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ABSTRACT. D iatom  and radiocarbon data o f two cores from  the north-eastern part o f the western Belgian coastal 
p lain  are d iscussed . The palaeoenvironm ental reconstruction  o f  these sites and additional stra tig raph ie  and 
geochronological inform ation, allow an assessm ent o f the general developm ent o f this region throughout the Holocene. 
Prior to c. 7500 yrs cal. BP a rapidly transgressing coast exists. Basal peat developm ent may have been fairly w ide­
spread. Extensive erosion channels form  towards the interior once the volum e o f the developing tidal basin has in­
creased sufficiently. In spite o f very high rates o f sedim ent accum ulation, high-intertidal environm ents rem ain poorly 
developed due to the high rate o f RSL rise and the relatively steep slope o f  the transgressed terrain. D iatom  
taphocoenoses o f this period consist prim arily o f coastal tychoplankton (m ainly Cymatosira belgica), deposited in 
association with flood transported sedim ent, and som e epipsam m on. Hereafter, the incidence of negative tendencies 
in m arine influence increases, culm inating between c. 6300 to 5600 yrs cal. BP. D iatom  assem blages are now more 
varied with an im proved representation o f tidal flat and salt m arsh com m unities. The marine species Paralia sulcata  
and Pseudopodosira westii becom e abundant in high intertidal deposits, which may involve selective transport, sedi­
mentation and preservation mechanism s. In general, the environm ental changes reflect the developm ent o f a broad 
intertidal sedim entation zone in which sedim ent supply rem ained high, com bined w ith a gradual slowing down o f the 
RSL rise. Coastal progradation finally leads to sufficiently sheltered conditions for long-lasting peat growth in the 
intracoastal area up to perhaps c. 2100 yrs cal. BP. Presum ably a coastal barrier, w hich rem ains intersected by some 
inlets, also develops during this period. A t places, peat growth is interrupted at about 4200 yrs cal. BP by a m arked but 
short-lived period o f marine sedim entation. W ithin the general fram ework o f a return to a transgressive setting and a 
destabilisation o f the barrier system  due to a decreasing sedim ent supply, clim atic conditions and hum an interference 
may have played a role in the final term ination o f peat growth and the resum ption o f  tidal activity. So far, the exact 
chronology of the return o f tidal sedim entation in the study area rem ains unclear. No general sedim entation cycles, or 
so-called D unkerque transgressions, are identified during the deposition of the upper tidal deposits, which are again 
characterized by a high representation o f Cym atosira , reflecting a more open coastal setting. A tentative chronology 
o f regional tendencies in the marine influence is derived from  both bio- and lithostratigraphical indications and 
com pared with the assum ed chronology o f transgressive and regressive phases in the northern Netherlands. Points o f 
agreem ent are discussed in term s o f possible supra-regional processes.

KEYWORDS: Belgian coastal plain, Holocene, diatom data, radiocarbon data, sea-level rise, tendencies in marine 
influence.

SAMENVATTING. De resultaten van het diatom eeënonderzoek van twee door m iddel van 14C-analyse gedateerde 
boorkem en uit het noord-oostelijke deel van de westelijke Belgische kustvlakte worden besproken. Op basis van de 
paleom ilieureconstructie van beide sites en stratigrafische en geochronologische gegevens w ordt de algem ene 
ontw ikkeling van het gebied tijdens de Holocene periode geschetst, voor c. 7500 jaren  cal. BP vindt een snelle 
transgressie van de kustzone plaats, waarin initieel basisveenvorm ing optrad. N aarm ate het bergingsvolum e van het 
g e tijd en g eb ied  toeneem t, b re iden  de geu len  zich  land inw aarts  uit. N ie tteg en staan d e  een zeer aanzien lijke  
sedimentaccumulatie, blijft de ontwikkeling van hoog-intertidale milieus zeer beperkt tengevolge van de sterke relatieve
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zeespiegelstijging en de sterke helling van het pre-Holocene bodem reliëf. D iatom eeëntafocoenosen uit deze periode 
bestaan voornam elijk uit m arien-litoraal tychoplankton (vooral Cymatosira belgica) dat geassocieerd met sedim ent 
door de getijden is aangevoerd en enig epipsam m on. Door de hieropvolgende ontwikkeling van een brede getijdenzone, 
waarin nog steeds grote hoeveelheden sediment worden afgezet en een geleidelijke vertraging van de zeespiegelstijging, 
kan plaatselijk de m ariene invloed gaan afnemen. Dit gebeurt in toenem ende m ate en kom t vooral tussen c. 6300 to 
5600 jaren  cal. BP tot uiting. De m ariene soorten Paralia sulcata  en Pseudopodosira westii worden talrijk in hoog- 
intertidale afzettingen, wat door selectieve transport-, sedimentatie- en bew aringsm echanism en verklaard kan worden. 
D oordat de kustlijn inm iddels ver in zeewaartse richting verschoven is, wordt langdurige veengroei in het opgeslibde 
achterliggende gebied mogelijk. W ellicht w ordt in deze periode tevens een kustbarrière gevormd, w elisw aar met 
enkele open blijvende zeegaten. P laatselijk vindt rond c. 4200 jaren  cal. BP een kortstondige periode van mariene 
sedim entatie plaats in het veengebied. Hoewel de terugkeer naar een transgressieve situatie en de rem obilisatie van de 
kustbarrière wellicht in de eerste plaats het gevolg waren van een verminderde sedimentaanvoer, kunnen klimatologische 
factoren en m enselijke invloed een rol gespeeld hebben bij de uiteindelijke beëindiging van de veengroei door 
toenem ende getijdenwerking. De ju iste  chronologie hiervan blijft evenwel nog onduidelijk voor het studiegebied. 
A lgem ene sedim entatiecycli o f zogenaam de D unkerque transgressies kunnen bij de vorm ing van de afdekkende 
afzettingen niet worden aangetoond. Deze getijdenafzettingen zijn opnieuw gekenm erkt door een hoog aandeel van 
Cymatosira, wat de terugkeer naar een m eer open kust weerspiegelt. U it zowel litho- als biostratigrafische aanwijzingen 
is een voorlopige regionale chronologie van positieve en negatieve tendenzen in m ariene invloed afgeleid. Deze 
wordt vergeleken m et de veronderstelde afw isseling van transgressieve en regressieve fasen in Noord Nederland. 
Enkele punten van overeenkom st worden besproken in het kader van m ogelijke supra-regionale processen.

SLEUTELWOORDEN: Belgische kustvlakte, Holoceen, diatom eeën, radiokoolstof dateringen, zeespiegelstijging, 
tendenzen in m ariene invloed.

1. Introduction

Im plicitly, palaeoenvironm ental interpretations have 
played a key role in the developm ent o f a stratigraphie 
fram ework for the H olocene deposits in the Belgian 
coastal plain. In the classification scheme of Tavemier 
(1948), and later e.g. Tavernier and M oorm ann (1954) 
and Am eryckx (1959), w hich has been the standard 
for several decades, param ount im portance was attrib­
uted to the punctuated and alternating occurrence of 
large-scale transgression and regression events. These 
w ere tied to corresponding lithosom es in the field, 
yielding the so-called Calais and D unkerque deposits 
of marine origin. The w ide-spread upper peat layer was 
considered to represent a sea-level stand-still or even 
a negative sea-level oscillation separating the two m a­
jo r  periods o f transgression and was therefore used as 
a stratigraphie m arker horizon as well. As details on 
the d eep er d ep o s its  w ere  s till q u ite  lim ited , the 
D unkerque deposits received most attention and four 
beds of different extent were distinguished within them, 
again corresponding to an equal num ber of transgres­
sive phases.

Considering the absence of visible m arker horizons for 
the stratigraphie delim itation of these beds, such as 
regional vegetation horizons, peats or soils, one might 
expect that the concept o f Calais and D unkerque trans­
gressions would have resulted in a broad application 
of sensitive techniques for palaeoenvironmental recon­
naissance, in order to detect and eventually map the 
different sedim entation cycles which were assum ed to

have occurred. Surprisingly though, this was never the 
case; the theories and m aps developed with regard to 
the Belgian coastal plain were hardly supported by any 
reliable palaeoenvironmental evidence o f transgressive 
or regressive events at all. W ith exception perhaps of 
the peat beds (e.g. Stockm ans and Vanhoorne, 1958), 
palaeontological aspects that could have been helpful 
in this respect were largely left unconsidered. Instead, 
different lithological field characteristics were attrib­
uted to the deposits o f the Calais and the m ultiple 
D unkerque phases. Nowadays, it is, however, quite 
im possible to perceive how these should be matched 
w ith  the in tense  la tera l and  vertical varia tion  o f 
lithological facies that actually occurs in the coastal 
plain (cf. Baeteman, 1999). At the same time, little 
notice was paid to the developm ent o f a geochrono- 
logical fram ew ork based on data from  the area itself, 
o ther than from  historical sources. Consequently, ru l­
ing opinions on coastal developm ent and sea-level his­
tory were largely determ ined for quite som e tim e by 
personal “rew orking” o f existing viewpoints, rather 
than by the elaboration of original scientific evidence 
(Baetem an, 1983).

Since the late seventies, however, research in the area 
revived, and it rapidly becam e clear that the established 
ideas on coastal developm ent and architecture were 
too sim plistic for practical application, although some 
apparently have not been com pletely abandoned yet 
(see e.g. H outhuys et a l., 1992; M aréchal, 1992; 
Gullentops and Wouters, 1996). More recent studies 
(e.g. Baeteman, 1981a; 1985; 1991) clearly showed
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that local facies variations resulting from  changes in 
marine influence, such as the occurrence of peat, are 
highly variable in space and tim e and were controlled 
by interacting variables operating at different tim e 
scales. Consequently, an alternation o f general trans­
g ress io n s  an d  re g ress io n s  can  n o t be used as a 
stratigraphie basis, even in areas where peat form a­
tion occurred. A m ore explicitly lithologie m ethod is 
preferred now for m apping purposes and as a basis for 
deciphering the H olocene h istory o f the area (see 
Baeteman, 1981a, 1981b, 1987, 1991; De Ceunynck, 
1984; M ostaert, 1985; Baetem an and Denys, 1995, 
1997). Here also, unequivocal palaeoenvironm ental 
inferences rem ain o f utm ost im portance to explain the 
origin and relations o f the various lithofacies.

Diatom assemblages have provided a very useful means 
to assess H olocene coastal palaeoenvironm ents and 
events in a wide variety o f situations (see reviews by 
Palmer and Abbott, 1986 and Denys and de Wolf, in 
press), and have also contributed to palaeoecological 
reconstructions in the Belgian coastal plain and Schelde 
Estuary (Denys et al., 1983; Denys, 1985, 1989, 1993a, 
1993b, 1993c, 1994, 1995; De Ceunynck and Denys, 
1987; Denys and Verbruggen, 1989; Verbruggen and 
Denys, 1995), as well as to biostratigraphy (de W olf 
and Denys, 1993) and sea-level history in this area 
(Denys and Baeteman, 1995). Especially rewarding for 
coastal stratigraphie studies may be -next to the gen­
eral identification o f palaeoenvironm ental conditions- 
the inferences that can be made from these microfossils 
w ith regard to even m inor changes in the proxim ity of 
m arine conditions and the intensity or source o f sedi­
m en t supp ly , as w ell as on the  s ig n if ic a n c e  o f  
stratigraphie overlaps (e.g. detection o f hiatuses). Com ­
bined with litho- and chronostratigraphic evidence, 
such inform ation m ay be used advantageously to ob­
tain a more detailed picture of form er developm ents 
in local conditions and the general palaeosetting.

In this paper, the environm ental history o f the north­
eastern part o f the w estern coastal plain -the region 
between N ieuw poort-Oostende (Fig. 1)- is discussed 
by reference to the diatom  record, and additional in­
form ation presently available. New data are presented 
on two cores that cover the Holocene sequence and 
represent com plem entary  palaeoenvironm ental ar­
chives of the infilling process. Previous studies on cores 
from  this area (Denys, 1985, 1995) have dem onstrated 
local variations in m arine influence which are not re­
flected by m arked lithological changes. M oreover, a 
certain degree o f synchrony in the timing of local trans­
gressive and regressive events was suggested, presum ­
ably resulting from  the strong control o f marine activ­
ity and sedim entation processes by a large NW  to SE 
directed tidal-channel system intersecting the area close

to N ieuw poort (Fig. 1 and next section). The changes 
in m arine influence recorded at the m ost exposed site, 
W olvenest, situated W of this channel, were consid­
ered  especially  sign ifican t in this respect (D enys, 
1995). Further details on the sedim entation history of 
the eastern part o f the area, away from the main chan­
nel system, and their integration with available radio­
carbon data on the chronology o f peat allows a further 
exploration o f the controlling factors that have been at 
work. To this aim, the chronology o f local “sea-level 
tendencies” (Shennan, 1982a, 1986; Shennan et al., 
1983), or in this case more appropriately nam ed “m a­
rine influence tendencies” , in the area is explored and 
a working model for regional developm ents is derived. 
P ossib le causal m echanism s are discussed and the 
model is com pared with the chronology o f Calais and 
D unkerque phases proposed for the northern Nether­
lands (Roeleveld, l974;G riede, 1978; van de Plassche, 
1985). Vos and van Heeringen (1997) have adequately 
dem onstrated that the D unkerque chronologies which 
have been proposed for the m ore nearby province of 
Zeeland (e.g. Bennem a and Van der Meer, 1952; Van 
Rum m elen, 1972) are highly questionable and for this 
reason they are not considered here.

2. Study area and general set-ting during 
the Holocene

At present, the coast along the study area has a (m ar­
ginally) macrotidal tide-dom inated regim e (cf. Hayes, 
1979), with am plitudes of sem idiurnal tides reaching 
4.12 m at N ieuw poort and 3.94 m at Oostende (Van 
Cauwenberghe, 1977). The study area itself is a pol­
der extending alm ost 7 km inland, m ore or less paral­
lel to the coastline.

The topography o f the pre-Holocene subcrop, consist­
ing o f Eocene and Pleistocene deposits, and the loca­
tion of all sites mentioned in the text are shown in Fig. 
1. In general, the pre-H olocene surface dips rather 
gradually  tow ards the present coastline. A long the 
coast, a broad depression which is delim ited m ore or 
less by the -5 m depth contour extends from  N ieuw ­
poort to the north-east. This depression presents a se­
ries o f  NW  to SE oriented indentations protruding in­
land. The deepest and broadest o f  these is situated just 
NE of Nieuw poort, reaching a depth of more than 15 
m near the coastline and shallow ing rapidly towards 
the southeast. Contrary to the former, the less exten­
sive protrusions further to the NE do not extend more 
than halfway across the coastal plain. Here, the main 
ones are situated  on either side of the Pleistocene 
m ound (“donk”) o f Leffinge. To the W  o f Nieuwpoort, 
outside the area considered here, the coastal plain 
broadens considerably due to the presence o f a large
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Figure 1. Map of the coastal plain between Nieuwpoort and Oostende with indication of the sites mentioned in the text, stratigraphie 
cross-sections (Figs 2 and 4) and depth contours of the pre-Holocene surface.

palaeovalley system  o f pre-H olocene age. Baeteman 
(1999) discusses the stratigraphy and developm ent of 
this part o f the coastal plain.

The Holocene infill o f the study area consists largely 
o f more sandy sedim ents in the m ost seaward part, 
grading towards the interior into the typical interfin­
gering com plex o f siliciclastic and organogenic depos­
its occurring in many coastal plains o f the Southern 
North Sea (Baetem an, 1991). In general, peat devel­
opment becom es more extensive inland, and where the 
pre-Holocene subcrop reaches above c. -1.5 m, the 
stratigraphy usually consists only o f a thick basal peat, 
covered by a few m eters o f clay. C lose to the polder 
border the basal peat is lacking again.

Considering the tim e-depth relation o f relative sea-level 
(RSL: Denys and Baeteman, 1995; Baeteman, 1999) 
and the temporal distribution o f peat (Baetem an and 
Denys, 1997; Table 1), the onset o f m arine activity in 
the study area dates som ewhere between about 9000 
and 7500 cal. yrs BR As a result o f the extrem ely rapid

rise o f RSL during the early H olocene (approxim ately 
7 m/ka; Denys and Baeteman, 1995) m ajor tidal-chan- 
nel system s developed in the area. Tidal ravinem ent 
resulted in the depression o f the pre-Holocene surface 
along the coast and its m ultiple protrusions stretching 
inland. By c. 7200 yrs cal. B.P. m arine sedim entation 
attained the -5 m level, and som e 1000 years later in­
tertidal environments reached alm ost to the present lim ­
its o f the coastal plain (Baetem an and Denys, 1997). 
The accom m odation space created by the RSL rise and 
locally by scouring was filled with sedim ent supplied 
by the channels running through the tidal basin. As the 
rate o f  RSL rise slowed down after c. 6000 yrs cal. BP, 
the area silted up, tidal volum e decreased and condi­
tions becam e sufficien tly  w ave-she lte red  fo r peat 
growth to occur more generally. The coastline, which 
had been transgressive up to this time, now prograded 
considerably. M ud and sand flats, as w ell as peat 
marshes, developed in a seaward direction, and at some 
point, a sandy barrier island chain presum ably devel­
oped here. Throughout this period, the channels in the 
intracoastal area rem ained active, however, reaching
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the open sea by inlets situated a few km offshore from 
the present-day coastline. Lasting peat growth, with 
form ation o f the so-called surface peat, occurred in 
the intracoastal area from  about 6000 to 2200 yrs cal. 
BP (Baetem an, 1991). Hereafter, tidal sedimentation 
regained predom inance again for another millenium, 
until the final polder reclam ation.

Two cores are discussed in detail here. The first one, 
Vliegveld, is situated at about 1.5 km  from  the present 
coastline in the m ost north-eastern extension o f the 
depression in the pre-Holocene surface (51°11 ’45” N, 
2°52’2 0 "E ; Fig. 1). The second one, W estende l,w a s  
taken some 4 km more to the SW, close to the central 
Pleistocene mound (51°09 '47” N, 2 °5 0 '4 4 ” E; Fig.
1). Together with data from  geological studies (e.g. 
Baeteman et al., 1981; Baetem an and Van Strydonck, 
1989; Baeteman, 1991, 1993), and diatom results from 
cores from the more inland part o f the area (Sperm alie 
2, Fig. 1; Denys, 1985), and on the western slope of 
the major depression near N ieuwpoort (Wolvenest, Fig. 
1; Denys, 1995), their records allow a consideration 
of the general evolution of the area between N ieuw ­
poort and Oostende.

3. Methods

Cores were recovered in 10 cm diam eter PVC tubes 
by hydraulic augering. Surface altitude at the coring 
sites relative to TAW (the Belgian ordnance datum 
corresponding to LLWS and c. 2 m below M SL) was 
levelled to the nearest cm. A fter the tubes were cut in 
half length-wise, the lithological facies were described 
in detail. Samples for sedim ent analyses were taken at 
regular intervals o f 10 cm, with closer spacing across 
lithological and diatom -inferred boundaries. A number 
of peat samples were also taken for radiocarbon dat­
ing, which was carried out by the Koninklijk Instituut 
voor het K unstpatrim onium  (Brussel). The radiocar­
bon chronology is based on conventional (lab code 
IRPA) or AMS dating (lab code Ute) o f untreated bulk 
samples. Dates have been calibrated w ith CALIB 3.0.3 
(Stuiver and Reimer, 1993), using the bidecadal dataset 
and m ethod A. For peat sam ples a 200 year smoothed 
curve was used, as recom m ended by Törnqvist and 
Bierkens (1994). Results are given as intercepts and 
rounded to the nearest decade.

Organic m atter content was determ ined as loss on ig­
nition (L.O.I.) according to Dean (1974) and presence 
o f carbonates was tested with hydrochloric acid. For 
diatom  analysis, 0.1 g o f dried sedim ent was treated 
with hydrogen peroxyde and hydrochloric acid. Tab­
lets with Lycopodium  spores (Stockmarr, 1971) were 
added to estim ate valve concentrations. Only coarse

sand was rem oved from  the spiked samples by decant­
ing. Perm anent slides for m icroscopy were prepared 
using pleurax as mountant. W ith exception o f a very 
poor sam ple, m ore than 500 and usually  over 600 
valves were counted at 1250 x m agnification along 
ran d o m  tra n se c ts , u sing  a L e itz  O rth o p lan  w ith  
N om arski in terference optics. Taxa w ere identified 
according to literature listed by Denys ( 1993a, p. 4.14- 
4.15) and grouped into ecological and taphonom ic cat­
egories according to Denys (1991). N om enclature fo l­
lows the latter checklist, with exception o f some cases 
where the classification o f Round et al. ( 1990) has been 
followed. Only relative abundance diagram s with the 
more abundant taxa and total valve concentrations are 
reproduced here. Estim ated standard errors on the lat­
ter follow Stockm arr (1971), whereas 95 % confidence 
lim its on relative abundances are calculated according 
to M osim ann (1965, p. 643). Zonation into local (= 
core specific) diatom assemblage zones was established 
by v isual in sp ec tio n  o f  re la tiv e  abundance data, 
stratigraphically constrained clustering (Grimm, 1987), 
DCA  ordination (ter Braak, 1987), and calculation of 
the distance m easures SIM I and D between samples 
(see M clntire and M oore, 1977; Patrick, 1977). Full 
details are given by Denys (1993a).

4. Core descriptions and chronology

4.1. Vliegveld

The surface elevation at the Vliegveld coring site was 
levelled at + 3.26 m TAW. The lithological com posi­
tion o f the core is given in Table 2. Contrary to the 
more inland region, where basal peat occurs and m a­
rine deposition was lim ited to the latest m illenia (Fig.
2), the H olocene sequence starts here with marine 
sediments. A lag deposit, indicating an active channel 
setting, occurs at the base o f the sequence (955 cm 
below the surface), corresponding to the depth were 
diatom s rem ained preserved. From 923 to 585 cm the 
sedim ents are m ainly silty, but layers o f sand or clay 
are frequent; channel lags are noted around 915, 911 
and 880 cm. Paired valves of Scrobicularia p lana  start 
to occur from  910 cm, and above 870 cm the deposits 
are intensively bioturbated. From 585 cm the silt be­
com es more and more clayey, leading to a first thin 
bed of rather am orphous reed peat at 579 cm, which is 
dated at about 6790 yrs cal. BP (Table 1). A  decalci­
fied m ud separates this peat from  the next at 526 to 
489 cm depth. This stratum is dated at c. 6340 to 5570 
yrs cal. BP and consists o f Phragmites peat at the base, 
turning into am orphous fen peat higher up. The sec­
ond peat is covered by 5 cm  of mud, w hich appears to 
have been deposited within a period of about 2 centu­
ries (Table 1). A t 484 cm the third and final peat bed
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NNW SSE

m TAW Vliegveld Noordhoek

4 n I I I I I I

2 -

0 -

-2 -

-6 -

-10  -

-12  -

2580 ±  60

3800 1 6 0  
4700 ±  65 
4820 ±  70 
5 5 4 0 1 5 5

5 9 6 0 1 5 5

-14 -

-16 -

Z-Z-3 tidal fiat facies 

lÉ S ll peat 

fcÿ ÿ j channel facies

Pleistocene deposits

Tertiary deposits

2 2 2 0 1 5 5

Figure 2. General lithological transect (position indicated on Fig. 1) perpendicular to the coastline with the sites Vliegveld and 
Noordhoek (radiocarbon dates in yrs BP).
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DEPTH HEIGHT 
m TAW

- ♦ 2

—2

— 4

8 -

- - 6

ka cal. BP

2720 yrs cal. BP. A t 350 cm it is covered abruptly by 
sticky clay and m ore fine-sandy deposits. The upper 
part o f the core consists o f clay. Some thin wedge-like 
structures extending downward from  40 to 70 cm are 
considered to represent form er mud cracks.

Fig. 3 gives an age-altitude plot for the radiocarbon 
dates obtained from  the core, together with mean ac­
cum ulation rates calculated by linear interpolation be­
tween adjacent dates. Since the base o f the sequence 
could not be dated, such a figure is lacking for the lower 
part. If  one assum es that the pre-Holocene surface was 
not too strongly eroded, tidal conditions would not have 
reached the site earlier than c. 8000 yrs cal. BP, leav­
ing only about 1200 yrs for the accum ulation o f 3.75 
m o f sedim ent which experienced some com paction. 
This am ounts to a m inim um  rate o f roughly 0.3 cm/yr. 
A lthough quite crude, this exercise shows that mean 
accretion rates were highest prior to the form ation of 
the first peat bed.

Figure 3. Time/depth plot of the radiocarbon dates for the 
core Vliegveld (horizontal lines indicate 1 s range, vertical 
lines delimit 2s range) with interpolated mean accumula­
tion rates (cm/cal. year). Black squares at the left show peat 
occurrence; b indicates base of Holocene deposits.

starts. This peat is rich in Phragmites at the base, then 
turns into am orphous fen peat and finally into Sphag­
num  peat at the top. Some clay adm ixture is observed 
at 427-426 cm, which was dated a te . 4170 yrs cal. BP. 
The top of the peat yielded a date o f approxim ately

4.2. W estende 1

The W estende 1 core (surface at + 3.15 m TAW) 
presents a succession o f fine siliciclastic sediments and 
organogenic deposits (Fig. 4, Table 3). The base o f  the 
H olocene sequence, at 592 cm below the surface, is 
delim ited by a thin basal peat. This is covered by 5 cm 
o f m ud and a few cm o f reed peat. The base o f this 
latter peat is dated at about 6870 yrs cal. BP (Table 1); 
its top appears eroded. From 580 to 510 cm  the sedi­
m ent consists o f a bioturbated and reduced m ud with 
thin silt laminae. The silt content decreases substan-

□ Holocene tidal flat deposits □  Pleistocene deposits

NNW
m TAW W estende 1

Figure 4. General lithological transect (position indicated on Fig. 1 ) perpendicular to the coastline with the site Westende 1 
(radiocarbon dates in yrs. BP).
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DEPTH HEIGHT
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k a c a l. BP

Figure 5. Time/depth plot of the radiocarbon dates for the 
core Westende 1 (horizontal lines indicate Is range, vertical 
lines delimit 2s range) with interpolated mean accumula­
tion rates (cm/cal. year). Black squares at the left show peat 
occurrence; b indicates base of Holocene deposits.

tially above the 510 cm level, leaving mud only. A sig­
nificant part o f the sequence -from  500 to 450 cm- was 
not retreived, presum ably because o f its too fluid na­
ture. Notable is the increased LOI at the 500 cm level 
(Fig. 6), im m ediately below the break in sam pling, 
suggesting the onset o f a phase with m ore organogenic 
deposition. The mud grades into a Phragm ites  peat at 
406 cm. The base o f this bed is dated close to 5890 yrs 
cal. BP. A lready w ithin a few cm, the reed peat is suc­
ceeded by fen peat and only near the top a final transi­
tion to moss peat occurs. A ccording to the radiocar­
bon date from  the top, peat growth continued at least 
until c. 2710 yrs cal. BP. The upper 250 cm  of the core 
is entirely clayey. For this core also, the tim e/depth 
profile is steepest for the oldest sedim ents (Fig. 5).

5. Results

5.1. B asal pea t

W estende I: diatom  zone 1 (588-584 cm)

Only W estende 1 presents a basal peat, which appar­
ently developed in the deeper part o f a sizeable bowl­
shaped depression o f the pre-FIolocene surface at the 
foot o f the “donk” o f Leffinge (Fig. 4). It is therefore 
quite likely that the w aterlogging o f the Pleistocene 
substrate, which induced the peat growth, resulted ini­
tially from drainage and seepage, rather than from  a 
strictly sea-level related rise o f the groundw ater table. 
The peat itself contains no diatom  rem ains, which is 
not unusual for basal peats and probably relates to low 
diatom  productivity and poor preservation due to in­
sufficiently m oist conditions. In analogy, surfaces at

elevations above extrem e high waters bordering estua- 
rine m arshes on the A tlantic coast o f the U.S. were 
found to be devoid of diatom  populations (Nelson and 
Kashima, 1993; Hemphill-Haley, 1995a). The further 
developm ent o f the basal peat is rather unusual, how ­
ever, as it is subdivided by a thin bed o f organic clay. 
This clay contains a d iatom  assem blage o f m ainly 
Cymatosira belgica  and Nitzschia navicularis (Fig. 6, 
diatom zone 1 ). Especially the latter species, an epipelic 
diatom  from  brackish water, together with species o f 
sim ilar ecology such as C aloneis westii, D iploneis  
didyma, and D. smithii, characterises local conditions. 
These represent a typical flora from  the higher mud 
flats and low er salt m arsh (e.g. Brockm ann. 1950; 
R ound, 1960; Hendey, 1964; C olijn  and D ijkem a, 
1981 ; Vos and de Wolf, 1988), indicating a tem porary 
extension o f such low-energy conditions over the peat 
marsh. Some reed-m arsh diatom s with even lower sa­
linity optim a, such as Diploneis interrupta  and N a­
vicula peregrina  (Brockm ann, 1940), are represented 
as well. A com plete absence o f  autochtonous plankton 
or even epiphytes indicates that the site was flooded 
only at high tide and that a more perm anent water body 
d id  n o t develop . T he h igh  abundance o f  m arine  
tychoplankton, i.e. Cymatosira, Rhaphoneis am phi­
ceros, D elphineis m inutissim a  and Paralia sulcata, 
clearly indicates the flood-tidal origin o f the sediment, 
w hich was provided by nearby channels. N o diatom 
rem ains have been preserved in the overlying peat ei­
ther, suggesting that tidal flooding was absent or ex­
trem ely rare.

5.2. Low er siliciclastic deposits a n d  intercalated pea t 
beds

Vliegveld: diatom  zones 1-7 (955-527 cm ); W estende 
I: diatom  zones 2-5 (578-410 cm)

In both cores, lam inated silty sedim ents rest on the 
underlying deposits w ith erosive contacts (Tables 2,
3). In  sp ite  o f  the  d if fe re n c e  in age , the  lo w er 
siliciclastic deposits show rather similar diatom assem ­
blages initially, having Cymatosira belgica  as the most 
abundant species, accom panied by a num ber o f other 
tychoplanktonic taxa (Delphineis, Rhaphoneis, Paralia, 
Thalassiosira decipiens) and som e sm aller epipelic 
or ep ipsam m ic form s (e.g. N avicu la  fla n a tica , N. 
m ic r o d ig ito ra d ia ta , N. p e r m in u ta  co m p le x , N. 
phyllepta, N. salinicola, Nitzschia frustulum , Opephora 
m a rin a  co m p lex ; F igs 6, 7). In ag reem en t w ith  
lithological features, the latter testify o f rather ener­
getic hydrodynam ic conditions. This is especially evi­
dent in the V liegveld  core, w hich is actually  from  
within a channel area. On the whole, however, there is 
little in situ  diatom developm ent at both sites and the 
bulk o f the assem blages consists o f species which are
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transported in association with sedim ent particles and 
floes (e.g. Hasle et al., 1983; Vos and de Wolf, 1994; 
Denys, 1995), suggesting rapid accretion. Although the 
distinction of subtidal from  intertidal deposits is diffi­
cult in  such cases, there are no indications favouring 
subtidal sedim entation. U nderw ood (1994) identified 
Cymatosira belgica, D elphineis m inutissim a  and N a­
vicula flanatica  as characteristic taxa for the low er in­
tertidal zone of the Severn estuary where the sedim en­
tation regime is highly dynam ic.

5.2.1. Vliegveld

In the Vliegveld core (Fig. 7), the presence o f a fair 
am ount of reworked Fragilaria construens f. subsalina  
and F. construens f. venter in the low erm ost samples 
(zone 1) indicates that sedim ents from  nearby slightly 
brackish ponded marshes (see Denys, 1989, 1990) were 
eroded and transported to the site. Pieces o f wood in 
this part o f the core, as well as slightly higher LOI 
values than at succeeding levels (Fig. 7), suggest that 
organic deposits, probably basal peat, have been re­
worked. The form er presence o f  such peat is not un­
likely since lithostratigraphic investigations indicate 
that erosive conditions only developed after basal peat 
form ation at com parable depths (personal com m uni­
cation C. Baeteman, 1997).

There is hardly any environm ental differentiation no­
ticeable up to zone 3, which again supports the idea of 
rather dynam ic conditions and abundant sedim ent sup­
ply. In view of the better developm ent o f the epipelic 
species Gyrosigma spenceri, G. wansbeckii, Navicula  
flanatica , N. phyllepta  and Nitzschia hungarica, which 
also present m ore brackish affinities, slightly calm er 
conditions and/or a som ew hat m ore gradual accretion 
regim e are established from  zone 2B onwards. This 
also appears from the m ore regular sedim ent lam ina­
tion and less variable valve concentrations. Obvious 
indications o f the developm ent o f  a brackish high tidal 
flat or salt marsh in zone 3 are lacking, although such 
environm ents are likely to have preceded the form a­
tion o f the first intercalated peat. However, together 
with the slight increases o f Pseudopodosira, Diploneis 
d idym a, N itzsch ia  com pressa , N. nav icu lar is  and 
Scolioneis spp., the pronounced expansion o f Paralia 
can be considered as a m arker for this progressive silt- 
ing-up (Denys, 1989, 1994, 1995). The very poor rep­
resentation o f autochthonous diatom s from  high tidal 
levels reflects a high rate o f sedim ent input. Further­
more, the environm ental evolution prior to peat initia­
tion, the lack of any diatom  rem ains w ithin the peat 
itself, and its obvious hum ification, suggest that peat 
growth occurred in a fairly well-drained situation, such 
as could be im agined to have existed on a levee for 
instance.

Fresh-brackish Fragilaria  spp. are abundant in zone 
4, indicating the establishm ent o f shallow water con­
ditions of low salinity towards the end o f peat form a­
tion. After this period o f rapid water logging, the marsh 
gave way to a brackish tidal flat again, as reflected by 
the assem blage o f  zone 5. The peak o f Scolioneis  
brunkseiensis  near the base o f this zone, a species 
which reaches its highest num bers near the flood seam 
(H endey, 1964), is qu ite  consp icuous. This tim e, 
m esohaline intertidal conditions prevailed for a short 
tim e only, and the rapid decrease o f m arine tycho- 
plankton in the upper part o f zone 5 indicates that sedi­
m ent influx ham pered. Hereafter, the diverse epipelic 
and epiphytic diatom  com m unities o f zone 6 (Fragi­
laria  spp., N avicula margalithii, N. veneta, Nitzschia  
amphibia, N. frustulum , N. hungarica, Rhoicosphenia) 
clearly show the developm ent o f a slightly brackish 
shallow pool environm ent. W ithin a few cm o f sedi­
ment, however, the abundance o f epiphytes decreases 
sharply, indicating a decline o f submerged macrophyte 
stands. The assem blage rem aining in zone 7 has an 
epipelic character, including species such as Am phora  
copulata, Anom oeoneis sphaerophora  and its f. sculpta 
(3%), N avicula peregrina, and especially Pinnularia  
viridiform is, w hich is often abundant in tem porary 
w aters. T ogether w ith the abundant production  of 
chrysophyte stomatocysts (cf. Brockmann, 1940), these 
developm ents testify of the withdrawal o f open water 
and marsh development. From valve concentration data 
o f individual taxa (not shown) it can be deduced that 
the improved relative abundance of D iploneis didyma  
and N itzschia navicularis, w hich accom panies this 
change in assem blage, is only an artefact o f the de­
m ise o f the lim nic com munity. A strongly decreased 
concentration o f all m arine-littoral diatom s indicates 
that even regular spring tides could no longer influ­
ence the site, allowing further fen peat development.

5.2.2. W estende 1

ln W estende I (Fig. 6), the palaeoenvironm ental suc­
cession is som ew hat less com plicated. A lthough only 
partly resolved because o f  the sam pling difficulties 
m entioned above, the developm ent o f high mud flat 
to salt m arsh conditions can be identified at three suc­
cessive m om ents. A  first time, at about 540 cm depth, 
the extent of m arsh developm ent appears to have been 
lim ited and did not include the site, which rem ained a 
brackish m ud flat. Apparently, only a lim ited lateral 
shift o f the sedim entation pattern was involved. The 
ephem eral character of this event is also highlighted 
by the abrupt return o f polyhaline tidal flat conditions. 
A m ore s ig n ific an t tren d  is o bse rved  in zone 3. 
Cymatosira regresses and is replaced by the more trans­
port resistant Paralia  and Pseudopodosira, as well as 
brackish epipelon (Caloneis westii, D iploneis didyma,
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N itzsc h ia  co m p ressa , N. n a v ic u la r is , S co lio n e is  
tum ida) and salt-m arsh indicators such as Navicula  
peregrina, N itzschia hungarica, and Fragilaria  spp. 
(further taxa in this group, not shown in Fig. 6, in­
clude Navicula veneta  and the epiphytic Rhopalodia  
acuminata). A lthough classified am ong the polyhalo- 
bous and subtidal taxa in the B altic area (S im on­
sen, 1962; Edsbagge, 1968; Pankow, 1976), D iploneis  
suborbicularis, which occurs here with 5 %, is prob­
ably also indicative o f a less w ell-drained salt-m arsh 
environm ent (cf. de Wolf, 1984). A fter a return to full 
tidal-flat conditions in the lower part o f zone 4, a very 
sim ilar species succession developm ent is once again 
observed above 430 cm, this time preceding the devel­
opm ent o f a Phragm ites  marsh.

5.3. Upper intercalated  pea t

W estende I: diatom zone 6 (249-247 cm ); Vliegveld: 
diatom  zones 8-11 (489-353.5 cm)

In general, diatom s are com pletely absent in the up­
perm ost peat in m ost parts o f the coastal plain with 
exception o f horizons evidencing some m arine influ­
ence. In the V liegveld core two such horizons are 
present, both m arked by a higher clay content. The 
lower and most developed one, situated between 489 
and 482 cm and corresponding to diatom  zones 8 and 
9 (Fig. 8), evidences the local installation o f a brack­
ish salt m arsh, as indicated by form s o f Fragilaria  
construens, Caloneis westii, D iploneis didyma and D. 
interrupta. In the upperm ost levels o f the intercala­

tion, the developm ent o f  N avicu la  peregrina  and 
Pinnularia viridiformis marks the recession o f tidal 
influence and a return to increasingly fresher and dryer 
conditions. D iatom  assem blages com parable to those 
present in the intercalation, nowadays occur close to 
spring tide levels (e.g. H aynes et al., 1977). To a large 
extent, the accom panying decline o f diatom valve con­
centration follows from  the exclusion of salt-marsh taxa 
from  the site as it becam e revegetated and flooding 
frequency  decreased . In teresting ly , A ctinop tychus  
splendens  appears for the first tim e in this intercala­
tion. A ccording to de W olf and Denys ( 1993), this spe­
cies im m igrated into the North Sea between 4400 and 
4100 yrs BP (c. 5000-4600 yrs cal. BP), becoming very 
widespread hereafter. At 427 to 426 cm diatom  remains 
are also present (Fig. 9, zone 10), but this tim e only as 
an en tire ly  a llo ch th o n o u s  assem b lag e  o f  m ain ly  
polyhalo-bous taxa. This horizon clearly testifies o f a 
short-lived w ash-over event, resulting from  perhaps 
only one or a few extrem ely high floods which hardly 
disturbed the fen peat development.

In both cores, the top o f the upper peat, presents an 
assem blage in which tide-transported tychoplankton 
(Cym atosira, Paralia, Pseudopodosira) predom inates 
(Figs 10, 11). Since diatom  concentrations are quite 
low, however, they only point to a very restricted tidal 
influence, i.e. lim ited to the very highest o f spring tides. 
The representation o f taxa from  the muddy high-inter­
tidal zone (C aloneis w estii, D ip loneis d idym a, D. 
in te rru p ta , N itzsc h ia  com pressa , N. n a v icu la r is , 
S co lio n e is  spp ., N a v icu la  m icro d ig ito ra d ia ta , N. 
peregrina) -salt m arsh and mud flat- is also consider-

4820170 
IRPA 86«

Figure 8. Lithological characteristics, radiocarbon dates, diatom valve concentration and percentage abundance of most impor­
tant diatom taxa for the lower clayey intercalation in the upper peat of the core Vliegveld (diatom zones 8 and 9; number of valves 
counted: G - 600-799). M - marine, B - brackish, F - fresh). See Fig. 6 for lithological legend.
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Figure 9. Lithological characteristics, radiocarbon dates, diatom valve concentration and percentage abundance of most impor­
tant diatom taxa for the upper clayey intercalation in the upper peat of the core Vliegveld (diatom zone 10; number of valves 
counted: G - 600-799; M - marine, B - brackish). See Fig. 6 for lithological legend.

able, especially in the W estende core (Fig. 10, zone 
6), and points to the local establishm ent o f such con­
ditions. Interm ingled with these are low er proportions 
o f a num ber o f taxa which typically occur in fresher, 
subaerial conditions and even soils. These include 
C aloneis b a c illu m , D ip lo n e is  ova lis , H an tzsch ia  
amphioxys, D iadesmis gallica  var. perpusilla, Luticola 
m utica, L. nivalis, Navicula cincta, and Pinnularia  
silvatica  in the W estende core (Fig. 10, zone 6), and 
H a n tzsc h ia  a m p h io x y s , D ia d e sm is  g a llic a  var. 
perpusilla, Luticola mutica, L. nivalis  and Navicula  
cincta  in the Vliegveld sedim ents (Fig. 11, zone 11). 
As these m ore xerotolerant taxa prefer relatively alka­
lin e  and  m in e ro g e n ic  c o n d itio n s  (L u n d , 1946; 
Jorgensen, 1948; H ustedt. 1957; C holnoky, 1968; 
Germain, 1981; Van der Werff and Huls, 1957-1974), 
they cannot be associated with the acid and nutrient 
poor environm ent o f a living Sphagnum  bog, indicat­
ing that such peat growth had already stopped. The 
strong humification o f the upper part o f the peat, which 
is o f more regular occurrence in this area according to 
observations on hand-augered cores, also suggests that 
the peat form ed a rather well drained soil surface for 
some time before the resum ption o f  tidal inundation.

5.4. Upper siliciclastic deposits

Westende I: diatom  zone 7 (245-205 cm ); Vliegveld: 
diatom  zones 12-14 (353-30 cm)

In both cores the assem blages related to the upper tidal 
lim it occurring at the top of the upper peat are suc­
ceeded by full-intertidal assem blages with euryhaline

brackish epipelon, next to a predom inant quantity o f 
polyhaline tychoplankton (Fig. 10, zone 7A; Fig. 11, 
zone 12). W hereas the latter merely reflects the flood- 
tidal origin o f the deposited sediment, characteristic 
sp e c ie s  su ch  as C a lo n e is  w e s tii ,  S c o l io p le u ra  
brunkseiensis and S. tumida  reflect the shift to low- 
energy m ud-flat conditions as tidal influence increases. 
As the hydroperiod lengthens further and the contact 
with the organic substrate is lost, these rapidly wane 
altogether. Interestingly, Paralia and Pseudopodosira  
follow the sam e trend. In the deposits o f the Belgian 
coastal plain, these heavily silicified and chain-form ­
ing marine species are generally related to high-inter­
tidal conditions in the proxim ity o f channel systems 
(Denys, 1989, 1993a, 1994), and sim ilar behaviour has 
been observed in com parable settings elsewhere also 
(Vos and de Wolf, 1993). This seems to conflict with 
studies o f recent intertidal diatom  distributions where 
the highest abundance o f Paralia is often found on tidal 
flats and channel banks below mean high w ater (e.g. 
Nelson and Kashima, 1993; Hemphill-Haley, 1995b). 
The apparent discrepancy between both distribution 
patterns m ight be due to a more effective displacem ent 
o f these chain-form ing diatom s by flood than by ebb 
currents (e.g. settling and scour-lag effects; Postma, 
1967) and/or efficient trapping m echanism s occurring 
in the higher tidal zone (e.g. ingestion by benthic fauna, 
effects o f vegetation) com bined with the considerable 
resistance o f the valves to breakage during transport. 
An abundant occurrence in plankton com m unities dur­
ing the gale season is also likely to be o f further im ­
portance. The alternative explanation of an abundant 
autochthonous occurrence o f these species in the higher 
intertidal is much less likely. Even though it has been
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suggested that Paralia sulcata  m ay be able to bloom 
at low  sa lin itie s  (Z ong , 1997), w hereas a sm all 
m orphotype o f Pseudoposira westii -which is also rep­
resented in the deposits considered here- is known to 
live in brackish w ater (Brander, 1935), m ore appreci­
able water depths appear to be required for this. In both 
cores, the expansion of Paralia appears short-lived, as 
the relative proportion o f  C ym atosira belg ica  and 
D elphineis m inutissim a  increases further within a few 
cm o f sediment.

In the W estende core (Fig. 10), Navicula m icrodigi­
toradiata  rem ains an abundant representative o f the 
epipelon throughout. Its gradual increase in the lower 
part o f zone 7 could indicate that the rate o f sedim ent 
deposition slowed down somewhat, especially as it is 
accom pan ied  by decreas ing  values o f  D elph ineis  
minutissima. N ear the top of subzone 7A, a small peak 
o f the brackish epiphyte Rhopalodia acum inata  is no­
ticed, follow ed by a very slight increase o f Fragilaria  
construens f. subsalina  and Navicula cincta  at 225 cm 
depth. Although obviously transported, this could point 
to some salt-marsh development in the environs. Above 
this level, the higher tychoplankton proportion seems 
to indicate that sedim ent supply has increased once 
more, before the halting o f diatom  preservation.

Contrary to the only partial occurrence o f diatom  re­
mains in the upperm ost part o f W estende 1, a much 
fuller record is offered by Vliegveld, which presum ­
ably com prises the com plete sedim entation history up 
to the final retreat o f regular m arine influence (Fig.
11). H ere  a c o -d o m in a n c e  o f  C y m a to s ira  and  
D elphineis m inutissim a, with a notable abundance of 
e p ip sam m o n  (A c h n a n th e s  d e l ic a tu la , N a v ic u la  
perm inuta  com plex, N itzschia frustu lum , Opephora  
marina  com plex) develops (zone 13), pointing to more 
energetic tidal flat conditions. D iatom  concentrations 
are low in these m ore sandy deposits, o f which the 
contact to the underlying clay appears to be erosive. 
N ear 270-280 cm some larger epipelic species make 
their appearance (Scoliopleura tumida, Staurophora  
spp.), possibly suggesting a transient phase o f increased 
sedim ent stability. The final stage in sedim entation 
(zone 14) corresponds to a decrease in the silt content 
and is characterised by the replacem ent o f Delphineis 
m inutissim a  (a species adhering to sand grains and 
larger particles as well as to detritus and fines), by larger 
and more heavily silicified attached or tychoplanktonic 
taxa, such as D elphineis surirella, Paralia sulcata, 
Podosira stelligera, Pseudopodosira westii, Rhapho­
neis amphiceros, as well as a m odest increase o f more 
b rack ish  ep ip e lo n  (N a v icu la  m icro d ig ito ra d ia ta , 
Nitzschia navicularis, Scoliopleura brunkseiensis, and 
markedly in the upperm ost sam ple Caloneis westii). 
Clearly this transition corresponds to a more advanced 
silting-up and a return to higher m ud-flat conditions,

albeit still with sedim ent aggradation continuing at a 
considerable pace. The establishm ent o f a salt marsh 
is no longer recorded because of anthropogenic dis­
turbance o f the profile, but filled-in m ud cracks still 
provide som e evidence o f the conditions hereafter. 
From the fills o f these cracks, two samples at 45 and 
65 cm depth were analysed for diatoms. A lthough this 
revealed assem blages that were sim ilar to those from 
sam ples taken at corresponding levels adjacent to the 
cracks, a slightly better representation was noted for 
som e subaerial taxa (C aloneis bacillum , D iploneis  
ovalis, H antzschia am phioxys, Navicula atom us var. 
asellus, N. cincta), as well as for a num ber of plank­
tonic and epiphytic species from  eutrophic fresh w a­
ters (e.g. A chnan thes lanceo la ta , C yclostephanos  
dubius, R hoicosphenia  abbreviata, S tephanodiscus  
hantzschii). These diatom s were apparently washed 
down from  the surface, and the occurrence of the lat­
ter suggests the form ation o f pools after salt-m arsh 
em ergence.

6. Chronology of tendencies in marine in­
fluence

In Fig. 12, the radiocarbon chronology o f peat growth 
and estim ated tim ing (by linear interpolatation) o f dia­
tom -inferred variations in local marine influence for 
the region betw een N ieuw poort and O ostende have 
been com bined. In com paring these different types of 
data, one should bear in m ind that no degree o f uncer­
tainty is indicated for interpolated ages. Interpolations 
will inevitably suffer from unknown variations in sedi­
ment accum ulation rates and com paction, as well as 
deficiencies o f the bracketing dates (e.g. from  eroded 
or contam inated peats). Presumably, the possible age 
offset from the actual time o f occurrence increases with 
the tim e lapse between the radiocarbon dates. For ra­
diocarbon dates as well, prudence should be taken, al­
though in this case the possible errors can be grasped 
a little better. M oreover, it is likely that the response 
o f both data types to a same event will differ due to 
their different sensitivity. Local environmental changes 
of lesser am plitude will be registered m ore adequately 
by the diatom record than by lithological overlaps. Lags 
will equally differ. It is essential to acknowledge that 
both only record local sedimentation conditions, which 
are not necessarily to be equalled with vertical sea- 
level variations. A lthough relations to such processes 
will exist, these are likely to be more com plex than 
anticipated (see for instance Allen, 1995). In view of 
this and the relative scarcity o f data, preventing fre­
quency analysis (cf. G eyh, 1980; Shennan, 1982b, 
1987; Stolk e ta l., 1989), any interpretation in regional 
term s, such as the one attem pted in Fig. 12, rem ains 
tentative for the tim e being.
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Figure 12. Radiocarbon dates of stratigraphie overlaps (intercepts with calibration curve; brackets represent Is range) and 
interpolated ages for diatom-inferred tendencies in marine influence for different sites from the coastal area between Nieuwpoort 
and Oostende, local tendencies (dashed lines for radiocarbon-dated indications reflect uncertainty in timing or tendency of the 
event), tentative regional tendiencies for the study area and the Dutch chronology of Calais/Dunkerque phases for the northern 
Netherlands (Griede, 1978; van de Plassche, 1985). Upward arrows indicate positive tendency, downward arrows indicate negative 
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- top of basal peat (note inversion for core Westende 4), e - eroded, h - humified.
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At least up to 7300 yrs cal. BP conditions were unfa­
vourable for the occurrence of negative tendencies in 
the marine influence. In spite o f the rapid sedim ent 
accum ulation, some tim e was clearly required before 
the accom m odation space created by the very swift 
rise o f RSL, and enlarged further in the initial erosive 
phase, becam e sufficiently infilled to allow more ex­
tensive developm ent o f high-intertidal environm ents. 
Concentrations o f negative tendencies, however, seem 
to occur at about 6800. 6300, and 5900-5600 yrs cal. 
BP. Only at W olvenest, the most south-western loca­
tion (Fig. 1), did an intercalated peat form  as early as 
c. 7200 yrs cal. BP (Table 1; Denys, 1995). With ex­
ception of the first period, which is indicated exclu­
sively by events at sites north of the main tidal chan­
nel, both other periods include registrations of decreas­
ing marine activity spread throughout the area. This 
suggests that, in general, m arine activity decreased 
earlier in the north-eastern  part o f  the tidal basin. 
Infilling was com pleted more rapidly here because of 
the higher elevation o f the subsoil. By about 6300 yrs 
cal. BP the tidal volume o f the basin was reduced con­
siderably and channels filled up. M ore sheltered con­
ditions becam e established across the region and in ­
term ittent salt-m arsh em ergence or even more perm a­
nent peat growth (e.g. Vliegveld) occurred.

From about 5900 yrs cal. BP positive tendencies be­
cam e infrequent as the area was now more and more 
dominated by peat marshes and marine conditions were 
progressively excluded. A lthough the continuing land­
ward extension o f basal peat developm ent implicates 
a further rise of the ground-w ater table in the area be­
yond im m ediate m arine influence and mean RSL kept 
rising, the predom inant tendency in m arine influence 
was negative during alm ost the entire period from  c. 
5900 to 2700 yrs cal. BP, as indicated also by autogenic 
bog development.

The renewal o f intertidal sedimentation at Vliegveld 
around 5500 yrs cal. BP is not recorded at any o f the 
other sites, where peat growth continued without inter­
ruption. No regional tendency is assumed for this pe­
riod. In contrast, marine activity is recorded at Vliegveld 
and Wolvenest near 4200 yrs cal. BP. At both sites the 
onset appears to be coeval, but tidal inundation prevailed 
considerably longer at Wolvenest. This suggests that the 
event which actually caused the extension in marine 
influence was short-lived, occurred close to 4200 yrs 
cal. BP, and was o f more regional significance. Actu­
ally, the very same event is also registered by beds of 
marine clay in the peat S o f Nieuwpoort, and possibly 
in the pollen stratigraphy o f the peat at Leffinge (see 
Baeteman and Van Strydonck, 1989; Baeteman, 1991; 
Denys, 1993a, 1993b. 1994). A short period of positive 
tendency of regional significance is therefore consid­
ered to have occurred at c. 4200 yrs cal. BP.

Dates for the final term ination o f  peat growth show 
rather large discrepancies. Dates from  the archaeologi­
cal site o f Leffinge, where salt m aking was practised 
in Rom an Times, are 1000 to 300 yrs older than those 
from  all other sites. A ccording to B aetem an e t al. 
(1981), peat growth ended here due to im peded drain­
age rather than by marine flooding. Also, the radiocar­
bon dates may have been affected by hum an distur­
bance o f the peat surface. The results from  Vliegveld, 
W estende 1 and W olvenest are in very close agreem ent 
with each other (c. 2800-2700 yrs cal. BP). However, 
no other dates were obtained from  the Belgian coastal 
area  fo r p ea t te rm in a tio n  n ea r 2700 yrs cal. BP 
(Baetem an, 1991; Denys, 1993a). At W estende 1 and 
V liegveld, peat accum ulation appears to have been 
ham pered by drier conditions prior to the onset o f in­
tertidal sedim entation, resulting in a strong hum ifi­
cation o f the peat. Such conditions will enlarge the 
offset between the dating result and the actual tim e of 
tidal inundation. A t W olvenest the upper part o f the 
peat appears to have been rem oved by peat digging 
(Denys, 1995). A dry phase and more oxidised layer 
may have occurred originally in the peat here as well, 
so the apparent coincidence in dates might result from 
the practice to extract only the upper layer o f Sphag­
num  peat, and leaving the peat o f  lesser quality un­
touched. The considerably younger date obtained from 
the more inland site Noordhoek, c. 2100 yrs cal. BP, is 
more in line with results from  elsewhere in the coastal 
plain (Denys, 1993a; Baetem an and Denys, 1997), but 
has not been validated by m icropalaeontological analy­
ses. In view o f  the dating uncertainties involved with 
the resum ption o f m arine conditions, no attem pt is 
made to indicate regional tendencies after 2700 yrs cal. 
BP, except for the possibility o f an increasing marine 
influence at about 2100 yrs cal. BP.

Fig. 12 also allows a com parison of the assum ed re­
gional tendencies w ith the chronology o f H olland 
(peat) and Calais/D unkerque phases for the northern 
Netherlands. In com paring these models the relative 
subsidence o f The N etherlands relative to Belgium  
during  the first h a lf  o f the H olocene (D enys and 
Baetem an, 1995; Kiden and Denys, 1995) must be 
considered, as this is likely to result in a som ewhat 
higher frequency o f negative tendencies in the Belgian 
area. Positive tendencies, resp. transgressive phases, 
predom inate prior to c. 6000 yrs cal. BP when RSL 
rise was most rapid. Hereafter, a switch towards more 
negative tendencies, resp. regressive phases, takes place 
up to the start o f the so-called Dunkerque lb  trans­
gression. Next to this general correspondence due to a 
broadly sim ilar coastal developm ent [cf. below), how­
ever, agreem ent rem ains lim ited to a few periods only, 
indicating that eventual supra-regional phenom ena are 
subordinate to regional developments. Possible excep­
tions include the redraw al o f  the m arine influence
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which apparently occured in both areas at about 5900- 
5700 and 5400 yrs cal. BP and the resum e which took 
place around c. 4200 yrs cal. BP.

7. Discussion

Sedim entation during the initial phase of infilling -up 
to c .7500 yrs cal. BP- is controlled entirely by the rapid 
RSL rise in relation to the topography o f the existing 
terrain, partly modified by tidal ravinement. Basal peat 
developm ent prior to tidal inundation was probably 
widespread, but much o f it was eroded quite rapidly in 
the seaward part o f the area as the tidal volum e o f the 
developing channels increased. In the diatom  record 
this may result in a significant adm ixture of taxa with 
lower salinity requirem ents. The diatom  results from 
the older sedim ents o f the Vliegveld core are entirely 
com parable with those from W olvenest (Denys, 1993a, 
1995). The assem blages from  these deposits consist 
m ainly of m arine tychoplankton. Cym atosira  espe­
cially, with a sm aller contribution o f  species adapted 
to m ore energetic conditions. Their prevalence indi­
cates that conditions in the tidal area are characterised 
by very high sedim ent accum ulation rates under an 
open coastal configuration. Due to the steep gradient 
o f the transgressed terrain and the rapid rate of RSL 
rise, the lateral extension and continuance of high-in- 
tertidal environm ents rem ain very lim ited. C onse­
quently, stratigraphie transitions including such facies 
are poorly developed (cf. Vliegveld). Furtherm ore, ero­
sion may have affected their occurrence.

As the rate of RSL rise decreases and tidal conditions 
occupy a larger area, additional factors start to play a 
role. From about 7200 yrs cal. BP the incidence of 
phases of local silting-up and peat developm ent in ­
creases as sedim ent supply starts to balance the RSL 
change. Also, more com plex transitions occur at cer­
tain overlaps, with fresh conditions and peat growth 
resum ing after the initial onset o f tidal influence, indi­
cating a certain degree o f resilience to change. A l­
though the influx o f considerable am ounts o f sediment 
th rough  th e  ch an n e ls  co n tin u es , the p ro g ressiv e  
infilling of the tidal basin and seaward developm ent 
o f the tidal flats slow down tidal currents. Next to an 
improved representation of epipelic tidal-flat diatom 
com m unities this is accom panied by a higher abun­
dance o f the sturdy tychoplankton species Paralia  
sulcata  and Pseudopodosira westii in the marine and 
brackish deposits, presum ably reflecting changes in 
sedim entation/resuspension conditions mainly.

From now on, certain periods o f a m ore general nega­
tive tendency in m arine influence m ay be tentatively 
suggested, but their relation to particular causative fac­
tors largely rem ains obscure and it cannot be deter­

m ined w hether they result purely from autocyclic proc­
esses, i.e. sed im en ta tion  (B aetem an et a l., 1999; 
Baeteman, 1999), or have more general causes, such 
as RSL variations, as well. Detailed com parison with 
other areas may provide an indication o f the relevant 
scale or process operating. For example, the negative 
tendencies observed in the study area betw een c. 6800 
and 6600 yrs cal. BP have no apparent counterparts in 
the rest o f the Belgian coastal plain (Denys, 1993a) 
and m ost likely can be attributed to local phenom ena 
only. Conversely, some negative tendencies in the more 
western part o f the Belgian coastal plain apparently 
coincide with the first form ation of peat at W olvenest 
(c. 7300 yrs cal. BP; Denys, 1993a). This suggests that 
a relation to the Holland I phase in the N etherlands 
m ight be possib le, even though a c lea r “regional 
phase"’is missing in the study area itself. In this re­
spect, it should be noted that the northern Netherlands 
were still subsiding considerably relative to Belgium 
during this period due to isostatic adjustm ent (Denys 
and Baetem an, 1995; Kiden and Denys, 1995). Hence, 
the coincidence o f negative tendencies in both areas at 
this tim e o f rapid RSL rise m ight be particularly m ean­
ingful. Also, for the periods at about 6300 and, espe­
cially, 5900-5600 yrs cal. BP evidence for com parable 
tendencies o f m arine influence elsewhere in the w est­
ern coastal plain o f Belgium  is more w idespread. For 
the latter period, the apparent chronological corre­
spondence to the Holland II regressive phase o f the 
northern Netherlands, which appears to be represented 
in Schlesw ig-H olstein as well (M enke, 1988), is nota­
ble (Denys, 1993a). Presum ably, the increased fre­
quency o f such negative tendencies can be related to 
the interplay o f a high sedim ent supply and a decrease 
in the rate o f RSL rise (to c. 2.5 m/kyr; Denys and 
Baeteman, 1995). However, at about the same time, 
extensive coastal barriers begin to develop along the 
coast o f western Holland (Beets et al., 1992; van der 
V alk , 1992). F o r  th e  B e lg ia n  c o a s t,  e x te n s iv e  
progradation and developm ent o f a very wide tidal- 
flat zone, possibly even the initial emergence o f coastal 
barrier structures, can also be assum ed to be taking 
place.

A lthough it was sometim es claim ed that the upper peat 
started to grow in brackish lagoons (e.g. B lanchard, 
1906; Paepe, I960; A llem eersch, 1995), the absence 
of lagoonal diatom assemblages at the transition to peat 
clearly shows that this was not the case. As argued by 
Denys (1989), aggradation o f  siliciclastic sedim ent 
continues under intertidal conditions up to the point in 
the tidal fram e where organogenic accum ulation can 
take over. Local conditions control the tidal level and 
m om ent at w hich this sw itch may occur. The more 
generally observed succession from  tidal flat to reed 
marsh or fen (Denys, 1985, 1989, 1993a), seems more 
in line with a reduction of the marine influence through
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silting-up and (reed)m arsh development, than with the 
com plete closure o f the inlets by the chaining of proxi­
ma] barrier islands, which would have im peded the 
evacuation o f freshwater. The developm ent o f more 
lim nic conditions always rem ains lim ited to very shal­
low and short-lived pools, at the m ost {cf. Vliegveld). 
U ndoubtedly, however, the cross-section of the inlets 
was reduced considerably as the volum e of the tidal 
basin decreased. The later resurgence o f marine activ­
ity at certain tim es during the period of general peat 
form ation also indicates that a fully closed barrier may 
not have developed.

Baetem an (1999) envisages the positive tendencies 
registered in the surface peat as “precursors o f the even­
tual landward m igration o f the tidal system ” ; an ex­
planation favouring a more hap-hazard and m utually 
unrelated occurrence o f inundation phenom ena. For 
the events at c. 4200 yrs cal. BP, however, it should be 
taken in account that these are in very strong chrono­
logical agreem ent, even though pertaining to sites that 
are influenced by different tidal channel systems. The 
positive tendencies at c. 4200 yrs cal. BP in the Bel­
gian area also correspond rather neatly to the Calais 
IVB interval in the N etherlands (Fig. 12). A com m on 
m echanism  was therefore suggested to be operating 
here (Denys, 1993a, 1994), such as a slightly increased 
rate o f sea-level rise (van de Plassche, 1982), and/or a 
sw itch  to  increased  con tinen ta lity  (B eyens, 1985; 
Dupont, 1985; Dubois, 1987; Bohncke, 1991; Magny, 
1992) resulting in slower peat growth or even peat 
shrinkage, o r a s tronger tidal pu ll (Lam b, 1980). 
Schoorl ( 1980) and Bohncke ( 1991 ) explicitly suggest 
a link betw een the Calais IVB and dry/warm  clim atic 
conditions.

The radiocarbon dates o f  the top o f the upper peat at 
W estende 1 and Vliegveld are alm ost identical (c. 2580 
yrs BP); an agreem ent which is quite striking since 
the period between c. 2750 and 2450 BP corresponds 
to no m ore than c. 90 sidereal years. This interval is 
marked by an abrupt change from relatively warm con­
tinental conditions to an oceanic clim ate (van Geei et 
al., 1996). Prior to the final inundation phase, condi­
tions appear to be rather unfavourable for peat form a­
tion at W estende 1 and Vliegveld and possibly even 
some peat wastage may have occurred, which agrees 
well with the prevalence o f a continental climate. The 
occurrence in the upperm ost peat levels o f diatom  
taphocoenoses w ith an appreciable abundance o f taxa 
tolerating dry conditions indicates that drainage remain 
quite good up to the end.

In line with its stratigraphie importance, the final, more 
lasting and extensive return of tidal conditions in the 
area has been the subject o f more considerable debate, 
but the m echanism  w hich induced the inundation of

th e  p e a t has  n o t b ee n  c la r if ie d  y e t. A g e n e ra l 
destabilisation and retreat o f the barrier system may 
be assum ed, resulting prim arily from  sedim ent deple­
tion as the RSL rise declines and an erosive coast de­
velops {cf. Van der Valk, 1992). Furtherm ore, the con­
sequent steepening o f the shoreface and higher sus­
ceptibility to breaching (Beets et al., 1992, Long et 
al., 1996) may have interacted with increased storm i­
ness during the Subatlantic (Lam b, 1977, 1980). A 
persistent idea, inspired by historical accounts, is that 
severe storm surges devastated the coastal barrier, caus­
ing dram atic inundations o f the peat area (Gottschalk, 
1980; Augustyn, 1992). However, the diatom -inferred 
environm ental conditions at the end o f upper peat 
growth for W estende 1 and Vliegveld, as well as for a 
num ber of other sites (Denys, 1993a), do not support 
this. A lthough occurring swiftly, the extension o f tidal 
sedim entation takes place gradually, w ith salt-marsh 
conditions and low energy m ud flats preceding more 
dynam ic environm ents; eventual erosion of the peat 
post-dates its term ination (see also Baetem an, 1999). 
Baetem an and Denys (1995) consider drainage of the 
peat bogs by reactivated tidal channels or other causes 
to have been o f im portance. Vos and van Heeringen 
(1997) have recently em phasized the in teraction of 
natural and anthropogenic drainage in causing the in­
undation of Zeeland after 300 AD. In the study area as 
well, peat exploitation took place during the Roman 
Period (possibly 3rd century) as evidenced by the ar­
cheological sites o f Leffinge and Raversijde (Pieters, 
1993; Pieters et al., 1998). Furtherm ore, the drier cli­
m atic conditions at the end o f the Subboreal may have 
affected the vulnerability o f the peat landscape, either 
directly by causing slower peat growth and compaction 
or by im proving the accessibility o f the bogs for peat 
diggers. The inundations were already under way well 
b e fo re  the  1st ce n tu ry  A D  (B ae te m an  an d  Van 
Strydonck, 1989; Denys, 1993a; Baeteman and Denys, 
1995, 1997; Baetem an et al., 1999; Baeteman. 1999), 
the date assum ed by Tavernier and A m eryckx (1970) 
for the onset o f the Dunkerque inundations. Yet, the 
chronology o f peat term ination in this part o f the Bel­
gian coastal plain needs to be elaborated further by 
means of h igh-precision dating before causal m echa­
nism s can be indicated m ore precisely.

In general, the diatom  assem blages occurring in the 
upper siliciclastic deposits strongly resem ble those of 
the A tlantic period in the ir high represen tation  of 
Cymatosira belgica  and D elphineis m inutissim a. This 
parallel relates to the more open coastal configuration 
existing during both periods, allowing a high sediment 
influx into the coastal area by turbid tidal waters.

Classically, three successive D unkerque transgressions 
(DI, D II, D IIIA) are assum ed to have occurred in the 
study area (Tavernier and Am eryckx, 1970; De M oor
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and Ozer, 1985). If so, up to three phases o f salt-m arsh 
or soil developm ent m ight be expected to be present 
in the upperm ost sedim ents. Denys (1995) identified a 
single transient phase o f som ew hat reduced m arine 
influence in the silts o f the W olvenest core, but a clear 
salt-m arsh horizon was absent. R ather sim ilar obser­
vations are made on the W estende 1 core where, al­
though resolution is lim ited by the disturbance o f the 
soil profile, it appears that the deposition of more than 
2 m of clay above the brackish m ud flat sam ple at the 
top o f the sequence involves a later resum ption o f tidal 
activity. A t the archaeological site of Raversijde, evi­
dence was found for three periods o f positive tendency 
after Rom an peat extraction, the latest one being of 
Late M edieval age (Pieters et al., 1998). Conversely, 
the sedim ents at V liegveld, spanning the entire final 
period of tidal sedim entation, show no trace o f nega­
tive tendencies until the upperm ost levels. It appears, 
therefore, that tidal activity continued at this site w ith­
out interruption from  the term ination o f the upper peat 
growth until perhaps as late as the medieval polder rec­
lam ation. The absence o f apparent soil developm ent 
over large areas indicates that the term s “regression” 
or “transgression” are not applicable here, but rather 
that sedim entation was influenced in some areas by at 
least one phase o f channel reactivation, as also sug­
gested by M ostaert (1989) for the eastern part o f the 
coastal plain. For human occupation, the consequences 
of such events may, nevertheless, have been signifi­
cant. M ore perm anent land-use was probably restricted 
to the better drained levees and highest salt-m arsh ar­
eas. Renewal o f tidal activity would have forced their 
abandonm ent, thus affecting the accessibility o f the 
entire coastal region. On the other hand, it is possible 
that conditions were less favourable for the preserva­
tion of intercalated salt-marsh horizons at some places, 
perhaps because o f intensified lateral channel m igra­
tions prom oted by a slower RSL rise (Beets et al., 
1994).

8. General conclusions

Up to c. 7500 yrs cal. BP the developm ent o f the w est­
ern coastal plain to the east of N ieuw poort was deter­
m ined by the rapid RSL rise. The existence o f an open 
coast allowed a high sedim ent influx into the tidal ba­
sin, yet the high-intertidal zone rem ained poorly de­
veloped. Hereafter, the interplay o f a high sedim ent 
supply and a decrease in the rate o f RSL rise allowed 
local silting-up and peat growth as extensive coastal 
progradation occurred and a wide tidal-flat zone de­
veloped. The frequency o f negative tendencies in the 
marine influence increased progessively and conditions 
becam e m ore and m ore favourable for peat growth, 
leading towards extensive peat developm ent from  c.

5900 to, perhaps, 2100 yrs cal. BP. During this period 
tidal sedim entation was local and short-lived, until 
coastline retreat started. The occurrence o f successive 
large-scale Dunkerque inundations is not supported by 
m icropalaeontological and lithostratigraphic data.

A lthough d ia tom  data ex tend  considerab ly  on the 
lithostratigraphic evidence for tendency changes o f the 
m arine influence, only a tentative chronology o f  re­
gional tendencies can be proposed for the study area 
so far. Even though this shows som e points o f agree­
m ent with the presum ed alternation of transgressive 
and regressive phases in the northern  N etherlands, 
causal relations cannot yet be established with confi­
dence. This will require more com prehensive data as 
well as tendency chronologies based on a com m on 
operational methodology.
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