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Middelburg, 19 juni 2024

Geachte mevrouw ,

Op 1 maart 2024 heeft u Gedeputeerde Staten verzocht om informatie op grond van de Wet open
overheid (Wo00). De ontvangst van uw verzoek is op 22 mei 2024 aan u bevestigd. Daarbij is verzocht
uw verzoek te specificeren. Dit heeft u gedaan bij brief van 27 maart 2024. Op 22 april 2024 heeft er
vervolgens een Teams-meeting met u plaatsgevonden en heeft u uw verzoek nog concreter gemaakt.
In overleg en met uw goedvinden is daarbij afgesproken dat er gelet op de omvang van uw verzoek zal
worden afgeweken van de in de wet gestelde termijnen.

Met deze brief ontvangt u het besluit op uw verzoek. Wij hebben documenten gevonden die betrekking
hebben op uw verzoek en besluiten die informatie (zonder persoonsgegevens) openbaar te maken.

Uw verzoek
U heeft bij concretisering (e-mail van 24 april 2024) gevraagd om informatie over de Molenplaat en de
Auvergnepolder en de plannen over de windmolens, aan de hand van de volgende zes labels:

Erfgoedwet archeologie;

Geografisch- fysieke- functioneel gebied van de Geopark Schelde Delta;
Omagevingswet;

Kweekgebied;

Geodetisch systeem en de Geofysica,

Uitvoering regeling visserij.

S o

U heeft daarnaast gevraagd om juridisch advies ten aanzien van het munitiedepot Gat van Zierikzee.

Inventarisatie

Binnen de systemen van Gedeputeerde Staten is gezocht naar documenten die betrekking hebben op
uw verzoek. De inventarisatie van de documenten is gelet op de zes labels binnen de organisatie bij
meerdere medewerkers en afdelingen belegd, te weten cultuur-erfgoed-leefbaarheid en sport, landelijk
gebied-natuur en landbouw, monumenten en erfgoed, milieu, visserij en informatisering en
automatisering.



Die zoekslag heeft de volgende documenten opgeleverd:

Aanwijzing Rijksmonument

Aanwijzing Rijksmonument Reimerswaal 2017
Advies Aanwijzing Rijksmonument 2015
Besluit Erfgoedwet 1 april 2024

Bijlagen Indieningsdossier Schelde Delta
cultuurhistorie-2024-04-30-13-47-03

Kaart Geopark Schelde Delta

Statenvragen auvergnepolder 2018
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Grenzen aan openbaarheid
Wij maken deze documenten openbaar met uitzondering van de daarin genoemde persoonsgegevens.

Persoonlijke levenssfeer (artikel 5.1, tweede lid, aanhef en onder e, van de Wo0)

Op grond van artikel 5.1, tweede lid, aanhef en onder e, van de Woo blijft verstrekking van informatie
achterwege wanneer het belang van de bescherming van de persoonlijke levenssfeer van personen
zwaarwegender is dan het belang van informatieverstrekking. Een dergelijk belang is aan de orde
wanneer documenten gegevens zoals namen, maar ook meer indirecte gegevens bevatten waarmee
de identiteit van de betrokken personen achterhaald kan worden.

In een aantal documenten staan persoonsgegevens. De openbaarmaking hiervan dient geen redelijk
doel omdat het gaat om gegevens van personen die naar de aard van hun functie niet in de
openbaarheid treden of anderszins een publiek persoon zijn. De bescherming van de persoonlijke
levenssfeer van de betrokkenen weegt in dit verband daarom zwaarder.

Voornoemde beoordeling is tot uitdrukking gebracht door bij weglakking de lettercode J op te nemen.

Informatie van derden

Wij willen u erop wijzen dat de documenten ook informatie van derden bevatten. Wij zijn gelet op
artikel 2.4, vierde lid van de Woo niet verantwoordelijk voor de juistheid of volledigheid van die
informatie.

Nadere toelichting

Zowel de Auvergnepolder als 90% van de Molenplaat valt buiten het grondgebied van de Provincie
Zeeland. Voor wat betreft de archeologie gaan Gedeputeerde Staten hier dus niet over. De
archeologie van het stuk van de Molenplaat dat binnen ons gebied valt zit in het gemeentelijk
archeologiebeleid van de gemeente Tholen: het kent een deel middelhoge en een deel lage
archeologische verwachting, zoals te zien is op de kaart cultuurhistorie.

De zaken ten aanzien van de uitgifte van rechten en de verhuur/pacht van percelen op het gebied van
visserij liggen bij de Rijksoverheid. Provincie Zeeland speelt hier geen rol in. Ter informatie verwijzen
wij u naar Rijksdienst voor Ondernemend Nederland (rvo.nl).

Juridisch advies

Ten aanzien van uw vraag om juridisch advies over het munitiedepot Gat van Zierikzee, onze juristen
zijn provincieambtenaren en kunnen u gelet op die positie derhalve niet voorzien van persoonlijk
juridisch advies. Ter informatie wijzen wij u erop dat informatie over het munitiedepot Gat van Zierikzee
openbaar toegankelijk is bij het Zeeuws Archief te Middelburg.

Behoort bij brief met zaaknummer: 417521 2


https://www.rvo.nl/

Openbaarmaking

Dit besluit en de openbaar gemaakte documenten plaatsen wij (zonder persoonsgegevens) op
www.zeeland.nl/loket/woo-verzoek.

Met vriendelijke groet,

Gedeputeerde Staten van Zeeland,
Namens deze,

mevr. drs. A.A. Bosscha - Boelpijp
Programmamanager Cultuur, Erfgoed, Leefbaarheid en Sport

Noem in uw contact met ons steeds het zaaknummer. Dit staat bovenaan deze brief.

Bijlagen:

. Aanwijzing Rijksmonument

. Aanwijzing Rijksmonument Reimerswaal 2017
. Advies Aanwijzing Rijksmonument 2015

. Besluit Erfgoedwet 1 april 2024

. Bijlagen Indieningsdossier Schelde Delta

. cultuurhistorie-2024-04-30-13-47-03

. Kaart Geopark Schelde Delta

. Statenvragen auvergnepolder 2018
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Bezwaar

Belanghebbenden kunnen schriftelijk bezwaar maken tegen dit besluit bij:

Gedeputeerde Staten van Zeeland, t.a.v. de secretaris van de commissie voor bezwaarschriften,
Postbus 6001, 4330 LA Middelburg.

In het bezwaarschrift neemt u ten minste op uw naam en adres, de dagtekening van het bezwaarschrift, tegen welk besluit u
bezwaar maakt en waarom. Het bezwaarschrift dient te worden ondertekend.

U moet het bezwaarschrift indienen binnen zes weken na de dag waarop dit besluit is bekendgemaakt. Doorgaans is dat de dag
na de datum van verzending. Overschrijding van de inzendtermijn kan ertoe leiden dat met uw bezwaren geen rekening wordt
gehouden.

Als u overweegt bezwaar te maken, kunt u meer informatie vinden op https://www.zeeland.nl/bezwaar-maken.

Wij wijzen u erop dat het bezwaar niet de werking van het besluit schorst. U kunt een verzoek doen tot het treffen van een
voorlopige voorziening. U richt het verzoek aan de voorzieningenrechter van de rechtbank Zeeland-West-Brabant, locatie Breda,
team bestuursrecht, Postbus 90006, 4800 PA Breda. Voor de behandeling van het verzoek is griffierecht verschuldigd.
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Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege gelaten op basis van artikel 5
van de Wet open overheid (Woo). De legenda verwijzing die hierbij is vermeld correspondeert met de bijbehorende grondslag in
onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing

Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.1lid 1 a Kan de eenheid van de Kroon in gevaar brengen.

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden.

o} art. 5.11lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld.

D art. 5.11lid 1 d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of paragraaf 3.2

(persoonsgegevens van strafrechtelijke aard) van de UAVG.

E art. 5.1lid 1 e Betreft nummers die dienen ter identificatie van personen die bij wet of algemene maatregel van bestuur
zijn voorgeschreven als bedoeld in artikel 46 van de UAVG.

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale organisaties.

G art. 5.11lid2b Het belang van de economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

H art. 5.11lid 2¢c  Het belang van de opsporing en vervolging van strafbare feiten.

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen.

] art. 5.1lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen.

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub ¢ genoemde concurrentiegevoelige

bedrijfs- en fabricagegegevens.

L art. 5.11lid 2 g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft.

M art. 5.1lid 2 h  Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage.

N art. 5.11lid 2i Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

o art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de informatie

(tijdelijke beperking).

P art. 5.11id 5 Het belang van de onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een
ander belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 sub c en het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid 1 sub c.

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan ambtelijke
adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet zijnde feiten,
prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of andere onderdelen met
een overwegend objectief karakter.

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog op een
goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als persoonlijke
beleidsopvattingen.

Overig

T De informatie valt buiten de reikwijdte van het verzoek.










































Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege gelaten op basis van artikel 5
van de Wet open overheid (Woo). De legenda verwijzing die hierbij is vermeld correspondeert met de bijbehorende grondslag in
onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing

Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.1lid 1 a Kan de eenheid van de Kroon in gevaar brengen.

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden.

o} art. 5.11lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld.

D art. 5.11lid 1 d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of paragraaf 3.2

(persoonsgegevens van strafrechtelijke aard) van de UAVG.

E art. 5.1lid 1 e Betreft nummers die dienen ter identificatie van personen die bij wet of algemene maatregel van bestuur
zijn voorgeschreven als bedoeld in artikel 46 van de UAVG.

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale organisaties.

G art. 5.11lid2b Het belang van de economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

H art. 5.11lid 2¢c  Het belang van de opsporing en vervolging van strafbare feiten.

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen.

] art. 5.1lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen.

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub ¢ genoemde concurrentiegevoelige

bedrijfs- en fabricagegegevens.

L art. 5.11lid 2 g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft.

M art. 5.1lid 2 h  Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage.

N art. 5.11lid 2i Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

o art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de informatie

(tijdelijke beperking).

P art. 5.11id 5 Het belang van de onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een
ander belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 sub c en het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid 1 sub c.

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan ambtelijke
adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet zijnde feiten,
prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of andere onderdelen met
een overwegend objectief karakter.

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog op een
goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als persoonlijke
beleidsopvattingen.

Overig

T De informatie valt buiten de reikwijdte van het verzoek.
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overwegingen en advies

motivering besluit

Op 10 augustus 2015 heeft de minister van OCW advies gevraagd aan uw college op haar
aanwijzingsvoorstel voor het archeologisch rijksmonument de verdronken stad Reimerswaal in de
gemeente Tholen.

De Rijksdienst voor het Cultureel Erfgoed heeft de begrenzing van dit toekomstige archeologisch
riksmonument in overleg met de Stichting Cultureel Erfgoed Zeeland vastgesteld. Deze begrenzing is
gebaseerd op twee archeologische veldonderzoeken en een veertigtal vondstmeldingen. Daarbij gaat
het niet alleen om de historische begrenzing van de stad zelf, maar ook om structuren die een relatie
hebben met de stad.

Binnen de begrenzing ligt ook de Oesterdam, die tevens de provinciale weg N659 is. De vroegere
stad Reimerswaal heeft ter plaatse hiervan gelegen en onder de Oesterdam kunnen nog resten van
de stad aanwezig zijn, die niet verloren zijn gegaan bij de aanleg van de dam. De opgehoogde en
verstoorde gebieden van de Oesterdam liggen wel binnen het rijksmonument, maar vallen niet onder
de vergunningplicht, die de aanwijzing als archeologisch rijksmonument met zich meebrengt,
aangezien hier in het aanwijzingsvoorstel een vrijstelling voor opgenomen is.

Voor de dam, inclusief de hierop gelegen weg en het recreatieterrein "Waterrijk Oesterdam /
Speelmansplaten’ komen er dus geen beperkingen bij. Er is zelfs sprake van een vermindering van de
beperkingen, aangezien dit gebied nu nog op grond van het Thoolse gemeentelijk archeologiebeleid
beschermd wordt en hierin geen onderscheid wordt gemaakt tussen de recente verstoringen en
ophogingen en de onverstoorde gebieden. Op dit moment geldt daarom overal een vergunningplicht.

Omdat er ook andere belangen zijn, dan alleen de archeologische belangen, is advies gevraagd aan
de mobiliteitstak van de afdeling Mobiliteit & Samenleving, de afdeling Beheer en Onderhoud, de
afdeling Water, Bodem en Natuur en de beleidstak Recreatie en Toerisme van de afdeling Economie
& Duurzaamheid om tot een integraal advies te komen.

Vanuit de beleidstak Mobiliteit (afdeling M&S) bestaan er geen plannen dit wegvak op te waarderen,
waardoor aanpassingen aan de N659 nodig zijn. Aanwijzing tot archeologisch rijksmonument is dus
niet bezwaarlijk.

Het normale onderhoud aan de N659 kan zonder monumentenvergunning uitgevoerd worden en de
vergunningplicht op grond van het Thoolse gemeentelijke archeologiebeleid vervalt. Het wordt
daardoor eenvoudiger onderhoud aan de weg uit te voeren. Vanuit de afdeling Beheer en Onderhoud
zijn er daarom geen bezwaren tegen de aanwijzing tot archeologisch rijksmonument.

Vanuit de afdeling Water, Bodem en Natuur zijn er geen bezwaren geuit tegen de aanwijzing tot
archeologisch rijksmonument.

De beleidstak Recreatie en Toerisme van de afdeling Economie en Duurzaamheid ziet vooral een
meerwaarde in de aanwijzing tot rijksmonument en kansen dit toeristisch uit te nutten.

Gelet op de positieve reacties vanuit de provinciale organisatie, wordt uw college geadviseerd de
minister positief te adviseren over het voorgenomen besluit en bijgevoegde brief aan de minister toe te
zenden.

aansluiting bij provinciale doelstellingen en/of beleid

Het beschermen van de verdronken stad Reimerswaal past goed bij het provinciale archeologiebeleid,
dat als uitgangspunt heeft dat archeologische resten in situ bewaard moeten worden. Daarnaast past
dit heel goed binnen kernthema 6 van de Provinciale Onderzoeksagenda Archeologie Zeeland:
Verdronken land en dorpen.

bestuurlijke planning en doorlooptijd

indien van toepassing

De minister wil graag zo spoedig mogelijk, maar in ieder geval voor 10 december 2015, een advies
van uw college ontvangen.

consequenties besluit
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Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege gelaten op basis van artikel 5
van de Wet open overheid (Woo). De legenda verwijzing die hierbij is vermeld correspondeert met de bijbehorende grondslag in
onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing

Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.1lid 1 a Kan de eenheid van de Kroon in gevaar brengen.

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden.

o} art. 5.11lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld.

D art. 5.11lid 1 d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of paragraaf 3.2

(persoonsgegevens van strafrechtelijke aard) van de UAVG.

E art. 5.1lid 1 e Betreft nummers die dienen ter identificatie van personen die bij wet of algemene maatregel van bestuur
zijn voorgeschreven als bedoeld in artikel 46 van de UAVG.

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale organisaties.

G art. 5.11lid2b Het belang van de economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

H art. 5.11lid 2¢c  Het belang van de opsporing en vervolging van strafbare feiten.

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen.

] art. 5.1lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen.

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub ¢ genoemde concurrentiegevoelige

bedrijfs- en fabricagegegevens.

L art. 5.11lid 2 g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft.

M art. 5.1lid 2 h  Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage.

N art. 5.11lid 2i Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

o art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de informatie

(tijdelijke beperking).

P art. 5.11id 5 Het belang van de onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een
ander belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 sub c en het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid 1 sub c.

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan ambtelijke
adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet zijnde feiten,
prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of andere onderdelen met
een overwegend objectief karakter.

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog op een
goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als persoonlijke
beleidsopvattingen.

Overig

T De informatie valt buiten de reikwijdte van het verzoek.
















































Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege
gelaten op basis van de Wet open overheid (Woo). De letter die hierbij is vermeld correspondeert met de
bijbehorende grondslag in onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing
Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.11lid 1a Kan de eenheid van de Kroon in gevaar brengen

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden

(o} art. 5.1 lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld

D art. 5.11lid 1d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of
paragraaf 3.2 (persoonsgegevens van strafrechtelijke aard) van de Uitvoeringswet Algemene
verordening gegevensbescherming, waarvoor geen toestemming is gegeven of door de
betrokkene kennelijk zelf openbaar zijn gemaakt

E art. 5.11lid 1 e Het betreft nummers die dienen ter identificatie van personen die bij wet of algemene
maatregel van bestuur zijn voorgeschreven als bedoeld in artikel 46 van de Uitvoeringswet
Algemene verordening gegevensbescherming, tenzij de verstrekking kennelijk geen inbreuk op
de levenssfeer maakt

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale
organisaties

G art. 5.11lid2b De economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen

H art. 5.1 lid 2 ¢ Het belang van de opsporing en vervolging van strafbare feiten

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen

J art. 5.11lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub c genoemde
concurrentiegevoelige bedrijfs- en fabricagegegevens

L art. 5.11id 2g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft

M art. 5.11lid 2 h Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage

N art. 5.11lid 21 Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen

(o] art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de
informatie (tijdelijke beperking)

P art. 5.1 1id 5 De onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een ander
belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 ¢, het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid
1c

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 1lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan
ambtelijke adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet
zijnde feiten, prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of
andere onderdelen met een overwegend objectief karakter

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog

op een goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als
persoonlijke beleidsopvattingen







































































































































































































































































































































































































































































































































































































































During this phase, the Zeepe dunes formed, which extend to over 3 kilometers east of the current
coastline. In the 13™ century, the eastern and southern sides of the dune area were once again
stabilized by man through vegetation. The inner dune edge was plated with marram grass that
captured the dune sand to prevent the dune from drifting further inland. This created the still
remarkably high inner dune edge northwest of Burgh-Haamstede.

Young Dunes: second formation phase

The second phase of drifting started around 1600 AD and continued into the 19th century. This
phase of dune formation is linked to changes in the tidal regime of the Eastern Scheldt. In previous
centuries, the Western Scheldt (Westerschelde) had become more important as a drain for the
river Scheldt. The nature of the Eastern Scheldt changed from an estuary to a tidal inlet.

Storm surges in the first half of the 17" century caused a lot of land loss further inland along the
Eastern Scheldt. As a result, the inlet was able to hold more water, and tidal currents in the inlet
increased. This caused the creation of the Hammen channel, which eroded the southern part of
Schouwen. Due to erosion, the Banjaard tidal flat, west of Schouwen, fell apart into several islands,
thus creating the Krabbengat channel. Coastal erosion once more made a lot of sand available for
drifting. Drifting eventually decreased because humans structurally planted marram grass and
straw on land, which captured and retained the dune sand. That is why the dunes slower and less
far inland during this phase than during the first drifting phase, but did become much higher.

The Meeuwenduinen and the Verklikkerduinen, among others, were created in this second dune
formation phase. On the west side of Schouwen, the Jonge Duinen from the second phase cover
those from the first phase. On the north side they cover the Oude Duinen.

Dune formation and dune structures

In the initial stage of coastal dune formation, low dunes are formed on the beach from blown-up
beach sand (such as on the Verklikkerstrand). Above the spring tide mark, such small primary
dunes form a low, continuous dune ridge. With sufficient sand supply, it grows into a dune ridge of
up to several tens of metres height. In case of an expanding coast, a new dune ridge can arise
seaward of the dune ridge. The sand supply to the older dune ridge then decreases sharply and the
younger, more seaward dune ridge grows.

Both in the front dunes as in the more inland dunes, wind locally gets grip in the dunes. This can
happen as a result of coastal erosion by a storm surge, or as a result of reduced vegetation, for
instance by human activity. Wind erosion takes place until the sand can no longer be picked up, for
instance when a more solid layer in the subsoil or the groundwater has been reached. This is how
dune slacks are created in the dune landscape. The sand that is picked up by the wind, is
redeposited behind the original dune. This process often gives rise to parabolic dunes
(Verklikkerduinen, Meeuwenduinen). The orientation of the parabolic dunes on Schouwen
towards the northeast is caused by the dominant wind direction from the southwest. The rate of
parabolic dune formation and its final height depend on the wind force and the vegetation. The
width depends on the amount of variation in wind direction. With drifting and covering of all
vegetation, in combination with sufficient sand supply, a larger dune field can arise (Zeepe duinen,
Vroongronden). On the landward side of the dune area, where sand is blown in over a broad front
from a large blowout depression, a compound parabolic dune with multiple windward arms,
resembling the shape of a comb, can arise. This happened at the northeast side of the Zeepe
duinen.

Coastal erosion and accretion
The west coast of the Kop van Schouwen consists of an erosional coast, where the base of the
dune is affected by storm surges. On the north coast, coastal accretion does take place. This is how
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only related to its geomorphology but also to a range of dynamic sedimentological, pedological
and ecological processes taking place during this evolution.

DETAILED DESCRIPTION

1. Location

The geosite is located in the outer-dike area along the Volkerak at the mouth of the former tidal
channel Steenbergsche Vliet. On the west side, the area is bordered by the Scheldt-Rhine Canal.
The tidal flats of Heen are located west of this canal. The easternmost boundary of the geosite is a
few kilometers west of Dinteloord. The area is about 10 kilometers long and has a maximum width
of 1 kilometre. The area contains a west-east oriented levee with a height of ca. 2 m + NAP. The
part of the geosite south of this ridge mostly consists of former salt marsh and isatca. 1.5 m +
NAP. North of the ridge is a former tidal flat area at an elevation of ca. 1.3 m + NAP. Originally the
Dintelse Gorsen were part of a brackish water tidal area, but tidal activity has disappeared from
the area since the Volkerak and Eastern Scheldt (Oosterschelde) were dammed.

NB. The Dintelse Gorzen are therefore not located, as the name suggests, at the mouth of the
Dintel, which flows east of the area, but at the mouth of the Steenbergsche Vliet.

2. Llandscape formation

Origin of the landscape

At the end of the last ice age, the region consisted of a sandy landscape that was part of a vast
polar desert. The drainage of this frozen landscape took place along streams that flowed from
south to north towards the sea. At the location of the Steenbergsche Vliet there may already have
been a stream valley as well.

As a result of groundwater and sea level rise in the Holocene, the near-coastal part changed from a
barren sandy landscape into a coastal swamp (peatland), which gradually spread inland while
being covered by tidal deposits on the seaward side. About 6300 years ago, most of Zeeland was
part of this tidal landscape. At the pinnacle of expansion, the Dintelse Gorzen were located on the
border between coastal swamp and tidal area.

As the rate of sea level rise slowed, a row of coastal ridges arose more or less at the position of the
current coastline. Around 3800 years ago, an almost uninterrupted barrier of beach ridges had
formed, which protected the area behind it against sea breaches. As a result, almost the whole of
Zeeland turned into a vast swamp area, in which a thick layer of peat formed. The peat near the
Dintelse Gorzen also expanded again, over the thin cover of tidal deposits.

Since a few centuries BC, the protective coastal barrier was locally breached and the influence of
the sea increased again. The far inland area of the Dintelse Gorzen was only reached again by the
sea during the Middle Ages. At that time, the tide penetrated 10 to 15 kilometers further inland
via the Steenbergsche Vliet. The previously formed peat in and around the channel was eroded.
Outside the channel, the sea again deposited sand and clay on the peat, and a tidal landscape of
salt marshes, tidal flats, tidal channels and shoals was formed.

Impoldering/Land reclamation

The peat area south of the Dintelse Gorzen has been reclaimed by humans around the year 1000.
Villages were built in long ribbons along the banks of ditches that cut elongated parcels of the
wetland. Due to the lowering of the surface as a result of peat extraction, drainage and the
ensuing decay of the peat, the area was subject to subsidence. Over time, it thus became more
and more prone to flooding. Storm surges in the fifteenth and sixteenth centuries led to the
destruction of villages and farmland. Between the 17" and 20" century, the area south of the
geosite was re-embanked.




Salt marshes, tidal flats, tidal channels and shoals

In a tidal zone, sediment (sand and clay) is brought in from the tidal inlets twice a day during high
tide and is partly left behind in the coastal plain. Since sand is heavier and is only transported by
fast-flowing water, it is mainly deposited in and along the tidal channels. Between those channels
are flats that get flooded during high tide. During each flood, a thin layer of sand can be deposited
here. The finer and lighter clay particles can also be transported at lower flow velocities and are
mostly deposited during the turning of the tide, from high to low tide. The flats are therefore
covered with an alternation of thin layers of sand and clay. Flats that are connected to the
mainland or to islands are called tidal flats. The higher parts consist of salt marshes, that are only
flooded during very high water (spring tide and storm surge). Here, the water is supplied and
discharged through a branched system of small gullies. The main deposit on these salt marshes is
clay. The marshes are often grown with halophytes (salt-tolerant plants). The part of a tidal area
that is only flooded during spring tide is called gors in this area, hence the name Dintelse Gorzen.

Levees and salt marsh ridges
There are also elevation differences within the salt marsh. For instance, so-called levees can form

parallel to channels that overflow during high tide. This happens because the flow velocity of the
water that floods the banks suddenly decreases. As a result, the water no longer has enough
energy to transport sand, and the sand gets deposited on the bank. This process forms a slightly
higher zone along the channel. Further away from the channel, lighter and finer material is
deposited. As a result, depressions filled with clay are formed at a distance from the channel.

A similar process takes place on the edge of a salt marsh. Here again, the water depth at high tide
is lower than above the adjacent tidal flat, and the sand brought in by the tide settles as soon as
the water floods the salt marsh. The edge that develops along the salt marsh as a result is called a
salt marsh ridge.

Dynamic area
The development of a tidal area is a continuous process, in which channels are cut out and shoals,

tidal flats and salt marshes are covered with sediment. Though, not all flats are eventually raised
to form salt marshes. Channels shift and can erode previously formed shoals and tidal flats and
even salt marshes. In this way, the tides can rework the coastal plain over and over again.

This process of continuous reworking of the tidal area ends when the tidal influence is taken away.
Usually, this happens by impoldering a part of the salt marsh, thus preventing the seawater from
reaching the area behind the dikes, as is the case in the area immediately south of the Dintelse
Gorzen. By contrast, in the Dintelse Gorzen area itself, the tidal influence has been removed by the
damming of the Eastern Scheldt and the Volkerak.

Frozen landscape

As part of the Delta Works, after the storm surge disaster of 1953, dams have been constructed on
a large scale along the Zeeland inlets. The Brouwershaven inlet (now the Grevelingenmeer) was
dammed by means of the Grevelingendam (1965) and the Brouwersdam (1971). The Haringvliet
was dammed in 1971. Since the construction of the Philipsdam in the Volkerak in 1987, the natural
tidal effect on the Dintelse Gorzen completely disappeared. The erosion and sedimentation by the
tide has stopped, causing the development of salt marshes, tidal flats, channels and shoals to end.
In a sense, the morphology, the shape of the landscape, is as it were frozen in time.

Nevertheless, the landscape is highly subject to change: due to the lack of tidal effects, other
processes are given a chance. Tidal channels have disappeared, but the Steenbergsche Vliet still
drains water through the area. The environment becomes less saline and sediment can still be
deposited at high river water levels. This way, an evolution towards a freshwater river floodplain is






















Scheldt has been cut off from its source river, the Scheldt, and since the completion of the Delta
Works, also from the Rhine and the Meuse. Since the term 'estuary' refers to the mouth of a river
where fresh and salt water mix, the current Eastern Scheldt is strictly speaking no longer an
estuary, but an inlet. There is virtually no supply of fresh water anymore and as a result there is no
longer a fresh-salt gradient in the Eastern Scheldt, as is the case in the Western Scheldt. The
current Eastern Scheldt is a saltwater tidal area, but has retained many features of the former
estuary, such as the tidal flats.

The Eastern Scheldt is eight to nine km wide in the mouth part between the storm surge barrier
and Zierikzee, where the estuary narrows to only four km (Fig. 03.2). In the central part, landward
of Zierikzee, the inlet branches into a one to two km wide northern branch (Mastgat) and a three
to six km wide south-western branch (Eastern Scheldt). In the so-called Kom, between Yerseke and
the Oesterdam, the inlet widens again to nine km. The length of the Eastern Scheldt from the
storm surge barrier to the back of the Kom near the Oesterdam is approximately 50 km. With an
area of 35.100 ha, the Eastern Scheldt is slightly larger than the Western Scheldt.

The Eastern Scheldt is a dynamic area that consists of tidal channels of varying depth and tidal flats
and salt marshes, which are dry at low tide (Fig. 03.3, 03.4 and 03.5). The shoals, tidal flats and salt
marshes (also called intertidal areas) make up about 3% of the total surface of the estuary. The
largest tidal flats and salt marshes are located in the more inland parts of the inlet, around St.
Philipsland, Tholen and in the Kom.

The tidal range (difference in height between high and low water) in the Eastern Scheldt is
approximately 2.5 m just behind the storm surge barrier at the mouth and increases deeper in the
estuary, up to three m at the Philipsdam and 3.4 m at the very south-east at the Oesterdam. This
geosite also includes part of the Voordelta, a shallow part of the North Sea off the coasts of
Zeeland and Zuid-Holland.

2. Landscape formation

Origin of the landscape

In the geologically recent past, the Eastern Scheldt was not the first course of the Scheldt towards
the North Sea. At the end of the last ice age, about 12,000 years ago, the North Sea was still much
lower and there was no marine influence at all in Zeeland. The area was part of an extensive
coversand landscape in which the Scheldt flowed northwards in a deep valley at the foot of the
Brabant Escarpment (Brabantse Wal), towards the large valley of the Rhine and the Meuse (Fig.
03.6). Due to the rise in sea level, a large part of Zeeland turned into a tidal area with tidal flats,
salt marshes, shoals and tidal channels. The predecessor of the current Eastern Scheldt originated
between 7400 and 6300 years ago. An important tidal channel developed approximately at the
location of the present Eastern Scheldt, and connected eastwards through Tholen with the
northward flowing Scheldt at the foot of the Brabant Escarpment. The Scheldt started to use this
shortcut to the sea in a north-westerly direction. The original northern course fell into disuse and
was filled in with clay and peat.

In the course of the Holocene, the rate of sea level rise continued to decline. Around 3800 years
ago, an almost uninterrupted beach ridge had formed more or less at the position of the current
coastline, which protected the area behind it against sea breaches. Behind this coastal barrier was
a large freshwater swamp area in which peat accumulated. At the location of the current Eastern
Scheldt, an opening remained, which formed the mouth of the river Scheldt. This small estuary
was much narrower than the current Eastern Scheldt. It connected to a Scheldt that meandered
like a small winding river through the vast peatlands. An exceptionally well-preserved part of the
Scheldt from this period near Poortvliet on Tholen is about hunderd m wide and a maximum of
seven m deep, and had only weak tides or no tides at all.




Since a few centuries BC, marine influence increased again. Sea breaches entered ever deeper
inland, especially since the Roman period, aided by the compaction of the peat, which was already
being reclaimed at that time. The Scheldt mouth was eroded deeper and wider, but was probably
less than one km wide and therefore still much narrower than the Eastern Scheldt as we know it
today. The entire coastal plain again turned into a large tidal area with channels that cleared the
peat,

Also at the mouth of the current Western Scheldt, south of Walcheren, breakthroughs occurred
and tidal channels penetrated deeper and deeper inland. Between 700 and 800 AD, one of those
tidal channels made a connection with the then Scheldt at the location of the current Western
Scheldt. For a long time after the Western Scheldt connection originated, the Eastern Scheldt
remained the most important connection between the Scheldt and the North Sea. With time, the
Western Scheldt became more and more important compared to the Eastern Scheldt, but it was
only around the end of the 15™ century that it was wide and deep enough for shipping traffic to
Antwerp. From the 16™ century, however, the Western Scheldt became the main connection
between the Scheldt and the sea. The catastrophic storm surges of 1530 and 1532 AD probably
played a decisive role in this shift. A large part of eastern Zuid Beveland flooded, including many
villages and the city of Reimerswaal (the polders Brede Watering Beoosten Yerseke/Land of
Reimerswaal, now the Drowned Land of Zuid-Beveland). This created a much broader connection
between the Eastern Scheldt and the Western Scheldt in that area. This caused major changes in
the tidal currents, causing the flow velocity in the Eastern Scheldt channel near Woensdrecht to
drop, so that it quickly began to silt up.

At the end of the Middle Ages, the Eastern Scheldt had become much larger due to the land loss
caused by the many floods, and the tidal currents had become much more powerful. As a result,
the mouth of the estuary, formed by the Hammen channel, became wider and deeper. In the
course of the fourteenth and fifteenth centuries, a second drainage channel, the Roompot,
developed at the mouth. The Hammen formed a large meander in a northerly direction, pushing
the south coast of Schouwen about four km northward. Large parts of the polders on Schouwen
were lost. In the 16™ century, the Eastern Scheldt had grown from a narrow estuary in Roman
times into a wide estuary with tidal channels and shoals, tidal flats and salt marshes. In the course
of the following centuries, the widening and deepening of the channels continued. While the
drainage of the river Scheldt via the Eastern Scheldt gradually decreased after 1570, the estuary
did become more important as a drainage course for the Meuse and Rhine.

From the end of the 19" century onwards, human impact further increased. In 1867, the Kreekrak
near Woensdrecht was almost completely silted up and was closed by the construction of a
railway dam. The last connection between the Eastern Scheldt and the Western Scheldt was the
Sloe, which was definitively closed in 1871, also by the construction of a railway bank (Fig. 03.8).

Tidal flats and salt marshes, shoals and tidal channels

During low tide, a number of characteristic landscape elements of the estuary can be seen from
the dikes along the Eastern Scheldt. The salt marshes are closest to the dike and are largely
covered with vegetation. They have silted up so high that they are only flooded for a short time at
the highest high-water levels. Lower and further from the dike are the tidal flats, which are
flooded at every high tide and are barren. Sometimes the salt marshes gradually merge into tidal
flats, but often this transition is abrupt with a cliff edge that can be more than 1 metres high and is
formed by wave or tidal erosion. On salt marshes and tidal flats, small channels can be found that
supply and drain water at high tide and low tide and which are usually dry part of the time.




Just like tidal flats and salt marshes, shoals are situated between high and low water, but they are
not attached to the shore and are often located in the middle of the kilometers wide inlet. Most of
the shoals are barren and because of their sandy nature, they resemble a beach, in contrast to the
silty and clayey mudflats. This is due to the higher flow velocities on the shoals, which allow only
larger and heavier sand grains to be deposited, while on the tidal flats close to the banks the flow
is slower and finer silt and clay particles can also settle. Megaripples occur especially on the lower
parts of the seaward shoals, such as the Roggenplaat. These are a much larger variety of the small
sand ripples that can be found on a beach. Instead of a few centimeters high and a decimeter
wide, these megaripples can be more than a metres high and several metres wide. They are
created by the displacement of large amounts of sand over the surface, by the strong currents that
flow over the shoals during high and low tide.

Between the shoals and the banks of the Eastern Scheldt are large and deep tidal channels along
which the tide flows in and out of the estuary during high and low tide. These channels can locally
reach depths of over 50 m below NAP, such as in the Roompot, immediately behind the threshold
of the storm surge barrier or a few kilometers southwest of Zierikzee. The deepest points are
mainly in narrow passages between the islands, where the water flow is concentrated, or at
protruding 'capes' such as at Zierikzee, where the water is forced around an obstacle.

Ebb and flood channels

In the wider parts of the Eastern Scheldt, two or more tidal channels are usually present next to
each other. The channel that is followed by the current at low tide (ebb channel) is generally the
deepest and winds in curves from one bank to the other. Like a river, the ebb channel reaches its
greatest depths in the bends. Next to the ebb channel shallower channels are usually present
(flood channels) that are mainly followed by the current at high tide and that are separated from
the ebb channel by shallow zones and shoals.

The tidal channels in the Eastern Scheldt show a pattern of ebb and flow channels that is typical
for many estuaries (Fig. 03.7). In the bends formed by the ebb channel, the flood current tends to
go straight ahead rather than follow the ebb channel. As a result, a flood channel often forms that
reaches a dead end in the upstream direction on the shallow zones and shoals that separate it
from the ebb channel. In a similar way, but to a lesser extent, the ebb current also forms ebb
channels that come to a dead end on shallow zones in the downstream direction.

The functioning of an estuary: tides as a driving force

The Eastern Scheldt is a complex system in which powerful tidal currents, natural erosion and
deposition, human interventions and vegetation all interact. Tides and strong tidal currents are the
driving force behind all processes that take place in the estuary. At an average high tide, 880
million cubic metres of seawater flow into the inlet through the Eastern Scheldt Storm surge
barrier. This comes down to a flow rate of 41,000 m®/s. By way of comparison: the Rhine, the
largest river in Western Europe, at Lobith has an average flow rate of 2,200 m?/s, almost twenty
times lower, and an extreme peak discharge of about 12,000 m?/s once every hunderd years.

The amount of water that flows in and out of the estuary depends on the tidal prism, the volume
that is available between high and low tide and above the tidal flats, salt marshes and shoals. It is
this tidal prism that actually determines the size of the tidal channels and the power of the tidal
currents. Changes in tidal prism due to natural or human causes have large-scale and sometimes
irreversible consequences for the development of the inlet. The tidal prism increases for instance
if polder areas that were previously located outside the estuary inundate due to a dike breach.
This causes more water to flow into the estuary, causing the tidal channels to become larger. By
contrast, reducing the tidal prism, for instance by silting up of channels into shoals, tidal flats and




salt marshes, impoldering of tidal flats and salt marshes or damming of parts of the estuary, means
that tidal currents decrease and channels can fill with sand.

Human influence and the Delta Works

Humans have particularly caused major changes in the Eastern Scheldt after the last connection
with the Western Scheldt was broken in 1871 (see above). From the beginning of the 20" century,
more and more dredging and canalization works were carried out in the Eastern Scheldt. This
increased the tidal volume (the amount of water that flows into the estuary at each tide) by 15%.
In response to this, the tidal currents changed and a new channel was created in the mouth, the
channel of the Roggenplaat.

After the storm surge disaster of 1953, the Delta Works were initiated. First, a number of side
branches of the Eastern Scheldt were closed off by means of dams. The Zandkreekdam was built in
1960 and the Veersedam closed off the Veerse Gat from the North Sea in 1961 (Fig. 03.8). As a
result of the closure of the Grevelingen (1960-1964) and the Volkerak (1969), the tidal volume of
the Eastern Scheldt increased by 8% between 1960 and 1983. Due to the total increase in the tidal
volume between 1872 and 1983 and the resulting changes in tidal currents, 340 million m® of sand
were transported from the Eastern Scheldt to the North Sea.

In 1986 the Eastern Scheldt Storm surge barrier was completed as a semi-permeable pillar dam
that can be completely closed at extreme water levels. In order to maintain the largest possible
tidal range after the construction of the storm surge barrier, the volume of the Eastern Scheldt
basin had to be reduced. To this end, so-called compartmentalization dams have been built in the
eastern part of the Eastern Scheldt. With the completion of the Oesterdam in 1986 and the
Philipsdam in 1987, the Delta Works around the Eastern Scheldt were completed.

Due to the Delta Works, the Eastern Scheldt and its water management have changed significantly.
The average tidal range, tidal volume, current velocities and freshwater supply have decreased.
The compartmentalization dams have reduced the surface of the estuary from 45,200 ha to 35,100
ha. The area of shoals, tidal flats and salt marshes between high and low water level has decreased
from 18,300 to 11,800 ha. This decrease is also partly caused by a smaller tidal range: the high tide
is less high and the low tide has become less low. In Yerseke, for instance, the tidal range has
decreased from 3.70 to 3.25 m. The tidal volume has decreased by approximately 30%, from 1,230
million m? to the current 880 million m?. As a result, the flow velocities have also decreased by
about a third.

Greedy channels: the sand hunger of the Eastern Scheldt

The major changes in the water management of the Eastern Scheldt as a result of the Delta Works
disrupted the balance between the build-up and erosion of shoals, tidal flats and salt marshes (the
so-called intertidal area). Since the construction of the storm surge barrier and the
compartmentalization dams, less water flows in and out of the Eastern Scheldt at each tide (see
above). However, the tidal channels have not yet been adapted to this new condition and are too
large for the smaller amount of water. As a result, the water flows more slowly than before and
has insufficient power to transport sand from the channels to the intertidal area, where the sand is
supposed to build up shoals and tidal flats. However, the process of degradation of the intertidal
zone has not changed since the Delta Works. Erosion is especially strong during storms. Then sand
is washed off the tops of the flats into the channels and remains there. Hence, the destructive
forces are still active, but the constructive ones no longer work: the balance is disturbed. This
results in a net breakdown of shoals, tidal flats and salt marshes. The excess sand fills the channels
until they will be adapted to the slower tidal currents and a new equilibrium situation will be
achieved. Until then, the Eastern Scheldt will suffer from so-called 'sand starvation'.




The Eastern Scheldt Storm surge barrier stops almost all sand from the North Sea that could help
satisfy this sand starvation. As a result, the tidal flats and shoals of the Eastern Scheldt are the only
source of sand with which to fill the channels. Between 1986 and 2001 the surface of shoals and
tidal flats lowered on average by 25 cm and approximately 1,100 ha of shoals and tidal flats were
permanently drowned. This process of decomposition will probably only end after about a
hundred years. If no measures are taken, the shoals and tidal flats in the Eastern Scheldt will be
halved by 2050: from more than 11,000 ha in 1986 to about 5,000 ha in 2045. Salt marshes can
then only be found in sheltered locations (Rattenkaai and Krabbenkreek). In unsheltered locations
they will have completely disappeared around that time. In 2100 the intertidal area will reach a
final situation of approximately 1,500 ha. In this new equilibrium situation, the Eastern Scheldt will
consist of wider, shallower channels with only small shoals and few tidal flats.

The Voordelta

Seaward of the storm surge barrier, the mouth of the Eastern Scheldt widens between the Kop van
Schouwen and the northwest coast of Noord-Beveland and Walcheren. Here is the so-called outer
delta, a zone in the sea that consists of shallow shoals (e.g. Banjaard, Noordland, Hompels) and
tidal channels such as the Westgat and the Hammen close to the coast of Schouwen and the
Roompot in the south).

An outer delta forms where the relatively narrow estuary enters into the open sea. Due to the
widening seaward of the mouth, the velocity of the ebb current flowing out of the inlet suddenly
decreases. As a result, the ebb current deposits the transported sand and shallow shoals arise in
front of the mouth. Waves erode the top of the shoal and transport the sand back into the estuary
or to the adjacent coast.

The outer delta of the Eastern Scheldt is the second southernmost of the outer deltas of the
estuaries of Zuid-Holland and Zeeland, which are now largely dammed, namely (from north to
south) the former Brielse Maas, Haringvliet, Grevelingen, Eastern Scheldt and Western Scheldt
'"Voordelta' refers to the approximately 10 km wide shallow part of the North Sea from Hoek van
Holland to Zeebrugge in Belgium, and consists of the adjacent outer deltas of these five estuaries.

Relation with other geosites

- Western Scheldt.

- The river Scheldt in Belgium (several geosites).

- Geosites originated under influence of the development of the Eastern Scheldt (e.g. by
breaches and/or floods from the Eastern Scheldt or predecessors), e.g. Veerse Meer, Schenge,
Kolk lakes of Zuid-Beveland, Pluimpot, Markiezaat (incl. Duintjes), Kop van Schouwen.
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DETAILED DESCRIPTION

1. Location

The geosite concerns the more than 7 kilometers long and several hundred metres wide former
tidal channel the Pluimpot. This feature forms a ridge in the landscape that is in most places 1 to 2
metres higher than the surrounding polders. On the ridge are the villages of Sint-Maartensdijk and
Scherpenisse. The southernmost part of the original channel still contains water.

2. lLandscape formation

Origin of the landscape

About 3800 years ago, Zeeland was protected from the sea by an almost closed coastal barrier of
beach ridges and dunes. Behind it a vast swamp area stretched out, in which peat accumulated.
However, from a few centuries BC, the protective coastal barrier was locally breached. The sea
entered deeper and deeper inland. At the current location of Tholen, a tidal flat and salt marsh
area developed with islands that were separated from each other by tidal channels. Around 500
AD, Tholen was completely flooded and turned into a salt marsh landscape, in which the peat was
partly eroded by tidal channels and partly covered by a clay layer.

The former channel, that we now call the Pluimpot, was probably formed because smaller
branches of the current Krabbenkreek in the north and the Eastern Scheldt in the south came into
contact with each other. The Pluimpot was thus created as a connection between tidal channels
north and south of the island.

Creek ridge

The Pluimpot is now recognizable in the landscape as a higher ridge that runs through Tholen from
north to south. Because the land in this channel was diked much later than the surrounding
polders, the tide was able to deposit sand here for longer than in the polders. The difference in
relief is emphasised because the surface outside the tidal channel becomes lower over time, due
to clay dehydration and peat compaction and degradation. By contrast, in the former Pluimpot
channel, the peat layer has been washed away by the tides and the sandy subsoil is much less
sensitive to compaction.

Damming

About 1000 years ago, Tholen consisted of a group of five islands. The five oldest dikes were built
as ring dikes to protect these islands against flooding. But there was a need for contact between
the islands. Over time, 'salt dams' were built in the shallow parts of the channel to connect the
islands. At low tide, these dams dried up and people could cross the channels on foot.

In the course of the 13" and 14" centuries, all areas between the islands were diked. After the
damming of the tidal channel the Striene, east of the Pluimpot, in the year 1220, the Pluimpot was
the channel that separated the island of Tholen into an eastern and a western part. Due to, among
other things, the construction of dikes in the area, the flow in the Pluimpot slowed down, causing
it to silt up. In 1494 the oldest dike was built in the tidal channel itself, followed by several more.
In 1556, the northern part of the channel was dammed, creating an important connection over
land between the western and eastern parts of the island after the Middle Ages. The damming of
the southern part of the channel was not completed until 1957, as part of the Delta Plan after the
flood disaster of 1953.

Dike breaches and crevasse splays

Several dike breaches have occurred along the Pluimpot over the centuries. The land immediately
behind the dike breach is often somewhat higher than the surrounding polders. Such higher areas
are called crevasse splays. Crevasses splays form because water flowing into the polder carries






















2. Landscape formation

Origin of the landscape

As a result of the Holocene sea level rise, the barren sand landscape from the last ice age evolved
into a tidal area that covered most of Zeeland around 6300 years ago. When the rate of sea level
rise decreased, the beach ridges along the coast developed into an almost continuous barrier,
which protected the area behind from the sea from about 3800 years ago. Behind the beach
ridges, a vast swamp area developed in which a thick layer of peat accumulated. At the location of
the Eastern Scheldt, however, an opening remained: at the time, this was the estuary through
which the river Scheldt flowed into the North Sea. Its funnel-shaped mouth was much narrower
than it is today.

Eventually, insufficient sand was supplied from the sea to maintain the coastal barrier. Therefore,
the nearly closed coast was breached again locally from about 2600 years ago. The mouth of the
Eastern Scheldt was widened. From Roman times, major sea breaches eroded the peat in the
hinterland and turned Zeeland back into a tidal area.

Around 350 AD, the inlet of the Veere-diep had formed between present-day Walcheren and
Noord-Beveland and continued southwards from there. Around 1000 AD, a deeply incised tidal
channel also developed towards the east, between the present-day Noord- and Zuid-Beveland: the
Zuidvliet. The western and eastern parts were later called the Veerse Gat and the Zandkreek
respectively. Together they would eventually form the Veerse Meer.

Land reclamation

After the breaching of the coastal barrier, large parts of Zeeland were flooded. The peat from the
former swamp only survived on a few old island cores between the large tidal channels, where it
was only incised locally by small tidal channels and covered with a layer of clay. Several of these
old island cores are present around the Veerse Meer: the vast Walcheren (largely embanked
before the 13" century AD), a large part of Noord-Beveland (embanked from 1598 AD) and the
former islands that now jointly form Zuid-Beveland (various dates of embankment).

Over the centuries, more and more land has been embanked around the island cores. Where the
tides deposited sufficient sediment (sand and clay), higher tidal flats and shoals developed. If these
were not eroded again by a tidal channel, they could silt up further and eventually evolve into a
salt marsh — a higher area that was only flooded at very high-water during spring tides and storm
surges. Over time, new salt marshes were reclaimed on the shores. That way, the Veerse Gat and
the Zandkreek (precursor of the Veerse Meer) became narrower. The most recently diked polders
along the geosite are those on the south side of Noord-Beveland and some polders on Zuid-
Beveland along the former Schenge tidal channel, which was connected to the Veerse Gat. These
date from the 19" century.

Damming
Both sides of the tidal inlet, until then known as the Veerse Gat (west side) and the Zandkreek

(east side), were closed off as part of the Delta Works by the Veerse Gatdam and Zandkreekdam in
1960 and 1961 AD respectively. This was the origin of the present-day Veerse Meer. On the North
Sea end, it was a closed dam, while on the Eastern Scheldt end, a dam with locks was constructed
for the purpose of shipping traffic. With the damming, tidal activity disappeared from the area. As
a result, more than 2000 hectares of salt marsh have become permanently dry. Natural
sedimentation (deposition of sand and clay) and erosion disappeared. Lack of circulation and the
associated desalination led to major changes in biodiversity. In 2004, a passage to the Eastern
Scheldt was put into use, resulting in a return to higher salinity levels. The water level no longer
varies with the tides: nowadays an artificial water level is maintained.




The Schotsman

Between the Veerse Dam and Noord-Beveland, there is an approximately 200 ha nature reserve
‘De Schotsman’, which dried up after the Veerse Gat was closed. Before damming, there were salt
marshes, hundreds of metres wide, and shoals, more than 1 kilometre wide, originally stretching
from Kamperland to beyond the current Veerse Dam. On the seaward side, the salt marshes
merged into low dunes, formed by sand that was blown up from the seaward shoals. This dune
ridge is still recognizable in the landscape. The area consisted of a beach plain or a spit.

The creeks are still clearly visible on the former salt marshes. Its current grassy vegetation reflects
the clayey subsoil that is typical for salt marshes. 5Silt and clay layers are also present in the subsoil
under the dunes: an indication that older salt marshes (creeks and flats) have been drifted over by
sand. At the mouth of the Veerse Gat, shell layers tens of centimeters thick are also locally present
in the subsoil.

Artificial islands

Due to the damming, the tide has disappeared from the Veerse Meer and the original tidal
landscape in the area has thus been lost. However, there are still sandbanks and islands in the lake
between the former channels. Some of these shoals have arisen naturally, but due to the fixed
artificial water level they are no longer flooded. In addition to the natural shoals, several islands
have been constructed artificially. The Soelekerkeplaat has been constructed to protect against
further bank erosion along the southern shore of the Haringvreter. The Zandkreekplaat, Bastiaan
de Langeplaat and Spieringplaat (near Piet) have been constructed as a separation between the
waterways of commercial and recreational shipping.

Relation with other geosites

- Eastern Scheldt — inlet with which the Veerse Gat was connected.

- De Schenge — former inlet near the Veerse Gat and the Zandkreek.

- Kolk lakes of Zuid-Beveland — dike breaches along the former connection with the
(current) Western Scheldt.

- Dintelse Gorzen — salt marsh area without tidal activity in Noord-Brabant.

- Dune complex Oranjezon and the Manteling— adjacent geosite on the west side of Veerse
Meer (dune valleys and spits, comparable with the Schotsman).













Eventually, insufficient sand was supplied from the sea to maintain the coastal barrier. Therefore,
the nearly closed coast was breached again locally from about 2600 years ago. Between 100 and
350 AD, this process accelerated. From Roman times, sea breaches created large inlets and tidal
channels, including the Veerse Gat, the Zandkreek, the Schenge and their southern branches.
These channels eroded the peat. On the islands between the channels, where the peat remained,
it got covered by sand and clay. The region thus changed back into a tidal area with tidal flats, salt
marshes, channels and shoals.

Embankment and damming

Until the 17" century, the Schenge formed the division between the former island of Wolfaartsdijk
and Zuid-Beveland. Wolfaartsdijk, north of the Schenge, consists of the salt marsh Oud-Sabbinge,
which was diked before 1216 AD, and the surrounding younger polders. Over the centuries, much
of the polder area has been flooded by storm surges and was later re-embanked. As a result, parts
of the island have been under water several times or for a long time.

The first polder to be constructed in the Schenge is the Goesse polder northwest of Goes in 1331
AD. For centuries this served as protection against the south-east shifting of the Schenge channel.
After the Heerenpolder was constructed on the south side of the island of Wolfaartsdijk in 1649
AD, the Schenge between this polder and the Goesse polder was at its narrowest (about 900
metres). Two main channels flowed in this eastern part of the Schenge area: the Puije / the Goesse
Diep (nowadays called Oosterschenge) and the Wolfaartsdijkse Gat. In 1708 AD, east of
Wolfaartsdijk, the island of Oost-Beveland was embanked. The construction of the
Wilhelminapolder in 1809 AD connected the individual islands around the Schenge. With three
more embankments to the west, the Schenge area was completely reclaimed that same century.

Nieuwland

The Schenge is part of a large tidal area in which the peat from the older swamp landscape was
completely eroded after the coastal barrier was breached. Here, the shallow subsoil consists
almost exclusively of tidal deposits {sand and clay). This type of land is called Nieuwland (new land)
in the region. By contrast, land that has been much less affected by the sea after the breach of the
coastal barrier is called Oudland (old land). Even on the surface, differences can be seen between
Nieuwland and Oudland: (1) Nieuwland is relatively high: the sea has been able to deposit sand
and clay for a longer time, and the surface has compacted less because there is no peat left in the
subsoil and because less time has elapsed since the deposition of sand and clay; (2) the former
tidal channels are relatively low-lying in the Nieuwland landscape, while those in Oudland are
higher and (3) the allotment pattern on Nieuwland is different: parcels are often relatively larger
and rectilinear.

NB. Characteristic Oudland can be found on Zuid-Beveland southeast of the geosite in the Brede
Watering Bewesten Yerseke polder. The nearby geosite 8 ‘clay-covered peatlands and creek ridges
of Walcheren' also displays typical Oudland. The core of the former island of Wolfaartsdijk is also
Oudland, but it has been inundated for such a long time that its original landscape features are not
very clear anymore due to later accretion.

Elevation differences

The former channels and the surrounding flats and salt marshes show considerable elevation
differences between them in the Schenge polders. The lowest parts of former tidal channels in the
area lie at 1.5 metres — NAP. This is about 3 metres lower than the surrounding area, which has
silted up to 1.5 metres + NAP.

The tidal channels in the Schenge cannot be recognized as depressions over their entire length:
their deepest part often stops very suddenly behind a dike or dam. After diking or damming, the
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As a result of these marine intrusions, the peat area turned back into a salt marsh landscape and
was covered with a thin layer of clay. Between 1500 and 1250 years ago, the salt marshes and tidal
flats of Walcheren had silted up to the point that they formed one island. From about 1000 years
ago, the coastal erosion became stronger, possibly due to an increase in the number of storms.
The sand that was released caused the formation of the Young Dunes.

Old Dunes and Young Dunes

The Oude Duinen (Old Dunes) form elongated sand ridges, usually only a few metres high, which
lie parallel to the coast. Since their formation, vegetation has developed, which fixates the dune
sand. Over time, centuries-old dune oak forests have been formed in De Manteling on the Old
Dunes. They used to be further inland, but due to strong erosion of the coast they are now
exceptionally close to the sea by European standards.

The formation of the Young Dunes is still going on. They are located on or on the seaward side of
the Old Dunes and are generally higher. The oldest Young Dunes are the furthest inland. The
younger ones are formed closer to the sea and are even less vegetated, with pioneer species such
as marram grass. Further sand drifting is possible here. The recent dune formation takes place on
the beach.

Dune structures

In the initial stage of coastal dune formation, low dunes are formed on the beach from blown
beach sand. Above the spring tide mark, such embryonic or primary dunes form a low continuous
dune ridge. If there is sufficient sand supply, this will grow into a row of dunes up to a few tens of
metres high. In case of an expanding coast, a new dunes ridge can arise seaward of the previous
dune ridge. The sand supply to the older dune ridge then decreases sharply and the younger dune
ridge grows.

The wind can affect both the coastward dunes and the dunes further inland. Wind erosion takes
place until the sand can no longer be picked up, for instance when a more solid layer in the subsoil
or the groundwater has been reached. This is how dune slacks are created in the dune landscape.
The sand that is picked up by the wind, is redeposited behind the original dune. This process often
gives rise to parabolic dunes.

Coastal erosion

The coast west of Oostkapelle has been an erosional coast for many hundreds of years. Over the
centuries, erosion has moved the coastline several kilometers inland. Hundreds of metres have
also been eroded from the original dune area. The zone with the Young Dunes is therefore very
narrow or even absent here, and the Old Dunes are relatively close to the coast.

Close to the waterline on the coast between Domburg and Oostkapelle, clay and peat banks can
be seen at low tide. They were exposed by wave erosion. They are remnants of the peat and salt
marsh landscape from before 1000 years ago, when the Jonge Duinen (Young Dunes) had not yet
been formed and this zone was sheltered from the connected row of beach ridges further
seaward. Coastal erosion makes these buried landscapes visible again.

Fossil foredunes at Oranjezon

The north-easterly current along the coast of Walcheren brings sand with it. As a result, an
elongated beach developed on the north side of Walcheren, which was attached to land on the
south-west side and ended in the sea on the north-east side: a hook-shaped spit. Behind this
beach was a sea inlet. Dune formation started on the spit and spread inland over the salt marsh
that had developed in the inlet. This way, the inlet was gradually closed off from the open sea. A
wet, primary dune valley formed. The process of forming a spit and closing off the area behind has
















the surrounding area. There is still uncertainty about the exact origin of this phenomenon: it could
be a beach ridge, a coastal ridge or a salt marsh ridge.

The geosite is located on the north side of the Oudland of Walcheren, which is characterized by a
special relief of sandy ridges at the location of former tidal channels (creek ridges) and low-lying
marshy areas where the subsoil is made up of peat and clay (clay-covered peatlands).

NB. On the geological map of the Geopark, the beach ridge is not distinguished as a separate unit,
but overlaps with different types of tidal units.

2. lLandscape formation

Origin of the landscape

During the last ice age, a very large part of the North Sea was dry, because a lot of seawater was
stored in the large land ice sheets. Due to the sea level rise that reached Zeeland at the beginning
of the Holocene, the sea penetrated the country from the northwest and formed a tidal area with
salt marshes, tidal flats, shoals and tidal channels that covered most of Zeeland about 6300 years
ago. Sand was brought in from the North Sea and was deposited by the tide on the sea side of the
salt marshes. As a result, protective beach ridges were built up here and there. The first beach
ridges were far west of the current coastline. Due to the constantly rising sea level, these were
cleared up again and new beach ridges formed further east.

As a result of the decreasing rate of sea level rise, an almost uninterrupted beach ridge had
formed around 3800 years ago, protecting the area behind it against marine intrusions. A narrow
opening remained at the position of the current Eastern Scheldt {Oosterschelde) mouth.

Behind the protective coastal barrier, a vast peat landscape developed. About 2600 years ago,
however, the barrier was breached again. The sea gradually invaded the land behind. The mouth
of the Eastern Scheldt was widened and on the north side of Walcheren, the Veere-diep tidal inlet
— predecessor of part of the current Veerse Meer — was created.

Due to the marine intrusions, the peat area turned back into a salt marsh landscape and was
covered with a thin layer of clay. Between 1500 and 1250 years ago, the salt marshes and tidal
flats of Walcheren had silted up to the point that they formed one island. This island comprised
the area southwest of the geosite, but not yet the polder area on the far north side of Walcheren
(diked in the 12'" and 13'" centuries). At the time, the ridge was located on the bank of the newly
formed tidal inlet, the Veere-diep.

Deviating location

The 'beach ridge' of Walcheren has a different orientation compared to other beach ridges in the
Netherlands, which generally run north-south parallel to the coast. This ridge, however, is formed
parallel to the former coastline of the Veere-diep. North of the beach ridge, all peat in the subsoil
has been cleared by tidal currents in the inlet. By contrast, peat is still present in the subsoil south
of the ridge.

The ridge consists of three parts. The westernmost interruption coincides with a wide creek ridge
on the Oudland (‘old land’: the old island core, where peat has been preserved in the subsoil). At
Oostkapelle, this creek ridge is perpendicular to the presumed beach ridge. The eastern break
coincides with the Serooskerke Kreek. Because the creeks cut through the ridge, it is likely that
they were already active during the formation of the ridge, thus preventing the formation of a
continuous ridge here.

Beach ridge or not?




There is still uncertainty about the exact origin of the 'beach ridge' at Walcheren. A beach ridge is
a sandbank parallel to the coast that dries up at low tide. It is built up of sand that is eroded
(elsewhere) by the current and wave action, and transported into the shallow surf zone. Sand
brought in by sea and wind further raises the beach ridge, until it eventually emerges above high-
water level and forms a new beach. Due to drifting sand, dune formation can take place on this
beach. In this way, beach ridges can develop into natural coastal barriers that protect the land
behind.

On the geomorphological map of the Netherlands (1:50,000), the higher ridge on Walcheren is not
marked as a beach ridge, but as a coastal ridge. A coastal ridge is described as a low and relatively
narrow, elongated ridge of material that is deposited by wave action. The difference with a beach
ridge is that a coastal ridge forms onshore during a period of coastal erosion, instead of in the
shallow surf zone of a seaward expanding coast. Beach ridges and coastal ridges are both regarded
as coastal areas that are influenced by tidal action, as well as wave action, currents and wind.

Another phenomenon is the salt marsh ridge. This is a slight elevation of the surface on a salt
marsh (a high, vegetated part of the tidal area) where sand and silt are trapped by the vegetation
during spring tides and storm surges. Salt marsh ridges are regarded as a marine environment and
are mainly influenced by the tide. Some investigators consider the ridge of Walcheren to be a salt
marsh ridge, which extended as far as Veere before it was partly eroded by the tides.

Age

Besides differences in interpretation of the formation history of the ridge in the landscape,
different reports are also made about the age of the ridge. According to the geomorphological
map of the Netherlands from 2019 (1:50,000), the material of the ridge would have been
deposited after 900 AD. Other sources mention a formation beginning around 350 AD and
reaching a maximum around 1000 AD. To the north of the 'beach ridge' there are still a few
polders that were diked before the year 1200. Hence, the rampart must at least date from before
that.

Relation with other geosites
- Dune complex Oranjezon and the Manteling — dunes and beach ridges.

- Creek ridges and pool grounds of Walcheren — Oudland Polder of Walcheren.

- Eastern Scheldt —inlet along which the ridge is formed.

- Veerse Meer —remnant of the inlet that formed after the breach of the coastal barrier
along the beach ridge on the north side of Walcheren.
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1. Location

The geosite is located on the west side of Walcheren and covers an area of creek ridges and clay-
covered peatlands with a total area of 33 km?. The area stretches from Westkapelle in the west to
Grijpskerke in the east, and from Aagtekerke in the north to Zoutelande in the south. Various
types of tidal channels can be seen in the area: old, large-scale systems hundreds of metres wide,
small-scale rectangular creeks following a historic ditch pattern and a young sea breach as a result
of military inundation during the Second World War.

2. Landscape formation

Origin of the landscape

The barren, glacial landscape of the final Pleistocene got covered by tidal deposits (sand and clay)
during the warmer Holocene as a result of the melting ice sheets and rising sea level. Initially the
coast was open: there was no barrier protecting the inland from marine influence. Around 6,500
years ago, a landscape with salt marshes, tidal flats and tidal channels had developed on
Walcheren,

During the Holocene, the rate of sea level rise decreased and about 3800 years ago an almost
closed coastal barrier of beach ridges was created. Because of this somewhat higher zone on the
coast, the hinterland was protected from the tide and a large freshwater swamp was created, in
which peat accumulated. That way a vast peat area developed in Zeeland, with peat up to several
metres thick.

From a few centuries BC, the protective coastal barrier was locally breached and the influence of
the sea increased once again. Especially since Roman times, sea breaches penetrated ever deeper
inland. Over the centuries, part of the peat was eroded by large tidal channels, but in some areas,
such as in West Walcheren, there was no such deep erosion. Here, the peat was only incised in a
few creeks. Beyond those creeks, the sea deposited a thin layer of sediment (clay and sand) on top
of the peat, which was buried and got more and more compressed.

Clay-covered peatlands and creek ridges

Although large-scale erosion has not occurred in this area, creeks have incised into the peat. The
creeks drained the peat area, causing the peat to partly decompose. As a result, the peat surface
was lowered and during high tides clay from the creeks was depaosited on top of the peat, forming
a thin clay layer. The weight of the clay further compressed the peat. In this way the peat area
changed back into a salt marsh landscape.

The current within the creeks of this salt marsh landscape was stronger than outside the creeks. As
a result, in addition to clay particles, the creeks were also able to transport the heavier sand
grains. That way, during the silting up of the salt marsh, only clay was deposited outside the
channels, but the creeks themselves got filled with (clayey) sand, with only a thin clay cover on
top.

Over the centuries, the peat and clay outside the creeks were compressed, thus lowering the land
surface. This compression affected the sandy creek infill to a much lesser extent. That is why the
former channels now form higher elevations in the landscape. We call these higher parts creek
ridges. This is often where the oldest roads and settlement centers are located. Because of their
higher and drier location, creek ridges were also used as arable land. The low-lying clay-covered
peatlands outside the creek ridges are called poelgronden in the region. These soils are often
under water for a long time in winter and are almost exclusively suitable for pasturage.

Creek ridges of southwest Walcheren




Southwest Walcheren is intersected by several large, hundreds of metres wide creek ridges that
testify to the wide tidal channels that once cut through the area. Along the southeast side of the
area is a wide creek ridge that is approximately 1.5 metres higher than the surrounding land. This
former tidal channel was active from ca. 270 to 1000 AD. Several villages have been founded on it,
including Grijpskerke and Meliskerke, first mentioned in writing in 700 and 1240 AD respectively. A
younger, somewhat smaller tidal channel cuts through the creek ridge on its southeast side. A
second wide creek ridge runs on the northwest side of the area. The village of Aagtekerke is
located on this ridge. This creek ridge is in turn intersected by a younger, smaller tidal channel, the
Westkapelle creek, which formed as a result of a bombing raid in the Second World War.

Bombing and the Westkapelle creek

By the end of the Second World War, the port of Antwerp was controlled by the western Allies. To
secure its access via the Western Scheldt, it was important to liberate the banks of the Scheldt
from German occupation. That is why the Allies decided to conduct a military inundation of
Walcheren.

Residents were warned to leave the island by means of pamphlets and the English radio, after
which part of the population fled. On October 2, 1944, the seawall of Westkapelle was bombed by
the Allies. Besides the seawall, the western part of the village was also destroyed. Many civilians
who remained, died. In contrast to other, more inland inundations, here the tides strongly
affected the hinterland and eroded two large gullies inland. The gap at Westkapelle was not closed
until October 12, 1945.

NB. Despite the spring tide, the bombardment near Walcheren, in which approximately 130 metres
of seawall was breached, proved insufficient to inundate the island. That is why hundreds of metres
of seawall at Vlissingen, Rittem and Veere were also destroyed in the same month, and the locks at
Vlissingen and Veere were bombed. That way, 16,000 ha (160 km?) of Walcheren was deliberately
flooded. After a difficult period of recovery, the last gap was closed on February 22, 1946.

Historic ditch pattern

Between the large former tidal channels, smaller and lower creek ridges occur. Some of these
creek ridges follow a natural, somewhat irregular pattern, as expected from tidal channels. But the
small creeks that cut through the clay-covered peatlands of Walcheren often follow a rectangular,
unnatural-looking pattern. When the sea re-entered the land after breaching the coastal barrier,
the small tidal channels followed the path of least resistance. In this area there was an existing
network of ditches dating mainly from Roman times. These ditches were dug to drain the peatland
and make it habitable. They connected to the larger tidal channels. The peat itself was also dug out
as a fuel and for salt production.

Relation with other geosites
- Dune complex Oranjezon and the Manteling — more about beach ridges and dunes.

- Southwest Walcheren — adjacent dune area.
- Beach ridge of Walcheren —ridge in the landscape on the north side of Walcheren.
















dominant south-westerly winds. Erosion is evident in the cliff between the dunes and the beach,
and in the local exposure of intertidal deposits predating the formation of the dunes on the beach
at low tide.

DETAILED DESCRIPTION

1. Location

The geosite consists of the dune area at the mouth of the Western Scheldt that extends along the
southwestern side of Walcheren, from Zoutelande to Vebenabos near Dishoek. The dune tops
reach up to ca. 50 m + NAP and are among the highest in the Netherlands. The dune ridge is only a
few 100 metres wide. On the southwest side, an erosional cliff forms a steep transition to the
beach. On the northeast side, the high dunes change quite abruptly into the polder area behind,
which is partly covered by a thin layer of dune sand. This former tidal area inland from the dunes is
located at approximately 0.5 m - NAP (clay-covered peatlands) to 1.0 m + NAP (creek ridges).
Elsewhere along the southwest coast of Walcheren, from Westkapelle to Vlissingen, the dune area
is even narrower than at the geosite. There, it consists of only one row of dunes about 100 metres
wide, which runs parallel to the coast of the Western Scheldt.

2. Landscape formation

Origin of the landscape

During the last ice age, the North Sea was largely dry, because a lot of seawater was stored in the
large land ice sheets. Due to the sea level rise after the ice age, the sea entered from the
northwest into Zeeland and formed a tidal area with salt marshes, tidal flats, shoals and tidal
channels that covered most of Zeeland about 6300 years ago. From the North Sea, sand was
brought in and deposited by the tide on the sea side of the salt marshes. This resulted in the build-
up of protective beach ridges here and there. The first beach ridges were far west of the current
coastline. Due to the continuously rising sea level, these were eroded again and new beach ridges
formed further east (landwards).

In the course of the Holocene, the rate of sea level rise decreased. Around 3800 years ago, an
almost continuous barrier of beach ridges and dunes had formed more or less at the position of
the current coastline, protecting the area behind against sea breaches. Behind it, a vast swamp
area formed, in which peat accumulated.

From about 2600 years ago, the protective coastal barrier was locally breached, thus causing the
return of marine influence on the hinterland. Here and there, possibly also at the present estuary
of the Western Scheldt south of Walcheren, there were narrow openings in the coastal barrier,
along which small channels drained the peat area. The Honte, the predecessor of the current
Western Scheldt, may have been created in this way. From Roman times, as a result of marine
intrusions, the peat river de Honte gradually grew eastwards into a tidal inlet, from which the
inland flooded. Between 350 and 500 AD, Walcheren changed back into a tidal landscape with salt
marshes, tidal flats, shoals and tidal channels covering the peat area. Along the mouth of the inlet,
just south of the present-day coast of Walcheren, new beach ridges were formed.

Between 1500 and 1250 years ago, the salt marshes and tidal flats of Walcheren had silted up to
such an extent that Walcheren formed one island. The expanding tidal inlet eroded the newly
formed beach ridges and the dunes that had formed on them. However, new beach ridges and
dunes formed further inland and maintained. They may have formed against dikes built in the
Middle Ages. Around 750 AD, a new coastal barrier had been formed along the current southwest
side of Walcheren on the north bank of the (predecessor of the) Western Scheldt.

Very steep and high dune ridge




The dunes along the southwest side of Walcheren have been deposited on the older tidal
landscape that has partly been eroded again by marine intrusions from the Western Scheldt.
Locally, along the coast, the edge of this tidal landscape, which is covered by beach and dune sand,
is exposed again at low tide. Immediately south of the geosite and just off the coast is the Oostgat,
a more than 10 metres deep tidal channel in the mouth of the Western Scheldt that erodes the
shore. This is one of the reasons that the dune area here is so narrow, steep and high.

Due to the location of the tidal channel, the sand supply available for the formation of dunes is
limited, and there is only a very narrow beach in front of the dune ridge. During storm surges, the
dunes can be eroded. Moreover, due to the orientation of the dune ridge with respect to the
predominant south-westerly wind direction, the sand that is deposited on the beach is blown up
almost immediately and deposited on top of the dune. This raises the dune considerably.

Due to the dangerous situation with the deep Oostgat near the coast, this dune area is
meticulously maintained by humans. Sand that drifts inland is captured by vegetation as quickly as
possible. Partly because of this, the dunes along the southwest coast of Walcheren are very
narrow. However, at the location of the geosite, the wind has gained a better grip on the dune,
and the sand has been blown hundreds of metres inland. There, a thin layer of windblown beach
and dune sand is present on the older tidal deposits behind the highest dunes.

Dike breach and the subsaoil below the dunes

Although dune formation on the southwest coast of Walcheren started centuries earlier and
historical sources from the 14" and 15™ centuries already mention dunes, there was no
continuous dune ridge near Dishoek about 600 years ago. A medieval dike was built to protect the
polder land behind from flooding. In January 1396, however, this dike was breached. That is why
secondary dikes were built — these dikes were located further inland than the usual seawalls, and
were intended to prevent the seawater from penetrating even deeper into the polder. These
secondary dikes were also threatened by the sea in the subsequent period. This illustrates the late
formation of the continuous dune ridge in the area.

The subsoil in the hinterland and under the dunes consists of predominantly clayey and peaty
deposits, formed in the former swamp and tidal area, intersected by wide, sandy creek ridges. At
Dishoek, such a creek ridge runs under the dune area towards the sea. This is recognizable in the
elevation image: in the polder landscape, the creek ridge is slightly higher than the surrounding
area. The local composition of the subsoil may have played an important role in the collapse of the
dike at this location: the relatively loose sandy subsoil of a creek ridge is more susceptible to
erosion than the solid clay and peat layers of the surrounding area.

Relation with other geosites
- Kop of Schouwen — extensive and diverse dune area along which both coastal erosion and
coastal accretion take place.
- Dune complex Oranjezon and the Manteling (northwest Walcheren).
- Creek ridges and pool grounds of Walcheren — old island core, protected by coastal
barrier, immediately north of this geosite.
- Woestern Scheldt — description and development of the estuary south of the geosite.
















Geomorphology: A rare example of an area that is part of an old island core (‘Oudland’) and where
the original small-scale irregular relief resulting from medieval peat extraction and salt production
is still visible.

Sedimentology: not applicable.

DETAILED DESCRIPTION

1. Location

This geosite consists of two areas in the old island core ‘Brede Watering Bewesten Yerseke' with a
combined area of approximately 2 km?. The largest area is located west of Sinoutskerke and the
smaller area south of 's-Heer Abtskerke. The original character of the old island core has been
preserved because for centuries the former island was not or hardly under marine influence, and
little or no levelling and rearrangement of land parcels has taken place at the geosite.

NB. Near Nisse, in the extreme southwest of this polder, there is another place that is called De
Poel, but that is located outside the geosite. Here too, the ariginal character of the landscape has
been better preserved than in other parts of the former island.

2. Landscape formation

Qrigin of the landscape

The barren ice age landscape at the end of the Pleistocene became covered by tidal deposits (sand
and clay) during the warmer Holocene, as a result of the melting ice sheets and rising sea levels.
Initially the coast was open: there was no barrier protecting the inland from marine influence.

During the Holocene, the rate of sea level rise decreased and about 3800 years ago an almost
closed coastal barrier of beach ridges and dunes was created. Because of this higher zone on the
coast, the hinterland was protected from the tide and a large freshwater swamp was created, in
which peat accumulated. That way a vast peat area developed in Zeeland, with peat up to several
metres thick.

From a few centuries BC, the protective coastal barrier was locally breached and the influence of

the sea increased once again. Especially since Roman times, sea breaches penetrated ever deeper
inland. Over the centuries, part of the peat was eroded by tidal channels, but in some areas, such
as De Poel, there was no such deep erosion. Here, the sea only deposited a thin layer of sediment
(clay and sand) on top of the peat, which was buried and got more and more compressed.

NB. Old island cores such as this area, which experienced little erosion after breaching of the
coastal barrier, are also called Oudland (old land). Other areas were largely eroded by the marine
intrusions, but later silted up again. These areas, which were often only dammed after 1200 AD,
are colled Nieuwland (new land). Nieuwland is relatively high in the landscape, because the sea has
been able to deposit sediments there for a long time. West and south of the island core of this
geosite are the major sea breaches described in geosites of the kolk lakes of Zuid-Beveland and De
Zwake.

Creek ridges and pool grounds

Large-scale erosion has not occurred around the geosite after the breach of the coastal barrier, but
the old island core has been incised in several places by large and small tidal creeks. Due to the
stronger current in the creeks than outside, part of the peat has been washed away and sand has
been deposited in the creeks. Outside the creeks, the flow rate of the water was lower and mainly
clay was transported and deposited on top of the peat. Over the centuries, the peat and clay
outside the creeks compacted, thus decreasing the land surface there. Compaction affected the
sandy channel fills much less. That is why the former channels are now higher in the landscape and
form so-called creek ridges. This is often where the oldest roads and settlement centers are
located. Because of their higher and drier position, creek ridges were also used as arable land. The




low-lying clay-covered peatlands outside the creek ridges are called poelgronden in the region.
This land is often submerged in water for a long time in winter and is almost exclusively suitable
for pasturage.

Creek ridges vary in size. The Brede Watering Bewesten Yerseke contains several creek ridges of
more than a kilometre wide, which are approximately 2 metres higher than the surrounding
landscape. The geaosite is located in between some of these large creek ridges. In the north-
western part of the geosite itself, no small creek ridges are recognizable. These clay-covered
peatlands now form a valuable bird area and are part of the geese reserve of De Poel. The
elevation differences here are very irregular and probably caused by peat excavation. The south-
eastern part of the geosite is crossed by two parallel south-west-northeast oriented creek ridges
about 150 metres wide, which are 1 metres higher than the surrounding clay-covered peatlands.
The seventeenth-century farm Hoeve van der Meulen is located on the northern creek ridge: a
geological monument.

Peat excavation and salt production
When the peat in the region was flooded by seawater after breaching of the coastal barrier, salt

was left behind in the peat. The peat was therefore not only suitable as fuel, but also for salt
production. The excavation of peat for salt production is called moernering, selnering or
darinkdelven in the region.

Initially, the excavation of the peat under the clay layer was not yet regulated. This is called ‘wild’
moernering. After digging away the peat, a bumpy terrain was left behind that was hardly usable
anymore. Locally, this is also referred to as a hollebollig (concave-convex) landscape.

During later, and better regulated, peat excavations, rectangular blocks or long and narrow strips
were dug out. The layer of young marine clay was first dug out. Between the pits, a strip of peat
remained, on which the excavated clay was placed. That strip also served as a water barrier for the
adjacent pit. The peat under the clay layer was extracted. The unevenness in the landscape due to
this type of peat extraction follows more regular patterns.

Land reclamation and disappeared inner dikes
De Poel is part of the Brede Watering Bewesten Yerseke polder, which dates from before the 13'"

century. This is the largest polder in Zuid-Beveland, stretching from Nisse in the west-southwest to
Yerseke in the east-northeast. This polder was not constructed in one phase, but built up from
several smaller former polders, to which new pieces of silted up salt marsh were gradually added
by diking them. The dikes that ended up within the new seawall as a result of the embanking of
the salt marshes were often removed in the past, because they were no longer useful. That way
the Brede Watering Bewesten Yerseke has grown into a polder of exceptional size, without inner
dikes. However, the consequence of the destruction of the inner dykes was that in case of dike
breaches, there is no second (or later) protective flood defence in the hinterland. As a result, large
pieces of land were at risk of being engulfed by the sea in the event of dike breaches — a fate from
which this large polder was however spared. The breaking down of dikes was forbidden in 1452
AD. The inner dikes have therefore been preserved in land that was reclaimed later.

Relation with other geosites
- The development of geosite ‘Oudland area De Putting’ is comparable with De Poel.

- Yerseke and Kapelse Moer — peat excavation in the east of the Breede Watering Bewesten
Yerseke polder.
- Kolk lakes of Zuid-Beveland — dike breaches along the former inlet west of De Poel.



















Kamer silted up and the area was gradually reclaimed. Around 1400 only a 300-metre-wide
channel was left of the Kamer, which was then dammed on bath sides. The Ouwelandpolder was
thus connected to the eastern island: the Brede Watering Bewesten Yerseke.

In the year 1441, between the Schenge in the north and De Zwake in the south, approximately
1,530 hectares of salt marsh were diked in a complex of 21 small polders. The Looyve, the tidal
channel on the west side of the Ouwelandpolder, was also completely dammed in 1445. In the
middle of the 15" century, the connection between De Zwake and the Western Scheldt was also
closed. Reclamation of the tidal area west of the Looyve only occurred in the following centuries.
The former channel de Kamer between the dams is still recognizable as a low-lying zone in the
landscape. Today only the Schouwerweelsche watergang remains as a remnant of the originally
several kilometers wide channel.

Formation of kolk lakes

By the reclamation of the tidal area during and after the Late Middle Ages, man formed new land.
But that reclamation was not without a struggle. The dikes surrounding newly reclaimed land were
always exposed to open water. Under the influence of weather and tides, these sea dikes
sometimes breached. As a result, the water plunged forcefully into the area behind the dike.
Where the dike collapsed, the vortex created a kolk hole (called weel in the region).

When the dike breach could be repaired quickly, the dimensions of the kolk hole remained limited.
In the small kolk lakes of this geosite, that was probably the case. When tides have access to the
area behind the dike for a longer period of time, they erode the inland and the salt marsh or tidal
flat on the sea side of the dike and form a channel. If not prevented by humans, the polder behind
it will drown and the channel can develop into a new tidal inlet.

NB. The Zwaakse Weel, a recreation area and geosite to the southeast of this area, has a
misleading name. This geosite is not a dike breach, but a remnant of a tidal channel.

Recognizing dike breaches

Most dikes are constructed in relatively straight lines. However, after a dike breach, people usually
chose the easiest way to repair the dike: with a bend around the deep kolk lake. The new dyke was
constructed landward or seaward of the hole. Former dike breaches can therefore be recognized
by the round lakes just behind or in front of the dike, as well as by irregular bends in the dike itself.

A clear example is the Brilletjesdijk, northwest of Ovezande. No fewer than four kolk lakes are
present here along a less than one-kilometre-long stretch of winding dike. Two of the breaches
occurred so close to each other that the kolk pools now form a figure-eight shaped lake. Such
overlapping kolks are sometimes referred to as ‘brilletjes’ (glasses), hence the name Brilletjesdijk.

The Oudland of Nisse

The elevation map shows that the village of Nisse is located much lower than the surrounding tidal
area, which was reclaimed later. This is because Nisse is located on the southwest side of the
former island of the 'Brede Watering Bewesten Yerseke'.

The Brede Watering Bewesten Yerseke is one of the oldest and largest polders in Zeeland. The area
has hardly been influenced by the sea for many centuries. This type of land is therefore called
Oudland (old land). Because the land has been diked for so long, hardly any new sediment (sand
and clay) has been deposited here by the sea for centuries. In the surrounding area that was diked
only later (the Nieuwland or new land), sediment accumulation lasted much longer. As a result,
the polders of the Looyve, the Kamer and the Zwake (Nieuwland) are at a higher elevation than
the Qudland.
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DETAILED DESCRIPTION

1. Location

The Yerseke and Kapelse Moer is situated between the Western Scheldt (Westerschelde) and the
Eastern Scheldt (Oosterschelde) on both sides of the Zuid-Beveland Canal at an elevation of
approximately -1.5 to 0.5 m NAP. They have a combined area of 5 km? and originally formed one
connected area on the old island core in the Brede Watering Bewesten Yerseke polder. In the
Middle Ages, the area was intensively used by man for salt production. The authentic twelfth-
century polder landscape has been very well preserved here, in contrast to the surrounding area.

2. Landscape formation

Origin of the landscape

The barren glacial landscape at the end of the Pleistocene got covered by tidal deposits (sand and
clay) in the warmer Holocene as a result of the melting ice sheet and rising sea levels. Initially the
coast was open: there was no barrier protecting the inland from marine influence.

In the course of the Holocene, the rate of sea level rise decreased and about 3800 years ago an
almost closed coastal barrier of beach ridges and dunes formed. Because of this higher zone along
the coast, the hinterland was protected from the tide and a large brackish water swamp
developed that later became fresh and in which peat accumulated. This way, a vast peat area
developed in Zeeland, forming an up to several metres thick peat layer that could protrude far
above the high-water level at the time.

From about 2600 years ago, the protective coastal barrier was locally breached and the marine
influence increased once again. Especially since Roman times, sea breaches penetrated ever
deeper inland. Over the centuries, part of the peat was eroded by tidal channels. There was no
such deep erosion on the island core on which the Yerseke and Kapelse Moer are located. Here the
sea only deposited a thin layer of sediment (clay and sand) on the peat, which got buried and
increasingly compacted.

Oudland

The Oudland (old land) of Zuid-Beveland is formed as an old tidal landscape from before common
era, in which marine influence has been relatively limited since its formation. Areas such as this,
which experienced little erosion after breaching of the coastal barrier are considered Oudland. The
Oudland of Yerseke and the Kapelse Moer was diked in the 12" century. It is part of the former
island of 'Brede Watering Bewesten Yerseke' - one of the oldest polders in Zeeland.

No large-scale erosion did occur on the Oudland after the breaching of the coastal barrier, but the
island core has been incised in several places by tidal creeks. Due to the stronger current in the
creeks than outside, part of the peat has been washed away and sand has been deposited in the
creeks. Outside the creeks, the flow rate of the water was lower and mainly clay was transported
and deposited on top of the peat. Over the centuries, the peat and clay outside the creeks
compacted, thus decreasing the land surface there. Compaction affected the sandy channel fills
much less. That is why the former channels are now higher in the landscape and form so-called
creek ridges. The low-lying clay-covered peatlands outside the creek ridges are called poelgronden
in the region. The geosite is situated in such clay-covered peatland, which is surrounded by some
larger creek ridges.

NB. The areas that developed after 1000 AD and were often embanked after 1200 AD are called
Nieuwland (new land). Nieuwland is relatively high in the landscape, because the sea has been able
to deposit sediments there for a long time.

Peat extraction and salt production




When the peat in the region was flooded by seawater after breaching of the coastal barrier, salt
was left behind in the peat. The peat was therefore not only suitable as fuel, but also for salt
production. The extraction of peat for salt production is called moernering, selnering or
darinkdelven in the region.

Initially, the extraction of the peat under the clay layer was not yet regulated. This is called ‘wild’
moernering. After digging away the peat, a bumpy terrain was left behind that was hardly usable
anymore as agricultural land. Locally, this is also referred to as a hollebollig (concave-convex)
landscape.

During later, and better regulated, peat excavations, rectangular blocks or long and narrow strips
were dug out. The layer of young marine clay was first dug out. Between the pits, a strip of peat
remained, on which the excavated clay was placed. That strip also served as a water barrier for the
adjacent pit. The peat under the clay layer was extracted. The unevenness in the landscape due to
this type of peat extraction follows more regular patterns.

Effects of peat extraction

Peat excavation locally has a major effect on the landscape. The land surface becomes more
irregular and the average surface elevation is lowered. The intensive excavation leads to drainage
problems, local differences in humidity, vegetation and later land use.

Outer dike peat extraction could lead to destruction of the foreland of the dike, increasing the risk
of dike damage during storm surges. By extracting peat within the dikes, the sea could penetrate
deeper into the country in the event of breaches. It is thought that the disastrous dike breaches of
the St. Elizabeth's Flood in 1421 may have been partly the result of peat extraction. Peat extraction
is also said to have contributed to the drowning of the Land of Reimerswaal (het Drowned Land of
Zuid-Beveland, now in the Eastern Scheldt) east of Yerseke.

Due to the extensive damage to the landscape, peat extraction was bound by rules and even
banned at the end of the Middle Ages. Many affected areas have been levelled and reparcelled on
a large scale in the past century. The Yerseke and Kapelse Moer are therefore special: the
authentic twelfth-century polder landscape can still be seen here.

Relation with other geosites
- Eastern Scheldt — The area Drowned Land of Zuid-Beveland (the former polder De Brede

Watering Beoosten Yerseke), lost to the tides in the 16" century.

- Oudland area De Putting — peat extraction landscape on Zuid-Beveland.

- QOudland area De Poel — peat extraction landscape in Zeeuws-Vlaanderen (Zeelandic
Flanders).
















Geomaorphology: Although tidal influence has stopped due to human intervention, the former tidal
landscape retains many features of its active state and the patterns of the tidal channels dissecting
the former salt marshes are still recognizable. De Duintjes are peculiar as young coastal dunes that
have formed far inland in an estuary but are also no longer active.

Sedimentology: The area can serve as a 'field laboratory' to demonstrate and study the effects of
the disappearance of tidal activity on the development of a former tidal area, where new dynamic
processes such as soil maturation and compaction, desalination and hydroseral succession are
clearly visible.

DETAILED DESCRIPTION

1. Location

The geosite Markiezaat is located in the west of the Province of Noord-Brabant, immediately
southwest of Bergen op Zoom, on the territory of the municipalities of Bergen op Zoom,
Reimerswaal, Woensdrecht and Tholen. The western part of the geosite belongs to the Province of
Zeeland. In the east it borders the geosite Brabant Escarpment (Brabantse Wal) — Kalmthoutse
Heide (no. 15).

Markiezaat is a former tidal area with salt marshes, tidal flats, shoals and tidal channels and
creeks, and a small area with young drifting dunes in the east, against the Brabant Escarpment
(Duintjes). Half of the area consists of open water, the Markiezaatsmeer, which is weakly brackish.
It concerns a former part of the saltwater tidal area of the Eastern Scheldt, which was closed off
from tidal activity and became more fresh after the construction of the Scheldt-Rhine connection.
The geosite is about 6.5 km long in a north-south direction and 4.5 km from west to east and is
about 2000 ha, of which 1000 ha is open water. The elevation increases from 0.5 m + NAP on the
banks of the Markiezaatsmeer to approx. 3 m + NAP at the foot of the Brabant Escarpment in the
east. The dried-up salt marsh area in the south is located at a maximum of approximately 2 m +
NAP. The highest point is in the Duintjes at about 7 m + NAP. The water level of the
Markiezaatsmeer fluctuates between approximately 0.0 m and 0.5 m + NAP. The lake is a
maximum of about 3 metres deep and an average of 2.1 metres.

2. Landscape formation

Origin of the landscape

The end of the last ice age: the Scheldt at the foot of the Brabant Escarpment

At the end of the last ice age, the sea level was much lower than it is now and a large part of the
North Sea was dry. The area of Markiezaat was part of a vast polar desert. The wind had free rein
and deposited a layer of coversand over the entire landscape, with a thickness of 1 to 2 m. The
Scheldt flowed at the foot of the Brabant Escarpment from Antwerp to the north, towards the
valley of the Rhine and the Meuse. A wide bend of this former Scheldt valley lies at a depth of 10
to 15 m below the tidal flats and salt marshes of Markiezaat.

Rising sea level after the last ice age: tidal deposits, the Eastern Scheldt (Eastern Scheldt) and peat
formation.

After the last ice age, the sea level rose rapidly due to the melting of the large land ice sheets. In
the coversand landscape of that time, this was first noticeable by a deterioration of the drainage,
which resulted in the formation of a peat layer that covered the lowest parts of the landscape (the
so-called Basal peat). Around 8,000 years ago, the sea entered the low-lying Scheldt valley at the
foot of the Brabant Escarpment near the Markiezaat, which first changed into an estuary with
weak freshwater tides and then into a brackish water tidal area with salt marshes, tidal flats and
deep tidal channels.




The predecessor of the current Eastern Scheldt developed between 7,400 and 6,300 years ago. An
important tidal channel developed from the coast in an easterly direction, approximately at the
location of the present Eastern Scheldt. Through Tholen it connected with the northward flowing
Scheldt near the Brabant Escarpment, just northwest of the Markiezaat. The Scheldt started to use
this shortcut to the sea in a north-westerly direction. The original northern course fell into disuse
and was filled in with clay and peat.

Due to the slowdown in sea level rise, around 3,800 years ago an almost uninterrupted beach
ridge had formed more or less at the position of the current coastline, and protected the area
behind against further intrusions from the sea. Behind this coastal barrier was a large freshwater
swamp in which a thick layer of peat accumulated. At the location of the current Eastern Scheldt, a
small opening remained, which formed the mouth of the river Scheldt. The Scheldt flowed through
the vast peat area like a small meandering river. At the Markiezaat it was no more than 100 m
wide and was subject to weak tides or no tides at all.

The sea has returned

From a few centuries before commeon era, marine influence increased once more. Especially from
Roman times, sea breaches entered ever deeper inland. The Scheldt mouth was eroded deeper
and wider, but was still much narrower than the Eastern Scheldt as we know it today. The entire
coastal plain again became a large tidal area with tidal gullies eroding the peat. Around 300 AD the
area of the Markiezaat had once again turned into a tidal flat and salt marsh landscape. Close to
the Scheldt and other tidal channels, a relatively thin layer of clay and sand was deposited on top
of the peat. Further from the Scheldt, at the foot of the Brabant Escarpment, the peat was still at
the surface.

Reclamation and flooding

The embankments along the Scheldt in the area of the Markiezaat already started in the 12'"
century. The first dikes protected only limited areas. Possibly in response to new floods (e.g. in
1134 AD), these small polders were subsequently connected to form larger entities by building
dikes around salt marshes and creeks that were located between the polders. The dike along the
village of Hildernisse, already mentioned in 1095, may have had such an age.

The low-lying early polders west of the Brabant Escarpment were used as agricultural land, which
led to subsidence due to drainage. Moreover, peat was extracted on a large scale for use as fuel,
but also for the economically more interesting production of salt, which had washed into the peat
over the centuries. The peat extraction had a major effect on the land, which became wet and
attained an irregular surface. Moreover, the extraction of peat, in combination with the drainage
of the polders, led to a lowering of the land surface, making the area very vulnerable to flooding.

During storm surges in the 13", 14" and 15" centuries AD, dike breaches repeatedly occurred in
the polders along the Scheldt, but the damage could be repaired relatively quickly. However, the
storm surges of 1530 AD (Saint Felix Flood) and 1532 AD had disastrous consequences throughout
the region. Large parts of Zuid-Beveland (the current Drowned Land of Zuid-Beveland) and all
polders along the Scheldt up to present-day Belgium were lost as a result of these floods. Although
parts of the land were temporarily re-embanked, many polders were permanently lost during
subsequent floods in 1552 and 1570 AD. In the Markiezaat area, the old village of Ossendrecht, the
prosperous Hildernisse, the hamlets of Vijfhuizen and Roversberg and the Emmaus monastery
drowned along with the polders. Much of the lost land has never been reclaimed again. The old
polder land was incised by channels and creeks which, under tidal influence, deposited sand and
subsequently clay on top of the old polders, in tidal flat and salt marsh environments. This salt
marsh and creek landscape can still be recognized in the current Markiezaat. Until the 19"
century, the tidal flats and salt marshes southwest of Bergen op Zoom were known as the




'Drowned Land of de Markiezaat van Bergen op Zoom'. In the west it connected to the extensive
tidal flats and salt marshes of the Drowned Land of Zuid-Beveland, from which it was only
separated by the relatively narrow channel that connected the Eastern Scheldt en the Western
Scheldt.

Since the development of the Western Scheldt (Westerschelde) in the 9" century AD, the Scheldt
had two courses to the sea: via the Eastern Scheldt and via the Western Scheldt. The Western
Scheldt became increasingly important compared to the Eastern Scheldt and from the 16" century
onwards, it became the main connection of the Scheldt with the sea. Subseguently, the connecting
channel between the Eastern Scheldt and the Western Scheldt to the west of the Brabant
Escarpment started to silt up quickly. In 1867 AD this channel, the Kreekrak, was closed by a
railway dam near Woensdrecht, just south of the Markiezaat, which separated the two Scheldt
branches from each other. The Markiezaat area remained part of the Eastern Scheldt as a dynamic
tidal area. At low tide, large areas of tidal flats emerged, but at high tide the water reached the
foot of the Kraaijenberg, one of the protruding 'capes’ of the Brabant Escarpment east of the
Markiezaat. During the storm surge disaster of 1953, erosion even took place at the foot of the
Kraaijenberg.

The Markiezaat after the damming of the Eastern Scheldt

With the construction of the Markiezaatskade in 1983 and the Oesterdam in 1986, the tidal flat
and salt marsh area of the Drowned Land of de Markiezaat van Bergen op Zoom was closed off
from the Eastern Scheldt and the natural tidal activity disappeared from the area. Subsequently,
the area was further compartmentalized by the construction of the Bergse Plaat residential area
(1984) and the Binnenschelde lake (1988). The remaining Markiezaatsmeer gradually became
more fresh within a couple of years. The lake level can fluctuate naturally for about 40 cm. On the
south shore, extensive, permanently dry former salt marshes are present. Within the shallow lake
there is one island, the Spuitkop.

Due to differences in elevation, the former salt marshes, tidal flats and channels are still visible in
the current landscape. But the tidal erosion and sedimentation has ceased and the development
of tidal landforms has come to a halt. Yet, the landscape is diverse and highly subject to change.
Due to differences in elevation and soil composition (sand or clay), the rate of soil desalination
varies from place to place. This partly determines the occurrence of new plant species in the
landscape. The high salt marshes in particular have become completely fresh, but many low salt
marsh and creek soils still have a somewhat saline character, resulting in barren or sparsely
vegetated land. Freshwater seepage at the foot of the Brabant Escarpment locally causes faster
desalination.

The Markiezaat is now evolving from saltwater tidal area to 'wetland', and from tidal flats and salt
marshes to grassland, reed marsh and/or (carr) forest. The vegetation in the former tidal flat area
is increasing rapidly, causing the pattern of tidal creeks and channels to become less visible. In the
border zone, the contrast between the former tidal area and the sandy dunes will fade as the

brackish and low tidal flat and salt marsh vegetation is replaced by freshwater plant communities.

Tidal flats and salt marshes, tidal channels and levees

In a tidal zone, the flood brings in sediment (sand and clay) from the tidal inlets twice a day. Part of
the sediment is left behind on the coastal plain. Because sand is heavier and is only transported by
fast-flowing water, it is mainly deposited in and along the tidal channels. Between the channels are
tidal flats that are flooded at high tide, leaving a thin layer of sand behind. The finer and lighter
clay particles can also be transported at low flow rates and mainly precipitate during the reversal
from high to low tide. The tidal flats therefore consist of an alternation of thin layers of sand and
clay.




The highest parts of the tidal landscape are the salt marshes, which are only flooded at very high
water (spring tide and storm surge). Here the water is supplied and discharged via a branched
system of small stream channels. On the salt marshes, mainly clay is deposited. These are often
vegetated with halophytic (salt-tolerant) plants. A salt marsh is called schor in the region, but is
also known as kwelder or gors elsewhere in the Dutch coastal area.

There are also elevation differences within the salt marsh. For instance, so-called levees can form
on the banks of the channels that overflow during high tide. This happens because the flow
velocity of the water that overflows the banks suddenly decreases. As a result, the water no longer
has enough energy to transport sand that was in suspension in the channel, and the sand gets
deposited on the bank. This process forms a slightly higher zone directly along the channel.
Further away from the channel, lighter and finer material is deposited. As a result, depressions
filled with clay are formed at a distance from the channel.

Especially in the southern part of the Markiezaat, levees and depressions can still be recognized in
the former salt marsh surface, with an elevation difference of 0.5 to 1 m.

De Duintjes
De Duintjes are located at the foot of the Brabant Escarpment, between the former tidal flat and

salt marsh area of the Markiezaat in the west and the Brabant Escarpment in the east. It is a small
coastal dune area that reaches up to ca. 7 m + NAP, while the surrounding surface level is at ca. 2
m + NAP.

De Duintjes probably developed as coastal dunes on the former shore of the Eastern Scheldt, after
the loss of the polder land to the west of the Brabant Escarpment due to the 16™ century storm
surges. The sandy tidal flats of the Drowned Land of de Markiezaat van Bergen op Zoom then
reached up to the foot of the Brabant Escarpment. The predominant south-westerly to westerly
winds picked up sand from the tidal flats at low tide and blew it up to the foot of the Brabant
Escarpment into a small dune massif. This process was stopped by the damming of the Markiezaat
in 1983. The former tidal flats and salt marshes desalinized and the vegetation has been expanding
ever since, resulting in less impact by the wind on the sand. The dunes are no longer actively built
up by the supply of new sand. Like the Markiezaat itself, they are a 'fossil' relief phenomenon, in
this case formed by the processes of erosion, drifting and deposition of sand by the wind that are
no longer active in this area.

Relation with other geosites

- The geosite Markiezaat previously belonged to the Eastern Scheldt, on which it borders to the
west.

- The development of the area shows clear parallels with the Drowned Land of Zuid-Beveland,
(also part of the Eastern Scheldt geosite).

- Inthe east, the area borders on the geosite Brabant Escarpment — Kalmthoutse Heide. It is
located at the foot of the Brabant Escarpment.

- The Dintelse Gorzen geosite is a comparable former tidal area from which tidal activity has
disappeared.













direction and between 2.5 km and 500 m wide, includes the brook valleys of the Smalle Beek (west
of Wouw) and its tributary Het Loopje (north of Wouw) and parts of the adjacent coversand
landscape.

The brook valleys of the Smalle Beek and Het Loopje drain to the north, following the general
slope of the landscape. Approximately 1 km north of the geosite boundary, the Smalle Beek flows
into the marine clay polders of Northwest Brabant, a few kilometers south of the Polder Cruijsland
In the southern end of the geosite, the elevation of the base of the Smalle Beek valley is at
approximately 6 m + NAP. It descends down to 2.5 m + NAP west of Wouw and to 0.5 m + NAP in
the northern end of the area. The stream valley of Het Loopje descends from about3mto 1 m+
NAP at its mouth in the Smalle Beek. The watersheds between the stream valleys, usually located
just outside the geosite boundaries, are at 10 to 11 m + NAP in the south and at 4 to 5 m + NAP in
the north (Fig. 14.3).

2. Landscape formation

Origin of the landscape

An estuary of the Rhine, Meuse and Scheldt

In the Smalle Beek area, very old clay and sand layers are present close to the surface. About

2 million years ago, at the beginning of the Pleistocene, the area was part of the large estuary of
the Rhine and Meuse, into which the rivers of the Scheldt Basin also flowed from the south. The
tidal area at that time probably resembled the Eastern Scheldt before the Delta Works. Between 2
and 1.6 million years ago, an alternation of sandy and clayey layers was deposited in this estuary.
These are now buried several metres below the surface (Waalre Formation) (Fig. 14.4). The
Brabant Escarpment (geosite 15) is made up of the same deposits.

Erosion during the Pleistocene glaciations

After the deposition of the Waalre Formation, the course of the Rhine and the Meuse moved to
the northeast and disappeared from the area. Meanwhile, rivers of the Scheldt basin in West
Brabant continued to deposit tens of metres thick layers of fine sand, loam and clay. From about 1
million years ago, the surface of West Brabant gradually rose and most of these deposits were
eroded again by small streams and by the wind during successive ice ages. In the area of the
Smalle Beek there are still several metres thick remnants of these old Scheldt deposits.

From the long 1.5-million-year period between these Early Pleistocene deposits and the
coversands from the last glacial, usually only a thin layer of gravel remains at the interface
between both. The gravel mainly consists of quartz and flint and its particle size is up to a few
centimeters. This gravel layer is the last remnant of the thick layers that were deposited on top of
the Waalre Formation more than a million years ago by the rivers from the Scheldt Basin. The
gravel, also called 'Scheldt gravel’, was left behind after the finer components of these deposits
were washed away by streams or blown away by the wind.

The end of the last ice age: coversand and changing streams

At the end of the last ice age, West Brabant was part of a vast polar desert. In the dry and cold
climate, the wind deposited a 1 to 2 m thick layer of coversand over the entire landscape. The
streams flowed through wide valleys and had a so-called ‘braided’ pattern, with many channels
that carried a lot of water in a short time but were nearly dry for much of the year (Fig. 14.5). In
the cold glacial conditions, a lot of water was released in the summer due to the melting of snow
and ice. Because the subsoil was frozen, all this water was quickly drained over the surface, taking
large amounts of sand and loam with it. During this time of the year, the river valley was largely
under water and the channel positions moved quickly. Sand ridges were repeatedly eroded and
rebuilt elsewhere.




During the lateglacial, from about 14,500 to 12,000 years ago, the climate started to warm — albeit
with intermittent cold peaks. Vegetation increased and the frozen subsoil thawed. Groundwater
flows became more important for water drainage, which became much more gradual. The streams
therefore changed from braided to meandering systems with a single channel and clear bends (Fig.
14.6). During wet periods, the streams still had much greater peak discharges than they do now,
causing them to cut deep into the subsoil. Therefore, beneath the current valley floor in the
stream valleys of Brabant, we can find remains of a deep and narrow channel, which can be 6
metres deep even in small brook valleys such as the Smalle Beek, but only a few tens of metres
wide.

The Holocene: formation of the current stream valleys

With the rapid climate improvement at the beginning of the Holocene, about 12,000 years ago,
the water discharge decreased sharply. As a result, the stream valleys gradually filled with fine
deposits such as sand, loam and peat. These flattened the relief, so that in the current landscape
there’s nothing left to see of the deep lateglacial incision.

In the Holocene, a thick layer of peat covered large parts of the West Brabant coversand
landscape. However, this did not happen in the valleys of the Smalle Beek and Het Loopje. The
largest peat bogs were in areas with poor drainage such as flat watersheds. However, the
relatively high and steep valley slopes of the Smalle Beek ensured good drainage, despite the
presence in the subsoil of the poorly permeable clay layers of the Waalre Formation. Peat only
accumulated in the low and wet valley itself.

The naturally meandering course of many brooks in Brabant has been straightened by man. This
also happened to the Smalle Beek and Het Loopje in the 1930s.

Deep stream valleys

The stream valleys of the Smalle Beek and Het Loopje are, by Dutch standards, remarkably deeply
incised into the surrounding coversand landscape. The elevation difference is about 2 to 4 m. The
slopes of the stream valleys are clearly visible and the landscape shows a striking undulating relief.
This is especially the case where the valley of the Smalle Beek is narrow, such as immediately west
and southwest of Wouw. North of Wouw, between the Smalle Beek and Het Loopje, we find 'De
Donken’, an arable complex on coversand with a clear convex relief. Its highest point (5.5 m + NAP)
protrudes 4 m above the lowest parts of the surrounding stream valleys. Elevation differences of 4
to 5 m between the stream valley and the higher watersheds (which are mostly located just
outside the boundaries of the geosite) can also be found along the Smalle Beek in the southern
part of the geosite.

The valleys of the brooks in the West Brabant coversand area generally have steeper slopes and
are somewhat deeper than those elsewhere in North Brabant. There are several reasons for these
differences. The valley incisions are not the result of the small present-day streams, but were
created during the ice ages (see above), by braided meltwater flows that transported a lot of sand
and loam. In a large part of West Brabant, old, resistant clay layers of the Waalre Formation are
present under the thin coversand layer. Clay less easily eroded than sand, so the slopes were less
flattened. As a result, the streams have incised deeper and moved less laterally (which would have
resulted in wider valleys). Moreover, the area has a relatively high elevation and a fairly steep
slope to the north, so the streams have a greater slope in that direction. As a result, the water
flows faster and the stream incises deeper.

Relation with other geosites






















is accentuated by large Weichselian Lateglacial river dunes on top of it, sourced from the Scheldt
floodplain which was at the foot of the escarpment at that time.

Sedimentology: The estuarine Early Pleistocene deposits making up the escarpment as well as the
Late Weichselian to Holocene eclian sediments at the top have been studied extensively in
boreholes and exposures and can be clearly observed in former quarries on the slope and the top
of the escarpment, which are also suitable for educational purposes.

DETAILED DESCRIPTION

1. Location

The geosite Brabant Escarpment — Kalmthoutse Heide is a large and diverse area with a complex
boundary, which extends in a southeast-northwest direction for approximately 15 km from
Kalmthout in Belgium to the southern edge of Bergen Op Zoom in the Netherlands. In an east-west
direction, the area is rather wide in the south (10 km between Ossendrecht and Kalmthout) but
much narrower in the north (1 km). In the north, it borders the geosite Markiezaat (no. 13), a
former tidal flat and salt marsh area that used to be part of the Eastern Scheldt (Oosterschelde).

A wide variety of landscape elements and geological phenomena occur within the geosite. The
distinctive characteristic of the area is the striking escarpment of the Wal itself, which forms the
transition from the low-lying polders of the Zeeland coastal plain in the west to the higher
elevated coversand landscape of the West Brabant Plateau (or Campine Plateau) in the east. The
escarpment reveals Early Pleistocene deposits from the Rhine and Meuse that are also present
close to the surface on the West Brabant Plateau. It is maximum about 25 m high, south of
Ossendrecht, and gradually decreases in a northerly direction. At Lepelstraat, outside the geosite
north of Bergen Op Zoom, the escarpment continues under the polder surface and disappears
from the landscape as a relief element. The geosite comprises the highest and most striking part of
the Brabant Escarpment, including part of the polders at its foot. On a large scale, the escarpment
is remarkably straight, but on a more detailed level, it has a strongly lobed character, with
projecting 'capes', and 'bays' where clearly incised stream valleys enter the polders.

The remarkable elevation difference of the escarpment is further emphasized by the presence of
river dunes and drifting dunes on top of the Wal, with a maximum height of more than 35 m +
NAP. Small and large fens are located in blowout depressions between the dunes. At the eastern
border of the geosite, the steep and high eastern flank of the large parabolic dunes forms a
remarkably sharp boundary with the open and relatively flat coversand landscape of the Campine
Plateau to the east of it. The highest dune tops here sometimes protrude more than 15 m above
the coversand landscape (e.g. northeast of Huijbergen, the Boterbergen to the north of
Kalmthout).

The large dune complexes are mostly covered by forest, but there is also heathland, especially on
the Kalmthoutse Heide in Belgium. Locally, management is aimed at developing and maintaining
open, active sand drifts, such as in the Kriekelareduinen and the Kalmthoutse Heide.

2. Llandscape formation

Origin of the landscape

An estuary of the Rhine, Meuse and Scheldt

About 2 million years ago, at the beginning of the Pleistocene, the area of the Brabant Escarpment
was part of the large estuary of the Rhine and Meuse, into which the rivers of the Scheldt Basin
also flowed from the south. The tidal area at that time probably resembled the Eastern Scheldt
before the Delta Works. Between 2 and 1.6 million years ago, an alternation of sandy and clayey
layers was deposited in this estuary. These layers now form the subsoil of the Brabant Escarpment
(Waalre Formation, formerly called Tegelen Formation). These tidal deposits crop out in the slope




of the Wal, for instance in the former quarry De Bunt. They were also clearly visible in the
Boudewijn quarry before it was partly filled in.

Pleistocene erosion and the formation of the Brabant Escarpment

After the deposition of the Waalre Formation, the course of the Rhine and the Meuse moved to
the northeast and disappeared from the area. Meanwhile, rivers of the Scheldt basin in West
Brabant continued to deposit tens of metres thick layers of sand and clay. From about 1 million
years ago, the surface of West Brabant gradually rose and most of these deposits were eroded
again by small streams and by the wind during successive ice ages. Near the Scheldt, the erosion
was more intensive and the lowering of the landscape more pronounced. The firm clay layer at the
top of the Waalre Formation offered more resistance to these erosive processes and created the
escarpment of the Brabant Escarpment.

Barely any traces are left of the long period of 1.5 million years between the deposition of the
Waalre Formation and the last ice age. Only a thin layer of gravel on the clay separates the Early
Pleistocene Waalre Formation from the Late Pleistocene coversand. The gravel contains particles
up to a few centimeters in size, which consist mainly of quartz and flint. This gravel bed is the last
remnant of the layers that were deposited on top of the Waalre Formation more than a million
years ago by the rivers of the Scheldt basin. The gravel, also called 'Scheldt gravel', was left behind
after the finer components of these deposits were washed away by streams or blown away by the
wind.

The end of the last ice age: sand blown up from the 5cheldt valley forms river dunes

At the end of the last ice age, the sea level was much lower than it is now and a large part of the
North Sea was dry. The area of the Brabant Escarpment was part of a vast polar desert. In the dry
and cold climate, the wind deposited a 1 to 2 m thick layer of coversand over the entire landscape.
In the same period, the Scheldt flowed northward from Antwerp, along the foot of the Brabant
Escarpment, towards the valley of the Rhine and the Meuse. The Scheldt valley of that time is
located a few kilometers west of the escarpment, at a depth of 10 to 15 m below the current
polder surface. During the Younger Dryas, a last cold interval of the last ice age between about
13,000 and 12,000 years ago, large amounts of sand from this Scheldt valley were blown up onto
the slope and on top of the Brabant Escarpment. The sand was deposited on top of the Wal ina 4
to 10 km wide belt of so-called river dunes, which often have a parabolic or sickle shape, with the
open side facing west-southwest, the prevailing wind direction at the time.

After the Ice Age: drifting dunes due to human activity

Due to the improvement of the climate after the last ice age, the landscape quickly got overgrown
with forest from about 12,000 years ago. This vegetation stopped the sand drifts and stabilized the
river dunes. About 5,500 years ago, drifting resumed on a limited scale, possibly as a result of
clearing small openings in the forest for early agriculture.

Especially from the Late Middle Ages onwards, the lateglacial river dunes started to drift again due
to the strong increase of human impact on the landscape. Clearing forests, overgrazing and cutting
heath sods allowed the wind to regain grip on the exposed sand and large drifting dune complexes
were created. Climate changes may also have played a role, namely due to an increase in the
number and strength of extreme storms.

The river dune and drifting dune areas on the Brabant Escarpment now form a very varied
landscape with for instance parabolic dunes and compound parabolic dunes with multiple
windward arms of various sizes, and partly or completely peat-filled blowout depressions and fens.
The most beautiful examples are in the area of the Groote and Kleine Meer (Meersche Duinen),
the Kriekelareduinen and in various locations on the Kalmthoutse Heide. In the last two areas




there are still some zones with open and actively drifting sand. As a result, the podzol soils that
developed in the dune sands after the last ice age also reappear locally. Fens are mainly located in
depressions between the dunes where water stagnates on impermeable clay layers of the Waalre
Formation that occur close to the surface in this area.

On the eastern edge of the dune areas, there are some striking steep and high crest dunes or
drifting sand ridges that form a clear boundary with the much flatter coversand landscape to the
east. These originated when man halted the historic sand drifts by planting the slopes with
coppiced oak wood.

Rising sea level after the last ice age: the polders at the foot of the Wal

Nowhere in the Netherlands is the transition from the coversand landscape to the marine clay
polders as abrupt as at the Brabant Escarpment. About 1 km west of the Wal, a more than 10 m
thick layer of fluvial and tidal deposits and peat is present in the subsoil. These deposits represent
a large part of the current warm period after the last ice age (the Holocene, the last 12,000 years).
At the beginning of that period, 8,000 years ago, the sea level rose rapidly. The deep Scheldt valley
at the foot of the Brabant Escarpment drowned. The landscape west of the steep edge changed
into a tidal area with tidal channels, tidal flats and salt marshes. These tidal deposits also filled up
the old Scheldt valley.

From about 4,000 years ago, the area was covered by a thick layer of peat. In the Middle Ages, the
peat was extracted and the land was cultivated. These early peat polders were lost due to a series
of floods in the 16™ century, which were also responsible for the Drowned Land of Zuid-Beveland.
Villages such as Ossendrecht and Woensdrecht were temporarily located by the sea. The former
peat area turned back into a tidal flat and salt marsh landscape and the peat was covered with
sand and clay.

From the 17" to the 20™ century, the silted up tidal area was gradually embanked, starting from
the Brabant Escarpment. The oldest polders from 1685, such as the Noordpolder of Ossendrecht,
are located directly at the foot of the escarpment. The younger polders are further west. The
young polders are clearly higher than the old ones: the polders from 1685 are about 0.5 m + NAP,
but the most recent polders have silted up more than a metres higher.

This is the result of the gradual rise of high-water levels in the Western Scheldt in recent centuries.
The surface level of the salt marshes follows the rise in the high-water level, so the youngest salt
marshes are silted up higher. Moreover, the oldest polders have lowered — subsided — because the
subsoil consists of a thin layer of marine clay on peat. Due to the lower elevation, the oldest
polders are wetter than the younger ones. This effect is further enhanced by groundwater seepage
from the high sandy soils on the Brabant Escarpment. This seepage surfaces at the foot of the Wal,
where the oldest polders are located. Right at the foot of the escarpment is a strip of peatland.

More human interventions: extraction of peat, clay and sand
In addition to causing drifting sands and drifting dunes (see above), humans have also intervened
in other ways in the formation of the current landscape.

In historical times, peat was mined on a large scale, especially in the flat coversand landscape east
of the Brabant Escarpment — Kalmthoutse Heide geosite, but more local peat extraction also took
place within the area. For instance, many fens were dug out. Ditches and canals (vaarten) were
dug here to control the water level and to drain the peat.

On top of the Brabant Escarpment, some fens have dried up considerably due to groundwater
extraction (e.g. Kleine and Groote Meer, de Nol). Fens that are located above impermeable clay




layers of the Waalre Formation retain their water level better. Extracting large amounts of
groundwater also reduces seepage in the polders at the foot of the Wal.

A number of fens are not of natural origin, but were created by sand extraction, such as the
Langven in the Kalmthoutse Heide in Belgium. Sand extraction on the Kalmthoutse Heide mainly
took place in the second half of the 19'" century. Entire dune massifs were also excavated here,
such as at the Boterbergen and Vossenbergen.

Small and larger quarries and excavations in the escarpment of the Brabant Escarpment (e.g. the
Bunt quarry) and on its top (e.g. the Boudewijn quarry) testify to the mudbrick and calcium-silicate
brick industry that used to be important in the area. For this purpose, the clay and sand layers of
the Waalre Formation and the overlying coversands and drifting sands were mined.

Relation with other geosites

- In the west, the geosite partly borders on the Markiezaat (geosite no. 13).

- From a geomorphological point of view, the escarpment of the Brabant Escarpment is
somewhat comparable to the cuesta fronts of the Land van Boom (geosite no. 32), Land van
Waas (no. 35) and Oedelem-Zomergem (no. 40) further south and southwest. These
escarpments were also formed by deep Pleistocene river erosion by rivers from the Scheldt
Basin in relatively old and more erosion-resistant clay layers in the subsoil. Strictly speaking,
however, the Brabant Escarpment is not a cuesta (but it is a continuation of the cuesta of the
Campine Clay in Belgium, east of the Geopark). Moreover, the cuestas to the south are formed
in considerably older deposits (Paleogene vs. Early to Middle Pleistocene).

- River dune and sand dune areas such as those on top of the Brabant Escarpment can also be
found at a number of other locations along the Scheldt and its tributaries (e.g. geosites
'freshwater tidal area and polders of the Scheldt' (no. 30), 'Palaeomeanders Kalkense Meersen
and Berlare' (no. 36) and 'Rupel Valley' (no. 33)), but these are considerably smaller.






















the village of Sint Lauwereyns, and in the polders around it only a single farm and a number of
mills. Although the villages in the area were modest in size, varying from a few to a few dozen
houses, they all had a church building.

The area has been lost in two phases, with more than 130 years in between. The first phase was in
1584 and involved a military inundation to drive out the Spanish occupation and liberate the cities
of Ghent and Antwerp. The locks at the village of Saeftinghe were probably breached, after which
a whole network of tidal channels could form within a few months and the land was almost
completely lost. After the Spaniards conquered Antwerp after all, there was no immediate reason
to save the drowned country. The Polder of Namen was not lost until 1715, after a disastrous flood
partly destroyed the dikes and subsequent floods gradually turned the land into a salt marsh area.
The tower of the church of Namen is said to have stuck out above the salt marshes for decades.

Salt marshes, tidal flats, tidal channels and shoals

Since the loss of the embanked area, nature has regained control over it. It is now an outer-dike
area with silted and vegetated salt marshes, barren tidal flats and shoals, tidal channels and
creeks. The area is formed by sediment (sand and clay) that is supplied from the Western Scheldt
twice a day at high tide. Because sand is heavier and is only transported by fast-flowing water, it is
mainly deposited in and along the channels. Between the channels are tidal flats that are flooded
at high tide. At high tide, a thin layer of sand can be deposited here. However, the finer and lighter
clay particles can also be transported at low flow velocities and mainly settle during the reversal
from high tide to low tide. The tidal flats therefore consist of an alternation of thin layers of sand
and clay. The highest parts are the salt marshes, which only flood at very high water (spring tide
and storm surge). The water is supplied here via a branched system of creeks. The creeks and tidal
channels within a salt marsh area constantly change course, thus creating a wide zone of creeks
and channels. During high water, mainly clay is deposited on the salt marshes. The salt marshes
are also often overgrown with halophytic (salt-tolerant) plants.

Elevation differences

There are also elevation differences within the salt marsh. For instance, so-called levees can form
parallel to creeks and channels. This happens because the flow velocity of the water that floods
the banks suddenly decreases. As a result, the water no longer has enough energy to transport
sand, and the sand gets deposited on the bank. This process forms a slightly higher zone along the
channel: a levee. Further away from the channel, lighter and finer material is deposited. As a
result, depressions filled with clay are formed at a distance from the channel.

A similar process takes place on the edge of a salt marsh. Here again, the water depth at high tide
is lower than above the adjacent tidal flat, and the sand brought in by the tide settles as soon as
the water floods the salt marsh. The edge that develops along the salt marsh as a result is called a
salt marsh ridge.

With a tidal range of 4.80 m, the Drowned Land of Saeftinghe has the largest tidal range in the
Netherlands. This causes the development of relatively high and striking levees and wide channels.
This large tidal range is the result of the landward narrowing of the Western Scheldt. As a result,
the tidal wave entering the estuary is pushed up high and the high-water levels and the tidal range
increase sharply in landward direction. The Drowned Land of Saeftinghe has been located outside
the dikes for several centuries and the salt marshes have silted up to above the average high-
water level in the Western Scheldt. In the same period, the polders within the dikes were flooded
much less frequently and barely silted up. The active salt marshes in the Drowned Land of
Saeftinghe are therefore 1 to 2 metres higher than the embanked polders.

Relation with other geosites






















The mixing of saline seawater with fresh river water results in a complete gradient in the Scheldt
estuary from saline over brackish (at the Belgian-Dutch border) to completely fresh (e.g. near
Ghent). The brackish and freshwater tidal areas in the more upstream part are rare and have a
high natural value.

The estuary is a very dynamic area consisting of tidal channels of varying depth and shoals, tidal
flats and salt marshes that are above water at low tide. The shoals, tidal flats and salt marshes
(also called intertidal areas) make up about 35% of the surface of the Western Scheldt. Very
locally, active dunes also occur in the outer-dike areas, namely at Rammekenshoek, the Kaloot and
on the Hooge Platen.

Among the salt marshes along the Western Scheldt, the Drowned Land of Saeftinghe, with its 3000
ha, is the largest salt marsh area in the Netherlands and one of the largest brackish water salt
marshes in Europe. This area is discussed elsewhere as a separate geosite (number 16).

This geosite also includes part of the outer delta, a shallow part of the North Sea off the Flemish,
Zeeland and South Holland coasts.

2. Landscape formation

QOrigin of the landscape

Geologically speaking, the Western Scheldt has only recently formed the mouth of the Scheldt.
Before that, the Scheldt flowed to the North Sea via other routes. At the end of the last ice age,
about 12,000 years ago, the North Sea was still low and there was no marine influence at all in
Zeeland. Zeeland was part of an extensive coversand landscape in which the Scheldt flowed
northwards in a deep valley at the foot of the Brabant Escarpment (Brabantse Wal), towards the
large valley of the Rhine and the Meuse. Due to the rising sea level, Zeeland turned into a large
tidal area with tidal flats, salt marshes and tidal channels. About 7,000 years ago, a tidal channel
made contact eastwards with the northward flowing Scheldt, approximately at the location of the
present Eastern Scheldt (Oosterschelde), thus becoming the new course of the Scheldt to the sea.

In the course of the Holocene, the rate of sea level rise decreased. Around 3800 years ago, an
almost uninterrupted beach ridge had formed approximately at the location of the current
coastline. It protected the area behind against marine intrusions. Behind this coastal barrier was a
large freshwater swamp area in which peat accumulated. A narrow opening at the current Eastern
Scheldt formed the mouth of the Scheldt, which meandered through the vast peat area as a small
winding river.

It is not known exactly when the Western Scheldt originated, because historical sources and maps
from that period are scarce, and because deposits from the initial phase of the development of the
Western Scheldt have all been eroded as a result of the later widening and deepening of the
estuary. The only thing that can be deduced with certainty from historical sources is that the
Western Scheldt already existed in 1183 AD, and that the eastern part of the Western Scheldt was
then a considerable inlet with tidal activity. However, the first connection between the Scheldt
(which at that time still flowed to the sea via the Eastern Scheldt) and the North Sea at the location
of the current Western Scheldt probably developed before 843 AD, via tidal channels that
penetrated further and further inland from the coast and tapped the upper reaches of the peat
river Honte, which drained in an easterly direction to the Scheldt.

For a long time after the Western Scheldt connection developed, the Eastern Scheldt remained the
most important connection between the Scheldt and the sea. The Western Scheldt became more
and more important compared to the Eastern Scheldt, but it was only around the end of the 15"




century that it was wide and deep enough for shipping traffic to Antwerp at the time. From the
16™ century, the Western Scheldt took over from the Eastern Scheldt as the main connection
between the Scheldt and the sea. The catastrophic storm surges of 1530 AD and 1532 AD probably
played a decisive role in this. A large part of eastern Zuid-Beveland flooded (De Brede Watering
Beoosten Yerseke / Land van Reimerswaal, now the Verdronken Land van Zuid-Beveland), creating
a much broader connection between the Eastern Scheldt and the Western Scheldt. Instead of its
former 500 m width, the Scheldt now had an opening of 13 km. As a result, the flow velocity
decreased in the then Eastern Scheldt channel near Woensdrecht, which quickly started to silt up.
The shallow connection between the Eastern Scheldt en Western Scheldt was definitively broken
in 1867 by the construction of a railway dam.

Tidal flats and salt marshes, shoals and tidal channels

In many places along the Western Scheldt, characteristic landscape elements of the estuary can be
seen from the dikes at low tide. The so-called salt marshes are closest to the dike and are largely
covered with vegetation. They have silted up so high that they are only flooded for a short time at
the highest high-water levels. Lower, and further from the dike, are the tidal flats, which are
flooded at every tide and are barren. The salt marshes sometimes gradually merge into tidal flats,
but often this is an abrupt transition with a cliff edge that can be more than 1 metres high and
which is formed by erosion by waves or currents. On salt marshes and tidal flats, small gullies can
be found that supply and drain water at high tide and low tide and are usually dry part of the time.

Just like tidal flats and salt marshes, shoals lie between high and low water, but they are not
attached to the banks and are often located in the middle of the kilometre-wide estuary. Most of
the shoals are barren and because of their sandy soil, they rather resemble a beach, in contrast to
the silty and 'muddy’ tidal flats. This is due to the higher flow velocities on the shoals in the middle
of the estuary, as a result of which only larger and heavier sand grains are deposited, while on the
tidal flats close to the banks the flow is slower and finer silt and clay particles can also settle. Fields
with megaripples occur mainly on the lower parts of the shoals, just above the low water line.
These are much larger equivalents of the small sand ripples that can be found on the beach:
instead of a few centimeters high and a decimeter wide, these megaripples are up to a metres
high and several metres wide. They are created by the displacement of large amounts of sand over
the surface, by the strong currents that flow over the shoals during ebb and flood.

Exceptionally, some parts of shoals have become so high that they are no longer flooded on a daily
basis, causing them to become vegetated, thus creating salt marshes. This is the case with the
Hooge Platen, west of Breskens, the Ossenisse shoals and the Plaat van Walsoorden in the middle
of the Western Scheldt, east of the Walsoorden harbor.

Between the shoals and the banks of the Western Scheldt are large and deep tidal channels along
which the powerful tidal currents flow in and out of the estuary at high tide and low tide and
which are used as a navigation channel for sea-going vessels calling at the inland ports of Antwerp,
Terneuzen and Ghent. These channels are 15 to 20 metres deep on average but can reach depths
of more than 40 metres. The deepest point of the Western Scheldt is located about 2 kilometers
west of Borssele, just in front of the nuclear power plant. With more than 65 m below NAP, this
'Put van Borssele' reaches a greater depth than the deepest places in the Dutch part of the North
Sea, making it the deepest point of all Dutch waters. Locally, such deep channels cut into old
deposits of Paleogene, Neogene and Pleistocene ages, from which they take up fossils that are
deposited on the banks of the Western Scheldt, such as on the famous 'fossils beach’ of the Kaloot
near Borssele, or on the Hooge Platen, east of Breskens.

Ebb and flood channels




In the Western Scheldt, two or more tidal channels are usually present next to each other. The
channel followed by the ebb current (ebb channel) is the deepest and meanders from one bank to
the other. Due to its depth, the ebb channel is also the main navigation route along which the
large seagoing vessels reach the ports in the estuary. Like a river, the ebb channel reaches its
greatest depths in the bends. In the straighter sections between the bends, the ebb channel is
usually less deep. Continuous maintenance dredging is necessary to keep these shallower reaches
at the required depth for shipping. Next to the ebb channel are usually straighter and shallower
channels that are mainly used by the flood current and that are separated from the ebb channel
by shallows and shoals.

The tidal channels in the Western Scheldt show a pattern of ebb and flood channels that is typical
for many estuaries. In the bends formed by the ebb channel, the flood current tends to go straight
ahead rather than follow the ebb channel. As a result, a flood channel often forms: a channel that
reaches a dead end in the upstream direction on the shallow zones and shoals that separate it
from the ebb channel. In a similar way, but to a lesser extent, the ebb current also forms ebb
channels that come to a dead end on shallow zones in the downstream direction.

The functioning of an estuary: tides as a driving force

The Western Scheldt is a complex system in which powerful tidal currents, erosion and deposition,
vegetation and human interventions all interact. The tides and strong tidal currents are the driving
force behind all processes that take place in the estuary. At an average high tide, approximately

1 billion cubic metres of seawater flows into the estuary at Vlissingen. This corresponds to a flow
rate of ca. 50,000 m?/s. The Scheldt itself has an average flow rate of ca. 100 m?*/s and therefore
has no appreciable effect on the strength of the currents in the estuary. By way of comparison: the
Rhine, the largest river in Western Europe, has an average flow rate at Lobith of 2,200 m?/s, which
is 20 times lower than in the Western Scheldt, and an extreme peak discharge of ca. 12,000 m3/s
once every 100 years.

The amount of water that flows in and out of the estuary depends on the tidal prism: the volume
that is available between high and low water and above the tidal flats, salt marshes and shoals. It
is this tidal prism that actually determines the size of the tidal channels and the strength of the
tidal currents. Changes in tidal prism due to natural or human causes have large-scale and
sometimes irreversible consequences for the development of the estuary. The tidal prism
increases if, for example, dike breaches inundate polder areas that were previously located
outside the estuary. This causes more water to flow into the estuary, causing the tidal channels to
become larger. In the long run, this could have irreversible consequences for the estuary, as
happened, for example, after the storm surges of 1530-1532 AD, when the Western Scheldt grew
into the most important branch of the Scheldt at the expense of the Eastern Scheldt (see above).
Caonversely, reducing the size of the tidal prism, for instance through silting or embankment of
tidal flats and salt marshes, means that tidal currents decrease and channels can silt up.

Human influence

In addition to the natural factors mentioned above, the embankments and reclamations have also
played a role in the development of the Western Scheldt estuary since the 12" century. It has
become narrower and deeper, causing the tide to rise and the tidal range and high-water levels to
increase sharply. The tides also penetrated further and further into the estuary, also on Belgian
territory. Since the beginning of the 20" century, the navigation channel between Vlissingen and
Antwerp has been dredged ever deeper, causing the tide to penetrate even further into the
estuary. As a result, the high-water levels become even higher, especially upstream of the Belgian-
Dutch border, and the risk of flooding increases. In order to increase flood safety during storm
surges, areas are being depoldered and flood control areas are being constructed.
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Geomorphology: One of the few small open tidal inlets on the eastern North Sea coast south of
the Wadden Sea, displaying a diversity of coastal landforms such as active tidal channels, tidal
flats, salt marshes and dunes reaching 10 m above sea level.

Sedimentology: The range of landforms and deposits at this site (see above) results from currently
active sedimentological processes associated with coastal, tidal and eolian erosion and deposition,
which can be observed and demonstrated here in semi-natural field conditions.

DETAILED DESCRIPTION

1. Location

This geosite is located in the west of Zeeuws-Vlaanderen (Zeelandic Flanders) and consists of an
area of ca. 600 m by 1800 m, which is located directly north of Nieuwvliet-Bad and has an open
connection with the North Sea. The area has strong elevation differences over short distances,
with tidal channels below sea level, tidal flats and tidal marshes that reach up to 3 m + NAP, and
over 10 m high dunes that against the dike.

The Drowned Zwarte Polder had a turbulent history of land reclamation and inundation, which
cannot be seen separately from developments that took place in the nearby Zwin inlet, the former
important trade route to Bruges.

2. Landscape formation

Origin of the landscape

During the last ice age, the main part of the North Sea was dry, because a lot of seawater was
stored in the large land ice sheets. After the climate warmed and the ice sheets melted, sea levels
rose and seas entered the country from the northwest. Around 6300 years ago, Zeeland had
turned into a tidal area with salt marshes, tidal flats and tidal channels, which was bordered on the
edges by a swamp area. Sand was imported from the North Sea, and was deposited by the tide on
the sea side of the salt marshes. This way protective beach ridges were built up here and there.
The first beach ridges were far west of the current coastline. Due to the constantly rising sea level,
these were eroded again and new beach ridges formed further east.

As a result of the decrease in the rate of sea level rise, a nearly uninterrupted beach ridge had
formed around 3800 years ago, protecting the area behind against marine intrusions. A narrow
opening remained at the former Scheldt mouth (at the location of the present-day Eastern Scheldt
(Oosterschelde)).

Behind the protective coastal barrier, a vast swamp developed in which peat accumulated. About
2600 years ago, however, the barrier was breached again. Gradually the sea invaded the land
behind. At the mouth of the Western Scheldt (Westerschelde) a sea inlet developed. With time,
this inlet extended further inland and eventually tapped into the Scheldt. Due to sea breaches
through various inlets such as the Western Scheldt, the peat area changed into a salt marsh
landscape and became covered with a layer of clay. This salt marsh landscape was intersected by
tidal channels, which resulted in the formation of several islands over time.

In the 14" century AD, a sea inlet called the Zwarte Gat developed between the former islands of
Cadzand and Groede. Its existence caused quite some administrative commotion. During the
following centuries, various attempts were made to artificially close the hole, to reclaim it, but also
to give it up again, and then partly reclaim it. This ‘giving up’ happened for instance under the
decree of Charles the Bold, who regarded the sacrifice of the previously reclaimed area as a matter
of national interest in order to keep the Zwin inlet navigable. The Zwin was in fact a southwestern
tidal inlet that connected the important trading and harbor city of Bruges with the North Sea.
Many of the interventions to reclaim the Zwarte Gat were to no avail, but in the middle of the 16™




century the inlet lost its strength after all. In 1623 the salt marshes in the mouth of the Zwarte Gat
were closed off from the water and the Zwarte Polder was eventually constructed.

Dike breach

However, the existence of the Zwarte Polder did not last long. During a storm surge in 1802 the
dike collapsed and approximately 120 hectares of fertile polder land disappeared under water.
Only a small part of the south side of the Zwarte Polder could be diked again in 1803 to protect the
area behind it. At the location of the Drowned Zwarte Polder, a tidal area formed with tidal flats,
salt marshes and tidal channels. The sandflats are dry at low tide, which means that the sand can
be blow up and form dunes against the dikes. The main channel on the west side of the drowned
polder is always under water and shifts its course over time under the influence of tidal energy.
The salt marshes are located between the tidal flats and the dunes. These are only flooded at
spring tide. This variation in landforms creates an area with a diverse and specific flora and fauna.

Sedimentary processes

Within the mail channel, the seawater has a high flow velocity. The current is strong enough there
to erode and transport sand, but also shells and rocks at the base and sides of the channel. The
current creates various types of ripples in the sand that is deposited in and around the channel. On
the tidal flats, the water flows more slowly. Clay and sand are alternately deposited there, with
high and low tides. By contrast, the salt marshes are rarely under water; mainly clay is deposited
here and the surface is covered with halophytic (salt-tolerant) plants.

Fossil site

In the 1990s, the beach in the vicinity of the Zwarte Polder was repeatedly nourished with sand
from elsewhere (the Sluissche Hompels) for coastal protection. This imported sand contained
shark teeth and fossil shells from the Pleistocene (the period during which ice ages occurred), the
Pliocene (the warm period before that) and the even older Eocene. Moreover, prints of marine
animals can be found in pieces of black rock from the Oligocene and Miocene.

Relation with other geosites
- Dune complex Oranjezon and the Manteling — dunes and beach ridges.
- Drowned Land of Zuid-Beveland — drowned polders that are still under water.
- Western S5cheldt — adjacent connection with the North Sea and one of the largest estuaries
in Europe.
- Zwin: comparable open inlet in the closed coast.
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right flank of the Flemish Valley. This higher area extended to about 20 km off the present coast.
When the Scheldt stopped flowing through the Flemish valley at the end of the Weichsel glacial
and the filled valley was covered with sand by the wind, a natural headland developed off the
present coast. This headland protected the Zwin region from the sea during the first half of the
Holocene, but it eroded during the Middle and Late Holocene. It thus formed an important
sediment source for filling the tidal basins.

Thanks to this headland, the rising sea level only affected the Zwin region since 7,000 to 6,000
years ago. The coastal barrier was then 10-15 km off the present coast, but stabilized and even
shifted slightly seaward until 5500 years ago due to the deceleration of the sea level rise and the
supply of eroded sediment. At the position of the Scheur and the later mouth of the Zwin and/or
Blankenberge channel, an erosive tidal channel may have already broken through this coastal
barrier. Behind the coastal barrier, a tidal flat formed approximately up to the present coastline.
This tidal flat later silted up into a salt marsh. Along the upper edges a peat swamp formed over
the Pleistocene sandy landscape, due to the upwelling of fresh groundwater. Until 2800 years ago,
the coastline remained stable and the peat swamp could expand further inland in pace with the
slower sea level rise. It covered the coversand area and (locally) also the silted salt marshes.
Remains of the peat are still preserved in the subsoil between the younger incisions of tidal
channels and creeks. Dry sand ridges in this tidal flat and swamp formed temporary habitats for
prehistoric hunter-gatherers.

An open coastal landscape with channels (ca. 2800 - 1250 years ago)

From 2800 years ago, climate change and possibly also inland deforestation caused increased
drainage in the peatland. As a result, old channels (Zwin and Blankenberge channels) started to
incise again and there was more space for the tides behind the coastal barrier, which eroded and
shifted inland. New channels were also created (Oostkerke channel). The resistance of the peat
against erosion also caused these channels to erode deeply in a vertical direction. This incision
created an open tidal channel landscape with 'islands’ of older, higher salt marsh (and peat) areas,
on which Wulpen, Koezand, Zuidzande and Cadzand were later built.

The human use of this tidal landscape enhanced this process. The combination of channels, tidal
flats, salt marshes and peat was indeed attractive to humans. They adapted their way of life and
made use of the opportunities that this landscape offered. Despite its location, during Roman
times this peripheral area was an active part of the Roman economy, for example through sheep
farming on numerous salt marsh meadows, (large-scale) salt production or trade in shellfish as
food. Small rural settlements developed on higher (and later raised) locations (mounds) in and on
the edge of the salt marsh. During the Roman period, the dune barrier and coversand ridges along
the edges of the tidal area also formed part of a coastal defence line with fortresses in Oudenburg
and Aardenburg. Starting from the residential areas, the landscape was locally drained for small-
scale agriculture and/or peat extraction and raised roads (early dikes) were built to protect against
flooding.

In the early Middle Ages settlements arose in a similar way on mounds located on the salt marsh
and along the channels. Small ring dikes were built around these settlements to protect the
surrounding area and to exploit it more intensively. During the High Middle Ages, this reclamation
evolved into a true landscape transformation, in which local dikes on the salt marsh were
connected to longer systems. This created the first polders. From the late Middle Ages onwards,
parts of the landscape below high-water level (tidal flats and channels) were also effectively
embanked and dikes served not only to protect against storm surges, but also to reclaim land from
the sea.




The Roman and (early) medieval interferences enhanced the natural peat compaction and
subsidence of the surface. Since the sandy infill of the tidal channels is less compactable than the
surrounding peat layers, these channel ridges became higher than their surroundings. The
subsidence further increased the tidal influence in the hinterland. (Storm) floods widened the tidal
inlets and condensed the network of tidal channels. It therefore took until the early Middle Ages
(between 550-750 AD) before the sediment supply, tidal damping and sea level rise were back in
balance and the tidal area had once again silted up above high-water level. The coastal barrier no
longer eroded and stabilized about 10 km off the present coast. A broad dune ridge formed here.
In this period the Blankenberge channel, the Oostkerke channel, the Sincfal and the Honte
determined the landscape of the Zwin region. These channels were formed and filled at different
times during the late Iron Age, the Roman period and the early Middle Ages. The first two channels
silted up almost completely between Roman times and the 9™ - 10" century AD, while the Honte
became the new mouth of the Scheldt estuary after the Western Scheldt (Westerschelde)
breached.

Sincfal: the prelude of the Zwin (... - 1134 AD)

Due to the silting up of the Blankenberge channel and (later) the Oostkerke channel, at least one
canal was constructed (partly in a creek) between the Sincfal and (early) medieval Bruges: the Oud
Zwin. From the 11" century, the need for agricultural land and fuel (peat) increased sharply due to
population growth. By connecting elevated roads and/or low dikes to form a defensive seawall,
larger parts of the salt marsh could serve as meadows. The inner-dike area was drained with
canals and the former dikes between polders lost their function. As a result, the tide could no
longer spread over the salt marsh and the creeks during storm surges. However, this
unintentionally enhanced the silting up of the outer-dike area, including the canalized connection
between Bruges and the Sincfal. In combination with peat extraction, peat compaction due to
drainage of the inner-dike area and poor dike maintenance, the region became more susceptible
to damage by storm surges.

Zwin (1134 AD to present)

In October 1134 AD a strong storm surge eroded an old inlet of the Sincfal, up to an old creek ridge
on which (Honts-) Damme (Dam on the Honte) was later founded. Initially, this tidal channel, the
Zwin, was more navigable for seagoing vessels — at least up to the transshipment harbor of
Damme - than the Oude Zwin Canal, which was silting up. Thanks in part to the Zwin, Bruges grew
from the middle of the 12" century to the 15" century AD into an international harbor city.

However, the natural accretion of the salt marshes along the Zwin and their subsequent
embankment reduced the tidal area, as did the construction of a dam on the channel at Damme.
This accelerated the natural silting from the inland towards the mouth. The decreased navigability
of the Zwin channel strengthened the development of outer ports, such as Sint Anna Ter Muiden,
Monnikerede, Hoeke and especially Sluis. As a result, activities of outer ports of Bruges moved
gradually towards the mouth. At the same time, Bruges' economic power diminished and 16"
century attempts to revive the Zwin by increasing the flow rate and digging new canals, such as
the Verse Vaart, also failed.

In addition, the coastal barrier was also eroded as a sediment source for silting. Moreover, the
economic depression no longer allowed dikes in the subsiding polders to be reinforced around the
Zwin mouth. This again made this area sensitive to the impact of storm surges. Between the late
14" and early 16" century AD, the last islands {Wulpen) off the current coast therefore
disappeared. A new coastal barrier with dunes formed over the already silted part of the Zwin
mouth between Knokke and the current Zwin reserve. This coastal barrier with high dunes (up to
18.5 m TAW) was initially even more inland than the current coastline and was later secured by
vegetation and the construction of the Koningsbos. The final coastline and the youngest, lower




and active dunes in front of the Zwin only formed after the Zwin channel was almost completely
closed off.

Due to its economic importance, the Zwin was also the scene of international conflicts fought
during naval battles (in 1213, 1340 and 1603 AD) in the tidal channel. During the Eighty Years' War
(1568-1648 AD) and the War of the Spanish Succession (1702-1713 AD), the Zwin mouth formed
part of the front line and defensive lines were formed on both banks, with fortresses, such as the
Isabellafort, and earthen ramparts, such as the Cantelmoline which was constructed near the later
national border. Flooding was also a war tactic and the dikes around the former Zwin were
breached at Sluis. As a result, new tidal channels developed from the Lapscheuregat and
Coxydegat and part of the polders flooded again.

In the 17" and 18" centuries, the flooded area was reclaimed again into large, rectangular plots,
suitable for more intensive agriculture. In 1872-1873 AD, the Internationale Dijk also closed off this
part of the Zwin from the tide and the Willem-Leopoldpolder was created. With the exception of a
small residual channel near the Belgian-Dutch border, the coastline was closed again. Thanks to
coastal tourism, the fishing villages by the sea flourished again from the 19" century AD. During
WWI1 and WWII, the Zwin regained a military function in the Hollandstellung and Atlantikwall
respectively.

At present, in addition to a recreational function, the Zwin has an important ecological function
thanks to the gradient between wet and dry, salt and fresh water, and clay and sand. Thanks to
dredging, the tidal inlet has not silted up any further over the past decades. The tidal area has
recently even expanded again due to the depoldering of the Willem-Leopoldpolder, in order to
slow down natural silting and accretion. This expansion is on the one hand a compensation for
natural values lost elsewhere and on the other hand a buffer against the current sea level rise.

Relation with other geosites

- The Zwin creek remnants and Passageule (geosite 20) were part of the Zwin area in the past.
These creeks reached as far as the Braakman region (geosite 23) and the creek and coversand
area of Sint-Margriete — Aardenburg (geosite 22).

- The Zwin polders near Damme (geosite 21) are part of the historically reclaimed Zwin region.
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peat area. Sand was brought in from the North Sea and was deposited by the tide on the sea side
of the salt marshes, thus building up protective beach ridges here and there. The first beach ridges
were far west of the current coastline. Due to the continuously rising sea level, these were eroded
again and new beach ridges formed further east.

As a result of the slowdown in the rate of sea level rise, an almost uninterrupted beach ridge had
formed around 3800 years ago, protecting the area behind against marine intrusions. Only at the
location of the current Eastern Scheldt (Oosterschelde), a narrow opening remained. Behind the
protective coastal barrier, a vast peat landscape developed.

About 2600 years ago, the coastal barrier was breached at some locations. Because humans locally
drained the peat for salt production and agriculture, the surface of the peat area lowered and the
sea was able to enter the hinterland. Sea breaches from several tidal inlets transformed large parts
of Zeeland and parts of the coastal region of Flanders (Vlaanderen) into a tidal landscape,
consisting of tidal flats and salt marshes, intersected by tidal channels and creeks. The scouring
effect of the tidal channels resulted in the creation of several islands in the area, often with
settlement centers, farms and churches, which often only existed for a few centuries due to the
dynamics of the tide. For instance, the islands of Cadzand and Wulpen were situated around the
mouth of the Zwin for some time. Today nothing remains of the island of Wulpen, because it was
swallowed by the sea, while Cadzand was spared and eventually became part of the mainland.

Medieval dikes played a major role in the development of the creeks and channels in the geosite.
Before the embankments, the tidal action naturally caused the land surface to rise above high tide
level due to the silting up of salt marshes. The land was therefore high enough to live on and was
often used for sheep farming. People from several settlement centers constructed earthen banks
and low dikes on the salt marshes to stop extreme high water. However, this had a negative effect:
the dikes prevented the sea from spreading over the salt marshes during very high water, thus
causing the water to push up against the dikes and at even higher water levels even causing dike
breaches.

Another effect of the dikes that were built directly along tidal channels was the increase of the
flow velocity of the seawater during high tide and the decrease during low tide. In this way, the
sand that was brought in at high tide could no longer leave the tidal channels during low tide, with
the result that many diked channels filled in with sand. Because some channels silted up, other
channels received more water during storm surges and were therefore incised deeper and
widened. As a result, some tidal channels gradually lost their function as navigation routes, while
the sanding of other channels created new routes. The silting up of the tidal channel De Reie is a
well-known example of this. This channel connected the sea with the important commercial center
of Bruges, but was at risk of slowly silting up due to the dikes and becoming unnavigable. In the
middle of the 12'" century, the people of Bruges moved their harbor to the nearby Zwin inlet,
which had become wider and deeper during storm surges. From this period, the salt marshes on
the banks of the Zwin were reclaimed and used as agricultural area, causing creek and tidal
channel remnants to be often preserved in the landscape. In the end, the Zwin faced the same fate
as the Reie, and here too the dikes ensured that more sand was brought in at high tide than could
be exported with the ebb current. Both the Zwin inlet and the Zwin mouth silted up and became
virtually unnavigable for merchant ships in the early 16" century.

During the Eighty Years' War (1568-1648), the Zwin region was in the front line between the
Northern (States) Netherlands and the Southern (Spanish) Netherlands. The Zwin dikes southwest
and east of Sluis were breached in 1583. The sea entered the polders and eroded several new
channel systems, such as the Lapscheuregat (west of Sluis) and the Coxysche Gat (or Coxydegat,
between Sluis and Oostburg). Their mostly rectilinear course indicates that the inflowing water




largely followed the existing excavated waterways. In 1611 part of the flooded area was again
reclaimed.

However, after the Twelve Years' Truce (1609 - 1621), the dikes were breached again. The
Lapscheuregat and especially the Coxysche Gat penetrated deeper into the polder land. The
branches of the Coxysche Gat reached almost up to Sint-Laureins (south of Sint-Kruis). A large area
became swampy and uninhabitable. Villages were abandoned and fell into disrepair. These
inundations have erased the medieval pattern in the flooded polder areas.

In this turbulent period, both sides of the Zwin mouth were provided with military reinforcements
by both Spanish and Dutch troops and important fortifications were constructed such as Sluis
(Spanish) and Retranchement (States-General).

Between 1648 and 1652, large-scale repoldering of the inundated areas in Zeeuws-Vlaanderen was
undertaken. The still open tidal channels were confined between newly constructed dikes. Smaller
creeks were also dammed. Around 1700 almost all of the inundated area had been reclaimed and
only the Zwin estuary with connecting tidal channels remained open. In the meantime, the Zwin
channel had moved eastwards, eroding the western side of the Land of Cadzand.

Large parts of the former main course of the Zwin were reclaimed in the 19" century and the
navigability in the area was increased by the construction of new canals. This put an end to the
large tidal channel of the Zwin. Only the creek remnants remained visible in the landscape as
dammed, water-filled beds.

Salt marshes, tidal flats, tidal channels and creeks

In a tidal zone, high water brings sediment (sand and clay) from the tidal inlets twice a day, which
is partly left behind in the coastal plain. Because sand is somewhat heavier and is only transported
by fast-flowing water, it is mainly deposited in and along the channels. Between these channels
are tidal flats that flood at high tide, thus being raised a little with a thin layer of sand during each
flood. The finer and lighter clay particles can also be transported at low flow rates and mainly
precipitate during the reversal from high tide to low tide, when the flow velocity is at its lowest.
The tidal flats therefore consist of an alternation of thin layers of sand and clay. Tidal flats can
occur within a tidal channel (shoals) or be attached to the mainland or to islands. The highest parts
are the salt marshes that are only flooded at very high water (spring tide and storm surge) due to
their elevation. They are overgrown with halophytic (salt-tolerant) plants and are intersected by
creeks that supply and drain the water. Slightly higher levees can often be found directly next to
the creeks.

A fossil creek system

When a tidal channel is closed off from the sea, it silts up. The narrow water that remains at the
location of the old tidal channel is also called a creek (but is therefore different from the creeks
described above on active salt marshes). The pattern of the wider, fossil tidal channels is still
clearly visible in elevation maps. The lowest parts (up to approx. 0.8 m + NAP) are the former
channels. Qutside the channels, the land is at a maximum elevation of about 2 m + NAP.

Relation with other geosites

- This area is the western part of geosite 20 "Zwin creek remnants and Passageule'.

- Zwin (geosite 19) — western connection of this area with the North Sea and the Flemish
coastal area.

- Passageule (20b) — Former tidal channel in Zeeuws-Vlaanderen connecting this area in an
easterly direction with the Braakman inlet.

- De Braakman (geosite 23) — large tidal system that split Zeeuws-Vlaanderen in two for
centuries and with which this area was connected via the Passageule in the east.










As a result of the slowdown in the rate of sea level rise, an almost uninterrupted beach ridge had
formed around 3800 years ago, protecting the area behind against marine intrusions. Only at the
location of the current Eastern Scheldt, a narrow opening remained. Behind the protective coastal
barrier, a vast peat landscape developed.

About 2600 years ago, the coastal barrier was breached at some locations. Because humans locally
drained the peat for salt production and agriculture, the surface of the peat area lowered and the
sea was able to enter the hinterland. Sea breaches from several tidal inlets transformed large parts
of Zeeland and parts of the coastal region of Flanders (Vlaanderen) into a tidal landscape,
consisting of tidal flats and salt marshes, intersected by tidal channels and creeks. The Passageule
was one of these channels and formed a connection between the inlets of the Zwin and Braakman
for a long time.

In the Late Middle Ages, the Zwin inlet was incised during a number of storm surges. In the middle
of the 12" century this inlet was eroded deep and wide enough to be used as an important
waterway to Bruges. In the following centuries, however, the Zwin silted up and fell into disuse for
shipping in the 16" century. During the Eighty Years' War (1568-1648), the Zwin was still an
important front line, along which fortifications were constructed by both Spanish and Dutch
troops, such as Sluis (Spanish) and Retranchement (States-General).

De Braakman inlet developed in several phases. During a storm surge in the winter of 1375-1376,
an enormous breach was made in the dike of a low-lying, wet area east of Biervliet. Attempts were
made to regain the area by re-embanking, but eventually a tidal inlet formed and grew larger and
larger. In the course of time, channels and creeks incised from the Braakman far into the
hinterland, including the Passageule.

The Passageule was first described in 1470. In the beginning it was only a branch of the Braakman,
but at the beginning of the Eighty Years' War, after the dikes at Sluis were broken, a larger tidal
channel formed: the Coxysche Gat (or Coxydegat). This channel connected the Passageule with the
Zwin inlet, thus creating a new waterway between the Braakman and the North Sea. The
Passageule formed one of the most important drainage channels in the area and, like the Zwin,
was provided with a series of fortifications.

In the 17" century, after the channel had silted up, just like the Zwin, the area was reclaimed and
the Passageule guickly lost terrain. In 1735 the construction of a canal started to maintain the
connection between the Braakman and the North Sea. Ultimately, the Passageule remained as a
connection until the end of the 18" century, after which it was definitively closed by the
construction of the Kapitale Dam on the east side and the Bakkersdam on the west side. As a
result, the channel silted up and only a narrow, dammed watercourse remained. However, its
former dimensions are still clearly visible in the landscape.

Salt marshes, tidal flats and tidal channels

In a tidal zone, high water brings sediment (sand and clay) from the tidal inlets twice a day, which
is partly left behind in the coastal plain. Because sand is somewhat heavier and is only transported
by fast-flowing water, it is mainly deposited in and along the channels. Between these channels
are tidal flats that flood at high tide, thus being raised a little with a thin layer of sand during each
flood. The finer and lighter clay particles can also be transported at low flow rates and mainly
precipitate during the reversal from high tide to low tide, when the flow velocity is at its lowest.
The tidal flats therefore cansist of an alternation of thin layers of sand and clay. Tidal flats can
occur within a tidal channel (shoals) or be attached to the mainland or to islands. The highest parts
are the salt marshes that are only flooded at very high water (spring tide and storm surge) due to
their elevation. On the salt marshes, mostly clay is deposited. They are overgrown with halophytic




(salt-tolerant) plants and are intersected by creeks that supply and drain the water. Slightly higher
levees can often be found directly next to the creeks.

Elevated tidal channel

The immediate vicinity of the Passageule is somewhat higher than the surrounding polders. This is
because tidal activity lasted longer along the Passageule than in the surrounding polders. Because
the polders behind the dikes were protected against the water, sand and clay were no longer
supplied and deposited there during high tide. This did happen right along the channel. As a result,
the area between the dikes was further raised compared to the polders. The contrast is most
striking on the north side of the channel, where the elevation difference is 0.5 to 1 metres.

Relation with other geosites

This area is the eastern part of geosite 20 'Zwin creek remnants and Passageule'.

The Zwin Creek remnant system (20a) forms the western connection of the Passageule
with the Zwin inlet.

De Braakman (geosite 23) — large tidal system that split Zeeuws-Vlaanderen in two for
centuries and with which the Passageule was connected in the east.

Creek and coversand area Sint-Margriete — Aardenburg (geosite 22) — Branches of the
Passageule system reached up to this geosite.

Zwin (geosite 19) — western connection of the Passageule with the North Sea and the
Flemish coastal area.

The Polders around Damme (geosite 21) are located southwest of this area and share the
broad outline of developments in the coastal area.
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channels and creeks. Dry sand ridges in this tidal flat and swamp formed temporary habitats for
prehistoric hunter-gatherers.

An open coastal landscape with channels (ca. 2800 - 1250 years ago)

From 2800 years ago, climate change and possibly also inland deforestation caused increased
drainage in the peatland. As a result, old channels, at the location of the Zwin and Blankenberge
channels, started to incise again and there was more space for the tides behind the coastal barrier,
which eroded and shifted inland. New channels were also created, such as probably the Oostkerke
channel. The resistance of the peat against erosion also caused these channels to erode deeply in
a vertical direction. This incision created an open tidal channel landscape with 'islands' of older,
higher salt marsh (and peat) areas, separated by a network of channels and creeks.

The human use of this tidal landscape enhanced this process. The combination of channels, tidal
flats, salt marshes and peat was indeed attractive to humans. They adapted their way of life and
made use of the opportunities that this landscape offered. Despite its location, during Roman
times this peripheral area was an active part of the Roman economy, for example through sheep
farming on numerous salt marsh meadows, (large-scale) salt production or trade in shellfish as
food. Small rural settlements developed on higher (and later raised) locations (mounds) in and on
the edge of the salt marsh. During the Roman period, the dune barrier and coversand ridges along
the edges of the tidal area also formed part of a coastal defence line with fortresses in Oudenburg
and Aardenburg. Starting from the residential areas, the landscape was locally drained for small-
scale agriculture and/or peat extraction and raised roads (early dikes) were built to protect against
flooding.

In the early Middle Ages settlements arose in a similar way on mounds located on the salt marsh
and along the channels. Small ring dikes were built around these settlements to protect the
surrounding area and to exploit it more intensively. During the High Middle Ages, this reclamation
evolved into a true landscape transformation, in which local dikes on the salt marsh were
connected to longer systems. This created the first polders. The castle of Oostkerke and the motte
of Ten Doele are possible centers of power from this period. From the late Middle Ages onwards,
parts of the landscape below high-water level (tidal flats and channels) were also effectively
embanked and dikes served not only to protect against storm surges, but also to reclaim land from
the sea.

The Roman and (early) medieval interferences enhanced the natural peat compaction and
subsidence of the surface. Since the sandy infill of the tidal channels is less compactable than the
surrounding peat layers, these channel ridges became higher than their surroundings. The
subsidence further increased the tidal influence in the hinterland. (Storm) floods widened the tidal
inlets and condensed the network of tidal channels. It therefore took until the early Middle Ages
(ca. 550-750 AD) before the sediment supply, tidal damping and sea level rise were back in balance
and the tidal area had once again silted up above high-water level. The coastal barrier no longer
eroded and stabilized about 10 km off the present coast. A broad dune ridge formed here.

In this period the Blankenberge channel, the Oostkerke channel, the Sincfal and the Honte
determined the landscape of the Zwin region. These channels were formed and filled at different
times during the late Iron Age, the Roman period and the early Middle Ages. The first two channels
silted up almost completely between Roman times and the 9" - 10'" century AD, while the Honte
became the new mouth of the Scheldt estuary after the Western Scheldt {Westerschelde)
breached.

Sincfal: the prelude of the Zwin (... - 1134 AD)

Due to the silting up of the Blankenberge channel and (later) the Oostkerke channel, at least one
canal was constructed (partly in a creek) between the Sincfal and (early) medieval Bruges: the Oud




Zwin. From the 11" century, the need for agricultural land and fuel (peat) increased sharply due to
population growth. By connecting elevated roads and/or low dikes to form a defensive seawall,
larger parts of the salt marsh could serve as meadows. The inner-dike area was drained with
canals and the former dikes between polders lost their function. As a result, the tide could no
longer spread over the salt marsh and the creeks during storm surges. However, this
unintentionally enhanced the silting up of the outer-dike area, including the canalized connection
between Bruges and the Sincfal. In combination with peat extraction, peat compaction due to
drainage of the inner-dike area and poor dike maintenance, the region became more susceptible
to damage by storm surges.

Zwin (1134 AD to present)

In October 1134 AD a strong storm surge eroded an old inlet of the Sincfal, up to an old creek ridge
on which (Honts-) Damme (Dam on the Honte) was later founded. Initially, this tidal channel, the
Zwin, was more navigable for seagoing vessels — at least up to the transshipment harbor of
Damme — than the Oude Zwin Canal, which was silting up. A canal was dug from Damme to near
Bruges: the Reje. Another canal, the Lieve, connected Ghent, Damme and the Zwin from 1269 AD.
Thanks in part to the Zwin, Bruges grew from the middle of the 12" century to the 15" century AD
into an international harbor city.

However, the natural accretion of the salt marshes along the Zwin and their subsequent
embankment reduced the tidal area. This accelerated the natural silting from the inland towards
the mouth. The decreased navigability of the Zwin channel strengthened the development of
outer ports, such as Sint Anna Ter Muiden, Monnikerede, Hoeke and especially Sluis. As a result,
activities of outer ports of Bruges moved gradually towards the mouth. At the same time, Bruges'
economic power diminished and 16" century attempts to revive the Zwin by increasing the flow
rate and digging new canals, such as the Verse Vaart, also failed.

Due to its economic importance, the Zwin was also the scene of international conflicts fought
during naval battles (in 1213, 1340 and 1603 AD) in the tidal channel. During the Eighty Years' War
(1568-1648 AD) Damme was provided with bastions and during the War of the Spanish Succession
(1702-1713 AD), the fortress of Beieren was reinforced. The Zwin mouth always formed part of the
front line in these conflicts. Flooding was also a war tactic and the dikes around the former Zwin
were breached at Sluis. As a result, new tidal channels developed from the Lapscheuregat and
Coxydegat and part of the polders flooded again.

In the 17" and 18" centuries, the flooded area was reclaimed again into large, rectangular plots,
suitable for more intensive agriculture. The 18" century landscape was very similar to todays in
terms of land use, location of dikes, watercourses and settlement pattern.

The Damse Vaart was built between 1810 and 1824 AD, partly on the old bed of the Zwin.
Between 1843 and 1854, the Leopold Canal was constructed across the Damse Vaart. In the 20
century, brick industry locally had a major impact on the landscape through the excavation of clay
pits.

Today the geosite is a largely open to semi-open polder landscape, in which canals, dikes (often
combined with roads), rows of trees and watercourses determine the landscape structure. The
current parcel patterns, from irregular to straight, reflect the reclamation history of the area.

Relation with other geosites
- The polders around Damme are historically part of the Zwin region. The Zwin creek
remnants and Passageule (geosite 20) are part of the same system.
- The northern branches of the Maldegem-Stekene coversand ridge (geosite 37) are located
just south-east of the Zwin polders near Damme and continue under the polders.
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there was a poor sand soil. Where no peat is present today, peat may never have formed or peat
may have disappeared after drainage due to peat extraction or oxidation. That is why there is
much discussion among historians, archaeologists and earth scientists about the precise past
extent of this peat. It is currently assumed that peat certainly existed north of the northernmost
Aardenburg sand ridge. There is less agreement about the occurrence of peat or humus-rich sand
between the two sand ridges (later called Moershoofd van Aardenburg). Indeed, based on
historical sources, large-scale peat extraction for use as fuel is assumed here, while physical-
geographical observations contradict this.

Medieval reclamations

Although older human land use is likely, it is only ascertained in the creek area from the Middle
Ages onward. In the 11" and 12™ century AD the landscape was deforested. The wastelands with
heath were used as grazing grounds for sheep, because they were unsuitable as arable land. The
systematic reclamation of the current creek area only started at the end of the medieval
reclamation period, in the 13" century AD, when the urban elite also invested in (the edges of) the
coastal area and had this region reclaimed starting from small settlement centers on the sand
ridges. A system of elevated roads (primitive dikes) and drainage ditches made it possible to
cultivate the humus-rich sand soil of the (extracted) Moershoofd of Aardenburg. South of the
creek area, from the middle of the 14" century AD, part of the infertile sandy soils was used for
forestry.

Late medieval and early modern floods, embankments and dike breaches

Drainage and reclamation of the (covered) peat area north of the geosite lowered the soil surface.
Moreover, maintenance of the dikes and waterways did not happen systematically and proved
inadequate. This also made the hinterland vulnerable to storms and spring tides along the estuary
of the Western Scheldt (Westerschelde). At the end of the 14th and beginning of the 15™ century,
the autumn and winter storms breached the dikes and through the Aardenburg sand ridge, which
until then formed a natural sea wall. On the one hand, the water of the South Sea that was formed
in this period (later called Braakman) was halted by a raised road on the line between Cadzand and
Kaprijke: the Woutersweg or Waredijk (possible fragment on Fig. 22.4.). On the other hand, the
water was stopped by a raised dike on the Sint-Laureins-Boekhoute sand ridge. This dike was
fortified at the beginning of the 15" century AD and later became known as the Graaf Jansdijk. A
fragment of this dike has been preserved between Zonne and Bentille. The gradual reclamation of
the flooded area started from these two axes, until a sea wall was built in the late 15" century AD
and previously constructed dikes became redundant.

The 16" century storms were again very destructive. For example, the All-Saints Flood of 1570 AD
caused a breach of the dike on the Aardenburg sand ridge near Hondseinde. During the Eighty
Years' War (1568-1648 AD) the dikes of the Zwin inlet were breached for strategic reasons and the
large Coxydegat was created in the Zwin area. The (south) eastern branches of this inlet also
reached the geosite and breached the northern sand ridge, thus creating the Groote Gat near Sint
Kruis, the Brandkreek north of Sint-Margriete and the Hollandse Gat with the Blokkreek and
Boerekreek (Grote Geule). A defence line has been established along the winding Brandkreek,
where the national border is today.

North of the Aardenburg sand ridge, the creeks had a fairly natural branched pattern and they
meandered due to the horizontal displacement of the tidal channels (e.g. Brandkreek). This was a
result of the high flow rate in this low-lying area. Between the two coversand ridges, the flood
water flowed into the area at a lower speed, via the drainage ditches along roads and dikes, so
tidal channels and creeks incised almost exclusively in a vertical direction and the rectangular
shape of the flooded plots was therefore preserved in the creek pattern (Blokkreek, Boerekreek,




and Bentillekreek). That is why creek names often go back to old street names (for example
Roeselare Creek at the location of Roeselarestraat).

Final land reclamation in early modern and modern times

After a dike breach, a thin layer of silt was often deposited on the polders outside the creeks. Due
to the location of the area between the two coversand ridges on the edge of the polders, this land
was quickly (re-)diked and there was only a limited sedimentation period and thickness. North of
the Aardenburg sand ridge, the deposition lasted longer, so the surface here is higher there.

After the Eighty Years' War, the flooded landscape between the late 17" and 18" centuries was
gradually re-embanked and systematically reclaimed in large and regular parcels, which were
mainly used as arable land. Less suitable, wet locations along filled-in creeks or in depressions
parallel to the dikes (so-called cart fields) were used as pasture. The cart fields were created by
extracting clay for the construction of the flanking dike. Remaining creeks, such as Blokkreek,
Roeselarekreek and Boerekreek, however, remained open. Where dikes breached, deep kolk lakes
were created by the swirling water. These breaches were repaired with ring dikes around them,
mainly at the end of the 17'" century AD (e.g. Zouteput).

On the one hand, this land reclamation took place north of the Aardenburg sand ridge in a new
systematic plot pattern, in which virtually no traces of the old landscape can be recognized. On the
other hand, the medieval plot pattern was simply reused during the re-diking between the two
sand ridges because of the thinner sedimentation. These polders therefore have a smaller surface
area and consist of a combination of regular and irregular parcel blocks and strips.

Also in the 18™, 18" and 20" centuries, the polders were flooded for strategic reasons, during
independence or world wars. After Belgium's independence, the Leopold Canal even had to be
constructed to drain the area in an east-west direction. After WWII, the increase in scale of
agriculture made many old landscape traces disappear. Today, often only a micro-relief remains.
The contemporary landscape is therefore predominantly flat and open, with the exception of the
habitation, which occurs mainly on the sand ridges and on or along dikes. Locally pollarded willows
around meadows and rows of trees on (no longer functioning) dikes ensure a more closed
character. This contrasts not only with the more open polder landscape north of the geosite, but
also with the small-scale parcels and the more closed landscape south of the creek area in sandy
Flanders (Vlaanderen).

The variety in (fossil) tidal channels and creeks

The area is characterized by a wide variety of fossilized creek types, from completely open to
completely silt. The tidal channels differ from tidal creeks by their size and position within the
stream network. Not only the filling sediment, shape, width and depth, but also the presence of
active channels and bank edges determine different the types. The shape of the fossil creeks also
depends on the combination of the location in the tidal system, the sedimentation phase in which
natural evolution has stopped, the vegetation and subsequent sediment cover.

Relation with other geosites

— The two coversand ridges in the creek area run parallel to the coversand ridge (geosite 37)
and, despite their more modest size, have a similar origin.

— In the west, the eastern branches of the Zwin creek remnant system (geosite 19) extend
into this geosite.

— Furthermore, the geological formation processes of the Braakman region (geosite 23) are
comparable to this geosite. The influence of the Braakman (South Sea) has determined the
reclamation history of the geosite.



















surges in the 16" century AD, the Honte, then called the Western Scheldt, took over the role of
the Eastern Scheldt as the main drainage channel of the river Scheldt.

Formation of the Braakman

De Braakman developed in several phases. During the storm surge in the winter of 1375-1376 AD,
a huge breach is said to have occurred in the low-lying, wet area east of Biervliet. Attempts were
made to reclaim the area by re-diking, but during the disastrous first 5t. Elisabeth flood in 1404 AD,
the tidal branch extended its reach. It expanded even further during a storm surge in 1477 AD.
Over time, channels incised far into the hinterland. The maximum reach of the Braakman was
probably established in 1570 AD, when the connection to the Zwin inlet was created during a
storm surge. Maps indicate that a connection to the smaller tidal system of the Hellegat was also
established around 1650.

Drowned villages

In the immediate vicinity of the Braakman, the parishes of Coudekerke, Wevelswaele, De Piet and
Boterzande disappeared into the sea during the storm surge of 1375-1376 AD. The first St.
Elisabeth flood in 1404 AD also led to the loss of villages in the immediate and wider area. This
catastrophe has been repeated over the centuries during great storm surges. The exact location of
many of these disappeared villages is unknown. Where archaeological remains have been found,
they mainly consist of remains of churches and graveyards. These were often on the highest part
of the village and were well protected because of their important function. Churches were one of
the few buildings built of stone with heavy foundations. They were therefore more resistant to the
force of the tide than the vulnerable houses of the population.

Navigation and land reclamation

The location of villages and towns on the Zeeland coast was dangerous, but also useful in certain
respects. With the creation of the connection with Het Zwin, the large inlet on the Flemish coast, a
new waterway was created between the Western Scheldt and Ghent via the Braakman and the
Passageule, with a natural harbor on the Scheldt. In the 18" and 19" centuries AD, however, the
Braakman was increasingly reclaimed. As a result, the system was able to store less and less water
at high tide. As a result, major changes took place in the mouth area, with the broad mouth
splitting in two into an eastern and a western channel. The flow rate decreased and the tidal
system silted up. A new canal was therefore constructed for shipping from Terneuzen to Sas (on
the Belgian-Dutch border), which was completed in 1826.

De Braakman is one of the last reclaimed tidal areas in Zeeuws-Vlaanderen. The mouth of the main
channel was not dammed until 1952. The wide Braakmankreek is the last remnant of the large
tidal channel.

Elevation differences

In the Braakman region, elevation differences are visible between the channels and the
surrounding areas. The channel forms the lowest part of the young tidal system and is several
decimeters to several metres lower than the surrounding tidal flats — depending on the depth of
the channel.

Elevation differences can also exist between polders. The earlier a part of the channel and the
surrounding flats was embanked, the shorter the period in which the tides could deposit sediment
(sand and clay) in the area. The first diked branches of the tidal area (such as the smaller inland
channels and flats of the Braakman in Belgium) are therefore relatively low. The polders that were
embanked later are raised by the sea for a longer period of time and are now higher. The largest
and most recently diked channels of the Braakman can therefore be recognized in the elevation
map as broad zones.



















The Otheense Kreek is a creek system located in Zeeuws-Vlaanderen. The mouth of the creek is
just east of Terneuzen. At this point, the creek is about 180 metres wide. About a mile inland, the
creek splits into two branches. The southern branch runs through the village of Spui to Axel. The
eastern branch runs south via Zaamslag. The deeper inland, the narrower and shallower the creeks
become. The creek system still ensures drainage of the hinterland and is connected to the Western
Scheldt (Westerschelde) on the north side via a lock and a short canal.

Much of this creek system is still under open water and it continues for many miles inland without
interruption. The channels are up to a few metres below NAP and are therefore much lower than
the surrounding land, which lies at a maximum of ca. 1.5 m + NAP. In total, the geosite covers an
area of ca. 9 km?.

2. Landscape formation

Origin of the landscape

The landscape of Zeeuws-Vlaanderen consists of a sandy subsoil from the last ice age that was
covered by an extensive peat swamp between 6500 and 2800 years ago as a result of sea level and
groundwater rise. From about 2600 years ago, major sea breaches took place and over a thousand
years, large tidal channels formed, including the Honte, the predecessor of the current Western
Scheldt. Through these tidal channels, the sea deposited a clay layer on the peat. A salt marsh area
developed.

De Honte had several smaller branches. At the location of the current Otheense Kreek, there was a
natural branch of the Honte, called the Notense Geul, where the village of Noten was also located.
The earliest known written record of this village, also known as Othene, dates back to 1160 AD.
The village disappeared into the sea during a storm surge in 1214 AD, after which Nieuw-Othene
was founded. In the 13" century, dikes around the medieval village of Saemslach created the
island of Zaamslag, which over time expanded in almost all directions by further reclamation. In
this and subsequent centuries, the polder area was flooded several times during storm surges.

Military inundations

In the Eighty Years' War (1568 — 1648 AD) the Northern Netherlands fought for their
independence of from the Spanish king. The States, the rebels against Spanish rule, dominated de
Honte and Antwerp between 1583 and 1586 AD. In order to drive out the Spanish army and secure
recaptured cities, they breached dikes and locks at various locations in Zeeuws-Vlaanderen,
causing the sea to flood no less than 19,000 hectares of the land. Such a breach was also made at
Nieuw-Othene in 1584 AD. From there, the seawater reached Zouterspuije (present-day Spui),
which is kilometers inland, and the present-day Otheense Kreek developed. Tidal action turned the
first channel into a large creek system.

During these military inundations, the village of Nieuw-Othene completely disappeared into the
sea. Remnants of this village surfaced in the Otheense Kreek during the drought in 1842. Todays
{and thus the third) Othene, also known locally as Noten, developed on the eastern bank of the
creek. Today, Othene is completely included in the surrounding residential areas of the city of
Terneuzen.

An inundation in 1586 AD to protect the recaptured city of Axel caused the medieval settlement of
Saemslach to disappear into the waves. For a long time, the tower of the old Zaamslag served as a
beacon for skippers who sailed the eastern tidal channel Hellegat, but it was demolished in 1697.
The current Zaamslag is on the same location as the old village.

Damming and the original relief




Unlike many other tidal channels, where land reclamation often took place earlier and through
various small reclamations, the 1350-hectare area around the Otheense Kreek was reclaimed in
one go in 1650 AD, by damming the creek itself. This is how the Zaamslag polder was created.
Because the creek system was completely closed off, the entire area was simultaneously cut off
from the supply of sediment (sand and clay). As a result, the original relief has been preserved in
its entirety and many of the creeks are still under water — since the sea no longer had access to
supply sediment for accretion.

High- and low-lying zones in the region

The Zaamslagpolder is relatively low compared to the surrounding polders. This is because the
tidal system of the Otheense Kreek was diked earlier than the tidal systems in the area. The
Braakman in the west and south and the Hellegat in the east were only reclaimed in the 18™, 19™
and 20" centuries. The sea influenced the latter areas for a longer time. Because the land around
the Otheense Kreek was protected against the water after it was dammed in 1650 AD, no
sediment (sand and clay) was subsequently supplied by the sea. The difference in height between
the polder of the Otheense Kreek and that of the surrounding tidal systems is approximately half a
metres to a metres.

Relation with other geosites
- Braakman - large former tidal system west of the Otheense Kreek.
- QOudland area De Putting — adjacent area that has never been affected by young tidal
channels; Qudland.
- Drowned Land of Saeftinghe — lost land, previously subject to military inundations.
- Western Scheldt — marine inlet from which the Otheense Kreek branched.



















these high ridges, show that they have been attractive for humans for thousands of years. Villages
such as Sint Jansteen and Koewacht have a narrow and elongated shape, because they follow the
shape of the coversand ridges. From these villages, the peat in the area of the geosite was
eventually extracted in the Middle Ages and transported to cities such as Ghent via inland peat
canals such as the Zoute Vaart.

Creek courses

The creek courses come from the Braakman from a northerly direction and are often still clearly
visible in the landscape, because they are lower than the surrounding area. The shape of the 16'"-
century southern bank of the Braakman itself is also clearly visible. This bank is characterized by a
line of Spanish fortifications, the remains of which can still be recognized as elevations in the
landscape. The fortifications were built in the 16™ century along the salt marshes of the Braakman
to stop the invasion of States troops from the Axel region.

Due to persistent tidal activity, creeks that originated from the Braakman were even able to break
through parts of the coversand ridges. For example, a large, visible breach is located just southeast
of the former Spanish fortification of St Nicolaas. Here, the Groote Gat cuts through the
northernmost coversand ridge and continues into the polder further south. The Boskreek is a
branch of this system and it even managed to work its way through the southern coversand ridge
of Koewacht. Today, this breakthrough is still recognizable as an open residual channel.

Some creeks that run through the geosite have an unnatural, rectangular pattern, such as the
Moerspuische Watergang. This is because these creeks were created while the low-lying peat
areas were already drained by a network of ditches and locks. During their formation, the creeks
managed to tap a few ditches, gradually widened them and incised them deeper. These creeks are
silent witnesses of the former division of agricultural parcels.

Elevation differences

The salt marsh area that developed on the flanks of the Braakman tidal system was embanked in
several phases. Because the salt marshes outside the dikes have been able to silt up much longer
than those that had already been embanked, the difference in elevation between different polders
can be almost 1 metres. For example, the surface of the Zuiddorpe polder, which was diked in
1698 AD, is at approximately 1 m + NAP, while the adjacent Kanisvliet Binnen polder, which was
embanked some 90 years later, is at approximately 1.5 m + NAP.

The greatest elevation difference is, of course, at the transitions of the various coversand ridges
and the adjacent polders. The coversand ridges have elevations of about 2 to 4 m + NAP and
change abruptly to the polders about 2 metres lower. The polders directly adjacent to the
coversand ridges are generally diked in relatively early and have a height of less than 1 m + NAP.
The southeast - northwest orientation of the coversand ridges is determined by the dominant
wind direction. This has been the same in the area for thousands of years and has determined the
orientation of almost all coversand ridges in the Netherlands and Flanders (Vlaanderen). Near the
geosite, the coversand ridges are mostly still on the surface, but such ridges must have once
dominated the landscape in the rest of Zeeland as well. Today, however, these are buried under
metres thick layers of clay and peat.

Relation with other geosites
- Braakman region (nr. 23): former tidal area where the creeks of this geosite spring.
- Otheense Kreek (nr. 24): creek system in Zeeuws-Vlaanderen.
- Creek and coversand area Sint-Margriete — Aardenburg (nr. 22): comparable coversand
area intersected by creeks, on the border between Zeeuws-Vlaanderen and Belgium.
- Drowned Land of Saeftinghe: outer-dike salt marsh area in Zeeuws-Vlaanderen with
drowned villages.
















The geosite is located in the eastern part of Zeeuws-Vlaanderen (Zeelandic Flanders) and has an
area of 59 ha. It is part of the larger nature reserve De Grote Putting between Hengstdijk,
Kloosterzande and Lamswaarde.

2. Landscape formation

Origin of the landscape

The barren, glacial landscape of the final Pleistocene got covered by tidal deposits (sand and clay)
during the warmer Holocene as a result of the melting ice sheets and rising sea level. Initially the
coast was open: there was no barrier protecting the inland from marine influence.

During the Holocene, the rate of sea level rise decreased and about 3800 years ago an almost
closed coastal barrier of beach ridges and dunes was created. Because of this somewhat higher
zone on the coast, the hinterland was protected from the tide and a large freshwater swamp was
created, in which peat accumulated. That way a vast peat area developed in Zeeland, with peat up
to several metres thick.

From a few centuries BC, the protective coastal barrier was locally breached and the influence of
the sea increased once again. Especially since Roman times, sea breaches penetrated ever deeper
inland. Over the centuries, part of the peat was eroded by large tidal channels, but in some areas,
such as Oudland area De Putting and its surroundings, there was no such deep erosion. Here, the
sea only deposited a thin layer of sediment (clay and sand) on top of the peat, which was buried
and more and more compressed.

Oudland

The exact moment of construction of the Hengstdijkpolder, in which Oudland area De Putting is
located, is unknown, but it is in any case before 1161 AD. Since then, the area has hardly been
flooded by the sea. This type of land is also called Oudland (old land). With this age, the
Hengstdijkpolder is one of the oldest polders in Zeeuws-Vlaanderen, while most of the polders
were only created more than 500 years later. The old landscape around the nature reserve has
been levelled, but in Oudland area De Putting the irregular relief of the Oudland has partly been
preserved.

Creek ridges and clay-covered peatlands

Although large-scale erosion has not taken place in this area, small creeks have eroded into the
peat in the Oudland. Those creeks ensured drainage of the peat area, as a result of which the peat
partially decayed. As a result, the peat surface was lowered and a thin layer of clay was deposited
on the peat from the creeks during high-water. The weight of the clay further compressed the
peat, thus further lowering the land area. In this way, a new salt marsh landscape could develop.

The tidal current within the creeks of this salt marsh landscape was stronger than outside the
creeks. Therefore, in addition to clay particles, they were also able to transport the heavier sand
grains. As a result, during the accretion phase, only clay was deposited outside the channel, but
the channels were filled with (clayey) sand, with only a thin clay cover on top.

Over the centuries, the peat and clay outside the creeks were compressed, thus lowering the land
surface. This compression affected the sandy creek infill to a much lesser extent. That is why the
former channels now form higher elevations in the landscape. We call these higher parts creek
ridges. This is often where the oldest roads and settlement centers are located. Because of their
higher and drier location, creek ridges were also used as arable land. The low-lying clay-covered
peatlands outside the creek ridges are called poelgronden in the region. These soils are often
under water for a long time in winter and are almost exclusively suitable for pasturage.




Peat extraction and salt production

When the peat in the region was flooded by seawater after breaching of the coastal barrier, salt
was left behind in the peat. The peat was therefore not only suitable as fuel, but also for salt
production. The extraction of peat for salt production is called moernering, selnering or
darinkdelven in the region.

Initially, the extraction of the peat under the clay layer was not yet regulated. This is called ‘wild’
moernering. After digging away the peat, a bumpy terrain was left behind that was hardly usable
anymore as agricultural land. Locally, this is also referred to as a hollebollig (concave-convex)
landscape.

During later, and better regulated, peat excavations, rectangular blocks or long and narrow strips
were dug out. The layer of young marine clay was first dug out. Between the pits, a strip of peat
remained, on which the excavated clay was placed. That strip also served as a water barrier for the
adjacent pit. The peat under the clay layer was extracted. The unevenness in the landscape due to
this type of peat extraction follows more regular patterns.

Elevation differences

Oudland area De Putting is characterized by an irregular relief. In this case, the elevation
differences can have several causes. Higher ridges in the landscape are either small creek ridges or
heaps of clay that were placed as small ridges next to the peat extraction pits during excavation.
Outside Oudland area De Putting, the subtle elevation differences are difficult to track, since here,
levelling has disrupted the original landscape and relief.

Relation with other geosites
- Yerseke and Kapelse Moer — peat extraction on Zuid-Beveland near Yerseke.
- De Poel — peat extraction on Zuid-Beveland near Goes.













Geomorphology: This small-scale example of a remnant hill or inselberg consists of Pliocene
sediments deposits, surrounded by the much younger Holocene marine clay deposits of the
Scheldt polders, which are about 4 m lower.

Sedimentology: The Pliocene beach deposits and overlying Pleistocene sediments can be observed
and studied in a well-maintained and accessible former sand quarry, which is very suitable for
educational purposes and where the sediments have been the subject of extensive research. The
well-exposed deposits clearly show sedimentary structures and features indicative of a.o. beach
and near-shore depositional environments, periglacial conditions (frost cracks), decalcification,
iron cementation, soil formation and erosion (lag deposits).

DETAILED DESCRIPTION

1. Location

Nieuw-Namen, on the border of Zeeuws-Vlaanderen (Zeelandic Flanders) and Belgium, is unique
from a geological point of view. It is the only place in the Netherlands where Upper Pliocene
deposits of the so-called Oosterhout Formation occur at the surface. They crop out in the 'Meester
Van der Heijden' quarry, a well-maintained geological monument in a former sand quarry on the
west side of the village. The deposits were originally formed on the beach of a shallow sea and
subsequently shaped by erosion of the surrounding landscape, leaving behind a remnant hill at 5
to 6 m above NAP. This hill is now surrounded on all sides by the much younger marine clay of the
Scheldt polders, which are about 4 m lower. On the hill, which is about 1 km long in an east-west
direction and 500 m north-south, lies the village of Nieuw-Namen and the adjacent Kieldrecht in
Belgium. The Belgian part of the hill was not included in this geosite.

2. Landscape formation

The deposits in and around the quarry of Nieuw-Namen

The 'Meester Van der Heijden quarry' is 4 to 5 m deep and is located approximately at the highest
point of Nieuw-Namen, at 5 m above NAP. The main deposits visible in the quarry are shell-bearing
sands, which are called the Oosterhout Formation (Pliocene) in the Netherlands and the Lillo
Formation in Belgium.

Remarkable elements in the quarry are the rust-brown sands at the top and the yellow, stratified
sands at the bottom, containing a number of hard ironstone banks that protrude from the
outcrop. The two sand layers are separated by a few tens of centimeters thick layer of shell
fragments cemented together by lime (a so-called shell breccia). Therefore, there is a clear
distinction: sand that was deposited during the warm Pliocene at the bottom, and sand that was
blown over the landscape by the wind during the Ice Age above that. There is a large time gap of
about three million years between the two, represented only by the thin layer of shell breccia.

The Pliocene deposits below the shell breccia are about 3 m thick. They consist of calcareous sand
with shells, showing a parallel, horizontal stratification and containing distinct traces of burrowing
animals, especially at the bottom of the quarry. Furthermore, fragments of sea urchins (usually
microscopically small) and microfossils such as foraminifera and ostracods are present. The
characteristics and composition of the sand and the nature and position of the shells in it (with the
convex side up) show that it is a beach deposit. In this sand, striking, reddish-brown ironstone
banks were later formed as a result of iron cementation of the sand under influence of circulating
groundwater.

A drilling close to the quarry shows that the shell-bearing sands of the Oosterhout Formation
continue to a depth of approximately 18.5 m below NAP. Below is 5.5 m of green, glauconitic sand
from the Breda Formation. The drilling ends at 26 m - NAP, 2 m deep in the clay of the Boom
Formation (Oligocene).




The hill of Nieuw-Namen is surrounded on all sides by Holocene marine clay that reaches a level of
about 1.7 m + NAP and usually lies on a layer of peat. Fragments of weathered flint and
archaeological flint artefacts are found locally in the sand, immediately below the peat. Two
Bronze Age pots have been found in the wall of the 'Meester Van der Heijden quarry' itself; the
only Bronze Age pottery found in Zeeland.

Origin of the landscape

Neogene: marine, coastal and beach deposits

During the Paleogene (56 to 23 million years ago) and the Neogene (23 to 2.6 million years ago),
the Netherlands and Lower and Central Belgium were largely covered by a shallow sea, in which
mainly sand and clay were deposited (e.g. the clay of the Boom Formation). Towards the end of
the Neogene, the sea slowly retreated northward from Belgium, towards the present-day Belgian-
Dutch border. The shell-bearing sands of Nieuw-Namen were deposited on a beach of this sea
around 3 million years ago. The deposition of these sands probably did not stop there, and similar
shell sands have been deposited on top of the deposits that can be seen in the quarry. Later
erosion of these deposits during the Pleistocene (see below) left the shells from this layer behind,
resulting in a concentration of shells in the thin layer of shell breccia, while the sand has largely
been washed out.

Pleistocene river erosion

After the final disappearance of the sea from the area, northward flowing rivers from the Scheldt
Basin have lowered the land surface by at least 10 to 20 metres during the last 1 million years. In
Nieuw-Namen, the shell breccia layer bears witness to this prolonged period of erosion. The layer
reflects the large gap between the Pliocene beach deposits below and the coversand from the last
ice age above. Such an erosional gap is also known from the Boudewijn quarry on the Brabant
Escarpment in Ossendrecht. There lies a thin layer of 'Scheldt gravel' between the top of the Early
Pleistocene Waalre Formation, which builds the Brabant Escarpment (Brabantse Wal), and the
coversands and river dune sands from the end of the last ice age, deposited between 20,000 and
12,000 years ago.

The absence of intermediate deposits makes it impossible to reconstruct in detail the landscape
evolution during this period; only the broad outlines are known. The ironstone banks may have
been formed during this long period of time by iron cementation of the sand under the influence
of circulating groundwater. The preservation of the hill of Nieuw-Namen, while the surrounding
area has been lowered by erosion, is probably partly due to the presence of these hard and more
resistant ironstone layers in the Pliocene sand.

The last ice age: coversand and ice wedges

During the last ice age (the Weichselian), the area of Nieuw-Namen was a tundra where only
grasses, mosses and dwarf shrubs grew during the coldest phases. The soil was partially or
completely frozen. The winds blew over the almost unprotected land and blanketed the landscape
with a thin layer of coversand.

It was only towards the end of the Weichselian that the Scheldt took its current course along
Antwerp instead of flowing to the sea via the Flemish Valley north of Ghent. Downstream from
Antwerp, it cut into a narrow, but deep valley (down to -12 m at the Belgian-Dutch border). The
local streams that drained into this valley also incised and probably caused some local erosion
again, giving Nieuw-Namen its eventual present form as a remnant hill.

Holocene warming and sea level rise
With the warming of the climate and the expansion of vegetation at the beginning of the
Holocene, about 12,000 years ago, the erosion phase of the last ice age came to an end. The




landscape stabilized. In coversands and Pliocene beach deposits that are at the surface in the
Nieuw-Namen quarry, a soil was formed and iron leaching and enrichment took place. The sea
level rise as a result of the melting of the large ice sheets caused a general increase in the
groundwater level in the coversand area, causing peat to grow in the lower parts of the landscape
around Nieuw-Namen. After the Roman period, the landscape around the remnant hill changed
into a tidal area with tidal flats, salt marshes and channels. A thin layer of marine clay was
deposited on the peat or, slightly higher up the hill, directly on the Pleistocene and Pliocene sands.
However, the deposition did not reach the highest parts of the remnant hill, which remained as a
sandy island in the polder landscape.

Relation with other geosites

- Western Scheldt (geosite 17) and Waasland Scheldt Polders (geosite 28): the lower polders
around the inlier hill and the clayey and peaty deposits that occur there belong to the larger
whole of the historical and current Scheldt area.

- Brabant Escarpment — Kalmthoutse Heide (geosite 15): just like the low hill of Nieuw-Namen,
the escarpment of the Brabant Escarpment is a witness to the deep erosion of the landscape
during the Pleistocene.

- Coversand area Sint Jansteen (geosite 25): like Nieuw-Namen, this is an area on the transition
from coversand to polder landscape.
















the last ice age (Weichselian glacial). The wind reworked some of these river sediments and
deposited a new layer of (cover) sand on top of it, but also low coversand ridges and dunes were
formed at the end of the last ice age. Today, these coversand ridges still crop out in Kieldrecht and
Verrebroek, where they extend further west and connect to the coversand ridge Maldegem-
Stekene. During this period, the tributary of the Scheldt, which drained the Waasland region, was
promoted to being the main course of the Scheldt by the breaching of the Hoboken gap, which is
located more upstream. At that moment, the Scheldt flowed northwards from Antwerp, towards
the Meuse and the Rhine. During warmer interstadials of the lateglacial, small lakes formed in the
depressions on and between the sandy ridges. This landscape was covered once more by
windblown sand during colder interstadials of the lateglacial. The oldest known traces of
temporary human habitation by Final Palaeolithic hunter-gatherers date from a warmer
interstadial of the lateglacial, about 12,000-13,000 years ago. The limited deposition of sediment
during the Early Holocene led to stabilization of the landscape and soil formation on the ridges
along a slow-flowing, tributary of the meandering Scheldt that has disappeared at present. Early
Mesolithic hunter-gatherers frequented these sites.

Peat formation and extraction

From 7500-8000 years ago, the Holocene sea level rise also affected this region. The groundwater
rose and drainage decreased. This lead to the formation of swamp forests and peat: first in the
lowest parts of the landscape, along the Scheldt, but gradually also in the depressions between the
coversand ridges. As a result, middle and late Mesolithic hunter-gatherers retreated to the higher
coversand ridges on the edge of the Waasland Scheldt Polders and the dry banks along the
Scheldt. About 6500 years ago, the tide first reached this region and interrupted the peat
development, because a shorter connection between the Scheldt and the North Sea was created
by the formation of a new tidal inlet at the location of the current Eastern Scheldt (Oosterschelde).
At that moment, the first farmers and stock breeders (Early Neolithic) also appeared in this
freshwater tidal area. About 500 years later, this tide disappeared again and the formation of peat
in a swamp resumed. This swamp already covered the entire region by 5000 years ago. There are
no known human traces in this peat area from the period between the end of the Neolithic and
Roman times, but it has probably been used extensively, for example for animal husbandry. The
human impact on this peat landscape started from the 11" or 12" century with the exploitation of
peat as a fuel. The first low dikes were built with roads on them and canals and sluices were
constructed to drain the peat. The traces of this peat extraction are recognizable in the long,
narrow strip parcelling (Blockstreifen) west of Verrebroek.

Dike breaches and floods

The extraction and drainage of the peat caused a lowering of the surface (peat compaction),
making the region more vulnerable to flooding. Moreover, between 800 and 1000 AD, the new,
shorter Western Scheldt (Westerschelde) connection was formed, so the tides increased. From the
late Middle Ages, the Waasland Scheldt Polders were regularly flooded. During the 14" and 15"
centuries, larger dikes were built to stop these floods and to create agricultural land on the
embanked tidal area. However, this reduced the area of the natural flood plain and increased the
tide, resulting in further dike breaches and flooding. Initially, these floods were of natural origin,
but during the Eighty Years' War (late 16" century) dike breaches were also used as a weapon
during the Siege of Antwerp. As a result, the entire region drowned, with the exception of the
slightly higher Doelpolder and villages on a sand ridge, such as Kieldrecht. The Grote Geule is a
remnant of the tidal erosion during this flooding.

Impoldering en depoldering

From the 17" century onwards, the gradual and definitive reclamation of the region and the
formation of the definitive polder landscape started. In each phase, a part of the creek area was
diked, turning the former tidal zone dry: the clay soil on the former salt marsh, the sandy loam soil




on the tidal flats and the sandy soil in the filled tidal channels. At the same time, the tidal action
and sedimentation continued in the area outside the dikes, causing the surface to be higher there.
This process was successively repeated for the construction of Konings-Kieldrechtpolder, Oud-
Arenbergpolder, Nieuw-Arenbergpolder, Prosperpolder and Hedwigepolder, which is clearly
recognizable on the soil map and elevation map. The complex flooding history has therefore
clearly left traces in the polder landscape. In this way, various creeks and canal patterns can be
recognized, as can dike breaches with kolk lakes and later dike repairs.

From the 1960s and 1970s, the port of Antwerp also continued to grow on the left bank of the
Scheldt, under the name ‘Waasland port’. Docks were dug, polders were raised and creeks
disappeared. In recent decades, part of the polders has been transformed into tidal areas by
creating nature reserves to compensate for lost natural values and to absorb current and future
flood risks due to the recently accelerated sea level rise.

Relation with other geosites

— Geographically, chronologically and thematically, the Waasland Scheldt Polders are
embedded between different geosites. The outcropping Neogene sediments on the dip
slope of the Waasland cuesta (geosite 35) form the substrate in which the depression has
been eroded in which the Waasland Scheldt Polders formed later.

— The coversand ridge (geosite 37) still crops out on the southwestern side of the geosite
(e.g. at Verrebroek) but descends towards the Scheldt, where the coversand is covered
with younger deposits.

— The Drowned Land of Saeftinghe (geosite 16) was created during one of the flood phases
that also affected the Waasland Scheldt Polders. Together they formed one tidal
landscape in the late 16" - 17'" century AD. Recent and current nature developments are
designed to partly restore this tidal landscape, but they do have a different layout than the
historical landscape.

—  The brackish salt marshes of the Scheldt (geosite 29) on the left bank comprise the current
outer-dike area of the Waasland Scheldt Polders.

— Similar polders and creek remnants, but with a possibly different history, can be found
throughout the geopark (e.g. geosites 8, 12, 18, 19, 20, 21, 22, 23 and 24).
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At the start of the Holocene, the sea level was still several tens of metres below the present level.
The Channel and a large part of the North Sea were dry. During the early Holocene, however,
global warming caused a sharp sea level rise, pushing the coastline ever closer. About 8,000 years
ago, the sea reached the current Dutch coastal zone and a wide belt of tidal flats and salt marshes
formed behind a barrier of coastal dunes. In this period, the tidal influence was limited to Dutch
territory. Near Antwerp, the river has been spared from tidal influence for the time being. The
rising water level here caused reduced drainage, resulting in the formation of swamp forests and
peat. This first happened in the lowest parts of the landscape, along the Scheldt, but from 7500-
8000 years ago, gradually spread to the depressions between the coversand ridges as well.

About 6500 years ago, a shorter connection between the Scheldt and the North Sea was created
by the formation of a new inlet near the current Eastern Scheldt (Oosterschelde). As a result, the
tide reached the region around Antwerp for the first time since the last ice age. The boundary
between the fresh and brackish water zone was then slightly further downstream than it is today.
During this first phase of tidal influence, peat development was interrupted by the formation of
tidal flats and tidal marshes. This is visible in the subsoil of the Waasland polders as a layer of clay
within the peat. About 500 years later, the tidal activity disappeared again from this area and the
formation of a peat swamp resumed and had already covered the entire valley by 5000 years ago.

Formation of tidal flats and tidal marshes during a second tidal phase

About 2500 years ago the coastal dune barrier was breached in Zeeland. This made it easier for the
tide to enter the country. Peatland once more gave way to tidal flats and tidal marshes, initially
only near the coast, but with time increasingly deeper inland. In the region around Antwerp, this
second phase of tidal influence became noticeable from the High Middle Ages (10" - 11" century
AD). Creeks, tidal flats and tidal marshes formed in a strip of approximately 2.5 km along both
banks of the Scheldt, From the 13™ century AD, the areas along the Scheldt were reclaimed and
the tidal flat and tidal marsh landscape was limited to a narrow zone along the Scheldt, as is still
the case today. On the border between the vegetated tidal marshes and the daily flooded tidal
flats, there is often a microcliff of a few tens of centimeters high. Several small tidal creeks cut
through the tidal marshes, transverse to the current direction of the Scheldt. The more regular
ditch patterns that can be seen in the tidal marsh of for instance Ouden Doel and the Galgeschoor
testify to the use of the tidal marshes as grazing meadows. At the harbor of the Prosperpolder we
see a remnant of a larger tidal channel.

Relation with other geosites
— The brackish marshes connect upstream to the freshwater tidal area and polders of the
Scheldt (geosite 30)
— And downstream to the Drowned Land of Saeftinghe (geosite 16).
— The development of the area before reclamation runs parallel to that of the Waasland
Scheldt Polders (geosite 28).



















in semi-natural conditions. The Weichselian Lateglacial and Holocene deposits in the embanked
polders have been the subject of extensive and detailed geological and geo-archeological research
in which a.o. their distribution has been mapped and sedimentology investigated.

DETAILED DESCRIPTION

1. Location

The geosite includes the Lower Scheldt Valley between the mouth of the Dender and the Antwerp
ring road. The Scheldt is a freshwater tidal river in that zone. In the upstream part of the geosite,
the valley is 2 to 3 km wide and lies in a relatively flat area (up to 10 m TAW in the interfluves). On
the left bank of the Scheldt, between the mouth of the Durme and the Rupel, the escarpment of
the Waasland cuesta, which extends to 30 m TAW, can be seen. Between Rupelmonde and Brucht,
the Scheldt flows through the Hoboken gap. The valley narrows to about 1.5 km width. Within the
diked Scheldt polders, the surface is around 2.0 m TAW. The tidal marshes outside the dikes are
between 5.5 and 6.0 m TAW.

2. Llandscape formation

Formation and infill of the Scheldt Valley

During the Pleistocene (2.6 million to 11,700 years ago) the precursors of the current rivers of the
Scheldt Basin north of Ghent converged in the Flemish Valley. At the end of the last ice age,
however, this course was dammed by the Maldegem-Stekene coversand ridge, as a result of which
the Scheldt sought a new path and at the confluence with the Rupel made use of the previously
existing 'Hoboken gap' through the Waasland cuesta between Rupelmonde and Hoboken. This
reversed the drainage direction between Ghent and Rupelmonde. During the lateglacial transition
from the Weichsel ice age to the current interglacial period (ca. 14,700 to 11,700 years ago), the
braided river system changed to a wide meandering river that cut deep into the substrate. The
meandering Scheldt initially migrated strongly, leaving behind sandy point bar deposits (Figure 30
5-1). In the part of the geosite upstream of the Rupel mouth, we can still see this meandering
pattern in the winding course of the Scheldt. Within the Hoboken gap, the river had less space to
form well-pronounced loops.

When a forest vegetation developed about 14,000 years ago, the system stabilized and the filling
of the meander channels started (Fig. 30.6-2, -1). A very last cold phase, from 12,900 to 11,700
years ago, created a barren landscape and was accompanied by dune formation in and along the
Scheldt Valley, including at the location of the current village centers of Vlassenbroek and Kastel
and in the polders near Bornem and Bazel. From the Early Holocene onwards, forests developed
again. Because these retained the precipitation better and prevented erosion, the flow of the
Scheldt decreased and it turned into a small stream within a swamp forest. The rising water level
caused the deep lateglacial channels to be completely filled with peat during the Middle Holocene
(Fig. 30.6-2). Between 5800 and 5300 years ago, the tides temporarily reached the north of the
geosite, locally causing the deposition of a clay layer in the peat. Ultimately, an inaccessible,
marshy zone with swamp forests formed over the entire width of the Scheldt valley (Fig. 30.6-3).

New incision of the Scheldt

When farmers started to clear more forests and create arable fields since the Neolithic age (about
5000 years ago), soil erosion again led to more sediment entering the stream. Initially, this made
the peat more clayey and around 2800 years ago a new meandering system developed, with
smaller dimensions of the channel (about 75 m wide) and of the meander bends than its lateglacial
predecessor. This river largely corresponded to the current course of the Scheldt, except at Weert,
where the Scheldt later shifted its course and the Old Scheldt marks the former course (Fig. 30.5).
Where these meanders have moved, sandy point bar deposits can be found in the subsoil in the
inner bends (Fig. 30.6-4, Fig. 30.5-2).




The peat in the floodplains is now covered with 0.5 to 2 m of clay (Fig. 30.6-5). This clay was
deposited in the more upstream parts of the geosite during frequent flooding of the meandering
Scheldt. From the Roman period and especially since the major reclamations during the Middle
Ages, the river transported much more sediment due to soil erosion as a result of agriculture in
the Scheldt Basin. The further downstream, the smaller the sediment load of the river and the
smaller the share of river flooding in the clay deposit.

Tides played a more important role in the clay deposition in the downstream part of the geosite:
since the breaching of the coastal barrier in Zeeland a few centuries BC, the tide has continued to
penetrate further inland. In the early Middle Ages, it reached the region around Kruibeke. To the
south of the cuesta, tidal influence remains very limited until about 1100 AD. Tidal flats and tidal
marshes were then formed under the influence of tidal activity. Tidal flats are flooded daily at high
tide. As the accretion gets higher, they get vegetated with pioneer vegetation and slowly form a
tidal marsh, which is only flooded during storm surges or spring tides.

Embankment and reclamation of the valley in the Middle Ages and the early modern era
Embankments

The tidal marshes formed a great potential for fertile agricultural land. Due to the increasing
flooding and tidal activity during the High Middle Ages, the need arose to embank the tidal
marshes. These dike constructions took place from the 11'" to the 13" century. In many cases they
started from a residential center, founded on lateglacial dunes in the valley (e.g. Moerzeke,
Kastel), or on the steep edge along the valley (e.g. Tielrode, Hingene, Bazel). Different stages of
embankment gradually covered an increasing part of the valley, creating small blocks of irregular
parcels. In other polders, the parcelling was more arganized, in straight strips, such as in the
polder of Kruibeke (the current controlled flood area (GOG) Kruibeke), north of the Barbierbeek.
After embankment, the landscape developed differently in the inner-dike polders and the outer-
dike tidal zone along the river.

Polders

The resulting polders are drained by brooks and ditches. Due to this drainage, the peat in the
subsoil dried out and compacted, causing a lowering of the surface. The polders were mostly used
as hay meadows. Hay yields were increased by deliberately cutting the dikes in winter, so that
flooding water could leave a fertile layer of silt behind. Thanks to this system of so-called
vloeimeersen or water-meadows, the polders formed profitable land.

Tidal marshes

Outside the dikes, along the Scheldt, flood deposits still accumulated and new tidal flats and tidal
marshes were created, which eventually became higher than the compacted polders and were
later also embanked. The tidal marshes outside the dikes were very suitable for the cultivation of
wijmen (withies): the annual twigs of willow trees that were used in basketry and for the
reinforcement of dikes. These former osier beds (willow plantations) have now been reforested in
many places, but the great diversity of willow species still points to the former coppice
management (e.g. on the Island of Mariekerke, on both banks between Branst and Weert, at the
sluice on the Old Scheldt near Bornem).

Battle against the water in the (early) modern era

The river bed of the Scheldt was considerably deepened and widened over time due to the
increasing tide, as evidenced by the difference in size between the tidal-free Old Scheldt near
Weert (ca. 75 m wide) and the current Scheldt (ca. 250 m wide). Historical maps show that since
the Middle Ages the bed of the Scheldt has moved to the outer bends. This was the result of
natural accretion, in combination with the progressive reclamation. Here and there, elongated
islands occurred in the middle of the river (e.g. Island of Mariekerke). Due to the increasingly




narrow floodplain, the river had less space during storms or spring tides, and the flood pressure
increased. The dikes were raised and reinforced, but dike breaches were inevitable.

Initially, the dikes along the Scheldt were much lower and more rectilinear than the current ones.
The irregular shape is the result of the many dike breaches in (early) modern times. During such a
breach, the powerful inflowing water forms a vortex that erodes a kolk hole (called weel or wiel in
the region). During the repair, the dike was placed in a bend around the kolk hole. These bends in
the dikes are still clearly recognizable in the landscape. A kolk hole outside the dikes was quickly
filled up again by sedimentation from the Scheldt. Inner-dike kolks remain visible in the landscape
for a long time as a lake on the edge of the polder. Creeks formed behind the largest breaches,
including the Rupelmondse Kreek, which extends 1 kilometre into the polder landscape.

Design as floodplains and tidal nature
Parts of this geosite have been included in the Sigma Plan and will be depoldered or converted

into flood control areas with locks in the historic dikes along the Scheldt and new ring dikes
around. This is the case in Vlassenbroek, Wal-Zwijn, Lippenbroek, Schouselbroek, the Bornem
cluster, the polders of Kruibeke, Bazel and Rupelmonde and Burchtse Weel. As a result of these
interventions, the tide will gradually blur the historic parcelling pattern.

Relation with other geosites

— Within the Geopark Schelde Delta, the geosites of the Palaeomeanders Kalkense Meersen
and Berlare (geosite 36), the Durme Valley (geosite 31) and the Rupel Valley (geosite 33)
also belong to the freshwater tidal zone. At Berlare, the tide was not felt until after the
Middle Ages. There, the lateglacial evolution is easier to read in the landscape and is
therefore described in more detail in the text about geosite 36.

—  Further downstream, north of the Hoboken gap, the Scheldt valley widens again. The
Waasland Scheldt Polders (geosite 28) and brackish tidal marshes of the Scheldt (geosite
29) are located in the brackish water tidal zone of the Scheldt. The tidal influence is even
more pronounced there, bath in the Middle Holocene and in the historical period.






















there was hardly any river activity left. These old meanders are no longer visible on the surface,
but can be found as bands of peat under the clay cover of the Durme Valley.

New incision of the Durme

During the Late Holocene, the discharge of water and sediment increased again under the
influence of increasing agriculture and associated erosion. A new meandering system
developed, with much smaller dimensions than its lateglacial precursor. This river roughly
corresponded to the current course of the Durme, except where the river was straightened in
the 20" century. At this time, the mouth of the Durme was still near Temse. The Durme Valley
was vegetated with alder swamp forests and human activity was very limited before the Middle

Ages.

The tidal Durme since the Middle Ages
In the early Middle Ages, the population started to increase and the wetlands in the floodplain

were gradually converted into pasture land.

When the Scheldt developed a new connection with the North Sea via the Western Scheldt
(Westerschelde) during the High Middle Ages, the tidal activity entered the Scheldt Basin much
deeper. This forced farmers from the 13" century to also dike the floodplains of the Durme,
starting from the mouth at Temse, where the tidal range was greatest.

The resulting polders are drained by brooks and ditches. Due to this drainage, the peat in the
subsoil dried out and compacted, causing a lowering of the surface. The polders were mostly
used as hay meadows. Hay yields were increased by deliberately cutting the dikes in winter, so
that flooding water could leave a fertile layer of silt behind. Thanks to this system of so-called
vloeimeersen or flow marshes’, the polders formed profitable land. In the polders around the
Old Durme branch south of Sombeke, there are still relics of this traditional meadow irrigation,
such as ditches, gullies and old inland dikes, which still have their original height and width in
this area.

Tidal deposits still accumulated outside the dikes and new tidal flats and tidal marshes were
created, which eventually became higher than the polders and were later also diked (e.g.
Gemene Schoren van Hamme). The tidal marshes outside the dikes were very suitable for the
cultivation of wijmen (withies): the annual twigs of willow trees that were used in basketry and
for the reinforcement of dikes.

In the (early) modern era, many other economic activities took place in the Durme Valley in
addition to hay and willow cultivation. In De Bunt, between 1795 and 1830 AD, peat was
extracted on a large scale. The excavated pits are now used as fish ponds. Elsewhere in the
Durme Valley, peat extraction was conducted on a smaller scale.

The Durme was an important waterway during this period: cargo ships took advantage of high
tides to sail up or down the river and were pulled by horses or human boat pullers on the
towpaths. In the 18" — 19" century, this mainly concerned ships that supplied manure from
Antwerp. At the quays along the Durme, this was transferred to pits where the farmers came to
collect the manure.

This manure was used, among other things, for flax cultivation. The flax was retted locally in
ditches, covered with straw and silt. The silt of the Durme was very suitable for this, so the
polders around Hamme, such as the Noubroek, were known for retting flax. Hemp, used in the
rope industry, was also grown in the area and retted in the pits that resulted from the peat




extraction in the Bunt. Lokeren was known for its bleaching meadows, where pieces of woven
linen were bleached by the sun in the wet meadows along the Durme.

Increase of tidal activity and silting of the Durme in the 19" and 20" centuries

Until the beginning of the 19" century, the tidal range in the Durme was small (about 3 m at its
mouth in the Scheldt; less upstream) and the summer dikes were sufficient to keep the
meadows dry in the summer. Since then, however, the tidal range has steadily increased, partly
as a result of straightening of bends, to about 6 m today. At spring tides, the exceptional
combination of a large tidal range with a narrow river causes the rare phenomenon of 'tidal
bore' or 'mascaret’ in the Durme: the tidal wave enters the river upstream like a wall of water.

In addition, the Durme was cut off from its sources in 1827 by the construction of the Ghent-
Terneuzen canal. As a result, the flow of the river decreased sharply and more sand and silt
remained behind. This process of silting was further enhanced by the straightening of a few
meander bends in the Durme in the 1930s, allowing the silt-rich Scheldt water to flow more
quickly upstream at high tide.

The combination of increasing tides and silting riverbed created an increasing risk of flooding.
That is why, in the middle of the 20" century, potpolders were constructed: flood control areas
that were flooded at high tide (e.g. Sombeke, 1939; Molsbroek, 1959). The Durme was also
dammed, first near Lokeren, later opposite the Molsbroek and the dikes were raised and
reinforced with concrete locks. In order to protect the Durme polders against future flooding,
dikes with a height of 8 m TAW are provided in the context of the Sigma Plan.

Relation with other geosites
— In the past, the evolution of the lower course of the Durme was related to that of,
among others, the Oude Kale (geosite 39) and the Zuidlede (geosite 37), as they
together formed one river system.
— Theland use in the meadows and the problems associated with a tidal river are very
similar to the polders in the freshwater tidal area of the Scheldt (geosite 30).










Bos JAA, Gelorini V, van der Meeren T, Peleman J, Court-Picon M, Demiddele H, de
Smedt P, Boudin M, Verniers |, Boeckx P, Crombé P (2018) The Younger Dryas and
Preboreal landscape in the Moervaart area (northwestern Belgium) and the apparent
decrease in human occupation. Vegetation History and Archaeobotany 27:697-715.

Bos JAA, De Smedt P, Demiddele H, Hoek W, Langohr R, Marcelino V, Van Asch N, Van
Damme D, Van der Meeren T, Verniers J, Boeckx P, Boudin M, Court-Picon M, Finke P,
Gelarini V, Gobert S, Heiri O, Martens K, Mostaert F, Serbruyns L, Van Strydonck M,
Crombé P (2017) Multiple oscillations during the Lateglacial as recorded in a multi-proxy
, high-resolution record of the Moervaart palaeolake. Quaternary Science Reviews
162:26—41.

Kiden P (1991) The Lateglacial and Holocene Evolution of the Middle and Lower River
Scheldt, Belgium. In: Starkel L, Gregory KJ, Thornes IB (eds) Temperate Palaeohydrology.
Wiley, Chichester, pp 283-299

Kiden P, Verbruggen C (2001) Het verhaal van een rivier: de evolutie van de Schelde na
de laatste ijstijd. In: Bourgeois J, Crombé P, De Mulder G, Rogge M (eds) Een duik in het
verleden. Schelde, Maas en Rijn in de pre- en protohistorie., Publicatie. pp 11-35
Meylemans E, Bogemans F, Storme A, Perdaen Y, Verdurmen |, Deforce K (2013)
Lateglacial and Holocene fluvial dynamics in the Lower Scheldt basin (N-Belgium) and
their impact on the presence, detection and preservation potential of the archaeological
record. Quaternary International 308-309:148-161.

Storme A, Louwye S, Crombé P, Deforce K (2017) Postglacial evolution of vegetation and
environment in the Scheldt Basin (northern Belgium). Vegetation History and
Archaeobotany 26:293-311.

Van Strydonck M, De Mulder G, Alderweireldt M, Bauters L, Bourgeois J, Crombeé P, De
Clercq W, Ervynck A, Jongepier H, Kiden P, Kuipers J, Rogge M, Tijs R, van Dierendonck
R, Van Neer W, Veeckman J, Verbruggen C (2000) De Schelde - Verhaal van een rivier.
Davidsfonds, Leuven










original relief of the cuesta escarpment has been greatly disturbed by the many clay quarries. At
the level of the residential areas of Boom and Niel, for example, the original height (approx. 10 m)
has still been preserved. Between the villages, in a strip of about 1.5 km on the right bank of the
Rupel, we find excavations from 5 to more than 20 m below the original surface.

2. lLandscape formation

A cuesta is an asymmetric ridge and arises when geological layers tilt and then erode at different
rates due to their different composition. The sloping layer, which erodes less quickly, partly
remains as an elevation in the landscape. Where the softer layer has eroded, a steep slope is
created transverse to the hard layer: the escarpment. Parallel to the sloping, erosion-resistant
layer, a gentler slope is created: the dipslope (Fig. 32.6).

Clay deposition in the Oligocene North Sea
The formation of the Boom Cuesta started about 32 million years ago, during the Early Oligocene.

In this period, the continents were not quite arranged as they are today. South of the geopark, the
Artois axis formed a land bridge between Great Britain and the Ardennes. The Netherlands and the
north of Belgium were below sea level (Fig. 32.5). Via the Rhine graben, the North Sea of that time
was connected to the Paratethys, a sea that no longer exists.

Sediment originating from the erosion of the surrounding continents was deposited in the
Oligocene North Sea. The coarser particles (sand) mainly ended up close to the coasts. Finer
particles (silt and clay) drifted further and settled in the deeper parts of the basin. During periods
of low relative sea level, the area around Boom was close to the coast. This resulted, for instance,
in the deposition of sand in the Ruisbroek Member (upper part of the Zelzate Formation, Fig. 32.6).
Between about 32 million and 30 million years ago, there was a period in which the sea in
northern Belgium and the Netherlands was 50 to 150 m deep and in which clay was deposited.
Water depths fluctuated freguently due to a combination of plate tectonics and climatic variations
from astronomical cycles that affected the Antarctic ice sheets and, consequently, global sea
levels. This resulted in a varying supply of organic and mineral material from the land in the North
Sea. As a result, the Boom Formation does not consist of a homogeneous deposit of clay, but of an
alternation of layers of several tens of cm thick with more or less silt, carbonate and organic
material. The result is the Boom Formation: a clay layer about 100 m thick with a characteristic
pattern of horizontal light and dark grey bands, the sequence of which can be read as a kind of bar
code (Fig. 32.6). In the calcareous layers, bread-shaped calcareous concretions of several
decimeters in horizontal cross-section formed after burial: the so-called septaria of the Boom clay.
Minerals such as pyrite crystallized in the cracks of these septaria.

Formation of a cuesta by tectonics and erosion

While sedimentation was taking place in the North Sea Basin, plate tectonics in southern Europe
triggered important changes: the collision of the African and Eurasian plates caused the closure of
the Tethys Sea and the formation of several mountain ranges, such as the Pyrenees and the Alps.
Due to the uplift of the land in the south, the crust in the north sank over millions of years and the
deposits of the Boom Formation, among others, tilted into a north-easterly inclined position (Fig.
32.6).

South of the present-day Rupel, the layer rose above sea level and was exposed to erosion. The
firm clay of the Boom Formation was more resistant to erosion than the underlying and overlying
sand layers. As a result, the rivers of the Flemish Valley — the Pleistocene predecessor of the rivers
of the Scheldt Basin — could cut into the sand of the Ruisbroek Member more quickly than in the
Boom clay. The result is a cuesta: an asymmetrical hill with a steep slope to the south (the cuesta
escarpment) and a gentle slope to the north (Fig. 32.6).




Neogene North Sea sediments are found on the dipslope of the Boom Cuesta. To the north, in the
Campine area and in the Netherlands, where the Boom Formation has sunk deeper, these
Neogene sediments become thicker. Later erosion largely effaced these Neogene sediments,
leaving behind only a gravel layer with shark teeth and weathered bones of marine mammals
under the later wind deposits of the Pleistocene.

Brick industry

Where the Boom Formation surfaces at the escarpment along the Rupel, the clay has been mined
since the Middle Ages and a large-scale industry arose in the early modern period, culminating in
the 20™ century. The region is internationally known for its brickyards, mainly producing bricks,
but also roof tiles and tiles. In addition, sulfuric acid was previously extracted from the pyrite in
the clay and cement was produced.

The oldest quarries were located close to the Rupel. The finished bricks were transported by ship
over the Rupel. To transport the clay from the pits to the river, streams and canals across the
Rupel were originally used.

As these clay pits got exhausted, they moved further and further north. The former clay pits along
the water were then used for drying sheds, ovens, machine halls and workers' houses. During the
19" century, the area north of the main road from Niel, across Boom to Rumst was reached. This
road remained at the old level and thus formed a barrier for the transport of the clay to the
industrial zone along the river. Tunnels were therefore constructed for the clay to be brought from
the clay pits to the Rupel with carts over a narrow-gauge track. Even today clay is still mined on a
large scale for the brick industry in the vicinity of Rumst.

Relation with other geosites
— The Boom Cuesta forms a whole with the Waasland cuesta (geosite 35), where the same

clay surfaces.

— The brickyards along the Scheldt and the Durme (geosite 35) and in Steengelaag (geosite
38) therefore mined the same clay layer as in the Rupel region.

— Theriver development in the Rupel Valley (geosite 33) is responsible for the erosion that
formed the cuesta escarpment.



















Geomorphology: The site demonstrates the effect of eolian activity at the end of the last glacial
which formed the coversand ridges that separate the present floodplain from several shallow
depressions to the south, while the Rupel floodplain itself testifies of the transition from a braided
into a large-scale meandering river system during the Weichselian Lateglacial, with traces of large
meandering channels in between low point bar ridges visible in the microrelief.

Sedimentology: not applicable.

DETAILED DESCRIPTION

1. Location

The Rupel is the 12 km long tributary of the Scheldt in which the Dijle, the Zenne and the Nete
merge. Today the Rupel is a freshwater tidal river with strong tidal currents. On the left bank, the
Brussels-Scheldt Maritime Canal runs parallel to the Rupel from Klein Willebroek.

The geosite includes the alluvial plain of the Rupel. This plain is about 3.5 km wide on the left bank,
with a height around 4 to 5 m TAW and depressions down to 1 m TAW. Between Bornem and
Willebroek, the alluvial plain is more or less bordered by the N16. The right bank of the Rupel
Valley is steep and is formed by escarpment of the Boom Cuesta.

The residential areas, such as the villages of Wintam, Eikevliet, Ruisbroek, Sauvegarde, Puurs,
Kalfort, Willebroek, Blaasveld and Heindonk, are located on heights on the edge of or enclosed
between the depressions of the alluvial plain of the Rupel. The lowest parts of the alluvial plain
{usually 2 to 3 m TAW) are characterized by small pools and a dense network of canals and are
often wooded (e.g. Moer near Eikevliet and Kalfort, depressions north and south of Ruisbroek,
Biezenweiden, and Blaasveldbroek). Between Heindonk and the Brussels-Scheldt Maritime Canal,
we find some larger lakes (e.g. Hazewinkelvijver, Bocht) where water sports are practiced. Several
streams intersect the alluvial plain from south to north (east).

2. Landscape formation

Formation and infill of the Rupel Valley

During the Pleistocene (2.6 million to 11,700 years ago) the precursors of the current rivers of the
Scheldt Basin converged in the Flemish Valley north of Ghent. At that time, the current Rupel
Valley formed an eastern branch of the Flemish Valley, within which flowed a braided river that
deposited a thick layer of sand over time. During the Late Pleistocene, strong north-westerly winds
brought in large amounts of sand and the relief of the Flemish Valley was covered by a metres-
thick layer of coversand.

At the end of the last ice age, the Scheldt took its current course, and the Rupel and Scheldt
merged at Rupelmonde and flowed towards Antwerp through the 'Hoboken gap’, which separates
the Waasland cuesta from the Boom Cuesta.

During the lateglacial transition from the Weichsel glacial to the current interglacial period (ca.
14,700 to 11,700 years ago), the braided river system changed into a wide meandering river that
incised deep into the substrate. Along these meandering channels, levees and/or point bars
developed: elongated sandy ridges, parallel to the river. These old channels and ridges are buried
in the Rupel Valley under younger deposits, but are sometimes still recognizable in the micro-
relief. For example, near Heindonk we still recognize a river bend (approx. 2 m TAW) with a point
bar ridge in the inner bend (ca. 4 m TAW). The low-lying zones between the village centers of
Ruisbroek and Sauvegarde and between Ruisbroek and the Brussels-Scheldt Maritime Canal (1 m
TAW) are probably remnants of channels that were formed in this period as well.

When a forest vegetation developed about 14,000 years ago, the system stabilized and the filling
of the meander channels started. A very last cold phase, from 12,900 to 11,700 years ago, created




a barren landscape and was accompanied by the formation of river dunes in and along the flood
plains of the Scheldt Basin. In the Rupel Valley, for instance the elevations within the
Blaasveldbroek are attributed to lateglacial wind activity.

From the Early Holocene onwards, forests developed again. Because these forests retained more
precipitation and prevented erosion, the flow of the rivers decreased and they turned into a small
stream within a swamp forest. The rising water level caused the deep lateglacial channels to be
completely filled with peat during the Middle Holocene.

The historical Rupel Valley

When farmers started to clear more forests and create fields since the Neolithic age (ca. 5000
years ago), more sediment from the Scheldt Basin again ended up in the streams due to soil
erosion. A new meandering system was created, which broadly corresponds to the current course
of the Rupel. Until the Early Middle Ages, the Rupel Valley consisted of a wide, shallow river with
extensive peat-rich swamps on the left bank. This river overflowed more and more often and from
the High Middle Ages onwards, the tidal activity was added. Because of the growing pressure of
the water, simultaneously with an ever-increasing population pressure, the floodplain of the Rupel
was embanked and cultivated between ca. 1100 and 1300 AD. Villages and arable fields were
located on the higher sand ridges, while the wet polders were mainly used as water-meadows: by
deliberately breaching the dikes in winter, floods left behind a fertile layer of silt and the hay yield
could be significantly increased.

In the most peat-rich zones, peat has been extracted since at least the Late Middle Ages. Wet
depressions were left behind as a result of this relatively large-scale peat extraction. In the 17
century, among others, the Moer at Eikevliet and the Moer at Kalfort were diked and drained by
means of a network of ditches. Today, these wet zones can be recognized as wet, wooded zones,
often with ponds that are frequently used as fishing ponds (e.g. Moer near Eikevliet, Moer near
Kalfort, Blaasveldbroek, depressions north and south of Ruisbroek, Broek De Naeyer and
Biezenweiden). These forests often still show remnants of poplar plantations from the 20
century, but have been given free rein in recent decades, thus developing valuable alluvial forests.

The Hazewinkel water sports course and the Bocht sailing pond have different origins: these sand
extraction pits were dug in the 1970s to fill a number of clay pits in the Boom Cuesta, on the other
side of the Rupel.

The original Willebroek Canal was already dug in the 16" century and connected Brussels with the
Rupel via Klein-Willebroek. In the 20" century, the canal was modernized and connected directly
to the Scheldt at Wintam, leaving the port of Brussels accessible for seagoing vessels.

Relation with other geosites
—  The history of the Rupel within the Flemish Valley runs parallel to that of the Scheldt

(geosite 30, 31). The land use and the reclamation history in the historical period are also
comparable.

— The valley landscape on the left bank of the Rupel contrasts strongly with the cuesta
landscape of the Boom Cuesta (geosite 32) on the right bank.













DETAILED DESCRIPTION

1. Location

The Barbierbeek is a 20 km long watercourse in the Scheldt Basin and is the largest brook in the
Waasland. The brook runs from the border between Elversele and Waasmunster north-eastwards
towards Velle and consists in that part of a series of rectilinear canals. From Velle, the Barbierbeek
takes the form of a strongly meandering stream that runs eastwards towards the Scheldt. Between
the village centers of Bazel and Kruibeke, the Barbierbeek crosses the ring dike of the Kruibeke
flood control area and runs through the flood plain for a kilometre, before flowing into the
Scheldt. The catchment area of the Barbierbeek and its tributaries covers approximately 3700 ha
and is located entirely on the dipslope of the Waasland cuesta.

2. Llandscape formation
To understand the origin of the Barbierbeek Valley, we must first outline the formation of the
Waasland cuesta.

Clay deposition in the Oligocene North Sea

The formation of the Boom Cuesta started about 32 million years ago, during the Early Oligocene.
In this period, the continents were not quite arranged as they are today. South of the geopark, the
Artois axis formed a land bridge between Great Britain and the Ardennes. The Netherlands and the
north of Belgium were below sea level (Fig. 34.5).

Sediment originating from the erosion of the surrounding continents was deposited in the
Oligocene North Sea. The coarser particles (sand) mainly ended up close to the coasts. Finer
particles (silt and clay) drifted further and settled in the deeper parts of the basin. During periods
of low relative sea level, the area around Boom was close to the coast. This resulted, for instance,
in the deposition of sand in the Ruisbroek Member (upper part of the Zelzate Formation, Fig. 34.6).
Between about 32 million and 30 million years ago, there was a period in which the sea in
northern Belgium and the Netherlands was 50 to 150 m deep and in which clay was deposited. The
result is the Boom Formation: a clay layer about 100 m thick with a characteristic pattern of
horizontal light and dark grey bands (Fig. 34.6).

Formation of a cuesta by tectonics and erosion

While sedimentation was taking place in the North Sea Basin, plate tectonics in southern Europe
triggered important changes: the collision of the African and Eurasian plates caused the formation
of several mountain ranges, such as the Pyrenees and the Alps. Due to the uplift of the land in the
south, the crust in the north sank over millions of years and the deposits of the Boom Formation,
among others, tilted into a north-easterly inclined position (Fig. 34.6).

South of the line Waasmunster — Temse — Rupelmonde, at the present-day Durme and Scheldt, the
layer rose above sea level and was exposed to erosion. The firm clay of the Boom Formation was
more resistant to erosion than the underlying and overlying sand layers. As a result, the rivers of
the Flemish Valley — the Pleistocene predecessor of the rivers of the Scheldt Basin — could cut into
the sand of the Ruisbroek Member more quickly than in the Boom clay. The result is a cuesta: an
asymmetrical hill with a steep slope to the south (the cuesta escarpment) and a gentle slope to the
north (Fig. 34.6).

Covering of the dipslope of the cuesta

Neogene North Sea sediments are found on the dipslope of the Waasland cuesta. To the north, in
the Campine area and in the Netherlands, where the Boom Formation has sunk deeper, these
Neogene sediments become thicker. Later erosion largely effaced these Neogene sediments,
leaving behind only a gravel layer with shark teeth and weathered bones of marine mammals.




North of the Barbierbeek, the sands of the Kattendijk Formation (Early Pliocene, ca. 5 million years
ago) have been preserved (Fig. 34.6).

During the last ice age, at the end of the Pleistocene, strong north-westerly winds carried large
amounts of sediment and not only filled in most of the river valleys, but also formed a thin layer of
coversand on top of the dipslope of the cuesta.

Meandering stream
It is not possible to determine exactly when the Barbierbeek Valley originated. Presumably the

valley was already formed during the lateglacial, between about 15,000 and 12,000 years ago, by a
predecessor of the Barbierbeek. In any case, the Barbierbeek became an increasingly important
watercourse in the last few thousand years: the groundwater level rose during the Holocene and
the water discharge increased. The poor permeability of the clay layer of the Boom Formation
enhanced this effect. Due to the increasing deforestation during the Late Holocene, the soil in the
catchment area was also increasingly exposed to erosion and the sediment load of the stream
increased. This resulted in very active sedimentation and erosion processes in the Barbierbeek
Valley: meanders developed because the stream eroded the outer bends further and further and
sediment was deposited in the inner bends — where the steam velocity is low. In the 20" century
this process was only amplified by the increase in impermeable surface, especially the E17
motorway. In case of heavy precipitation, a lot of water has to be drained in a short time. In view
of the poor drainage in the area, this causes flooding problems and further bank erosion on the
outer edges of the meanders.

Formation of the convex fields

The landscapes on the Waasland cuesta were not suitable for intensive agriculture until the Middle
Ages because of the unfavorable soil, namely a poor sandy soil and — due to the shallow clay — also
wet. From the late 15" century, in the region around the Barbierbeek Valley, the practice arose to
create deep ditches around block-shaped plots, often smaller than 1 ha, to improve drainage and
run-off. The excavated loamy and calcareous soil was brought onto the fields and thus improved
the soil fertility. This made the arable soil up to 1.2-1.6 m higher than the edges of the plot and
therefore also at a greater distance from the shallow groundwater table and thus drier. The fields
were ploughed in such a way that the spherical profile was preserved. Hence the name bolle
akkers or 'convex fields'. Despite the fact that similar techniques were also applied elsewhere in
Flanders, this spherical shape was most pronounced and symmetrical on the dipslope of the
Waasland cuesta, where the clay substrate was located at a shallow depth (2-4 m). No major
changes have taken place in the rural parcelling structure since the Late Middle Ages, so that the
convex field landscape has largely been preserved to this day. There is a risk of erosion along the
Barbierbeek because ploughing is carried out to the edge of the stream and felled trees and shrubs
are not replanted.

Relation with other geosites
— The Barbierbeek springs on the escarpment of the Waasland cuesta (geosite 35) and,
together with its tributaries, drains a large part of this cuesta.
— Between Kruibeke and Rupelmonde, the Barbierbeek flows into the Scheldt valley,
crossing the former Kruibeke polders (Kruibeke flood control area, part of geosite 30),
before debouching into the Scheldt.
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geopark, the Artois axis formed a land bridge between Great Britain and the Ardennes. The
Netherlands and the north of Belgium were below sea level (Fig. 35.5).

Sediment originating from the erosion of the surrounding continents was deposited in the
Oligocene North Sea. The coarser particles (sand) mainly ended up close to the coasts. Finer
particles (silt and clay) drifted further and settled in the deeper parts of the basin. During periods
of low relative sea level, the area around Boom was close to the coast. This resulted, for instance,
in the deposition of sand in the Ruisbroek Member (upper part of the Zelzate Formation, Fig. 35.6)
between the Eocene and the beginning of the Oligocene (ca. 38-33 million years ago). Between
about 32 million and 30 million years ago, there was a period in which the sea in northern Belgium
and the Netherlands was 50 to 150 m deep and in which mainly clay-rich layers were deposited on
the sea floor. These clay layers are known as the clay of the Boom Formation.

Water depths fluctuated frequently due to a combination of plate tectonics and climatic
variations. This resulted in a varying supply of organic and mineral material from the land in the
North Sea Basin. As a result, the Boom Formation does not consist of a homogeneous deposit of
clay. It consists, however, of an approximately 100 m thick layer of alternating beds (tens of cm
thick) with more or less silt, carbonate and organic material. The result is the Boom Formation: a
clay layer about 100 m thick with a characteristic pattern of horizontal light and dark grey bands,
the sequence of which can be read as a kind of bar code (Fig. 35.6). In the calcareous layers, bread-
shaped calcareous concretions of several decimeters in horizontal cross-section formed after
burial: the so-called septaria of the Boom clay. Minerals such as pyrite crystallized in the cracks of
these septaria.

Tilting of the Eocene layers by plate tectonics

While sedimentation was taking place in the North Sea Basin, plate tectonics in southern Europe
triggered important changes: the collision of the African and Eurasian plates caused the formation
of several mountain ranges, such as the Pyrenees and the Alps. Due to the uplift of the land in the
south, the crust in the north sank over millions of years and the deposits of, among others, the
Boom Formation, tilted from their original horizontal stratification into a north-easterly inclined
position (Fig. 35.6).

North of the escarpment, the Boom Formation now lies in the (deep) subsurface. South of the
present-day Scheldt and Durme, the layer rose above sea level and was exposed to erosion.
Miocene North Sea sediments are found on the dipslope of the Waasland cuesta. Later erosion by
the advancing sea largely effaced these sediments, leaving behind only a gravel layer with shark
teeth and weathered bones. The sands of the Kattendijk Formation (Early Pliocene, ca. 5 million
years ago) were deposited on top of this and have been preserved locally on the Waasland cuesta
(Fig. 35.6).

Forming of a cuesta by tectonics and erosion

The tilting to above sea level exposed the Neogene marine sediment layers to erosion. However,
the firm, clayey layers of the Boom formation were more resistant to this than the underlying and
overlying sand layers. As a result, the Flemish Valley — the Pleistocene predecessor of the rivers of
the Scheldt Basin — was able to incise faster into the sandy Ruisbroek Member (Zelzate Formation)
than into the Boom clay. Throughout the Pleistocene, the Flemish Valley was gradually filled up. At
the end of the last ice age and during the Holocene, the current Scheldt valley developed just
south of the Waasland cuesta. During the last ice age, a thin layer of (cover) sand (and sandy loam
in the south-east), was depaosited, separated by a south-west-northeast oriented sand ridge.
However, due to the impermeable clay layer, the area has a high groundwater level.’

4, Human use of the cuesta




Creation of a cultural landscape on the cuesta: the convex fields of the Waasland

The landscapes on the Waasland cuesta were not suitable for intensive agriculture until the Middle
Ages because of the unfavorable soil. The sandy soil is not only poor, but also wet due to the
shallow clay. Etymologically, the word “Waas” goes back to terms that indicate mud and/or
barren, waste ground. This can refer either to the cuesta or to the former tidal area in the
Waasland Scheldt Polders. 5till, in slightly more fertile locations on the cuesta, such as sandy loam
soils, there are indications of local habitation, agriculture and artisanal activities from the Metal
Ages, Roman times and Early Middle Ages.

Until the 13™ century, however, more than half of the Waasland remained covered by a large
"primal forest", known as the Koningsforeest (king’s forest). This originally Carolingian royal
hunting ground was owned by the Counts of Flanders (Vlaanderen) during the High Middle Ages.
The conversion to cultivated land only started in the late 12" century when farmers acquired
property rights over long, wide parcels of land. In the 13'" to 15" century, these were split into
smaller, squarer parcels.

From the late 15" century and during the 16" century, which was a period of agricultural
individualization and strong fragmentation of farms, further intensification and maximization of
agricultural work took place on these block-shaped parcels, often smaller than 1 ha. Canals were
dug at the edges of these plots to improve drainage and run-off. The excavated loamy and
calcareous soil was brought onto the fields to improve the soil fertility. As a result, the arable soil
was up to 1.2-1.6 m higher than at the edges of the plot and therefore also at a greater distance
from the shallow groundwater table and thus drier. The fields were ploughed in such a way that
the spherical profile was preserved. Hence the name ‘convex fields'. Despite the fact that similar
techniques were also applied elsewhere in Flanders, this convex shape was most pronounced and
symmetrical on the dipslope of the Waasland cuesta, where the clay substrate was located at a
shallow depth (2-4 m). On the driftsand ridges and in closed depressions, the fields are less arched
(0.3-0.6 m difference in height). At the beginning of the 17" century, the Waasland cuesta had
about 35,000 such fields and the original forest landscape had almost completely disappeared. In
later times, there were no major changes in the rural parcelling structure. In the early 19" century,
the intensity of the tillage and the beauty of the convex fields with surrounding vegetation on the
margins of the fields were even praised by foreign agronomists.

The present more or less continuous forest area on the cuesta between Waasmunster and Belsele
was only created around the middle of the 19" century, when the remaining heathland was
systematically replaced by conifer plantations.

The cuesta clay as a mineral resources

The clay of the Waasland cuesta is one of the oldest known resources for the production of
pottery in sandy Flanders. The oldest earthenware pots from this region date from the early
Neolithic and were made, among others, from Boom clay around 4500 BC. The use of this clay only
really took off during Roman times. Temse may have had a central function in this period.
Archaeological finds point to for instance artisanal activities, such as pottery and roof tile making,
in which Boom clay served as a raw material. The clay was also mined for pottery production in the
Middle Ages.

The brick industry started in the 16™ century but until the mid-18" century it was mainly for local
use. However, during the 19" century brick production flourished, partly due to the construction
of a defensive belt of fortifications around Antwerp. Steendorp Fort (built from 1882 to 1892 AD
and initially called Rupelmonde Fort) is located at the highest point of the cuesta and has a deep,
dry moat. It is the last brick fortress to be built in Belgium and was the pinnacle of military brick
fortification between the 13" and 19" centuries. Today the fortress is an important bat habitat.

























vegetation cover and a low sea level, at the start of the lateglacial the Scheldt developed from a
braided river into a wide meandering stream. Its channel incised more than 10 m deep into the
substrate. In addition, over time the river eroded the outer bends of its meanders, causing the
channel to shift outwards. As the river migrated, the slower flow rate in the inner bends caused
deposition of sediment. By alternating high and low flow rates, point bar ridges and depressions
formed parallel to the channel (Fig. 36.6a). These ridges are usually covered by younger sediments,
but can still be recognized as elongated, curved ridges in the landscape in for instance the
Kalkense Meersen and Overmere Donk.

Finally, the river took a shorter course and the loops were cut off (Figure 36.6b). At the outer bend
of the last position of these meander loops we now see an escarpment of 2 to 4 m. The
abandoned meander loop then formed an elangated horseshoe lake. Such cut-off residual paleo
channels, with a depth of up to about 10 m, can be found in the subsoil of Kalkense Meersen,
Wijmeersen, Bergenmeersen, Donk and Berlare Broek.

Under the influence of increasing forest vegetation and soil stabilization between 14,000 and
13,000 years ago, the sediment load and the flow rate of the Scheldt decreased. This put an end to
the meander migration.

Dune formation

During the very last cold phase of the lateglacial, from 12,850 to 11,650 cal BP, the vegetation was
transformed into an open tundra for the last time. During this period, the wind had free rein again
and picked up sand from the riverbed. This driftsand formed sand ridges and dunes along the
course of the major rivers (Fig. 36.6c). These river dunes still form remarkable heights within the
valley and are often referred to as 'donk'. Along with the point bar ridges, these river dunes
remained the only dry locations in the river valleys for a long time during the Holocene. That is
why they were very attractive for prehistoric humans, who preferred to stay on dry ground in the
immediate vicinity of water. Even in historical periods we see that these dunes are attractive
settlement locations.

Holocene infill of the valley

From the Early Holocene onwards, forests developed again. Because these retained more
precipitation and prevented erosion, the flow rate of the Scheldt decreased and it turned into a
small stream within a swamp forest. The rising water level caused the deep lateglacial channels to
be completely filled with peat during the Middle Holocene (Fig. 36.6d-e). Ultimately, an
inaccessible, marshy zone with swamp forests formed over the entire width of the Scheldt valley
(Fig. 36.6f).

When farmers started to clear more forests and create fields since the Neaclithic age (ca. 5000
years ago), soil erosion caused more sediment to end up in the Scheldt again. This ended peat
growth and created a new meandering system (Fig. 36.6g) around 2800 years ago, much smaller in
size than its lateglacial precursor. This river more or less corresponded to the current course of the
Scheldt, except where it was later straightened (e.g. at the Old Scheldt in the Kalkense Meersen
and a bend northeast of the Bergenmeersen).

Regular floods from the Roman period onward each left behind a thin sediment layer, so that by
the High Middle Ages (1000-1200 AD) a clay layer of about 2m had been formed (Fig. 36.6g). This is
the cover layer that still lies at the surface, because from the 11" to the 13" century dikes were
systematically built along the rivers, thus ending the flooding.

Exploitation of the valley in the (early) modern era

























large deflation plains developed, such as north of the Maldegem-5tekene coversand ridge.
Between the Meetjesland cuesta and the Waasland cuesta, a larger, almost continuous sand ridge
formed a kind of natural dam over the largely filled-in Flemish Valley. This blocked the northward
drainage and created several shallow lakes along the steep southern flanks of this sandy ridge. The
Moervaart depression is a remnant of the largest and best studied of these lakes.

Lateglacial interstadial (Gl-1)

During a warmer period at the beginning of the Weichsel lateglacial (GI-1) the landscape evolved
from a tundra without high vegetation to an open birch forest and finally to a boreal coniferous
forest. This evolution was not linear but happened through repeated, rapid transitions to a colder
and drier climate, each lasting about a century. Every time, the sand that had already been
deposited was partly blown up again and redeposited.

Coversand ridge

Small, shallow deflation hollows formed on the coversand ridge during the first half of lateglacial
(from 14,500 years ago). The wet vegetation that appeared in and around these small lakes has
been preserved as thin, peaty layers that were later covered with sand again by the wind. During
the short, colder and drier intervals within the interstadial, these lakes partially disappeared. They
reached their maximum depth about 13,500 years ago. In the second half of the lateglacial (from
13,500 to 13,000 years ago), however, the sand deposition by the wind increased during cold
phases to such an extent that the lakes in these deflation basins filled and disappeared.

Lake

The lateglacial lake of the Moervaart depression is recognizable in the subsoil as a layer of
maximum 2 m thick, which consists of an alternation of calcareous, peaty and sandy deposits (Fig.
37.7). The calcareous, peaty sediments formed during the warm, wetter phases of the lateglacial
(from about 14,500 years ago) in a shallow lake surrounded by a tundra landscape. This gradually
evolved into a deeper lake (max. 3-4 m deep) in an open birch forest. The increased precipitation,
vegetation and soil formation ensured that carbonates present in the coversand ridge were
mobilized, transported via the (ground) water to the lake and subsequently precipitated on the
lake bed. An alternative hypothesis points to a biological origin for the carbonates.

This development was briefly interrupted during the colder phases, when the lake became
temporarily shallower and sand was blown into the lake. From about 13,300 years ago, during a
colder phase, a (temporary) overflow formed on the southeast side of the lake by the incision of
the Durme, which emptied into the Scheldt. This caused the lake level to gradually lower until a
swamp developed, in which peat developed.

The braided river currents that fed the now shallower lake from the west gradually retreated, filled
with peat until only one inlet in the north remained. This latter stream evolved into a meandering
river about 13,000 years ago, which incised in the disappeared lake and joined the former
overflow (Durme) (Fig. 37.8). The old riverbeds that fed the lake and the (stream) ridges in
between are still recognizable today in the microrelief west of the Moervaart depression.

A hotspot for final Palaeolithic hunter-gatherers
Within the Geopark and in sandy Flanders, the lateglacial interstadial is considered the oldest

period with numerous traces of human habitation. Repeated visits by Final Palaeolithic hunter-
gatherers to the shores of the lake have created a quasi-continuous chain of archaeological sites,
(Fig. 37.9). This is due to the diversity of food resources and freshwater availability in the
lateglacial landscape.

Lateglacial stadial (GS-1) to Early Holocene




The last flare-up of the Weichsel glacial (G5-1), about 12,800 to 11,700 years ago, was a very cold
and dry phase with strong influence of wind activity on the landscape. Thanks to the more open
vegetation, the wind caused significant erosion of the coversand and the formation of new ridges
and dunes. Sand was blown away on the north side of the Maldegem-Stekene coversand ridge,
while a layer of 1 to 3.5 m of sand ended up in the last dune slacks and over the northern bank of
the disappearing Moervaart depression. The meandering precursor of the Durme was still active
during the start of the lateglacial stadial but began to fill with organic sediments as the lake
disappeared. This process was further accelerated by increasing forestation and a decrease of the
river flow in the Early Holocene. During the cold stadial (GS-1) and the beginning of the Holocene,
there was little human presence in the region, but during the Early Mesalithic, settlement
increased again, this time along the banks of the Durme.

Middle to Late Holocene

The meandering river channels of the Durme were completely filled with peat during the Middle
Holocene. In addition, flooding in the west of the Moervaart depression later also resulted in the
deposition of clay and sand outside the incised channel. There was also peat development in the
lowest deflation plains north of the large coversand ridge. The forest and heath development on
the coversand ridges led to the formation of poor soils that were not very suitable for early
farming. Nevertheless, the larger ridges (and to a lesser extent also the microridges) formed
important sites for the establishment of small (migratory) agricultural settlements during the
Neolithic, the Metal Ages and the Roman period in an otherwise fairly wet landscape. Gradually,
deforestation led to a strongly open heath- and grasslands on the coversand ridges during Roman
times. Wetter areas, such as the Moervaart depression, were used less intensively and remained
more forested. The Maldegem-5Stekene coversand ridge was also important as a traffic axis, for
example due to the construction of the Roman road (heirweg) to Antwerp. The lower population
density during the late Roman period and the Early Middle Ages allowed the restoration of the
natural landscape and an almost continuous forest area with heathland developed on the dry and
poor sails.

Intensive, systematic exploitation of this forest and heathland landscape started quite late in the
Middle Ages, namely from the 11" century AD, under the impulse of the Counts of Flanders. Over-
exploitation and exhaustion of the poor sandy soil soon led to fallow ‘wastelands’ with heath.
From the 13" century, abbeys (e.g. Boudelo abbey) also reclaimed the Moervaart depression. This
area was drained by means of canals and transformed into pastureland. The peat channels also
served to transport peat that was extracted as fuel from the peat-filled channels in the north of
the Moervaart depression, in the deflation plains north of the large coversand ridge and in the
polders. The traces of medieval reclamation are recognizable today as large landscape structures,
such as road patterns, waterways and parcelling in strips and regular blocks.

The impact of the abbeys on land use diminished from the late 16" century onwards, partly due to
military disturbances and floods. The defence line of the Nieuwe Vaart and Fort Francipani date
from the Eighty Years' War. During the War of the Spanish Succession, the Bedmar Line was
constructed through the Moervaart depression and across the east of the coversand ridge. Traces
of this are recognizable in the landscape as eroded earth walls, canals or paths.

In the second half of the 18" century, a new cultural landscape was created in part of the
Moervaart depression: ditches were excavated, strips for forestry were raised (rabatten) and non-
wooded monastic grounds were privatized. This cultural landscape remained fairly stable until
WWI1I, after which improvements in agriculture, water management and habitation gradually
changed the cultural landscape. Today, the Moervaart depression mainly contains mosaic
landscapes of grassland and forest between settlement centers. The recently developed nature
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Sedimentology: The sedimentology of the Boom Formation which is exposed in this quarry has
been studied exceptionally long and extensively by geologists, as shown by the synthesis by
Vandenberghe et al. (2014).

DETAILED DESCRIPTION

1. Location

The plateau on which Stekene and Kemzeke are located belongs to the Waasland cuesta and forms
an island, as it were, between lower elevated landscapes. Although the cuesta escarpment is not
nearly as impressive as along the Durme and Rupel, we still see a striking elevation difference
between the higher zone at Stekene and Kemzeke (about 10 m TAW) and the surrounding lowland
(4 to 5 m TAW). The cuesta forms the north-eastern boundary of the Maldegem-Stekene
coversand ridge and of the Moervaart depression at the foot of this ridge. The Stekene Canal,
which drains into the Moervaart, is located in an elongated depression around the western edge
of the cuesta. To the northeast, the area borders on the Waasland Scheldt Polders.

The Steengelaag is a very striking element on the elevation map, with a depth of more than 10 m
relative to the surroundings (bottom at approx. -1 m TAW) and with a diameter of more than half
a kilometre.

2. Landscape formation

Clay deposition in the Oligocene North Sea

Since the Steengelaag originated as a clay extraction pit, we have to go back to the period in which
this clay was formed in order to understand the geological history of this area. The formation of
the Waasland cuesta started about 32 million years ago, during the Early Oligocene. In this period,
the continents were not quite arranged as they are today. South of the geopark, the Artois axis
formed a land bridge between Great Britain and the Ardennes. The Netherlands and the north of
Belgium were below sea level (Fig. 38.5).

Sediment originating from the erosion of the surrounding continents was deposited in the
Oligocene North Sea. The coarser particles (sand) mainly ended up close to the coasts. Finer
particles (silt and clay) drifted further and settled in the deeper parts of the basin. During periods
of low relative sea level, the north of Belgium was close to the coast. This resulted, for instance, in
the deposition of sand in the Ruisbroek Member (upper part of the Zelzate Formation, Fig. 38.6)
between the Eocene and the beginning of the Oligocene (ca. 38-33 million years ago). Between
about 32 million and 30 million years ago, there was a period in which the sea in northern Belgium
and the Netherlands was 50 to 150 m deep and in which clay was deposited.

Water depths fluctuated frequently due to a combination of plate tectonics and climatic
variations. This resulted in a varying supply of organic and mineral material from the land in the
North Sea Basin. As a result, the deposit does not consist of a homogeneous layer of clay. It
consists, however, of an approximately 100 m thick layer of alternating beds (tens of cm thick)
with more or less silt, carbonate and organic material. The result is the Boom Formation: a clay
layer about 100 m thick with a characteristic pattern of horizontal light and dark grey bands, the
sequence of which can be read as a kind of bar code (Fig 38.6). In the calcareous layers, bread-
shaped calcareous concretions of several decimeters in horizontal cross-section formed after
burial: the so-called septaria of the Boom clay. Minerals such as pyrite crystallized in the cracks of
these septaria.

Formation of a cuesta by tectonics and erosion
While sedimentation was taking place in the North Sea Basin, plate tectonics in southern Europe

triggered important changes: the collision of the African and Eurasian plates caused the formation
of several mountain ranges, such as the Pyrenees and the Alps. Due to the uplift of the land in the
south, the crust in the north sank over millions of years and the deposits of, among others, the




Boom Formation, tilted from their original horizontal stratification into a north-easterly inclined
position (Fig. 38.6).

In the Campine area and in the Netherlands, the clay was further covered by North Sea sediments
during the Neogene (including the Kattendijk Formation) and the Boom Formation can now be
found there in the (deep) subsoil. South of the current Durme, Scheldt and Rupel, the layer rose
above sea level and was exposed to erosion. The firm clay of Boom Formation was more resistant
to erosion than the underlying and overlying sand layers. As a result, the Flemish Valley — the
Pleistocene predecessor of the rivers of the Scheldt basin — was able to incise faster into the sand
of the Ruisbroek Member, than into the Boom clay. The result is a cuesta: an asymmetrical hill
with a steep slope at the eastern border of the Flemish valley (the escarpment) and a gentle slope
towards the northeast (Fig. 38.6). Near Stekene, the escarpment of the Boom Clay is located in the
shallow subsoil, covered by several metres of sandy river and wind deposits from the Pleistocene
(Fig. 38.6).

Brick industry
Because the clay in the area around Stekene is not very deeply buried, clay has been mined in the

area for centuries. In the 16™ century, more than 50 brickyards were active. The quarry in the
Steengelaag was only started at the end of the 19" century. The Tuilerie Sainte-Marie brickyard
was active there for almost a century: from 1880 to 1977 AD. The mining started manually, with
wooden spades, in the 'Oldest clay pit'. From 1913 AD, the clay extraction was mechanized and the
mining in the 'Youngest clay pit' was done by means of an electrically powered clay dredger, which
is still standing at the clay pit today. These clay pits and the Grote Vijver (large pond), the former
water reservoir of the brickworks, today form the three large pools in the Steengelaag.

Relation with other geosites
— In the Steengelaag, clay was extracted from the same layer as in the brickyards along the

Durme, the Scheldt and the Rupel, where the southern cuesta front of the Waasland
cuesta (geosite 35)
— And the Boom Cuesta (geosite 32) is located.



















Sedimentology: The Weichselian Lateglacial to Holocene fluvial deposits preserved in the deepest
subsurface channel fills present at this site have been studied for their lithology and
sedimentology as well as for paleoecological/paleocenvironmental purposes.

DETAILED DESCRIPTION

1. Location

The Paleovalley of the Oude Kale is located between Nevele and Vinderhoute. In Nevele, the Oude
Kale is fed by the Poekebeek. Upstream from Merendree, the Schipdonk Canal runs parallel to the
river, in a narrow valley between the Nevele ridge and the Vosselare ridge, which reach up to ca.
12 m TAW (Fig. 39.3). Then the Oude Kale meanders eastwards in a ca. 3 km wide plain between
the coversand ridge Vinderhoute-Merendree and the ridge of Landegem. Within this 'Vinderhoute
flat' we see a microrelief with depressions of ca. 6 m TAW and higher ridges up to about 8 m TAW.
The hamlets of Dries, Slindonk and Luchteren are located on these ridges. At Vinderhoute, the
Oude Kale crosses the coversand ridge and the river is cut off by the Ghent-Bruges Canal. The
Nieuwe Kale flows parallel to the Ringvaart and forms the downstream continuation of the Qude
Kale.

2. Llandscape formation

Formation of the valley of the Oude Kale

During the Pleistocene (2.6 million to 11,700 years ago) the area was located on the western edge
of the Flemish Valley. It was more or less at the point where the southern branch, within which the
Lys and Oude Kale now run, connects to the broad main valley near Ghent. A braided river flowed
within these valleys during the ice ages. At the transition from the Weichselian pleniglacial to the
lateglacial (about 14,700 years ago), the rivers of the Scheldt Basin evolved into single-channel
meandering systems. Although the Oude Kale is now a small river, the old wide meander bends
(palaeomeanders) between Merendree and Vinderhoute testify to a past as a large river with an
important discharge that incised into the Flemish Valley infill. The elongated ridges in the
Vinderhoute flat are likely to be point bar ridges of this lateglacial meandering stream. These
ridges formed due to sedimentation in the inner bends of the meanders as the river moved
laterally towards the north. The 500 m wide valley of the current Oude Kale reflects the position at
which the system stabilized thanks to the forest vegetation that developed during the warmer
periods of the lateglacial and during the Holocene. Before canalization, the Oude Kale belonged to
a much larger river: the Mandel and Poekebeek came together in the Oude Kale, which at
Merendree ran together with the former Hoogkale (now Ghent-Bruges Canal) towards the
Moervaart Depression. The lake in this depression drained again via the Durme into the Scheldt.
That is why the term 'Kale-Durme' is used.

At the Vinderhoutse bossen, we see a circular depression on the elevation map. Here, at a depth
of 40 cm, a 30 cm-thick layer of calcareous gyttja is present in the subsoil. This points to a shallow
lake with stagnant water, which probably also dates from the lateglacial.

The point bar ridges in the valley formed dry zones in a wet area. Archaeological finds indicate that
these sites, perhaps due to their proximity to fresh water, were a major attraction for humans
during the lateglacial and Early Holocene.

An open and enclosed field landscape in the Middle Ages

During the Middle and Late Holocene, the Oude Kale was a much smaller river, within the valley
that was formed by the large lateglacial river. The toponyms in the area show that until the Middle
Ages the Hoogkale was known as 'Durme’ and the Neerkale (Poekebeek and Oude Kale) as 'Poeke’.
These rivers were connected to their lower reaches (present-day Zuidlede and Durme) until the
Sassevaart (predecessor of the current Ghent-Terneuzen canal) was dug in the 16™ century.




For a long time, habitation was mainly present in the higher parts of the landscape, but the valley
was probably deserted. From the Middle Ages onward, the valley was systematically inhabited and
cultivated. The habitation, in so-called dries hamlets, was located on the higher point bar ridges
within the valley, such as Dries and Slindonk (Fig. 39.3).

In a first phase, possibly as early as the Early Middle Ages, only the higher, well-drained grounds
around the settlement centers were cultivated. The three-field system was applied to these fields,
also called kouters or 'open fields'. Livestock grazed here during the fallow year. The grounds were
collectively managed by the village community, which contributed to the open character of the
fields.

Due to the medieval population growth, the surrounding wetlands were also reclaimed from the
12" - 13" century onwards. Canals were dug to drain these meadows, creating a pattern of often
narrow, small parcels. Hedgerows or rows of (pollarded) trees along the parcel boundaries
enhanced drainage, kept grazing livestock inside and served as a source of wood. These
plantations created the closed character of the so-called bulk landscape, which is characteristic of
the wet soils in the region around Ghent. These bulk fields were not managed jointly, so the land
use was more varied than on the open fields: depending on the humidity, they were worked as
arable fields or hay meadows for winter fodder for livestock (hooimeersen). At the foot of the
Landegem ridge, near Heiste and Wilde, these parcel patterns are still well-preserved in the
landscape.

Interventions in the (early) modern era

During the 18" century, in the depression between Vinderhoute and Mariakerke, forests were
planted for timber production. This was done in rabatten: elongated, parallel banks on which rows
of trees are planted, with ditches in between for drainage. The Vinderhoutse bossen are a
remnant of this production forest.

In the 19" century, the hay meadows largely fell into disuse and the grounds in the valley were
mainly used as grazing meadows with plantations of pollarded willows and poplars. During the 20"
century, the water management in the area was greatly disturbed by the construction of the
Schipdonk Canal, the Ghent-Ostend Canal and the Ringvaart. Between Merendree and
Vinderhoute, the Oude Kale largely retained its original course. Where the Oude Kale flows along
the Ghent-Oostende canal in Vinderhoute, we find lakes in the nature reserves Molenmeers and
Durmmeersen (Fig. 39.3). Contrary to what the names suggest, these are not natural depressions,
but pits resulting from sand extraction from the 20" century.

Current management of the Valley of the Oude Kale

The area is part of the Kluizen surface water extraction area. In the context of the 'Lys and Scheldt
land development project’, of which the Oude Kale basin is a part, the area will become wetter.
Agriculture continues to play a role in the area, but the wettest agricultural lands will be converted
to nature, with a focus on landscape restoration and recreation.

Relation with other geosites
— The lateglacial and Early Holocene evolution of this area is very similar to the one in the
Scheldt (geosite 30, 36), Rupel (geosite 33) and Durme (geosite 31) Valleys. However,
unlike most other valley areas within the geopark, this site has no intertidal history. As a
result, the medieval landscapes differ from those in the Scheldt and Durme Valleys.
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Formation, Aalter Formation and Lede Formation), while more clayey sediments (e.g. Kortrijk
Formation and Maldegem Formation) were deposited when the geosite was in a deeper part of
the sea. However, for the formation of the Oedelem-Zomergem cuesta, the formations of interest
are the glauconitic, sandy Aalter Formation (ca. 48-47 million years old) and the glauconitic, clayey
Maldegem Formation (ca. 42-38 million years old).

The core of the cuesta mainly consists of the sediments of the Maldegem Formation. This
geological unit is up to 40-50 m thick and formed between 42 and 38 million years ago. The
Maldegem formation consists of a number of thinner layers with sandier sediment (Wemmel
Member, Onderdale Member and Buisputten Member) but mainly of clay layers (Asse Member,
Ursel Member, Zomergem Member and Onderdijke Member), which gradually become coarser
towards the top. These variations are caused by a stepwise, relative sea level rise, in which a sandy
tidal plain continuously evolves into a more clayey, open coastal delta.

Tilting of the Eocene layers
While sedimentation took place in the North Sea Basin, plate tectonics caused important changes

in southern Europe from 51 million years ago: the slow collision of the African and Eurasian plates
formed several mountain ranges, such as the Pyrenees and the Alps. Due to this uplift in the south,
the crust in the north sank and the deposits tilted to a north-easterly slope. As a result, the geosite
evolved from marine to terrestrial environment at the end of the Eocene. To the (north) east of
the geosite, later Oligocene marine clay layers have been deposited on top of these tilted Eocene
sediments. These are at the surface in the geosites “Waasland cuesta” and "Boom Cuesta” but are
no longer present on the Oedelem-Zomergem cuesta.

Inclusion and infill of river and brook valleys in the Eocene tilted strata

After the deposition and tilting of the cuesta sediments, a third important phase in the cuesta
formation followed. During the Pleistocene ice ages, sea levels were much lower than today. As a
result, rivers incised deep into the cuesta sediments, creating brook and river valleys. Loose sand
was removed more easily than hard sandstone banks or clay layers. Erosion of the sandy Aalter
Formation created the Beernem depression and formed the cuesta escarpment. The compact,
clayey Formation of Maldegem, however, eroded more slowly and formed the dipslope. Smaller
elevation changes were also present on the cuesta dipslope itself, as the more local erosion of the
Maldegem Formation formed small stream valleys and harder gravel banks formed elevations.

The Beernem depression and the Flemish Valley were gradually filled and levelled during the
Pleistocene due to the alternation of erosion during low sea level ice ages and sedimentation
during high sea level interglacial periods. During the last interglacial period (Eemian), the geosite
was like a headland, surrounded by the sea that had invaded the surrounding valleys. The oldest
traces of human presence date from the last ice age (Weichselian) and were found in the
depression of Beernem and along the north side of the cuesta. These Middle Palaeolithic artifacts
were made by Neanderthals, who visited the flanks of these valleys as migratory hunter-gatherers.
However, the dating of these finds (80,000 to 40,000 years ago) is too imprecise to suggest that
these visits occurred during a colder stadial or warmer interstadial period within the ice age.

At the end of the Weichselian pleniglacial, loamy sand was blown from the north (west), over the
dipslope of the cuesta. Sand wasn’t blown that far and settled at the base of the dipslope. During
the lateglacial period, this coversand was partly reworked into ridges, such as the coversand ridge
Maldegem-5Stekene. Final Palaeolithic hunter-gatherers then visited the large shallow pools such as
at Burkel, where the water of the Ede and Flabbaertbeek collected between the cuesta dipslope
and the coversand ridges. Mesolithic hunter-gatherers also visited these places during the Early
and Middle Holocene.




Creation of a cultural landscape, determined by the cuesta

The dipslope of the cuesta was not very productive with old arable farming techniques due to its
thin and acidic (clayey) sand soil, shallow clay layer and high groundwater table. As a result, the hill
was mainly used extensively for grazing livestock or deforested for wood. This is also the origin of
the “veld” grounds, such as the Maldegemveld. These grounds are the result of the reclamation of
the landscape and created semi-open heathland landscapes with small groves or brushwood and
fens. The latter wet depressions have formed where only little sand has accumulated by the wind
and the underlying clay is close to the surface.

Since the cuesta was not very fertile but still offered opportunities, a certain cycle is recognizable
in the history of its land use. In times of population pressure and stress on the landscape, the
cuesta was used more intensively, possibly out of necessity, despite its apparent unattractiveness,
When the pressure decreased, the intensity of land use also decreased.

Extensive reclamation from the Neolithic era

Neolithic axes testify to the first land reclamation by man about 6000 years ago. These were used
to create small openings in the dense deciduous forest for agriculture or livestock. Human
habitation traces increased from the Bronze Age (3500 years ago). It is possible that the cuesta soil
was already a determining factor for the settlement structure even then. Despite the higher
elevation, few Bronze Age funerary monuments (possibly near settlements) are known on the top
of the escarpment, with the exception of a few sandy elevations. Visibility was important in the
choice of location for these funerary structures. These appear to be more common on small ridges
with a locally higher elevation at the foot of the cuesta front, possibly due to the proximity of
settlements on the more fertile soils in the Beernem depression.

Roman reclamation: a possible first cycle
During Roman times, dozens of native, moated yards with wooden byre-house appeared on and

around the cuesta. There are indications of large-scale deforestation, the introduction of crops,
soil degradation and the appearance of heathlands. Cuesta clay was also a raw material for
ceramic pots and roof tiles. During the late Iron Age and early Roman period, the yards were
mainly located at the foot of the cuesta and in the Beernem depression. During the Middle Roman
period, however, the pressure on the landscape was greatest due to tax pressure, favorable
climatic and socio-political conditions, as well as some army camps in the area. As a result,
settlements also appeared at less favorable, higher locations on the cuesta. However, the limited
carrying capacity of this landscape was quickly surpassed. In the 2" - 3™ century AD, habitation
decreased and less favorable soils were avoided again.

Early Middle Ages: return of natural landscape and renewed extensive reclamation

From the late Roman period and the early Middle Ages (4™ - 6™ century AD), the Oedelem-
Zomergem cuesta experienced strong forest recovery due to a lower population density and/or
less intensive impact on the cuesta landscape. The few early medieval settlements (5" - 9" century
AD) were at a significant distance from the cuesta. Gradually, however, more heathland appeared
in the deciduous forests due to grazing sheep and pig herds.

High and Late Middle Ages: large-scale, intensive reclamation
The strong population growth from the first cities in the High Middle Ages strongly increased the

need for agricultural land and land for cattle breeding, to the expense of the forests. Mainly large
landowners, abbeys and nobility invested in these wastelands.

The first medieval reclamation phase (10" - 12" century AD) was undertaken from small farming
communities and noble domains at the foot of the cuesta, such as Koningsgoed, Woestijnegoed
and Prinsengoed. In the late 12™ and 13™ centuries AD, during the last major medieval reclamation




wave, under the impulse of abbeys, even the last, least fertile grounds of the cuesta were taken
into use from three reclamation farms: the Papinglohoeve (Saint Bavo's Abbey, Ghent), the
Drongengoed (Drongengoed Farm) and the Burkelgoed (Abbey Ter Doest, Lissewege later Abbey
Ter Duinen, Koksijde). Despite the limitations of the landscape, it was still widely used for forestry
and animal husbandry. Fish farming also took place in ponds created in the wet depressions. In the
12" century, cuesta clay again became a resource material for local, specialist potters, and from
the 13™ and 14" centuries, bricks were also made from local clay. The cuesta also had an
important impact on the main medieval transport axes. For instance, the Oude Bruggeweg
connected Ghent with Bruges via the top (the summer road) and the foot (the winter road) of the
cuesta escarpment. The Lieve, a canal between Ghent and Damme, just avoided the cuesta and
was excavated around the northern edge of the cuesta dipslope.

Due to the heavy, acidic clay soil, the reclamatmn of the area from the abbey farms did not
proceed smoothly. For example, before 1750 barely one sixth of the heath had been successfully
transformed into forest or arable land. The combination of decreased population pressure, a
poorer climate, economic malaise and social conflicts (religious wars) led to a decline in the
reclamation pressure. The Drongengoed Farm fell into decline and was eventually abandoned. The
systematic development of the cuesta from the reclamation farms seemed to fail, in contrast to
the lower sandy Flanders (Vlaanderen) around it. However, small-scale, intensive agriculture,
instigated from the village centers, did lead to permanent land development on the cuesta slopes.

Early Modern Era (from 1740) to Modern Era: forestry instead of agriculture

It was not until the mid-18" century that the area that had been deforested in the Middle Ages
and turned into grassland and heathland was reforested. Efforts to farm on the cuesta were
abandoned. This time, however, the natural forest did not return, but the cuesta was adapted for
systematic forestry thanks to innovative and enterprising abbeys. A second Drongengoed Farm
was even built. From the 18™ century onwards, modern agricultural techniques and agricultural
industrialization allowed the marginal cuesta lands to become usable as well. Part of the forests
were (again) converted into agricultural land. The eighteenth-century (woodland) lane pattern
persisted until today. Only the least suitable areas remained in use for forestry, but the deciduous
trees were replaced by conifers from 1850. With this modern landscape transformation, the
centuries-old influence of the reclamation farms on the cuesta disappeared and external
influences increased. Canals, roads and railways were built, linear settlement development
increased and the forests were fragmented. In addition, the construction of airfields also gave the
cuesta a military function in the first half of the 20" century.

Present-day

The contemporary landscape of the cuesta consists of large forest and nature complexes with
lanes and both small-scale agricultural landscape and open agricultural area. Due to the
occupation pressure in the surrounding sandy Flanders, the area is once again taking on a more
important role. Since 2000, forest and agricultural land has been converted back to heathland to
create valuable nature. In addition, the area also has an important social and recreational function.
Moreover, the multi-layered geological and cultural-historical heritage landscape provides a

typical regional identity, which has recently also been emphasized by the Drongengoed Landscape
Park.

Relation with other geosites
— In the geopark, cuestas also occur in the ‘Waasland Cuesta' (geosite 35) and ‘Boom Cuesta’
(geosite 32). These are younger (Oligocene) and are therefore stratigraphically higher on
the southward sloping Paleogene layers.
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Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege gelaten op basis van artikel 5
van de Wet open overheid (Woo). De legenda verwijzing die hierbij is vermeld correspondeert met de bijbehorende grondslag in
onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing

Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.1lid 1 a Kan de eenheid van de Kroon in gevaar brengen.

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden.

o} art. 5.11lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld.

D art. 5.11lid 1 d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of paragraaf 3.2

(persoonsgegevens van strafrechtelijke aard) van de UAVG.

E art. 5.1lid 1 e Betreft nummers die dienen ter identificatie van personen die bij wet of algemene maatregel van bestuur
zijn voorgeschreven als bedoeld in artikel 46 van de UAVG.

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale organisaties.

G art. 5.11lid2b Het belang van de economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

H art. 5.11lid 2¢c  Het belang van de opsporing en vervolging van strafbare feiten.

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen.

] art. 5.1lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen.

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub ¢ genoemde concurrentiegevoelige

bedrijfs- en fabricagegegevens.

L art. 5.11lid 2 g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft.

M art. 5.1lid 2 h  Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage.

N art. 5.11lid 2i Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen.

o art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de informatie

(tijdelijke beperking).

P art. 5.11id 5 Het belang van de onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een
ander belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 sub c en het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid 1 sub c.

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan ambtelijke
adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet zijnde feiten,
prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of andere onderdelen met
een overwegend objectief karakter.

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog op een
goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als persoonlijke
beleidsopvattingen.

Overig

T De informatie valt buiten de reikwijdte van het verzoek.
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Vragen van het statenlid A. Geluk en M.A. van 't Westeinde (CDA) ingevolge artikel 44 reglement van orde

AANHANGSEL

tot de notulen van de provinciale staten van Zeeland 2018 nummer 277.

Vragen ingevolge artikel 44 van het regle-
ment van orde inzake windmolens
Auvergnepolder

(ingekomen 1 november 2018)

1. Is het college bekend met het initiatief
in de Auvergnepolder? Zo ja, hoe is
het college hiervan op de hoogte ge-
steld?

2. Er is sprake van een initiatief in een
andere provincie. Hoe werkt het vast-
gelegde beleid in het Omgevingsplan
2018 door in grensgebieden?

3. Voor Zeeland geldt dat voor kleine ini-
tiatieven lokaal draagvlak via het ge-
meentebestuur van groot belang is.
Hoe wordt hier mee omgegaan als net
over de provinciegrens/landsgrens
dergelijke initiatieven ontstaan?

4. Is het college bereid om interprovinci-
ale afstemming te organiseren voor de
grensgebieden? En dus ook de proble-
matiek van de windmaolens in de Au-
vergnepolder met de provincie Noord
Brabant en betrokken gemeenten te

Antwoorden van gedeputeerde staten:

Ja. Via ambtelijk contact met de provincie
Noord Brabant en de gemeente Tholen.

Er is in het Omgevingsplan geen specifieke
regeling voor projecten in grensgebieden
opgenomen.

Het is aan de initiatiefnemer en het
bevoegd gezag om voor afstemming met
de omgeving (en dus ook met de buurge-
meenten) te zorgen.

Wij zijn voornemens dit in het Omgevings-
visie traject vorm te geven. Het betreffende
windenergieproject is onderdeel van de af-
spraken die de regio West Brabant rond de
taakstelling windenergie 2020 met de pro-
vincie Noord Brabant heeft gemaakt. Wij

bespreken? zien daar voor ons geen rol. De gemeente
Tholen maakt overigens onderdeel uit van
dat regio overleg.
MIDDELBURG, 20 november 2018
Namens de fractie van CDA, Gedeputeerde Staten,
A. Geluk en M.A. van 't Westeinde Drs. J.M.M. Polman

A.W. Smit



Toelichting grondslagen

In dit document kunt u secties terugvinden die onleesbaar zijn gemaakt. Deze informatie is achterwege
gelaten op basis van de Wet open overheid (Woo). De letter die hierbij is vermeld correspondeert met de
bijbehorende grondslag in onderstaand overzicht.

Legenda Artikel Uitzonderingsgrond
verwijzing verwijzing
Artikel 5.1 lid 1 Woo - Absolute uitzonderingsgronden
De openbaarmaking van deze informatie:

A art. 5.11lid 1a Kan de eenheid van de Kroon in gevaar brengen

B art. 5.11lid 1 b Kan de veiligheid van de Staat schaden

(o} art. 5.1 lid 1 ¢ Betreft bedrijfs- en fabricagegegevens die vertrouwelijk aan de overheid zijn meegedeeld

D art. 5.11lid 1d Betreft persoonsgegevens als bedoeld in paragraaf 3.1 (bijzondere persoonsgegevens) of
paragraaf 3.2 (persoonsgegevens van strafrechtelijke aard) van de Uitvoeringswet Algemene
verordening gegevensbescherming, waarvoor geen toestemming is gegeven of door de
betrokkene kennelijk zelf openbaar zijn gemaakt

E art. 5.11lid 1 e Het betreft nummers die dienen ter identificatie van personen die bij wet of algemene
maatregel van bestuur zijn voorgeschreven als bedoeld in artikel 46 van de Uitvoeringswet
Algemene verordening gegevensbescherming, tenzij de verstrekking kennelijk geen inbreuk op
de levenssfeer maakt

Artikel 5.1 lid 2 Woo - Relatieve uitzonderingsgronden
Het belang van de openbaarmaking van deze informatie weegt niet op tegen:

F art. 5.11lid 2a Het belang van de betrekkingen van Nederland met andere staten en met internationale
organisaties

G art. 5.11lid2b De economische of financiéle belangen van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen

H art. 5.1 lid 2 ¢ Het belang van de opsporing en vervolging van strafbare feiten

I art. 5.11lid2d Het belang van de inspectie, controle en toezicht door bestuursorganen

J art. 5.11lid 2e Het belang van de eerbiediging van de persoonlijke levenssfeer van betrokkenen

K art. 5.1lid2f Het belang van de bescherming van andere dan in art. 5.1 lid 1 sub c genoemde
concurrentiegevoelige bedrijfs- en fabricagegegevens

L art. 5.11id 2g Het belang van de bescherming van het milieu waar deze informatie betrekking op heeft

M art. 5.11lid 2 h Het belang van de beveiliging van personen en bedrijven en het voorkomen van sabotage

N art. 5.11lid 21 Het belang van het goed functioneren van de Staat, andere publiekrechtelijke lichamen of
bestuursorganen

(o] art. 5.1 lid 4 Het belang dat de geadresseerde erbij heeft om als eerste kennis te kunnen nemen van de
informatie (tijdelijke beperking)

P art. 5.1 1id 5 De onevenredige benadeling welke, in uitzonderlijke gevallen, wordt toegebracht aan een ander
belang dan genoemd in art. 5.1 de leden 1 en 2, bij andere informatie dan milieu-informatie.

Q art. 5.11id 6 Het belang genoemd in artikel 5.1 lid 1 ¢, het hier milieu-informatie betreft waardoor, bij
openbaarmaking, ernstige schade wordt toegebracht aan het genoemde belang in artikel 5.1 lid
1c

Artikel 5.2 lid 1 Woo - Persoonlijke beleidsopvattingen
De informatie uit documenten betreft:

R art. 5.2 1lid 1 Persoonlijke beleidsopvattingen. Onder persoonlijke beleidsopvattingen worden verstaan
ambtelijke adviezen, visies, standpunten en overwegingen ten behoeve van intern beraad, niet
zijnde feiten, prognoses, beleidsalternatieven, de gevolgen van een bepaald beleidsalternatief of
andere onderdelen met een overwegend objectief karakter

S Art. 5.2 lid 2 Tot personen te herleiden gegevens, met betrekking tot door het bestuursorgaan, met het oog

op een goede en democratische bestuursvoering, verstrekte informatie die kwalificeert als
persoonlijke beleidsopvattingen
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