen (KB-131) Hance & Poty 2022 

Heibaart 1bis Dusar 1999 

HEUGEM-01-S1 SCAN review 2019b 

KASTANJELAAN-02 SCAN review 2019 

Kessel Muchez et al. 1987b 

KTG-01 SCAN review 2019b 

Loksbergen Bless et al. 1976 

Merkplas 1 Dusar 2001 

MOL-GT-01-S1 Hance 2020 

MOL-GT-02 NA NA 

MOL-GT-03-S1 NA NA 

Rillaar Bless et al. 1976 

Ψ{-Gravenvoeren (B3175) Dusar 1997 

THM-2002 NA NA 

Turnhout-1 Hance & Poty 2022 
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To overcome this issue and allow a direct comparison of the stratigraphy of the wells, to each well 

ǇŀƴŜƭ ǿŀǎ ŀŘŘŜŘ ŀƴ ΨLƴǘŜǊǇǊŜǘŜŘ aC½Ω ǎǘǊŀǘƛƎǊŀǇƘƛŎ ŎƻƭǳƳƴ ǘǊŀƴǎƭŀǘƛƴƎΣ ǿƘŜǊŜ ǇƻǎǎƛōƭŜΣ ǘƘŜ ƭŜƎŀŎȅ 

stratigraphic data into MFZ zones (see well panels in Section 4 and Enclosures 8.2 and 8.3). Bio- and 

lithostratigraphic schemes used to convert legacy information into MFZ zones are shown in Figure 8 

and Figure 9.  
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Figure 9 Comparison of old lithostratigraphic classification and old biostratigraphic zonations for the Lower Carboniferous 
in the Campine area. Modified from Laenen (2003). 
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3.6 SEISMIC DATA 

Several 2D seismic lines were made available by VITO and/or by industry partners, to allow a 

comparison of well-based interpretations with seismic information. The available seismic lines are 

listed in Table 4 and their location is displayed in Figure 10. Seismic lines with preliminary 

interpretation from VITO are displayed in Appendix 7.2.  

Table 4 2D seismic lines available for the study. 

Survey Line Year 

Oostmalle 1981 8101 1981 

Oostmalle 1981 8106 1981 

Oostmalle 1981 8108 1981 

Oostmalle 1981 8109 1981 

Oostmalle 1981 8111 1981 

 

Furthermore, input about seismic facies and their interpretation were provided by VITO (see Section 

3.7), based on the results of an ongoing seismic interpretation study carried out in parallel with this 

work. 

 

Figure 10 Map of the study area showing existing 2D seismic lines. In green 2D lines available for the study, line names in 
black. Black line is Belgium / Netherlands border. 
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3.7 PALEOGEOGRAPHIC RECONSTRUCTIONS 

The new stratigraphic correlation and thickness variation analysis and sedimentology interpretation 

resulting from the present study were integrated with legacy regional information and with the 

preliminary results of a new seismic interpretation study realized by VITO (in progress). The 

integration of these different datasets enabled a regional-scale interpretation and preparation of 

updated paleogeographic reconstructions of the Campine Basin and its evolution. These 

paleogeographic reconstructions are summarized into five distinct maps capturing the key time 

intervals. 

The following regional data, interpretations and conceptual models were incorporated:  

¶ Regional fault and thickness maps for the Namurian and Dinantian interval from the 
G3Dv3.1 model (Figure 11 and Figure 12) data accessible on DOV portal 
(www.dov.vlaanderen.be) 

¶ Bouguer gravity anomalies maps (see Figure 13 for an example), data accessible on DOV 
portal (www.dov.vlaanderen.be). 

¶ Paleogeographic reconstructions of the Campine Basin during Dinantian times published 
by Muchez et al. (1987b, see Figure 14) and Muchez and Langenaeker (1993). 

¶ Facies distribution maps for the Dinantian in the Netherlands and Belgium (Figure 15 and 
Figure 16; SCAN, 2019b). 

¶ Seismic facies interpretation from VITO (Figure 17) 
 

http://www.dov.vlaanderen.be/
http://www.dov.vlaanderen.be/
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Figure 11 Thickness map of Namurian interval and fault traces at Base Namurian (Source: G3Dv3.1 model). Black line is 
Belgium / Netherlands border. 
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Figure 12 Thickness map of Dinantian interval and fault traces at Top Dinantian (Source: G3Dv3.1 model). Black line is 
Belgium / Netherlands  border. 
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Figure 13 Bouguer gravity map (residual gravity, 5k) of the Campine area (Source: DOV portal). Black line is Belgium / 
Netherlands border. 
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Figure 14 Palaeogeographical reconstructions by Muchez et al. (1987b). A) Early Moliniacian; B) Late Moliniacian; C) 
Livian; D) Early Warnantian. 



///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// //////////////////  

pagina 46 van 123   

 

Figure 15 Facies map of the reconstructed distribution of carbonate platforms and basins during the Tournaisian (From 
SCAN, 2019b). 
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Figure 16  Facies map of the reconstructed distribution of the carbonate platforms and basins during the Visean 
(Moliniacian to Livian interval, and Warnantian; from SCAN, 2019b). 
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Figure 17 Inputs on Tournaisian depositional environments based on seismic facies interpretation by VITO (preliminary 
results, ongoing study). Black line is Belgium / Netherlands border. 
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4 INTERPRETATION 

4.1 STRATIGRAPHY DATASET UPDATE 

A critical step for the execution of the present study was to update the legacy litho- and/or 

biostratigraphic data, (see Section 3.5 for details), in line with the latest scheme of Poty et al. (2006). 

This allowed a preliminary, direct comparison and correlation of the stratigraphy of different wells 

(Table 5 and Table 6).  

Note that some uncertainties and limitations are inherent in this approach. Lithostratigraphic 

classifications are not necessarily constrained by the fossil content of the formations (and therefore 

by their relative ages), so ad-hoc biostratigraphic studies would be required for a more precise 

attribution of MFZ to legacy stratigraphic descriptions. Without that, correlations based on similarity 

of stratigraphic intervals, independent on their timing could, a concrete risk in carbonate shelf 

settings. On the other hand, biostratigraphy is not always able to identify obvious lithostratigraphic 

boundaries. The transition from one biostratigraphic zone to another often occurs across intervals 

of variable thickness, whose identification and resolution depends on various factors, such as fossils 

content and sampling interval, for example. 

Nevertheless, this update of the stratigraphy allowed to have a consistent stratigraphic classification 

throughout the Campine Basin, which was essential for the following step of the study. As illustrated 

in next Sections (4.2 and 4.3), the integration and calibration of the MFZ with well-logs refined and 

improved the resolution of the correlations. 

More in detail, Table 5 and Table 6 show MFZ intervals in MD (m) for each well included in the study. 

Where MFZ are not directly attributed on the basis of a dedicated biostratigraphy study, but instead 

interpreted according to the schemes presented in Section 3.5,  the well name is flagged with a 

symbol (*). When the resolution of the information does not allow to define distinct MFZ, more MFZ 

have been grouped together. Uncertain or absent depth boundaries are indicated with a question 

mark (?). For wells Beerse-GT-01 and Beerse-GT-01a, characterized by a complex fault structure that 

likely includes stratigraphic repetitions, repeated intervals are omitted. In particular, for Beerse-GT-

01, the interval between the Kasterlee fault and the following fault zone is not indicated in the table. 

For Beerse-GT-01a the interval repeated below the Kasterlee fault is not indicated (refer to well 

panels for details, Enclosure 8.1). 
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4.2 CYCLOLOG ANALYSIS AND CALIBRATION WITH 

BIOSTRATIGRAPHY 

Following the methodology described in Section 3.4, GR logs of study wells were transformed into a 

spectral trend (INPEFA) curve and analyzed to identify the main turning-points (Breaks), acting as 

bounding surfaces of distinct, correlatable stratigraphic packages. 

The INPEFA-based stratigraphic analysis and correlation of the wells was calibrated with the results 

of the latest biostratigraphic analysis (Hance and Poty, 2022). Well Halen (KB-131) was used as the 

main calibration point όƛƴ ƻǘƘŜǊ ǿƻǊŘǎΥ ŀǎ ǘƘŜ ΨǘȅǇŜ ǿŜƭƭΩύ, because it has the most comprehensive 

and up-to-date data coverage in terms of GR log, biostratigraphy and completeness of the 

penetrated Dinantian stratigraphic section (Figure 18). As a second calibration point, well MOL-GT-

01-S1 (Figure 19) was used, which also has a good dataset, albeit only for the Visean interval (Upper 

Dinantian). 

Within the investigated interval, five couples of main breaks were recognized (Table 7). They have 

been numbered 0 to 2.15 in increasing order from base to top. A few more breaks were picked to 

assist higher resolution correlations or help visualizing thickness variations, but since their presence 

is very local and resolution too high, they have not been calibrated together with the main breaks. 

A full list of picked breaks is provided in Appendix 7.1. 

A few uncertainties about the age calibration of the breaks apply to the oldest part of the section. 

For example, Break 0, which corresponds to the base of the Dinantian sequence, is not reached by 

wells with good biostratigraphic control but its age is assumed to be Hastarian (Base MFZ2) because 

it corresponds to the base of Pont dΩ!ǊŎƻƭŜ CƻǊƳŀǘƛƻƴ ƛƴ ŀ ŦŜǿ ǿells (i.e. MOL-GT-03-S1, KSL-02). 

Similarly, Break 0.1 does not have a very good biostratigraphic control. Its age is assumed to be 

Ivorian, because in the Halen well it is picked a few meters below MFZ 7.  

On the other hand, in intervals like the upper Warnantian (MFZ 15), the resolution of the INPEFA 

allows to pick 4 different breaks and therefore define quite clearly the base, mid, upper and top part 

of MFZ 15, going beyond the resolution of biostratigraphy. It must be highlighted that the very top 

part of Warnantian, represented by Break 2.1, is present locally only and is not constrained by 

biostratigraphy. However, lithostratigraphic description of well MOL-GT-01-S1 shows that it 

correlates well with the transition from Goeree to Souvré formations (Figure 19), and therefore it is 

likely to indicate, where present, the top of Warnantian (Top Dinantian). Also Break 2.15, despite 

the lack of biostratigraphic data covering the interval, appears to be quite well constrained by 

lithostratigraphy. It corresponds indeed to the mid- to upper part of the Chokier formation, dated 

as MFZ 16 by Poty et al. (2006). 

Furthermore, it is important to highlight that the INPEFA-based correlation, calibrated with updated 

biostratigraphy in some key wells, allows to propose an MFZ-based stratigraphic subdivision 

extending to the wells that have GR logs but lack an up-to-date biostratigraphic analysis. 
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Figure 18 Well panel Halen (KB-131). High resolution image in Enclosure 8.1. See 
Glossary in Appendix 7.3 for meaning of abbreviations used.  
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Figure 19 Well panel MOL-GT-03-S1. High resolution image in Enclosure 8.1. See Glossary in Appendix 7.3 for meaning of 
abbreviations used.  

GR log property of VITO 
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Table 7 Calibration of INPEFA breaks with Foraminifera Zones 

  

Series (NW Europe)Stage (NW Europe) Sub-stage (Belgium) Foram Zone Break

Namurian Arnsbergian (Mid-Top Chockier)Top MFZ16 2.15

Top Warnantian (locally) Top MFZ15 (locally) 2.1

Top Warnantian Top MFZ15 2

Warnantian MFZ15 1.3

Warnantian Base MFZ15 / Top MFZ14 1.2

Warnantian MFZ13 1.1

Base Warnantian/Livian Base MFZ13/MFZ12 1

Moliniacian MFZ 11 0.3

Ivorian Base MFZ7 0.1

Hastarian Base MFZ2 0

Moliniacian/Top Ivorian Base MFZ11/Top MFZ8 0.2

Tournaisian

Visean

Dinantian
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4.2.1 Sequence stratigraphic interpretation of the log trends 

In terms of sequence stratigraphy, the INPEFA log can indicate, together with facies stacking 

patterns, the key maximum flooding surfaces (MFS) and sequence boundaries (SB), from which the 

fundamental Transgressive-Regressive patterns can be deduced (Qayyum & Smith, 2014). As a 

result, the INPEFA log can be used as a proxy for sea level fluctuations. In particular, positive breaks 

usually mark the end of a carbonate-prone trend and the beginning of a shale-prone trend, while 

the negative breaks mark the end of shale prone-trends. This implies that positive breaks can be 

considered to represent sequence boundaries (SB), while negative breaks can be considered to 

indicate flooding or maximum flooding surfaces (MFS).  

Under these assumptions, picked breaks are a valuable tool for thickness variation analysis. The 

interval between two positive breaks (SBs), especially if corresponding to MFS boundaries, can be 

used to estimate the thickness of a stratigraphic interval. Also, flattening cross sections on the 

negative breaks (MFSs), can be used to estimate the paleo-topographic relief at time of the previous 

SB and therefore give clues on differences in terms of accommodation space availability and 

variations at different well locations. 

In order to illustrate the main Transgressive-Regressive trends recorded in the basin, an INPEFA 

synthetic curve was realized and interpreted as proxy for sea-level changes in the Campine Basin 

during Dinantian times (Figure 20). The curve is mainly based on the INPEFA signal of MOL wells, 

because of the good quality of their logs and the completeness of the section and shows Highstand 

System Tracts (HST) and Transgressive System Tracts (TST) separated by INPEFA breaks. Breaks were 

interpreted in terms of sequence stratigraphic surfaces (SB and MFS).  

Five Transgressive-Regressive cycles were interpreted in the studied interval, named from base to 

top A to E. Each cycle is bounded by SBs and contains a MFS. A comparison of the extracted cycles 

with the global Paleozoic sea-level changes curve of Haq and Schutter (2008) was not attempted, 

because its applicability to the Campine Basin was already questioned by Poty (2016), who 

highlighted that their cycles are based on an England section that has been incorrectly incorporated 

into the global curve. Therefore, the comparison was made with the 3rd order sequence stratigraphic 

cycles of Hance et al. (2001), based on Belgian sections, and their calibration with MFZ published by 

Poty et al. (2006). Main observations are reported below. 

Cycle A (Break 0 to 0.2) covers the entire Tournaisian interval. The biostratigraphic control of this 

cycle is relatively poor, therefore correlation of the base (Break 0) is uncertain, but is likely to 

coincide with the base of Cycle 2, because they both correspond to the base ƻŦ tƻƴǘ ŘΩ!ǊŎƻƭŜ 

Formation (see also Poty, 2016). MFS of Cycle A (Break 0.1) falls within the Cycle 4, at the boundary 

between  MFZ6 and MFZ7, as per the calibration with biostratigraphy described in previous section 

(4.2). Top Cycle A / base Cycle B (Break 0.2) is not strongly constrained by biostratigraphy, therefore 

could correspond both to top Cycle 4 or top Cycle 5. MFS of Cycle B (Break 0.3) falls within the upper 

part of Cycle 6, corresponding to the MFZ11. Top Cycle B / base Cycle C (Break 1) could correspond 

either to base Cycle 8 or base Cycle 9, due to the resolution of biostratigraphic calibration. MFS 

of Cycle C (Break 1.1) falls within the lower part of Cycle 9, corresponding to the MFZ 13. Top 

Cycle C / base Cycle D (Break 1.2) is well constrained by biostratigraphy and corresponds to top Cycle 

9. MFS of Cycle D (Break 1.3) falls within Cycle 10. Top Cycle D / base Cycle E is well constrained by 

biostratigraphy and corresponds to top Cycle 10. A further change in the dip of the synthetic curve 
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for cycle E is marked by presence of Break 2.1, a feature present only in some of the wells and poorly 

constrained by biostratigraphic data. The break can be interpreted as corresponding to the 

boundary between Goeree and Souvré formations (see also Figure 19), possibly representing the 

transition from Warnantian (Dinantian) to Pendleian (Namurian, top MFZ15, see also 

lithostratigraphic description from Laenen, 2003). This break is likely related to higher frequency 

cycles (i. e. 4th or 5th order, sb in Figure 20) and has a local expression only. However, due to its 

relevance in terms of sedimentology and lithostratigraphy, was included into the scheme and 

sequence analysis too. MFS of Cycle E (Break 2.15) falls within the uppermost part of Cycle 11. Top 

of Cycle E has no term of reference in the Poty et al. (2006) scheme. 

About the comparison of 3rd order cycles of Hance et al. (2001) and INPEFA cycles, it can be noticed 

a good match between the sequence stratigraphic surfaces identified with conventional workflow 

(Hance et al., 2001) and INPEFA method, particularly for SBs, indicating that INPEFA breaks are 

meaningful surfaces also in terms of sequence stratigraphic interpretation. Regarding the cycle 

correlation and duration, a very good match between the two interpretations is observed in the 

Warnantian interval, with INPEFA cycles corresponding to 3rd order cycles (i. e. Cycle D with Cycle 10 

and possibly also Cycle C with Cycle 9), while in the lower part, INPEFA cycles correspond to group 

of two or more 3rd order cycles (i. e. Cycle A and Cycle B). Differences between the two 

interpretations can be due to different type and resolution of data, with results from Hance et al. 

(2001) based on outcrop sections while the results from this study are based on well logs aided by 

calibration with biostratigraphy, and purpose of the analysis. The scope of the presented 

interpretation was to identify meaningful stratigraphic surfaces for a basin-scale correlation, more 

than performing a sequence- and/or cyclostratigraphic study. Finally, must be considered that 

sequence stratigraphic analysis is an exercise that involves a high level of interpretation, therefore 

is not an uncommon that different authors propose a different interpretation even for the same 

dataset. Nevertheless, our results also suggests that INPEFA curve can be used to properly identify 

3rd order cycles in the Campine Basin, and that the method could be successfully applied in future, 

dedicated sequence stratigraphic studies. 
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Figure 20 Synthetic INPEFA curve (blue line), proxy for sea-level changes in the Campine Basin during Dinantian times. The 
curve shows Highstand System Tracts (HST) and Transgressive System Tracts (TST) separated by INPEFA breaks. Figure 
shows also their interpretation in terms of sequence stratigraphic surfaces (Sequence Boundaries, SB and sb, and 
Maximum Flooding Surfaces, MFS), grouping into Cycles (from A to E) and correlation with the 3rd order sequence 
stratigraphic cycles (from 1 to 11) of Hance et al. (2001) as presented in the scheme of Poty et al. (2006). Solid lines are 
confident correlations, dashed lines are uncertain. Foraminifera zones (MFZ) are from Poty et al. (2006). 

 

4.3 CORRELATION SECTIONS AND THICKNESS VARIATION 

ANALYSIS 

Overall, 20 wells were correlated throughout the study area. A basin-wide correlation panel which 

includes all 20 available wells, is available in Enclosure 8.2. 
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To facilitate the visualization and discussion of thickness variations at different stratigraphic 

intervals, a selection of representative wells was made and presented with two correlation panels, 

one with a S-N orientation and one with a NW-SE orientation. 

Results and interpretation of thickness variations per each selected stratigraphic interval, are 

discussed in the following Sections. 

4.3.1 Tournaisian (MFZ 2 to 8) 

The basal interval of the Dinantian, identified by Break 0 (base) and Break 0.2 (top) on the INPEFA 

curve. Only a few of the study wells reached this interval, so the available data have some 

limitations. For example, no biostratigraphy data are available for wells Heibaart 1bis and MOL-GT-

03-S1. 

In terms of INEPFA trends analysis, the Tournaisian interval can be divided in two parts: lower (from 

Break 0 to 0.1) and upper (from Break 0.1 to 0.2). Best example of the INPEFA character is provided 

by well MOL-GT-03-S1 (Figure 21 and Figure 22). From base to top, the lower interval is characterized 

by an overall negative trend (curve shifting from right to left) with a first negative turning point 

(curve turning from right to left) corresponding to the transition from the tƻƴǘ ŘΩ!ǊŎƻƭŜ ŎƭŀȅǎǘƻƴŜ 

to the Vesder limestone/dolostone. The negative trend continues until the top of the Vesder, where 

in correspondence of a package characterized by higher GR values (likely a because of higher clay 

content) shows a pronounced positive turn (curve turning from left to right), shortly after followed 

by a negative turn (Break 0.1) occurs. A similar curve character is shown by Kastanjelaan-02 (KSL-02) 

well (Figure 22). The upper part (from Break 0.1 to 0.2) is characterized by a steady negative trend, 

without major fluctuation, until the positive turning point identified as Break 0.2 occurs, marking 

ǘƘŜ ŜƴŘ ƻŦ ŀ ΨŎƭŜŀƴΩ ŎŀǊōƻƴŀǘŜ-prone interval and the beginning of a relatively more clay-rich 

interval. Similar trend is recognized also in Halen well (Figure 21), despite the fact that identification 

of Break 0.1 there is uncertain, as the INPEFA signal might have been disturbed by the presence of 

fracture and breccia levels. 

Thickness variations are discussed below: 

The S-N section consists of wells Halen and MOL-GT-03-S1 and shows similar thicknesses, with >259 

m recorded in Halen and 297 m in MOL-GT-03-S1 (Figure 21). However, well Halen has not reached 

the base Tournaisian, therefore the measured thickness represents a minimum value only.  

The NW-SE section consists of wells Heibaart 1bis, MOL-GT-03-S1 and KSL-02 (Figure 22). Major 

thickness variations are recorded throughout the section, going from a completely absent 

Tournaisian interval in Heibaart 1 bis, to a thickness of 297 m in MOL-GT-03-S1 followed by a 

thickness reduction in KSL-02, where only 63 m of Tournaisian were recorded. The absence of 

Tournaisian deposits in Heibaart is likely due to the fact that the well was drilled at the crest of a 

local high that prevented the deposition and/or preservation of Tournaisian sediments. This 

interpretation is supported by seismic data, that suggests the presence of such a high in the area. 

Regarding the reduced thickness of Tournaisian interval in KSL-02, INPEFA curve analysis indicates 

that thickness and character of the lower part of the interval (Break 0 to 0.1) is similar to what is 

observed in MOL-GT-03-S1. On the other hand, the upper portion (Break 0.1 to 0.2), that represents 

most of the deposits in MOL-, seems almost completely absent in KSL-02. The causes of this 

difference may not be disentangled using well data only. It could be due to condensed 
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sedimentation in a deeper depositional environment, or to the presence of faults removing part of 

the stratigraphic interval and/or to karst activity that may have dissolved part of the deposits. Finally, 

the overall changes in thickness, from Heibaart to KSL-02, may be related to the activity of the NNW-

SSE faults crossing and structuring the Campine Basin, so far reported by literature for the Visean 

interval only. Integrating this observation with detailed seismic data may help to better understand 

the overall basin structure during Tournaisian times. 

4.3.2 Moliniacian (MFZ 9 to 11) 

The lower part of the Visean (Upper Dinantian), identified by Break 0.2 (base) and Break 0.3 (top) 

on the INPEFA curve. Only a few of the study wells reached the base of this interval, so the available 

data have some limitations. For example, no biostratigraphy data are available for wells Heibaart 

1bis and MOL-GT-03-S1. 

In terms of INEPFA trends analysis, the Moliniacian interval is characterized from base to top by a 

positive (left to right shift) to negative (right to left shift) trend transition culminating with the Break 

0.3 and several higher frequency fluctuations (spikes) along the whole interval. Such a character is 

well recognizable in the log signature of Halen and MOL-GT-03-S1 wells (Figure 21) and could be 

interpreted as the result of a transition from shalier to more clean carbonates. Note that the 

character shown by log of well Heibaart 1 bis (Figure 22) is slightly different, showing only a negative 

trend followed by Break 0.3 (tentatively interpreted around 1350 m TVD). This could indicate that 

the lowermost part of the interval is missing (positive trend observed in Halen and MOL-GT-03-S1), 

and/or being an effect of the possible karst/fault zone present in Heibaart 1bis, that could have 

caused a local alteration of the INPEFA log signal. 

Thickness variations are discussed below: 

The S-N section consists of wells Halen and MOL-GT-03-S1 and shows similar thicknesses, with 94 m 

recorded in Halen and 110 m in MOL-GT-03-S1 (Figure 21). For well Halen, the top of the interval 

may correspond with a fault, so the measured thickness may represent a minimum value only. Also, 

note that MFZ 9 and 10 are missing in the well. On the other hand, also MOL-GT-03-S1 stratigraphic 

thickness may have been altered by a fault located at about 3700 m depth (TVD). 

The NW-SE section consists of wells Heibaart 1bis, MOL-GT-03-S1 and Kastanjelaan-02 (KSL-02) 

(Figure 22). No major thickness differences are recorded between wells Heibaart 1 bis and MOL-GT-

03-S1. The original stratigraphic thickness may have been however altered by a possible fault zone 

and/or karst interval affecting the whole interval in Heibaart 1bis and by a fault located at about 

3700 m depth (TVD) in MOL-GT-03-S1. The 133 m of thickness recorded in KSL-02 is likely to be a 

minimum value only, as the top of the preserved Moliniacian coincides with the base-Cretaceous 

unconformity. Note also that GR log is present only in part of the interval, preventing a complete 

INPEFA-based analysis. 

4.3.3 Livian (MFZ 12) 

Interval identified by Break 0.3 (base) and Break 1 (top) on the INPEFA curve. 

In terms of INEPFA trends analysis, the Livian interval is characterized from base to top by a negative 

(right to left shift) trend terminating with Break 1, as shown by well MOL-GT-01-S1 and DZH1 (Figure 
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23 and Figure 24). This break is one of the most prominent features in the log signal of the 

investigated wells.  

Thickness variations are discussed below: 

The S-N section consists of wells Halen and MOL-GT-01-S1 and shows a major thickness variation, 

with ~8 m recorded in Halen and 74 m in MOL-GT-01-S1 (Figure 23). For well Halen, INPEFA curve 

analysis suggests a thickness of about 4 m. However, since biostratigraphy points to a minimum 

thickness of 8 m for MFZ 12 and the INPEFA is close to its resolution limit for such a thin interval, 

biostratigraphy-based thickness was adopted for the Livian in Halen. Also, note that for this interval 

thin section reports indicate the presence of a polygenetic breccia (?re-worked sediments), whereas 

seismic data indicate a possible fault. Therefore, the reduced thickness may represent a very local 

value only. This observation is supported also by the thickness analysis of the Transgressive System 

Tract (TST) overlying the Livian interval, and therefore developed during the lower Warnantian (from 

Break 1, base, to Break 1.1, top; see Figure 23), that shows similar thickness value for the two wells, 

about 27m in Halen and 21m in MOL-GT-01-S1, and suggests that accommodation space available 

at the end of Livian was similar in the two areas. 

The NW-SE section consists of wells DZH1 (Heibaart 1), MOL-GT-01-S1 and Geverik-01 (GVK-1) 

(Figure 24). No major thickness differences were observed between DZH1 and MOL-GT-01-S1, with 

the Livian interval measuring 79 m and 74 m respectively. In the SE part of the study area, there are 

no wells that cover the entire Livian interval. In the correlation panel well GVK-01 is displayed, which 

may have reached the top Livian, but the exact position of the boundary is uncertain. A review of 

the biostratigraphic material available for the well may help to better constrain the position of the 

main stratigraphic boundaries. Thickness analysis of the TST overlying the Livian interval (developed 

from Break 1 to Break 1.1, Figure 24) shows similar values for wells DZH1 (27m) and MOL-GT-01-S1 

(21m) and a possible thickness increase in Geverik-01 (87m), suggesting that at the end of Livian the 

area around Geverik-01 could have been already characterized by larger availability of 

accommodation space, a feature compatible with a deeper water setting. 

Regarding the stratigraphic interpretation of DZH1, it can be noticed that in this case the 

biostratigraphic information is not completely honoured. However, considering the available 

information, the correlation as picked seems the best possible interpretation. The biostratigraphic 

interpretation is based on thin section material from the Conil collection, recently revised by Hance 

(personal communication). The interpretation is indicating MFZ13 at a depth of 1273 m, but the 

ǊŜǇƻǊǘ ŀƭǎƻ ƳŜƴǘƛƻƴǎ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ΨŘƻǳōǘǎ ƻƴ ǘƘŜ ŜȄŀŎǘ ŘŜǇǘƘΣ ƴƻǘ Ŝŀǎȅ ǘƻ ƎǳŜǎǎΩΣ ŀƴŘ ǘƘŀǘ ǘƘŜ aC½ 

indication is based on higher abundance of some foram species. Considering these uncertainties, for 

the correlation of this interval was given more weight to the INPEFA curve analysis and to lithological 

evidence (e.g. Break 1 corresponds to a lithoclast-rich level, potential indicator of a sequence 

boundary) than to the biostratigraphic indications. 

 

4.3.4 lower Warnantian (MFZ 13 to 14) 

Interval identified by Break 1 (base) and Break 1.2 (top) on the INPEFA curve. 
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In terms of INEPFA trends analysis, the lower Warnantian interval is characterized from base to top 

by a negative trend (right to left shift) terminating with a positive turning point (Break 1.2), as shown 

by well MOL-GT-01-S1, Halen and Geverik-01 (GVK-01) in Figure 25 and Figure 26. The character of 

the log in well Heibaart 1 (DZH1) is slightly different, with the overall negative trend interrupted by 

two turning points already before reaching Break 1.2. This is likely related to the alternation of 

boundstones and bioclastic pack-/grainstones occurring in that interval and must be highlighted that 

an uncalibrated interpretation of the INEPFA log may result in picking Break 1.2 at a different, deeper 

depth (for example, in correspondence of the current break 1.18). However, the biostratigraphic 

review performed by Hance (2022, personal communication) for well DZH1 shows that the interval 

is no younger than MFZ 14. Therefore, since according to the calibration exercise of INEPFA log 

discussed in Section 4.2 Break 1.2 corresponds to top MFZ 14, the current interpretation is believed 

to be the most likely.   

Thickness variations are discussed below: 

The S-N section consists of wells Halen and MOL-GT-01-S1 and shows a major thickness variation, 

with a stratigraphic thickness recorded in Halen (175 m) that is more than double of what recorded 

in MOL-GT-03-S1 (83 m, see Figure 25). The thickness analysis of the Transgressive System Tract 

(TST) overlying the lower Warnantian interval, and therefore developed during the upper 

Warnantian (from Break 1.2, base, to Break 1.3, top; Figure 25) shows no major differences between 

the two wells (57m in Halen and 60m in MOL-GT-01-S1, respectively). This result suggests that 

accommodation space available at the end of lower Warnantian was similar in the two areas. 

The NW-SE section consists of wells DZH1, MOL-GT-01-S1 and GVK-01 (Figure 26). Thickness 

differences were observed between the three wells, with DZH1 recording 141 m, MOL-GT-01-S1 

recording 83 m and GVK-01 recording 150 m. Note that this interval may be even thicker in GVK-01, 

as the base of the interval (Break 1) may have not been reached. Thickness analysis of the TST 

overlying the lower Warnantian interval shows a decreasing trend from SE to NW with 99m recorded 

in GVK-01, 60m recorded in MOL-GT-01-S1 and 0m in DZH1, highlighting that at the end of the lower 

Warnantian marked differences in availability of accommodation space were present across the 

basin. In particular, this would suggest a deeper depositional setting for GVK-01 and no 

deposition/exposure in the DZH1 area. 

According to Muchez et al. (1987b), the thickness (and facies) variations observed into this interval 

can be explained by syn-sedimentary fault activity. This caused strong subsidence in the Heibaart 

area, allowing the development of reef mounds in a shelf setting, as well as in in the Halen area, 

where a thick sequence of carbonates was deposited under alternating open marine and restricted 

conditions. Particularly in the Halen area, deposition may have been controlled by the NW-SE fault 

system located North of the well (Figure 12). In contrast to higher subsidence areas, the reduced 

thickness in MOL-GT-01-S1 well may represent the result of slow subsidence, similarly to what 

observed in the Turnhout well. 

 

4.3.5 upper Warnantian and transition to Namurian (MFZ 15) 

Upper Warnantian interval is identified by Break 1.2 (base) and Break 2.1 (top), on the INPEFA curve. 
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In terms of INEPFA trends analysis, the upper Warnantian interval starts, from base to top, with a 

positive trend (left to right shift), from Break 1.2 to Break 1.3, followed by a negative trend (right to 

left shift) culminating with a positive turning point (Break 2). As shown by wells Halen and MOL-GT-

01-S1 (Figure 27), Break 2 is one of the most prominent features displayed by the INPEFA log curve 

and represents a major change in sedimentation, marking the transition from the massive, shallow 

water carbonates of the Loenhout formation to, where present, the turbiditic limestones and 

claystones of the Goeree formation (see also the lithostratigraphic scheme of Laenen, 2003). The 

curve continues with a gentle positive shift until Break 2.1, corresponding to the Goeree to Souvré 

transition (top Warnantian to Namurian transition), where a further positive turning point starts a 

sharp positive trend, distinctive of this base Namurian interval, culminating into a negative turning 

point (Break 2.15). The INPEFA log character of this interval is similar also in Geverik-01 (GVK-01, 

Figure 28), but note that the position of Break 2 boundary is not based on the INPEFA only, but also 

on the presence of reworked facies starting from a depth of about 1300m TVD, followed by mud-

/wackestone to claystone facies from a depth of about 1130m TVD, possibly corresponding to the 

Loenhout to Goeree transition. Also, note that the gentle positive trend observed between Break 2 

and Break 2.1 (Goeree formation) is much thicker in well GVK-01, as discussed in next paragraphs. 

It must be highlighted that, as described above, the transition from the Loenhout to the Goeree to 

the Souvré formations can be easily recognized with the analysis of INPEFA logs, despite the subtle 

variations shown by conventional logs (i.e. GR log). This can help identifying the presence of 

transitional facies (Goeree and Souvré), critical for a better understanding of the paleogeography of  

the Campine Basin at the Dinantian/Namurian transition, also when little or no lithological 

information is available for a certain well. In particular, the presence of the Goeree formation in the 

MOL wells area and, as suggested by the INPEFA analysis, in Halen too, is a novel observation. In 

fact, according to the review of Laenen (2003), it was not found outside the Visé trough. Tentative 

reconstructions of their distribution are discussed in the section dedicated to paleogeography (4.3). 

Thickness variations are discussed below: 

The S-N section consists of wells Halen and MOL-GT-01-S1 and shows a relatively uniform thickness, 

with 180 m recorded in Halen (144 m from Loenhout and 36 m from Goeree formations) and 209 m 

in MOL-GT-01-S1 (163 m from Loenhout and 46 m from Goeree formations, see Figure 27). The 

thickness analysis of the Transgressive System Tract (TST) overlying the upper Warnantian interval 

(from Break 2, base, to Break 2.15, top) shows a thickness increase from Halen (76m, of which 41 

from Namurian formations) to MOL-GT-01-S1 (124m, of which 77 from Namurian formations) 

suggesting that more accommodation space was available at the end of the upper Warnantian and 

lower Namurian in the MOL-GT-01-S1 area compared to the more proximal Halen area. 

The NW-SE section consists of wells DZH1 (Heibaart 1), MOL-GT-01-S1 and GVK-1 (Figure 28). Major 

thickness differences were observed in well DZH1, where no MFZ 15 was deposited and/or 

preserved, as compared to wells MOL-GT-01-S1, recording 209 m of thickness (163 m from Loenhout 

and 46 m from Goeree formations), and well GVK-01, recording 494 m of thickness (195 m from 

Loenhout and 299 m from Goeree formations). Thickness analysis of the TST overlying the upper 

Warnantian interval shows a marked decreasing trend from SE to NW with 388 m (of which 89 from 

Namurian formations) recorded in GVK-01, 124 m (of which 74 from Namurian formations)  

recorded in MOL-GT-01-S1 and 31 m (entirely from Namurian formations)  in DZH1, highlighting that 
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large differences in availability of accommodation space were still present at the end of the upper 

Warnantian, and that they were mostly filled with the deposition of the Goeree formation. In 

particular GVK-01 area could correspond to a deeper setting, MOL-GT-01 could correspond to a sub-

basin transition setting and DZH1 to shallow water to exposed area. 

The absence of MFZ 15 in DZH1 and nearby wells is indicative of a high area were little or no 

deposition occurred and/or possible sedimentary deposits were not preserved. Also wells MOL-GT-

01-S1 and GVK-01 give indication of a structurally controlled sea-floor relief shelf. Indeed, the 

interval from Break 2 to 2.1, shows thickness differences in the order of hundreds of meters, a 

magnitude of variations that can be explained by the presence of syn-sedimentary fault activity from 

the end of the upper Warnantian, and particularly during the deposition of the Goeree formation. 

Presence of syn-sedimentary faults affecting the Warnantian deposits was already documented 

during the interpretation of seismic profiles (Reijmer et al., 2017), but this study indicates that their 

activity can be tied to a specific part of the Warnantian interval, mainly the upper (MFZ 15). 



///////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////// //////////////////  

            pagina 65 van 123 

 

Figure 21 S-N oriented correlation panel of wells Halen and MOL-GT-03-S1. In green and red are respectively highlighted 
the Tournaisian and Moliniacian intervals. In black bold are indicated measured thickness (m, TVD) and interpreted 
depositional environment. The correlation panel is hung on break 0.3. Inset map shows position of well locations (red 
stars) and of correlation panel (blue line). See Glossary in Appendix 7.3 for meaning of abbreviations used. 
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Figure 23 S-N oriented correlation panel of wells Halen and MOL-GT-01-S1. In green and red are respectively highlighted 
the Livian and following TST intervals. In black bold are indicated measured thickness (m, TVD) and interpreted 
depositional environment. Correlation panel is hung on break 1.1. Inset map shows position of well locations (red stars) 
and of correlation panel (blue line). See Glossary in Appendix 7.3 for meaning of abbreviations used. 
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