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A BSTRA CT. D etailed stratigraphie and sedim entological work, together with radiocarbon datings o f the Holocene 
coastal deposits in the IJzer palaeovalley was perform ed in order to docum ent the form ation o f the sedim entary 
sequence in relation to the controlling factors, to reveal the stratigraphical significance of intercalated peat beds, and 
to reconstruct the depositional history. Because o f the many controversies relating to these topics, the Belgian litera
ture has been reviewed. An initial rapid sea-level rise prior to ca. 7800 cal BP resulted in a rapid shift o f the facies 
belts across the palaeovalley and was associated with rapid filling with no form ation of intercalated peat beds. A 
deceleration in the rate o f the sea-level rise with sufficient sedim ent supply produced rapid facies changes registered 
as frequent alternations o f mud, peat and gyttja in the sedim entary sequence deposited between ca. 7800 and 6000 cal 
BP. The facies changes are determ ined by a sedim entological control related to the tidal channel and creek network, 
and not by sea-level fluctuations. Periods o f peat growth lasted longer and the lateral extension becam e more w ide
spread as deceleration of the sea-level rise and filling o f the plain continued. This was associated with progradation o f 
the shoreface from ca. 6000 cal BP onwards. Tidal conditions returned to the area from  ca. 4000 cal BP onwards. This 
return was accom panied by erosion and landward m igration of the shoreface and channel network. This study dem on
strates that the tripartite stratigraphy using Dunkerque and Calais as units should be abandoned in favour o f lithological 
and sedim entological descriptions and age determ inations together with environm ental interpretation.

K E Y W O R D S: Belgian coastal plain, Holocene, sea-level rise, radiocarbon datings, intercalated peat beds, environ
mental interpretation.

S A M E N V A T T IN G . E en  g e d e ta ille e rd e  s tra t ig ra f is c h e  en  s e d im e n to lo g isc h e  s tu d ie , o n d e rs te u n d  d o o r 
ouderdom sbepalingen, werd uitgevoerd in de paleovallei van de IJzer om de vorm ing van de sedim entaire sequentie 
in relatie m et de oorzakelijke factoren te bepalen en om de stratigrafische betekenis van geïntercaleerde veenlagen te 
achterhalen. Een reconstructie van de afzettingsgeschiedenis wordt voorgesteld. Vanwege de vele tegenstrijdigheden 
in de Belgische literatuur wordt er een critisch overzicht van gegeven. De aanvankelijk vlugge zeespiegelrijzing in de 
periode voor ca. 7800 cal BP veroorzaakte een vlugge verschuiving van de sedim entaire afzettingsm ilieus landinwaarts 
in de paleovallei samen met een vlugge opvulling, zonder vorming van geïntercaleerde veenlagen. Een vertraging van 
de snelheid van de zeespiegelstijging en een voldoende sedim entaanvoer veroorzaakten vlugge facies verschillen die 
geregistreerd werden ais frequente afw isselingen van klei, veen en gyttja in de sedim entaire sequentie afgezet in de 
periode tussen ca. 7800 en ca. 6000 cal BP. De facies veranderingen werden veroorzaakt door een sedim entologische 
factor gecontroleerd door het netwerk van getijdengeulen en kreken, en niet door zeespiegelschom m elingen. De 
perioden van veengroei duurden langer en de laterale uitbreiding van de veengebieden werd uitgestrekter naarm ate de 
snelheid van de zeespiegelstijging verm inderde en de opvulling van de vlakte vorderde, wat gepaard ging met 
progradatie van de kust vanaf ca. 6000 cal BP. Vanaf ca. 4000 cal BP m igreert het getijdensysteem  en het netwerk van 
geulen terug landinw aarts.D eze studie heeft angetoond dat de driedelige stratigrafie waarin Calais en D unkerque ais 
eenheden gebruikt worden, moet verlaten worden ten voordele van lithologische en sedim entologische beschrijvingen 
ondersteund door ouderdom sbepalingen en interpretatie op basis van sedim entaire afzettingsm ilieus.

S L E U T E L W O O R D E N : B e lg isc h e  k u s tv la k te , H o lo ce en , z e e s p ie g e ls ti jg in g , ra d io k o o ls to f  d a te r in g e n , 
verlandingsvenen, sedim entaire afzettingsm ilieus.
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1. Introduction

Research in the Belgian coastal plain is characterised 
by a controversy about the form ation o f the Holocene 
coastal deposits that has lasted alm ost 20 years. More 
specifically, this relates to the link between sea-level 
r ise  and  co a s ta l se d im e n ta ry  re sp o n se , and  the 
stratigraphical significance of peat beds. It is widely 
believed tha t the H olocene coasta l deposits w ere 
form ed during two transgressions, i.e. the Calais and 
Dunkerque transgressions, separated by a one to two 
m etre thick peat layer (called surface peat), w ith the 
latter being interpreted as having form ed behind a con
tinuous dune belt during a fall in sea level, or accord
ing to others, a stable sea level. A lthough the signifi
cance of peat growth in relation to sea-level history 
was never really investigated in Belgium , this thick 
single peat layer was accepted as a stratigraphie bound
ary between the Calais and D unkerque deposits (trans
gressions), and a tripartite sub-division was progres
sively used as a form al lithostratigraphy for the de

posits in the Belgian coastal plain as well as in the 
legend o f the recently published Q uaternary G eology 
map (1/250.000; M aréchal, 1992a).

The objective o f this paper is to docum ent the form a
tion o f the Holocene coastal deposits in relation to the 
controlling factors, such as changes in the rate o f sea- 
level rise, sedim ent supply, accom m odation space and 
palaeom orphology, the effect o f the configuration of 
the tidal flat, and in particular, the effect o f the tidal 
channels on the developm ent of the sedim entary envi
ronm ents and peat growth, and finally, the stratigra
phical significance of peat layers in the coastal se
quence. Because of the above-m entioned controversy, 
the existing literature relating to this will be reviewed.

2. Study area

The Belgian coastal plain (Fig. 1) is a ca. 15-20 km 
wide polder area whose elevation varies from  +2 to +5
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Figure 1. M ap of the Belgian coastal plain showing the location of Fig. 7.
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m TAW. The Belgian ordnance datum  TAW (“Tweede 
A lgem ene W aterpassing”) refers to m ean low water 
spring which is about 2 metres below mean sea level. 
The western part is characterised by a mean tidal range 
of 4.08 m, and a mean spring tidal range of 4.85 m 
(Van Cauwenberghe, 1993). The shoreline is bordered 
by an alm ost continuous dune belt. The plain is crossed 
by a small river, the IJzer which is presently canalized 
and flows into the North Sea at the town o f N ieuwpoort 
(Fig. 1). The river, together with its two tributaries, 
the Sint Jansbeek and Kemmelbeek, drains a small and 
relatively low-lying basin to the south and south-west 
o f the coastal plain.

The Belgian coastal plain is part o f the lowlands of the 
southern North Sea where the Holocene sequence is 
characterised by an alternation of clastic tidal deposits 
and peat beds. Because o f the presence o f a major pre- 
Holocene palaeovalley, the western part o f the plain 
(west o f Oostende, see Fig. 1) contains the m ost com 
plete sequence of Holocene deposits, reaching a thick
ness o f about 25 to 30 m at the coast and narrows to the 
south where Late-Pleistocene deposits are outcropping.

This paper presents the detailed stratigraphy o f the 
landward portion of the palaeovalley (south of the town 
o f Lo, see Fig. 1) where it is assum ed that m aximum 
preservation o f the various facies occurs. It is com 
pared with the sedimentary succession in the more sea
ward areas o f  the palaeovalley.

3. Previous work

The literature relating to Holocene deposits in the Bel
gian coastal plain adopts two distinct approaches. The 
first approach is characterised  by a descrip tion  o f 
stratigraphical units called “Calais” and “Dunkerque” . 
The second approach is based on the environm ental 
interpretation and age determination, and describes the 
development o f the coastal plain in relation to sea-level 
history and sedim ent supply.

The first (initial) approach was introduced in Belgium  
by Com et (1927) by analogy with the work of Dubois 
( 1924) in northern France and worked out by Tavemier 
(1938, 1943, 1946, 1947. 1948) within the framework 
o f the soil m apping survey. The latter w ork resulted in 
several papers relating to the content and geographi
cal distribution o f the stratigraphie units and som e 
depositional processes (M oorm ann and A m eryckx, 
1950; M oormann, 1951; M aréchal. 1953; Ameryckx, 
1959). It should also be noted that the soil maps (and 
hence the ideas about the coastal evolution) were based 
on bore holes having a m axim um  depth o f 1.25 m be
low the surface. With a few exceptions, later papers 
are repetitious descriptions (reviewed by Baetem an in

1983). M ost of them are m arked by a very general 
lithological description o f the units, but lack specific 
field evidence and dates which could be used as a ref
erence in further research. In addition to the “Soil Sur
vey” , Stockm ans and Vanhoorne (1954) conducted an 
extensive botanical study of the surface peat.

A ccording to the above-m entioned papers, the lower 
part o f the H olocene sequence is known as “the Calais 
unit” which stands for tidal sandy sediments with some 
clay lenses at the top. It is covered by a 1 to 2 m  thick 
peat (surface peat) which developed behind a dune belt 
during a sea-level fall or standstill. The dune belt was 
breached by a series o f new transgressions (Dunkerque 
units, i.e. two or three distinct phases according to the 
papers) resulting in the deposition o f clay on m udflats 
and sand in creeks. The latter eroded parts o f the peat. 
A significant com paction o f the peat occurred after the 
area was reclaim ed by man.

The evidence for establishing the chronology o f the 
various D unkerque transgressions was adapted from  
archaeological research conducted in Z eeland (in the 
Netherlands) by Tavem ier in 1938, and was further 
docum ented by regional archaeological features and 
historical data relating to occupation and dike build
ing (Am eryckx and Verhuist, 1958).

In the course of tim e, the stratigraphie nam es, Calais 
and Dunkerque, have been used in different contexts 
(e.g. as lithological units, form al lithostratigraphic 
units, transgressions or phases o f  inundation). The 
D unkerque units are always chronologically defined, 
i.e. DI: 2nd to l sl century AD, DII: 3rd/ 4 th to 8lh century 
AD. D ili: 10th /11 th to 11th /12th century AD. In the 
N etherlands the dates are different: DI: 500-200 BC; 
DII: 250-600 AD; D ili: 800 and later (Zagwijn and 
Van Staalduinen, 1975).

Processes of infill were not taken into account, except 
fo r the phenom enon o f re lief inversion due to peat 
com paction. The concept o f sea-level changes was only 
d iscussed  in a s tra tig raph ical context: C ala is and 
D unkerque being two m ajor transgressions separated 
by the surface peat representing a standstill or fall in 
sea level. In all o f  the papers, the second phase o f the 
D unkerque transgression (D-II) was always regarded 
as being the m ost im portant event in the form ation and 
d e v e lo p m e n t o f  the c o a s ta l p la in . T h is  s im p le  
depositional history, forced into a tripartite classifica
tion, is co ns idered  as being represen ta tive  o f  the 
H olocene setting  fo r the entire coastal plain. It is 
adopted as generally accepted view in Belgium  and 
strongly defended as such (e.g. by the Sub-com m is
sion of Quaternary L ithostratigraphy) for the legend 
of the Quaternary map of Belgium (1/50.000) that is 
currently being prepared.



42 Cecile BAETEMAN

The second approach to Holocene stratigraphy in the 
Belgian coastal plain has arisen from  a revived geo
logical and archaeological interest in the area since the 
late seventies, triggered by new techniques such as 
undisturbed hand-augered coring and deep m echani
cal coring, radiocarbon dating, and diatom  analyses. 
All o f these provided new data and have led to a dif
feren t approach tow ards, and new ideas about the 
Holocene infill o f the coastal plain. In these research 
papers, the main em phasis was p laced on sedim entary 
environm ental in terpretation  and palaeogeography  
based on sedim entology (Baetem an, 1978a, 1981a, 
1985a, 1985b), palyno logy  (De C eunynck , 1985; 
B aetem an and Verbruggen, 1979; B aetem an et al., 
1981), sea-level reconstruction  (B aetem an, 1981a; 
M ostaert, 1985. 1989; De M oor and M ostaert, 1993), 
palaeoecological diatom  studies (Denys, 1985, 1989), 
chronology  (B aetem an and Van S trydonck, 1989; 
B aetem an, 1991) and archaeo logy  (Thoen, 1978, 
1987). The results o f these investigations am ong oth
ers showed that:
- the sedim entary characteristics o f the deposits and 
their succession are more complex than those described 
in the established stratigraphy;
- the surface peat is only one o f many intercalated peat 
layers which developed w hilst sea level was rising;
- the different D unkerque transgressions as such are 
non-existent.
The shortcom ings of the tripartite stratigraphical clas
sification and the problem s concerning its further use 
to describe the depositional history, as well as its use 
for mapping purposes, were discussed by (Baetem an, 
1981b. 1983, 1987) by analogy with investigations in 
North Germany (Streif, 1978).

Despite the field evidence supported by more than fifty 
radiocarbon datings published in the period between 
1981 and 1991, recent reference syntheses (M aréchal, 
1992a, 1992b; De M oor and Pissart, 1992; Houthuys 
et al., 1993) and sum m aries (e.g. G ullen tops and 
Broothaers, 1996) still present the H olocene sequence 
in the same sim plified way as 40 years ago, only de
scribing the established stratigraphy with m ore em 
phasis on the stratigraphical subdivision itself than on 
the sedim ents and the processes o f deposition. These 
papers do not provide new field evidence, although 
Houthuys et al. ( 1993) refer to Köhn ( 1989) who made 
a com parative study between Northern Germany and 
Belgium , using the l4C dates and field evidence from  
Baeteman and Van Strydonck (1989).

Depositional processes and sea-level history are hardly 
considered, except for vague statem ents such as “the 
available evidence clearly shows the triggering func
tion o f the sea-level rise, especially for the Atlantic 
Calais transgressions” (Houthuys et al., 1993). In the 
latter, the form ation o f the surface peat is explained by

a decreased m arine effect, and at the same tim e as re
flecting a rise in the groundwater level induced by a 
rising sea level. The clastic intercalations in the sur
face peat “som ewhere in the outer reaches of the area” , 
indicate m inor transgressions due to changes in the 
coastal barrier morphology, storm events or brief trans- 
gressive episodes.

D epositional processes relating to sea-level rise are 
m entioned by De M oor and Pissart (1992) via a series 
of schem atic cross-sections, which explains the phe
n o m enon  o f  r e l ie f  in v e rs io n  due to  d iffe re n tia l 
com paction. The series o f cross-sections (Fig. 2) il
lustrates the evolution of sedim ent succession ju st be
fore the D unkerque inundations until the form ation of 
polders by dike building. However, it also illustrates 
some peculiarities in sea-level history, since a sea-level 
rise  o f  m ore than  5 m is suggested  fo r the Late 
Holocene. Datings are not provided, but mean sea level 
(M SL), high-w ater (SHW ) and low-water (SLW) level 
at spring tide are indicated, together w ith a vertical 
scale. Thus, one can easily calculate that, ju s t before 
the inundations, the base o f the ca. 5 m thick peat was 
2 m above M SL, and the top was about 7.5 m above 
M SL (Fig. 2a). This is far too high for a coastal peat 
sw am p w hich depends on the g roundw ate r level. 
M oreover, such a high position would raise the sur
face o f the plain to an elevation of about + 10 m which, 
after taking later com paction into account, is too high 
since today it barely exceeds +4 m. W hen the flooding 
first started (Fig. 2b), the M SL suddenly rose by m ore 
than 4 m and the surface level returned to +4 m TAW. 
In the next step (Fig. 2c), the authors refer to a relative 
sea-level rise w ith accum ulation  o f sedim ents. As 
shown in the illustration, M SL is now close to the top 
o f the peat, SHW  rose alm ost 1 m and SLW fell by 0.5 
m. In the final stage (Fig. 2e), the authors describe 
com paction o f the peat due to dike building and recla
m ation of the salt marshes. The peat is com pacted by 
100 %, but its base now lies about 1 m higher than in 
the previous step.

Ideas about the relationship between the presence of 
peat beds and the sea-level rise are expressed in the 
sea-level curve designed by Gullentops and Broothaers 
( 1996), whereby the sea level drops by about 1 m every 
tim e an intercalated peat bed occurs. The surface peat 
corresponds with a world-w ide fall in the sea level 
between 5000 and 3000 BP.

The above-m entioned recent syntheses, characterised 
by generalities and lack o f specific field evidence or 
references, do not add significant new inform ation to 
the research papers o f the 1950’s, and system atically 
disregard the data and different ideas published since 
the 1980’s. O ther examples demonstrating that the clas
sical stratigraphy is accepted w ithout any further con-
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Figure 2. Series o f cross-sections explaining the phenomenon of relief inversion due to differential compaction according to De 
Moor and Pissart (1992). The series illustrates the evolution of sediment succession just before the Dunkerque inundations until 
reclamation by dike building whereby a sea-level rise of about 5 m is invoked and compaction of the peat happened after reclamation.
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sidération and consequently leading to aberrant con
clusions, are frequently encountered. In a botanical 
study of the surface peat in the eastern part o f the plain, 
A llem eersch (1991) e.g. states that basal peat is not 
present. But the m ajor part o f the studied peat directly 
overlies the Pleistocene deposits, how ever at a m uch 
higher level than basal peat should occur according to 
the classical stratigraphy. Thus, the author did not rec
ognise it as basal peat. Louw ye and Declercq (1998) 
m ade very detailed altitude m easurem ents o f possible 
sea-level indicators for the reconstruction o f water-level 
positions during the past 2500 years, but adopted the 
tim e interval o f the D unkerque-II inundation from  the 
classical literature. This resulted in irrelevant conclu
sions because this data was never checked and more 
significantly, it is incorrect (Vos and van Heeringen, 
1997, see below).

The most recent research papers relating to the Bel
gian coastal plain contain a rather extensive overview 
of the coastal Holocene setting (Baetem an, 1993) and 
a detailed palaeoecological diatom  record of Holocene 
deposits (Denys, 1993a, 1993b, 1993c) for the w est
ern part. A relative m ean sea-level curve was con
structed by Denys (1993a) and Denys and Baeteman 
(1995). The chronology o f coastal peat form ation and 
the relationship with the rate o f sea-level rise was dis
cussed by B aetem an and Denys (1995, 1997). The 
present paper incorporates a synthesis o f these results 
and original w ork based on systematic geological m ap
ping.

4. Database and method

The database of the western coastal plain consists o f 
more than 1150 undisturbed hand-augered gouge cores, 
with a large num ber of them reaching the Holocene/ 
Pleistocene boundary, and about 100 undisturbed me
chanically-drilled cores (labelled with a letter in the 
text and on the figures) throughout the entire Quater
nary sequence. The facies are differentiated on the basis 
o f lithology, sedim entary structures and m acro fossils. 
An isohypse map was constructed (Fig. 3) in order to 
identify the m orphology o f the pre-Holocene palaeo
valley . F ou r c ro ss -se c tio n s  p e rp e n d ic u la r  to  the 
palaeovalley show the vertical and horizontal facies 
changes w ithin its fill (Figs. 8, 9, 10 and 11). For the 
construction o f the cross-sections, only those bore holes 
located on the section were used, i.e. no bore holes 
have been projected, because of the high variability o f 
the facies. Two longitudinal sections sum m arize the 
facies relationships in a seaward direction (Figs. 12 
and 13). In the sections, the bore holes are correlated 
on the basis o f sedim entary environm ental interpreta
tion. One should bear in mind that additional bore holes

can change the interpretation between bore holes that 
are a large distance apart. The cross-sections are drawn 
with a substantial vertical exaggeration in order to show 
the detail.

A bout 200 radiocarbon datings were obtained from  
peat and shells and dated at the KIK-IRPA laboratory 
(Koninklijk Instituut K unstpatrim onium /Institut Royal 
Patrimoine Artistique) using the conventional and AMS 
m ethod referred  to as KIK-IRPA (Forest and Van 
Strydonck, 1993) and UtC (R.J. Van de G raaff Labo
ratory, U trecht University, Van Strydonck and Van der 
Borg, 1991) respectively. The dates are corrected in 
accordance w ith the S tu iver and P earson (1993), 
Stuiver and Reim er (1993) and Stuiver and Braziunas 
(1993) calibration taking into account a reservoir age 
o f 400±40 BP for the shells. In order to sim plify m at
ters, the ages are quoted as intercepts and rounded to 
the nearest 0 or 5. Details o f the radiocarbon datings 
are published in Baetem an and Van Strydonck (1989), 
Denys (1993a) and Van Strydonck et al., 1998.

5. The Pleistocene surface

The palaeotopography of the Pleistocene deposits (Fig. 
3) confirms the existence o f a valley running from  NW 
to SE, then turning in a N-S direction in the landward 
portion w here it bifurcates into 3 narrow tributaries. 
The western tributary follows the course o f the present- 
day IJzer, the two N-S valleys continue as small val
leys outside the coastal plain: the Sint Jansbeek and 
Kem m elbeek (see Fig. 1). Note that the m ajor part o f 
the present-day course o f the IJzer is located outside 
the palaeovalley (Fig. 3).

It is m ost likely that the valley was form ed by river 
ac tio n  du ring  the W eichselian  sea-leve l fa ll and 
lowstand. The presence o f basal peat on top o f the 
Pleistocene deposits, in particular in the deeper parts 
o f the palaeovalley, indicates that the m orphology of 
the valley already existed before the sea level started 
to rise in the Holocene. This contradicts the current 
idea in literature where the formation o f the valleys is 
described as a result o f erosion in the Boreal period 
(e.g. M aréchal, 1953). The palaeovalley in fact belongs 
to a more com plex coastal-plain palaeovalley system 
incised into the Tertiary substratum  (Fig. 4), a sem i
consolidated clay (Eocene, Formation of Kortrijk, for
merly the leper Clay). M arine and coastal deposits of 
the M iddle Pleistocene and Last Interglacial highstands 
have been found in the area (Ponniah. 1977; Baeteman, 
1978b, 1981a, 1993) indicating m ultiple cycles o f in
cision and deposition resulting from  fluctuations in 
base level during the Quaternary.
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Figure 3. Morphology of the Pleistocene surface showing the presence of a palaeovalley system. The position o f longitudinal 
sections A-A’ and B -B ’ is shown.
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The palaeovalley reaches a depth o f about -1 4 m  in the 
landward portion of the plain. In the seaward area, it is 
alm ost -20 m, but there its morphology has been m odi
fied by tidal scour during the H olocene transgression. 
In view of the small am ount o f discharge from the river 
and its tributaries, it is most unlikely that, during the 
Holocene, significant sedim ent supply originated from 
the m ainland. Besides, Holocene clastic deposits of 
fluvial origin were not encountered in the infill (Denys, 
1993a). Consequently, all sand and mud originated 
from the sea via tidal currents (Baetem an and Denys, 
1997; Baeteman et al„ 1999).

6. Holocene sea-level history and sedimen
tary succession

The infill o f the western coastal plain initiated in the 
palaeovalley o f the river IJzer (Fig. 3). The post-gla
c ia l re la t iv e  se a - le v e l (R S L ) r is e  in d u c e d  th e  
groundwater level to rise, resulting in the developm ent 
o f freshwater marshes in which peat accum ulated. This 
peat, the basal peat, is a tim e-transgressive unit shift
ing landward and upward with the rising sea level. The 
age and elevation o f the basal peat were used to con

struct the relative mean sea-level curve (Denys, 1993a; 
Denys and Baeteman, 1995). The basal peat form s the 
base o f the coastal Holocene sequence where it was 
not eroded by tidal scour. The sea invaded the area via 
th e  m ain  p a la e o v a lle y  w h ich  c h a n g e d  in to  an 
em baym ent or tidal basin with channels and flats. As 
the drowned system did not receive sedim ent from flu
vial sources, the term  “tidal basin” is preferred, rather 
than estuary.

The general trend o f the sea-level curve (Fig. 5) shows 
that initially the RSL rise was rapid, rising at an aver
age rate o f 7 m /ka in the period before ca. 7500 cal BP. 
This resulted in a rapid landward shift o f the tidal en
vironm ent towards a position close to the present-day 
boundary o f the coastal plain (Fig. 6) (Baetem an and 
Denys, 1995; 1997; Baeteman et aí., 1999). Since no 
evidence for a lagoonal environm ent for that period 
was ever encountered, it is assum ed that sedim ent ac
cum ulation kept pace with the rate o f sea-level rise.

At ca. 7500-7000 cal BP, the RSL curve shows a dis
tinct retardation to an average o f 2.5 m/ka. Conse
quently, the rapid landward shift o f the tidal environ
ment stopped. M oreover, sedim ent supply now outran

m TAW

MHW+ 4

MTL

envelope for maximal 
level of lowest MHW

-12

-16

7500 - 7000 5500 - 5000
7 m / ka 2.5 m / k a 0.7 m / k a

-20

10.000 8000 6000 4000 2000

c a l ib r a te d  y e a r s  B P

Figure 5. Relative sea-level curve for the study area with indication o f the average rate o f sea-level rise (after Denys and 
Baeteman, 1995).
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Figure 6. Palaeogeographical maps showing the rapid landward extension o f the tidal area since the beginning of the inundation 
at ca. 9450 cal BP until ca 6000 cal BP. The position of the present-day shoreline is shown for reference.

the accom m odation space created by sea-level rise so 
that the tidal basin was rapidly filled by sediment. Peat 
started to develop, initially short-lived and local, show
ing no regular pattern in the distribution (Baetem an 
and Denys, 1995; 1997). However, by ca. 6800 cal BP, 
peat had accum ulated on a more regional scale. As a 
result of the decrease in the rate o f sea-level rise, the 
sequence deposited in the period between ca. 7800 and 
ca. 5500 cal BP consists o f peat beds alternating with 
tidal flat deposits. The rate o f relative sea-level rise 
continued to decrease, and after ca. 5500-5000 cal BP, 
it fell to an average o f 0.70 m /ka (Fig. 5). This period 
corresponds well with the developm ent o f the thickest

intercalated peat layer, although the initiation o f it dates 
back to as early as ca. 6200 cal BP in certain areas 
(Baeteman and Denys, 1997). The flooding of this peat 
started as early as ca. 4450 cal BP, but in the landward 
part o f the plain, peat accum ulation lasted until about 
1500 cal BP (Baetem an, 1991). A more precise time 
lim it for the end o f the peat accum ulation cannot be 
given because o f the wide range o f dates for its term i
nation which is not necessarily coeval w ith the onset 
o f the renewed tidal flooding (see Denys, 1999). The 
peat is covered by a 1 to 2 m thick tidal flat deposit 
w hich form s the final fill o f the plain.
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According to the old stratigraphie schem e discussed 
above, the deposits below the thickest intercalated peat 
layer are called “C alais” ; those above this layer are 
called "D unkerque” . This stratigraphy does not take 
account of the alternation o f clay and peat beds. How
ever, the latter is one o f the m ost typical characteris
tics o f the sedim entary succession.

7. Stratigraphy of the palaeo-valley fill

A sim plified profile type map (Fig. 7) constructed on 
the basis of a dense boring grid shows the 3 tributaries 
of the main palaeovalley in the southern part o f the 
plain. The Holocene sequence can be sum m arised by 
m eans o f  tw o co m p le te ly  d iffe re n t se d im e n ta ry  
successions, represented as two profile types. The ini
tial fill that mainly consists o f alternating mud and peat 
is called the palaeovalley fill. The second profile type 
represents a sand-filled tidal channel that eroded the 
palaeovalley  fills to  a g rea t ex ten t except for the

Kemm elbeek palaeovalley. The restricted areas where 
the tidal channel only eroded the upper part o f the 
palaeovalley fill are not indicated on the map.

7.1. Cross-section 1

The southernm ost cross-section (Fig. 8) shows two 
palaeovalleys from which the com plete sequence of 
infill was encountered in only one bore hole for each 
valley. The two palaeovalleys have a different fill. The 
Kemm elbeek palaeovalley with bore hole Wh is about 
250  m w ide and 14 m d eep ; the S in t Ja n sb ee k  
palaeovalley with bore hole 3-Gr is about 150 m wide 
and 10 m deep. Detailed palaeoecological diatom stud
ies were carried out by Denys (1993a) on both cores.

In the Kemmelbeek palaeovalley (bore hole W h), the 
Eocene clay is overlain by a ca. 1 m thick layer o f clay 
with irregular sand laminae, peat fragments and peb
bles o f Eocene clay. This basal layer is covered by al-

Explanation of 
Profile Types

palaeovalley 
of the IJzer

R ive r D z g l

Sint Jansbeek

Legend of Profile Types 

tidal-channel sand

Kemmelbeek palaeovalley fill

500 m

cross-section with 
location of boreholes

outcropping Pleistocene 
deposits

Figure 7. Simplified profile type map of the Holocene sequence in the three tributaries in the landward part of the plain with 
indication of the cross-sections. Location of the map is shown in Fig. 1.
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most 8 metres o f a strongly decomposed, amorphous 
heterogeneous mixture o f organic matter and mud con
taining abundant fragments o f wood. Such a deposit can 
be a channel fill in an abandoned channel or occur over 
areas o f deeply flooded river bottom swampland (Stone 
and Gleason, 1981). According to the pollen content and 
macro remains (e.g. nuts o f Corylus avellana), both 
deposits most probably date from the early Holocene 
(Verbruggen, unpublished; futher research is in progress) 
implying that Pleistocene deposits are absent, and the 
Holocene deposits are directly overlying the Eocene clay 
without any fluvial sands or gravels.

The mixture o f organic m atter and mud is overlain by 
an alm ost 3 m thick gyttja, the base o f which is dated 
at ca. 8990 cal BP. Few thin lam inae o f very fine inor
ganic sediment are intercalated in the gyttja, most prob
ably originating from  freshw ater floodings since no 
signs o f tidal effects are apparent. The top o f one was 
dated at ca. 7200 cal BP. The first tidal effect recorded 
in m udflat clay is dated at ca. 6195 cal BP. The m axi
mum tidal effect (Denys, 1993a) is dated at ca. 5970. 
At ca. 5595 cal BP, the tidal flat environm ent changed 
into a freshw ater m arsh and about 4 m o f peat accu
m ulated continuously until ca. 1525 cal BP without 
any further tidal effect according to the diatoms. The 
peat growth is halted by renewed flooding (Denys, 
1993c) resulting  in the eventual developm ent o f a 
mudflat evolving into a salt marsh representing the fi
nal stage o f this palaeovalley fill.

In the Sint Jansbeek palaeovalley (bore hole 3-Gr), the 
Eocene clay is overlain by 2 m o f silty clay showing 
root penetration. It contains plant rem nants and nu
merous spots o f vivianite, the latter indicating a re
duced environm ent rich in organic matter. However, 
the lowermost part also exhibits oxidised zones and 
includes large Eocene clay fragm ents, denoting a re
working o f the Eocene deposits in a fluvial environ
ment. W hether this happened during the Pleistocene 
or Holocene is not known. It certainly happened be
fore the area was affected by the RSL rise, because it 
is covered by a peat layer that developed due to the 
local rise in the groundwater table (Denys, 1993a). The 
base o f the peat is dated at ca. 7855 cal BP. It is overlain 
by an alm ost 2 m thick sequence o f intertidal flat de
posits. The lower part o f this sequence is character
ised  by a rap id  a lte rn a tio n  o f  h igh ly  b io tu rba ted  
sedim ents (with num erous articulated Scrobicularia  
plana in situ) with thinly lam inated sand and mud de
noting alternating periods o f  low deposition and cur
rent activity. Several advanced silting-up phases with 
intense reed penetration were found in the upper part, 
with the latter resulting in the form ation o f fen peat at 
ca. 7375 cal BP (found at ca. -4 m). This intercalated 
peat bed is one o f the oldest known in the entire coastal 
plain. The 2 m o f clay and silt, deposited w ithin a

tim espan of about 500 years, implies that sufficient 
sedim ent was provided and that accretion could keep 
pace with the rapid sea-level rise. In the overlying 2 m 
o f m udflat deposits, evidence of current activity is not 
apparent; on the other hand, some levels with intense 
reed growth can be found. This intertidal flat sedim en
tation was followed by another phase o f peat growth 
that started at ca. 5980 cal BP. Ecological changes in 
this peat bed (Denys, 1993a) indicate that the fresh
w ater marsh has been affected by brackish water dur
ing its accum ulation which lasted about 4300 years, 
denoting the existence of a tidal channel nearby.

The peat growth here came to an end at ca. 1700 cal 
BP and changed to a mudflat that accreted for about 3 
m. A salt marsh environm ent was only encountered 
towards the top (denys, 1993a).

7.2. Cross-section 2

The palaeovalley fill o f the Sint Jansbeek was not cored 
in this cross-section (Fig. 9) which is located about 
0.7 km  north of cross-section 1 (see Fig. 7). A ccord
ing to the profile-type map, the palaeovalley fill is lo
cated between bore holes 1019 and 1029. The gyttja at 
the base o f core 1019 m ost probably belongs to it. In 
core 1029 w hich is at the edge o f  a channel, the 
Pleistocene deposits are covered by a 2.5 m thick de
posit consisting o f an irregular alternation o f horizon
tally layered mud, sand, peat detritus mixed with sand, 
and peat fragments. Peat pebbles are present at the ero
sive base. A sim ilar facies, but with larger reworked 
fragm ents o f peat and wood, and with slump struc
tures, was found in bore hole N, which is located out
side the Sint Jansbeek palaeovalley. These character
istics denote erosion and the form ation o f new tidal 
channels scouring the palaeovalley fill. This channel 
facies should not be interpreted as originating from 
the channel that initially filled the palaeovalley. At this 
location, the channels eroded most o f the palaeovalley 
fill and, in view of the large wood fragm ents, also parts 
o f  the  basal pea t w hich developed  on the h igher 
Pleistocene surface.

The palaeovalley fill o f the Kem m elbeek was encoun
tered in only one bore hole (1009) which reached the 
Pleistocene surface at -7.65 m. The sequence starts with 
a slightly organic mud with freshw ater gastropods and 
numerous root penetrations. The mud changes to gyttja 
which is overlain by a 1 m thick peat layer at about -4 
m. The peat is covered by a thin layer o f non-calcare- 
ous m ud containing num erous reed rhizom es. It is 
overlain by gyttja and a 2.5 m layer o f thick peat. The 
oldest tidal sedim ents recorded in bore hole W h (see 
cross-section 1) at a depth o f ca. -2.5 m and dated at 
ca. 6195 cal BP was not found in bore hole 1009. Tidal
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Figure 9. Cross-section 2. For location o f cross-section, see Fig. 7.

sediments should be present at that level, because tides 
reached as far as bore hole Wh. This points to rapid 
lateral facies changes across the palaeovalley and each 
bore hole shows a different sediment succession. W hile 
peat is growing and gyttja is accum ulating at one side 
of the valley, tidal mud is deposited at the other side. 
The top o f the peat is situated at 0 m, which is about 2 
m etres lower than in bore hole Wh. It is overlain with 
an erosional con tac t by  ca lcareous c lay  w hich  is 
slightly peaty and contains num erous reed rhizom es. 
Reworked peat fragm ents occur at the very base; the 
top of the peat layer shows mud-filled cracks. It is clear 
that the top of the peat was eroded by tidal action. 
However, the latter was still w eak in view o f the in
tense reed growth, but on the other hand, it was pro
viding too much sedim ent for peat growth to continue. 
The slightly peaty mud is overlain with an erosional 
contact by alm ost half a metre o f sand with lum ps of 
peaty clay at the base, denoting erosion, m ost prob
ably by overbank flooding from  a nearby tidal chan
nel. The sam e facies was found in core 1024. On top 
of the sand, a 10 cm  thick peat bed occurs w ith roots 
penetrating into the sand. This indicates that shortly 
after the sand deposition, freshw ater conditions were 
re-established and peat accum ulated again at this site 
for a short tim e until it was eventually covered by

m udflat sediments. The sedim entary succession above 
the thick peat layer with erosion and resum ed peat 
growth, illustrates that the end o f the peat growth hap
pened in successive steps.

7.3. Cross-section 3

In cross-section 3 (Fig. 10), located about 0.5 km to 
the north o f cross-section 2, the palaeovalley fill o f the 
Sint Jansbeek was not encountered. Instead, tidal chan
nel facies was found (bore hole 1017), consisting of 
an alternation o f lam inated sand and clay with peat 
detritus. Like in cross-section 2, the m ajor portion of 
the palaeovalley fill at this location has been eroded 
by a tidal channel after the palaeovalley was alm ost 
com pletely filled (see Fig. 7).

The Kemmelbeek palaeovalley is about 1 km  wide here. 
Its fill was encountered in three bore holes. The base 
of the H olocene sequence was not reached in core 987 
at the deepest part of the palaeovalley. G yttja is found 
in the lower part (core 987) covered by a thin peat bed 
at -8 m and overlain by a 4 m thick sequence consist
ing o f an alternation of gyttja with intertidal mud which 
is characterised by intense reed growth and slightly
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Figure 10. Cross-section 3. For location of cross-section, see Fig. 7.

peaty horizons The palaeovalley w idens above -6 m. 
Here, the fill shows rapid lateral and vertical facies 
changes, so that the succession differs in each bore 
hole. Peat predom inates between -6 and -4 m in par
ticular along the western margin of the palaeovalley 
(bore hole 977). Thin intercalations of mud and gyttja 
occur. Core 985 is characterised by the rapid alterna
tion of peat, gyttja and tidal mud, the latter with nu
merous Hydrobia sp. Core 987 is dom inated by gyttja 
and mud between -6 and -4 m. Above -4 m, the suc
cession in the cores is similar.

In this cross-section, the lower part o f the fill o f the 
Kemmelbeek is predom inantly characterised by fresh
w ater deposits. From  -7.5 m, the tidal effect is percep
tible, and from  -4.5 m, it becom es evident over the 
entire valley. Above -4 m, the sedim ent succession is 
sim ilar in the three boreholes. The peat is covered by 
an alm ost 2 m thick m udflat deposit w ith abundant 
Scrobicularia p lana  and Hydrobia sp. It is overlain by 
a more than 3 m thick peat layer which merges with 
the basal peat covering the P leistocene deposits out
side the palaeovalley.

7.4. Cross-section 4

In section 4 (4a and 4b, Fig. 11 ), located about 1.2 km 
to the north o f cross-section 3, the palaeovalleys o f the 
Sint Jansbeek, K em m elbeek and IJzer are crossed (see 
Fig. 7).

A lthough the Pleistocene surface was not reached, it 
is m ost likely that the sedim ent succession in bore hole 
1027 (cross-section 4a) belongs to the palaeovalley fill 
o f the Sint Jansbeek. Com pared with the southern part 
o f the Sint Jansbeek palaeovalley (bore hole 3-Gr, Fig. 
8), the alm ost 4 m thick peat bed occurs at the same 
level. However, the underlying tidal sediments are more 
sandy and the peat bed found at -4 m  is not present 
here. The younger tidal channel which eroded the ma
jo r part of this palaeovalley fill and scoured into the 
Pleistocene deposits was found in bore hole W. The 
sedim ents consist o f layered mud and sand containing 
many broken shells, peat fragm ents and clay pebbles. 
Towards the base, reworked Pleistocene m aterial is 
evident. At the contact of the channel deposits and the 
P leistocene subsoil, a channel lag contains peat and 
wood which was dated at ca. 3600 cal BP indicating 
that it cam e from  the top o f the upper thick peat layer. 
The top of the peat outside the palaeovalley at +2 m
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Figure l i a .  Cross-section 4a and 4b. For location of cross-section, see Fig. 7.

TAW where no erosion is suspected, was dated at ca. 
3365 cal BP which is younger than in the m ore land
ward part o f the palaeovalley.

The eastern part o f cross-section 4a (core 164) shows 
that the basal peat developed until +3.0 m, which is an 
exceptionally high level. The peat was most probably 
still growing in that locality, w hile in the rest o f the 
area, a tidal flat was again installed.

The palaeovalley fill o f the Kem m elbeek (cross-sec
tion 4b) was encountered in bore hole 988, but the base 
was not reached. In the low er part o f the core, the 
palaeovalley fill shows tidal flat sedim entation which, 
at least tw ice, silted up above high water level so that 
peat could develop temporarily. These peat layers oc
cur not at the same levels as those in cross-section 3. 
The well-developed peat bed (as found in cross-sec
tion 3 between -3 m and -4 m) is not present here.

In the IJzer palaeovalley, the Pleistocene surface is found 
at about -4 m in this section which is situated at the 
northern margin o f the IJzer palaeovalley. The basal peat 
in bore hole 1074 is dated at ca. 7275 cal BP. Signifi
cant differences are also encountered here over short 
distances in the palaeovalley fill. Bore hole 1074 re
veals one more peat bed and mud layer between the

basal peat and the gyttja, compared to bore hole 1004. 
In view of the 14C dates which statistically have the same 
ages, the changes from mudflat to freshwater gyttja and 
peat growth occurred rapidly. In bore hole 1074, the top 
o f the first intercalated peat layer is dated at ca. 7165/ 
7105/7095 cal BP; a similar age was obtained for the 
base and top o f the gyttja bed in bore holes 1004 and 
1074 respectively. The top o f the peat layer overlying 
the gyttja was dated at ca. 6290 cal BP and Scrobicularia 
plana  in the mud was dated at ca. 6285 cal BP.

W hile gyttja and peat were accum ulating for about 800 
years in the IJzer palaeovalley with only a short inter
val o f m udflat deposition, a m udflat environm ent was 
prevailing in the K em m elbeek palaeovalley. The mud 
flat did not expand over both palaeovalleys until after 
ca. 6300 cal BP, at least not along the northern margin 
o f the IJzer palaeovalley. Within the mudflat sequence, 
lam inated fine sand, silt and clay with no evidence of 
erosional surfaces, denote current activity most prob
ably originating from  a small gully (or several gullies) 
that drain the w ater from  the mud flat to the m ajor 
channel situated slightly to the south.

The fill o f the IJzer palaeovalley was also eroded by a 
young tidal channel which is crossed twice in this cross- 
section (cores 1073 and 991, see Fig. 7).
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7.5. Longitudinal sections

The longitudinal sections were constructed to dem on
strate the relationship between the stratigraphy in the 
southern and seaward parts, in particular in relation to 
the occurrence o f peat beds. Only section A-A’ (Fig. 
12) is located in the palaeovalley for its m ajor part (see 
Fig. 3). Section B -B ’ (Fig. 13) shows the seaward part 
outside the palaeovalley, because in the palaeovalley 
itself, the sedim entary sequence consists o f only sand 
deposits from  later erosion by tidal inlet and channels 
(Baeteman, 1993) m aking a relationship with peat for
m ation im possible.

7.5.1. Section A-A’

The section (Fig. 12) was constructed on basis o f the 
available bore holes displaying the thickest sequence 
of the palaeovalley fill, and avoiding those sites where 
later erosion by tidal channels rem oved the sequence. 
Therefore, it does not always represent the deepest part 
o f the palaeovalley and the apparent undulating sur
face o f the Pleistocene deposits should not be regarded 
as types o f ridges, but sim ply results from  bore holes 
which are located slightly higher up the valley walls 
o f a  cross-section with a strong vertical exaggeration.

This section crosses a tidal channel (bore hole O) which 
initiated after a period of mudflat deposition covering 
the basal peat which is dated at ca. 9000 cal BP. Envi
ro n m e n ta l re c o n s tru c tio n  is b a s e d  on d e ta ile d  
palaeoecological diatom studies carried out by Denys 
(1993a) on bore hole O. The channel produced a 8 m 
thick aggradation during ca. 1200 years until it silted 
up at that particular site and changed to intertidal and 
supratidal flat followed by a period o f peat growth in 
this particular location lasting ca. 200 years. By that 
time, the deeper part o f the palaeovalley was com 
pletely filled up and more extensive accom m odation 
space for deposition determ ined by the palaeotopo- 
graphy, becam e available from  a level o f about -5 m. 
The tidal channel becam e active again, its position was 
also confined to the palaeovalley, and according to the 
datings o f the basal peat in bore holes OK and S, 
mudflat deposition extends laterally in the period be
tween ca. 8000 and 7500 cal BP. This happened pro
gressively as, according to the diatom s, the basal peat 
reveals a rapid change to w etter conditions, but w ith
out evidence o f erosion, and the mud was deposited 
under conditions where a small tidal am plitude was 
prevalent (Denys, 1993a). At about 7200 cal BP, the 
area outside the palaeovalley was also filled in and peat 
developed  until abou t 6700 cal BP. S outh  o f  the 
palaeovalley, the latter lasted until about 6300 cal BP.

The geom etry of the various facies in this section be
tween about -5 m and 0 m dem onstrates the effect of 
the tidal channel on the spatial distribution of the dif
ferent depositional environm ents as well as on peat 
developm ent. The lateral wedges of sand can be inter
preted as sand flats and sand bars which are associ
ated with the tidal channel when the latter is migrating 
transgressively landw ard (see Zaitlin et al., 1994). 
Com parison o f the ages o f the first intercalated peat 
bed, together with differences in level and thickness, 
suggests significant effect by tides at the beginning and 
end o f peat growth. (It can be assumed that the depos
its underlying the peat experienced the sam e degree o f 
com paction in all these bore holes.) The l4C dates of 
the peat bed at -2 m to -3 m suggest that peat started 
earlier at a distal position o f  the channel. But this must 
still be confirm ed by further datings.

M ost o f this area silted up, resulting in general peat 
growth starting between ca. 5900 and ca. 5500 cal BP, 
and ending at about 2200 cal BP. At the specific posi
tion o f bore hole O, the channel rem ained open until 
ca. 5470 cal BP. although significant silting up fo l
lowed by short-lived peat growth occurred at ca. 5825 
cal BP. In the section, the upper peat is draw n as a 
continuous bed. However, during the ca. 3000 years 
o f peat growth, channels (which were significantly re
duced in size) m ust have rem ained open to drain the 
freshwater marsh. None o f these channels were encoun
tered in the bore holes. The l4C date o f the top o f the 
peat in bore hole S denotes an extremely young age of 
ca. 1080 cal BP. It is suspected of being contam ined 
by m odern rootlets (B aetem an and Van Strydonck, 
1989), but it could also represent a specific and local 
s itu a tio n  such as a “p ea t is la n d ” su rro u n d ed  by 
mudflats (Denys, 1993a).

7.5.2. Section B -B ’

This section (Fig. 13) is characterised by two massive 
bodies of sand. The body o f sand in the centre forms 
part o f a tidal channel sequence. The sands erosively 
overly the early  H olocene tidal-basin m ud and the 
P leistocene deposits. (The same m eandering channel 
is crossed twice by the section). Inter-channel mudflats 
developed on the channel sand from the level o f about 
-6 m which is the same level from  which the first in
tercalated peat beds occur outside the channel area. 
A ccording to the age of an intercalated peat bed at - 
2.5 m (bore hole Wo), this happened prior to ca. 7300 
cal BP. W ith the exception o f the upper peat bed in the 
southern part o f this section, intercalated peat beds are 
scarce and badly developed. This is not due to ero
sion, but results from  unfavourable peat growth con
ditions, e.g. the daily tidal flooding associated with 
sediment deposition related to the proximity o f the tidal
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channel. M udflat deposits with phases o f silting up are 
only encountered from  a level o f about -2 m and most 
o f the channel also silted up or changed position. This 
was followed by general peat growth from  ca. 5900 
cal BP. In bore hole Wo, peat growth was locally inter
rupted at about 3850 cal BP.

The very seaward part o f the section is characterised 
by a th ick  body o f  sand erod ing  deep ly  in to  the 
Pleistocene deposits. A t bore hole Str (located on the 
beach), the Pleistocene deposits are com pletely eroded. 
The base o f the sand consists o f a heterogeneous m ix
ture o f marine sand with fine gravel, shells from  the 
open sea and pebbles o f peat and Eocene clay. In the 
lower part, the sand shows internal erosion surfaces 
with num erous shells from  the open sea and lags com 
posed of fine gravel, as well as bi-directional cross
stratification, all o f which denote a high-energy envi
ronment. The sand body is m ost probably a tidal inlet 
deposit which eroded the early Holocene tidal-basin 
deposits. From about -10 m, the characteristics of the 
sand change in bore hole Str. M ud and silt content in
creases, and flaser bedding becom es predom inant. 
Strong bioturbation occurs in cm -thick silty mud lam i
nae also denoting tidal bedding. The num ber o f  shells 
decreases considerably. This part of the sand body has 
been interpreted as intertidal sandflats and sand bars 
extending along the tidal channel which progressively 
filled up because o f the northw ard shift o f the inlet. As 
the channel cam e from the north, it m ost probably re
mained open much longer at locations Np3 and Np2 
where shells from  the open sea are found throughout 
the entire sand sequence together with Cerastoderma  
edule. The change from  tidal channel to intertidal de
posits indicates that the transgressive landward m igra
tion o f a tidal inlet with shoreface erosion stopped, 
and that in situ  fill o f the tidal basin occurred while the 
shoreline stabilised (see D alrym ple et al., 1992). The 
intertidal sand is overlain by intertidal m ud from  -3 m 
in bore hole Np2, thus indicating the developm ent o f a 
m udflat in seaward direction. The m udflat silted up 
high enough so that peat growth could start at ca. 4745 
cal BP, with local flooding also occurring here at ca. 
3885 cal BP. The vertical sequence o f sandflats overlain 
by mudflats with peat growth confirm s that the trans
gressive landward m igration com pletely stopped and 
shifted to a progradation o f  the shoreface.

The final fill o f  the tidal basin consists o f m udflat and 
tidal channel deposits which ultim ately becam e salt- 
marsh deposits. However, in the extrem e seaward part, 
from a level o f -4 m, nearshore and beach deposits are 
erosively overlying the sandflat, sand-bar and mud 
deposits. They can be traced about 2.5 km inland where 
they narrow. A t this location, the base o f the nearshore 
and beach deposits is form ed by a lag consisting of

lum ps o f peat and clay, shells from  the open sea and 
the tidal flat, and fine gravel. This erosional surface is 
m ost probably produced by waves during a landward 
retreat o f the shoreface as the latter m igrates inland 
(se e Z a itlin e ia /.,  1994; A llen and Posamentier, 1993).

It is interesting to mention that the studies originally 
defining the Calais and D unkerque deposits (Dubois, 
1924) were carried out in a sim ilar seaward portion of 
the coastal plain characterised in the lower part by ero
sion which removed almost all previous early Holocene 
records, fo llow ed by silting  up and progradation . 
T herefo re , the stra tig raphy  based  on C ala is and 
D unkerque does not reflect the true depositional his
tory o f the plain.

8. Discussion

The cross and longitudinal sections show a high vari
ability o f the Holocene sedim entary succession. The 
differences are expressed across and along each palaeo
valley fill itself, between the different palaeovalleys, 
and between the various sub-regions, i.e. landward, 
central and seaward parts.

8.1. Comparison within the 3 palaeo-valleys in the 
landward part.

Although the entire Holocene sequence is only recov
ered in one bore hole in the Sint Jansbeek, it dem on
strates that the extrem e landward part of this particu
lar area was already within tidal reach from  about 7800 
cal BP. The alternation o f phases with current activity 
and phases of silting up in the tidal deposits indicates 
that the sedim entation did not happen continuously, 
nor gradually. This tends to suggest alternative phases 
o f sedim ent supply to the area.

The facies succession in the Kemmelbeek shows a high 
variability across as well as along the palaeovalley fill. 
G yttja is prevalent in the extreme landward part, where 
tides apparently gained access from  ca. 6200 cal BP, 
i.e. about 1500 years later than in the Sint Jansbeek. In 
the area covered by cross-section 2. no tidal deposits 
whatsoever were encountered in the bore holes. In view 
o f the tidal deposits more landward, intertidal mud 
should be present som ewhere around -3 m to -2 m. An 
even denser boring grid would certainly reveal this. In 
any event, this indicates that the tidal effect was weak.

The gyttja in the Kemmelbeek is progressively replaced 
by m udflat deposits and peat beds along the course of 
the valley in a northerly direction. However, a regular 
pattern neither exists in the vertical succession o f gyttja,
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Seaward Central Sint Jans- IJzer Kemmel- Kemmel-
part part beek beek / IJzer beek
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Figure 14. Radiocarbon ages of peat/gyttja-mud/sand contacts in the palaeovalley fills of the Kemmelbeek, Sint Jansbeek and 
IJzer with respect to altitude and compared to the contacts in the central and seawards parts of the coastal plain.

intercalated peat ■7: altitude in TAW

Figure 15. Comparison of the altitude of the basal peat, intercalated peat and gyttja contacts with clastic deposits in the discussed 
bore holes presented in a time frame showing no regularity concerning age and altitude.
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peat and mud, nor along or across the valley fill, and 
certainly not in the section below ca. -3 m. The num ber 
o f intercalated peat beds also varies. Even after con
sidering com paction which may have lowered the ini
tial level to some degree, the cross-sections obviously 
depict no regular or generalised level at which spe
cific intercalated peat beds formed. The landward part 
o f the IJzer palaeovalley also shows a sim ilar irregular 
vertical and lateral facies distribution of gyttja, peat 
and mud until the level at about -3 m. M oreover, the 
14C dates here indicate that the changes in facies, or 
alternation happened very rapidly. Besides, it is highly 
probable that m udfla t deposition  prevailed  in the 
Kemm elbeek (see core 988) while at the edge of the 
IJzer valley only peat and gyttja accum ulated during 
the period between ca. 7100 and 6300 cal BP after a 
thin layer o f mud was deposited (unless a lowering of 
the original level by about 2 m due to autocom paction 
is to be considered in core 988 which is m ost incon
ceivable). The Sint Jansbeek on the other hand, is char
acterised by only m udflat deposition during this pe
riod.

However, from  a level o f ca. -3 m, the rapid alternation 
of gyttja, peat and mud disappears and 1 m thick mudflat 
deposits are widespread throughout the three palaeo
valleys . A cco rd in g  to the  l4C da tes  o f  the  IJze r 
palaeovalley, this happened from ca. 6300 cal BP on
ward. This widespread extension of mudflat deposition 
coincides with the first tidal effect encountered in the 
extreme landward part o f the Kemmelbeek (core Wh, 
cross-section 1) which was dated at ca. 6200 cal BP.

The mud is overlain by a 3 to 4 m thick peat bed at a 
level between -2 m to -1 m. I4C dates fo r the base of 
this peat bed are only available in the extrem e land
ward part o f the three palaeovalleys: ca. 5980 cal BP 
(Sint Jansbeek), ca. 5595 cal BP (Kem m elbeek) and 
ca. 6195 cal BP (IJzer, core 1057, not in the cross- 
section, about 1 km to the west o f core V, cross-sec
tion 4b). These dates once again confirm  that facies 
changes are not synchronous. The l4C date for the be
ginning o f peat growth in the Sint Jansbeek e.g. coin
c id e s  w ith  the  m ax im u m  o f  tid a l e ffe c t in the  
K em m elbeek. W hen tidal deposition  started in the 
Kemm elbeek, peat began to grow in the extrem e land
ward part o f the IJzer palaeovalley.

8.2. Comparison between the land-ward and central 
part

Section A-A’ shows the m ain IJzer palaeovalley and 
crosses the deposits o f a tidal channel which, together 
with its adjoining intertidal flats occupies the entire 
palaeovalley. The thick gyttja accum ulations and the 
rapid alternation of mud, gyttja and peat are certainly

not evident as these are characteristic for the distal part 
of the tidal basin. On the contrary, two peat beds inter
calated in mud occur, showing a rather regular and 
w idespread pattern. The lowerm ost intercalated peat 
bed at -7 m was encountered in only one bore hole 
which does not constitute enough evidence to give a 
firm conclusion. The area outside the palaeovalley is 
progressively occupied by tidal flat deposits which 
accreted until -3 m to -2 m. The tim e when the mud 
deposition started is determ ined by the palaeotopo- 
graphy of the Pleistocene subsoil and occurred between 
ca. 7925 cal BP and ca. 7500 cal BP. D uring this pe
riod, only the Sint Jansbeek experienced intertidal mud 
deposition (between ca. 7855 cal BP and ca. 7375 cal 
BP in the extrem e landward part). The Kem m elbeek, 
on the other hand, was characterised by only gyttja 
accum ulation. But, when the elevation is also taken 
into account, the section between -6 m and -3 m is 
occupied by rapid alternations in mud, gyttja and peat 
in the northern part o f the Kemm elbeek and in the land
ward part o f the IJzer (see cross-sections 3 and 4). In 
the latter, the sequence of rapid alternation is dated 
between ca. 7300 cal BP and ca. 6300 cal BP. How
ever, the Sint Jansbeek still reveals a different sequence, 
since the first peat bed intercalated in m ud is encoun
tered at -4.5 m and dated at ca. 7375 cal BP. The dif
ferences o f facies changes with respect to elevation is 
dem onstrated in Fig. 14. Fig. 15 shows the altitude of 
basal peat, gyttja and intercalated peat beds versus a 
tim e frame. No regularity concerning age and level can 
be observed either.

The change from  mud to peat in the central part is en
countered at a rather regular level between -3 m and - 
2 m. However, as described above for the landward 
part o f the three palaeovalleys, the level betw een -3 m 
and -2 m corresponds to a widespread extension of 
intertidal deposition. The latter happened after da. 
6300-6200 cal BP, while the change from  mud to peat 
at a sim ilar level in the central part, occurred alm ost 
1000 years earlier, i.e. between ca. 7275 cal BP and 
ca. 6960 cal BP (see Fig. 14).

The marked differences in ages and elevation of the 
facies changes cannot be solely attributed to com pac
tion. The peat and gyttja beds that w ere dated at ca. 
7100 cal BP in the palaeovalley o f the IJzer e.g. (see 
cross-section 4b) only lie ca. 40 cm  above the rela
tively consolidated Pleistocene deposits. It is therefore 
inconceivable that com paction o f the m ud and peat 
lowered their level significantly. On the contrary, the 
peat bed occurring at -2 m to -3 m in the central area 
could have originated at a som ewhat higher level in 
view of the ca. 4 m of underlying mud.

In the central part, a w idespread and 2 m thick tidal 
deposit overlies the peat bed occurring at -3 to -2 m.
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This tidal deposit changes to another peat bed at the 
level o f ca. 0 m. This peat bed is well-developed and is 
evenly distributed. It is usually called the surface peat. 
The dates o f the start o f peat form ation here are: ca. 
5925, 5715 and 5470 cal BP which are very sim ilar to 
the dates in the very landward part where the transi
tion from mud to peat is found about 2 m lower (see 
cross-section 1).

The tidal channel deposits in the central part exhibit a 
slightly different situation. The tidal effect w hich re
gained access after a short period o f peat growth at the 
site o f core O, indicates that the tidal channel was still 
actively depositing som ewhere nearby.

8.3. Comparison with the seaward area

T he in te rc a la te d  p ea t beds h e re  a re  sca rce  and 
discontinous. The deepest beds are found around -6 
m, which is slightly higher than in the central part. 
From  section B -B ’, it is clear that the form ation of in 
tercalated peat beds is directly related to the decrease 
in lateral extension of the tidal channel deposits which 
is encountered from  a level of -6 m. As the channel 
continues to progressively silt up and decreases its lat
eral extension, more intercalated peat beds could form, 
but still only locally. The peat bed at -3 m to -2 m is 
found in only a few bore holes. The level coincides 
with the level at which the channel is almost completely 
silted up. The peat bed was dated in only one bore 
hole. The base (ca. 7295 cal BP) is slightly older than 
in the central part. The date from  the top (ca. 7040 cal 
BP) suggests that is was very short-lived, and was re
placed by an intertidal environm ent more than 600 
years earlier than in the central part.

According to section B -B ’, the channel silted up at 
this site at a level o f about -1 m, and the area changed 
into intertidal flat. It is self-evident that a channel was 
still open som ew here nearby, otherw ise no mud could 
have been deposited in the intertidal environm ent. A 
much denser boring grid is required to reveal the re
maining channel. In any event, the available bore holes 
leads us to believe that the channel was very much 
reduced in lateral extension.

Eventually the major part o f the area silted up into the 
supratidal zone as peat started to develop. In the south
ern part o f the section, the level and date when the 
peat started growing are rather sim ilar to the central 
part. The younger age in bore hole 753 (ca. 5515 cal 
BP) coincides with the date o f the renewed peat growth 
on the tidal channel fill in the central part, suggesting 
that the active sedim entary surface at that particular 
site was still w ithin the reach o f the tidal channel.

The peat bed thins considerably in a seaward direc
tion, thus indicating less favourable conditions for peat 
growth due to significant tidal deposition. In view of 
the l4C date in bore hole Np2 (ca. 4745 cal BP) the 
tidal effect was evident there for a much longer time. 
The slightly higher level o f the base o f the peat bed 
also suggests that mudflat accretion was more substan
tial and/or lasted  longer. M oreover, the tem porary 
flooding o f the freshw ater marsh confirm s that tidal 
activity and sedim entation continued in the areas very 
nearby.

8.4. Factors controlling the form ation o f  intercalated 
peat beds

Intercalated peat beds originate when the active sedi
m entary surface builds up high enough that it is per
m anently situated above the level of the highest astro
nom ical tide (HAT) resulting in the form ation of a 
freshw ater m arsh in which peat can accum ulate pro
vided that the sed im ent surface rem ains saturated  
throughout its form ation (e.g. Denys, 1993a, Allen, 
1995, Stone and G leason, 1981). However, the initia
tion of peat in a freshw ater marsh requires the instal
lation o f a freshw ater lens in the subsurface for a dura
tion sufficiently long, otherw ise only hum ic vegeta
tion horizons will be allowed to exist due to the dense 
salt-m arsh vegetation introducing a lot o f organic m at
ter into near-surface deposits (Stone and G leason, 
1981).

Unlike autochtonous peat, gyttja is form ed by plant 
rem nants which have been physically moved from  a 
som ewhat distant source, most likely the vegetation 
lining influent rivulets. The form ation o f gyttja must 
be attributed to ponding and sluggish drainage in the 
topographic depressions where water is backed up in 
the drainage channels o f the palaeovalleys. The latter 
had no significant slope and acted as a drain for the 
outcropping Pleistocene hinterland. G yttja form ation 
also denotes inadequate sedim ent supply, so that the 
sedim entary surface could not accrete upwards in pace 
with the w ater level. Consequently, the initiation of 
peat on gyttja im plies a lowering o f the w ater level 
with respect to the sedim entary surface, m ost likely 
caused by an im provem ent of the drainage. This is in 
contrast with the initiation of peat on the salt marsh 
where vertical accretion o f sedim ent is the determ in
ing factor. Consequently, changes between gyttja and 
peat reflect tem porary changes in the local hydrology 
w ithin the drainage channels in the palaeovalleys.

The com parison o f the facies changes and their chro
nology w ithin the palaeovalleys and between the dif
fe re n t areas c lea rly  d em o n stra te s  th a t a general
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synchroneity or regular distribution pattern does not 
exist at particular levels throughout the entire area, at 
least not until ca. 5500 cal BP. and not until a level of 
about 0 m (period and elevation at which the plain was 
alm ost com pletely filled). Throughout the whole pe
riod before 5500 cal BP, the area was characterised by 
a variety o f facies ranging from tidal-channel sand, 
intertidal mud and sand, peat and gyttja; all occurring 
next to each other.

The observed facies changes and their chronology sug
gest that the changes are directly related to the posi
tion o f the active sedim entary surface with respect to 
the water level. The sedim entary surface is determ ined 
by the sedim ent supply which, in turn, is governed by 
the sedim ent source, while the w ater level depends on 
the tidal and groundw ater level, both o f which are in
duced by the level o f the sea.

The tidal flat is dissected by a very extensive network 
o f tidal channels and creeks (in the supratidal zone) 
acting as local sedim ent sources. W hen the sedim ent 
supply surpasses the creation o f accom m odation space 
by RSL rise, the area will rapidly silt up until high- 
water level. Consequently, the frequency of tidal in
undation decreases and a part o f the drainage network 
serving that particular area becomes redundant and silts 
up. Eventually the area becom es out o f the reach o f 
tidal inundation and the salt m arsh encroaches the 
mudflat, followed by peat accum ulation if sufficient 
tim e is available for the form ation o f a freshw ater lens 
in the subsoil. However, at the same time, intertidal 
deposition continues in an adjoining part o f the peat 
area until it, in turn, will also build up above high- 
water level and will experience the same evolution.

But the rapid RSL rise steadily created more accom 
modation space (i.e. an increasing tidal prism) for the 
channels which experience a headward growth together 
with a rise o f the w ater level. Those areas where peat 
was forming, were deprived of sedim ent accum ulation 
for a few hundred years, resulting in their active sedi
mentary surface being lower in relation to the surface 
o f the tidal flat flanking the channel. Consequently, 
these areas are in a location that is extrem ely prone to 
being flooded when the channel shifts its position.

The latter is probably not solely caused by the m echa
nism  o f lateral channel m igration whereby erosion 
takes place in the outer bend of the channel and depo
sition in the inner bend because, according to van der 
Spek and Beets (1992), lateral m igration is lim ited 
when storage capacity is continuously created. The 
geom etry o f the sand deposits as depicted in section 
A -A', and the lack o f erosional features lead us to as
sume that crevasse splays as well as m eander cut-offs 
caused the shifts in the position o f the channels. These

m echanism s were initiated by the water level steadily 
rising, and by the high aggradation in the channel which 
considerably reduced the storage capacity for sediment 
in the channel itself. The high aggradation in the chan
nel or in a segm ent o f  it resulted from a decrease in the 
size o f the tidal prism  of a part o f the channel network 
due to surface elevation o f its surrounding flats. The 
necessary storage capacity for the channel to com pen
sate the surpassing sediment supply was however avail
able in the lower-lying surroundings o f the channel 
(segment) where peat was forming. Such crevasse splay 
deposits, alm ost instantaneously filling the lower-ly
ing surrounding areas o f a channel, have been observed 
in an open sand pit (Baetem an et al., 1999).

The drowning o f the freshw ater marsh due to the shift 
in channel position did not occur gradually. The water 
level rose above the surface rather suddenly, thus pre
venting a salt m arsh from initiating and accreting up
wards in pace with the w ater level. On the other hand, 
sedim ent im port was sufficient to maintain the inter
tidal flats.

The im balance between RSL rise and sedim ent sup
ply leading to the form ation o f gyttja in the landward 
part o f the palaeovalleys resulted from the silting up 
o f the tidal flat in more downstream  areas preventing 
the sedim ent source from reaching the area, or simply 
because the channel and creek network had not yet 
reached the area. M oreover, it is most probable that a 
higher water level was enhanced by the blockage of 
run-off from  the Pleistocene hinterland by the form a
tion o f peat itself in the more downstream  parts o f the 
drainage channels. The accum ulation o f  organic m at
ter was most probably enhanced by fluvial processes, 
although with less activity. M oreover, form ation of 
gyttja was greatly affected by the rising base level, 
because the rapid RSL rise at prior to ca. 7000 cal BP 
was causing a change in stream slope and drainage 
characteristics in the landward palaeovalleys. In the 
case o f the Kemmelbeek, a Pleistocene ridge prevented 
all tidal access until ca. 6200 cal BP.

Peat accum ulation on gyttja could start as soon as the 
superfluous w ater was evacuated. This was caused by 
the approach o f a tidal channel by landward migration 
and/or shift (while accum ulating), resulting in the dis
appearance o f the blockage, and consequently, better 
drainage.

The m echanism s o f  m eander cut-offs and crevasse 
splays resulting in the take-over o f drainage o f one 
channel system by another, or the change to a quite 
different course, can result in the abandonm ent o f  a 
channel, or a segm ent o f it, which is then filled within 
a relatively short period (m onths to years) (Oost and 
de Boer, 1994, van den Berg, 1982). If sedim ent im-
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port is sufficient to balance the RSL rise, such areas 
aggradate from the subtidal into the intertidal environ
ment, evolving into salt marsh, and eventually into 
freshw ater marsh with peat accum ulation.

From the discussion above, it follows that the alterna
tion of mud, peat and gyttja, and the occurrence o f the 
different sedim entary environm ents next to each other 
at the same time and even over very short distances, is 
solely determ ined by sedim entological control. The 
change of one environm ent into another, laterally as 
well as vertically, is related to the distal or proximate 
position o f the channels and creeks, even on a small 
scale.

The shift o f the channels alternately serving and aban
doning a particular part o f the flat continues as long as 
new accom m odation space is steadily being created 
by the rapid relative sea-level rise, so that the entire 
channel network can continue to m igrate landwards 
and upwards. It is self-evident that sedim ent supply 
must outrun the creation o f accom m odation space, oth
erw ise silting up would not occur in the channels, nor 
would the flats silt up each time to the supratidal level.

W ith a decreasing rate o f RSL rise, the creation o f new 
accom m odation space progressively reduces, and the 
vertical sedim ent accretion in the channel and on the 
flats slows down. This results in a reduction in the fre
quency of channel shifting and explains why the peri
ods o f peat growth lasted longer, and why the lateral 
extension becam e more and more generalised as the 
filling of the tidal basin proceeded.

Allen (1997) also attributed the alternation of mud and 
peat to changes in the channel and creek netw ork 
whereby mud deposition coincides with an expansion 
of the network and peat developm ent with shrinking 
of the network and silting up of the channels and creeks. 
However, the author correlates the alternating expand
ing and shrinking with sea-level fluctuations. Expan
sion occurs during a sea-level rise, and shrinking oc
curs when the sea-level tem porarily stabilises or falls.

However, when sea-level fluctuations are the cause of 
the changes in the channel network, the various inter
calated peat beds should be m uch more synchronous, 
even after taking a certain time lag between sea-level 
fluctuations and lithological registration into account. 
M oreover, in view o f the rapid facies changes which 
were observed in the landward part o f the palaeovalleys 
in the study area, the sea level should have been con
tinuously fluctuating. A sea-level fall m ust be ruled 
out since, in this case, new accom m odation space 
would no longer be created, and the landward m igra
tion o f the channel network would stop. This implies 
that the channels no longer need to shift frequently in

order to search for space, and alternate peat beds and 
mud would not be formed. A sea-level fall would also 
low er the groundw ater level and the sedim ent surface 
would no longer remain saturated, which is a very un
favourable condition for peat to accum ulate.

9. Depositional history of the IJzer palaeo- 
valley

The depositional history, as recorded in the study area, 
can be divided into 4 m ajor periods which are not es
tablished on basis o f rigid tim e control, but more on 
the basis o f changes in dom inance of the factors con
trolling the infill.

9.1. Period before ca. 7800 cal BP

The filling o f the plain starts in the seaward area at the 
earliest from  ca. 9400 cal BP (see Fig. 6), w hich is the 
age o f the oldest known basal peat in the seaward part 
o f the IJzer palaeovalley (Baetem an and Denys, 1997). 
This is in contrast with the generally accepted view in 
the Belgian literature where it is stated that the first 
transgression occurred between 6450-4750 BP (i.e. ca. 
7300-5500 cal BP, e.g. M aréchal, 1992a). The rising 
sea invaded the area via the palaeovalley in which tidal 
flat and channels developed. In the landward area, rivu
lets, confined to the palaeovalley tributaries, drained 
the freshw ater run-off. However, the relative sea-level 
rise induced a rise o f the base level, ham pering the 
drainage and causing the form ation o f gyttja in the 
depressions o f the palaeovalleys. This was especially 
the case for the Kemm elbeek. Because o f the rapid 
RSL rise by an average o f 7 m/ka, the flooding occurre 
rapidly but, in view o f the presence o f the basal peat, 
not as an erosional event. A lthough the subsoil o f the 
palaeovalley consists o f soft, easily erodable sediments, 
its topography is well preserved because, due to the 
rapid RSL rise, accom m odation space is being created, 
rather than lost. This contradicts Houthuys et al. ( 1993) 
specifying an erosional relief for the Pleistocene sub
soil.

The rapid RSL rise resulted in a rapid landward shift 
o f the tidal facies belts across the palaeovalley, since 
by ca. 9000 cal BP and ca. 7800 cal BP, tidal flat and 
channels were installed in the central and landward 
part, respectively. In the latter, only the eastern tribu
tary o f the palaeovalley shows tidal deposition. This 
resulted from  a Pleistocene ridge in betw een the Sint 
Jansbeek and the Kem m elbeek which prevented the 
tid e s  to  reach  in to  the w este rn  tribu ta ry . In the 
Kem m elbeek, gyttja accum ulation persisted until ca. 
6200 cal BP. The minor portion o f fluvial deposits dem 
onstrates that fluvial sedimentary processes only played
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a m inor ro le du ring  the tran sg ress iv e  fill o f  the 
palaeovalley. On the other hand, the reduced fluvial 
action most probably enhanced the accum ulation of 
organic matter.

By ca. 7800 cal BP peat form ed on supratidal mud on 
top o f channel sands indicating that sufficient sediment 
was supplied to balance the RSL rise. The sedim ent 
was supplied by shoreface retreat and was accom pa
nied by the landward migration o f tidal inlets and chan
nels. The shoreline was probably located far beyond 
the present-day coast. However, the steady landward 
migration of the tidal system eroded the early Holocene 
basal peat and intertidal deposits in the seaward part 
o f the palaeovalley, and replaced them by tidal-inlet 
and channel sand. No dates are yet available in the 
study area for determ ining exactly when the shoreface 
reached the position of the present-day shoreline.

Although sedim ent supply was available, the rate o f 
RSL rise that steadily enlarged the tidal prism of the 
channel network was too rapid, so that the active sedi
m entation surface o f the flats did not silt up until 
supratidal levels lasting a sufficiently long period, thus 
not enabling a freshw ater lens to form  in the subsoil. 
Consequently, no freshw ater m arshes could form. This 
explains the com plete absence o f intercalated peat beds 
in the sedim entary sequence deposited in the period 
prior to ca. 7800 cal BR

9.2. Period between ca. 7800 and ca. 6000 cal BP

This period is characterised by a retardation in the rate 
o f RSL rise to an average o f  2.5 m /ka at about 7500- 
7000 cal BP. A ccording to the sea-level curve (Fig. 5, 
Denys and Baeteman, 1995), the relative sea level rose 
from about -8/-6 m to -2.5/-1.5 m during this tim e in
terval. This still caused a substantial landward m igra
tion o f the tidal system (see Fig. 6).

Because of the reduced rate o f RSL rise, the sedim ent 
supply easily balanced the creation of accom m odation 
space, and the general landward migration of the chan
nel network was characterised by a high vertical sedi
ment accretion in the channels and in their im m ediate 
adjacent flats. Relative large sedim ent supply caused 
rapid silting up o f the flat to supratidal level and forced 
the channels (or segm ents o f it) to shift course and 
position by lateral m igration and/or avulsion resulting 
in the alternate draining and abandoning o f specific 
parts of the tidal basin, and this occurred at a higher 
level each time. A bandoned flats and channels evolved 
into freshwater m arshes with peat accum ulation, while 
freshw ater swam ps, situated  on a som ew hat low er 
level, came within the direct reach o f the new course 
o f the channel, and changed rapidly into intertidal flats

until they, in turn, rose to supratidal level, followed by 
another shift o f the channel or a segm ent o f it.

By ca. 6300 cal BP, the tidal basin reached its m axi
m al ex tension  even in the landw ard  parts o f  the 
palaeovalleys where the rivulets, formerly acting as 
freshw ater drains, were consum ed by tidal channels. 
However, this eventual change took place in succes
sive steps whereby, from  ca. 7300 cal BP, intertidal 
and supratidal flats, freshw ater swamps and freshwa- 
ter-filled depressions existed next to each other, even 
over very short distances, resulting in a rapid alterna
tion o f mud. peat and gyttja in the sedim entary se
quence. The occurrence o f the various environm ents 
next to each other resulted from  the position o f the 
active sedim entary surface with respect to the water 
level which was controlled by the distal or proxim ate 
position of a particular site with respect to a channel 
segment, i.e. to the local sedim ent supply. A proxi
m ate position brought the active sedim entary surface 
within the reach o f the daily tidal flooding enabling 
the surface to rise until it reaches supratidal level. A 
distal position provided the opportunity for peat to ini
tiate and accum ulate on the supratidal flat, w hile a 
deprivation o f sedim ent drowned the surface thus al
lowing gyttja accum ulation.

This purely sedim entological m echanism , acting only 
under conditions o f a rapid RSL rise and a general land
ward m igration o f the channel network, is at the origin 
o f  the  a lte rn a tio n  o f  p ea t beds, g y ttja  and tidal 
sediments. It also explains why the intercalated peat 
beds are not synchronous and do not exhibit a regular 
pattern in term s of level and spatial distribution.

Thus, a single peat bed should not be used as m arker 
bed in the stratigraphy, nor as stratigraphie unit. Nor 
does the alternation o f m ud and peat reflect positive or 
negative sea-level tendencies, since sea-level fluctua
tions play no part in their form ation. The sea-level ten
dencies were introduced and used as a chronological 
basis for the subdivision of the Holocene sequence in 
the F en land  (U K ) by S hennan  et al. (1983) and 
Shennan (1986) whereby positive sea-level tendencies 
are characterised by a rise in sea level, developm ent o f 
transgressive overlaps and a landward m ovement of 
the coastline. Negative sea-level tendencies are char
acterised by the developm ent o f regressive overlaps 
(peat beds), a seaward movem ent o f the coastline, and 
a reduced or negative rate o f sea-level rise.

By 7500 cal BP, the deeper part of the main palaeo
valley was almost com pletely filled in the central por
tion o f the plain (see Fig. 6). The higher parts o f the 
Pleistocene subsoil, covered with basal peat, came within 
the reach of the tidal system. This resulted in a substan
tial extension to the accommodation space for the chan-
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nel network, requiring a very large volume of sediment 
for the silting up. However, the sediment supply was 
sufficient to maintain the intertidal flat, but not suffi
cient to frequently build to a height o f supratidal levels. 
This explains why the rapid alternation of peat beds and 
mud is not evident, and why only one intercalated peat 
bed could form during this period in the central part. 
The (less frequent) m eander cut-offs and/or crevasse 
splays of the channel here resulted in the deposition of 
sand bodies intercalated in the mud.

This situation should not be generalised for the entire 
coastal plain. In the Veurne area e.g. (located seawards, 
a few km w est o f the IJzer palaeovalley), the period 
between ca. 6700 and ca. 5550 cal BP is characterised 
by an episode o f non-deposition  (B aetem an et al., 
1999) confirm ing that the palaeotopography o f the 
Pleistocene subsoil is also one o f the m ajor factors 
controlling the Holocene sedim entary sequence.

The silting up to supratidal level with the accum ula
tion o f peat are not synchronous within the central part. 
D ifferences in tim e are also evident if  we com pare the 
central part with the seaward part. The differences in 
age are also attributed to the distal or proxim ate posi
tion o f a specific part o f the tidal flat in relation to the 
channel. The younger date o f the peat on the channel 
fill itself indicates that the latter still rem ained open 
for about 500 years. Its effect also prevailed in the 
western tributary o f the palaeovalley where peat growth 
started at about 5600 cal BP unlike in the eastern tribu
tary where it started at ca. 6000 cal BP, thus providing 
additional evidence that the eastern tributary was aban
doned by the tidal channel in that period.

The differences in age concerning the formation of peat 
beds is particularly evident in the seaward part where 
it is clear that the form ation o f peat beds is related to a 
decrease in the lateral extension of the channels due to 
a slower RSL rise and a less rapid landward m igration 
of the channel network. However, substantial accre
tion o f vertical sedim ent still occurs.

Towards the end of this period, the landward migration 
of the channel network eventually stopped because new 
accom modation space was no longer being created by 
the slower RSL rise, leading to shoreface stabilisation 
and in situ filling of the tidal basin. This resulted in sub
stantial shrinking of the channel network in the land
ward and central parts, leading to a general initiation of 
another peat bed (the surface peat) from about 6000 cal 
BP onward. However, in the seaward areas, the active 
sedimentary surface had not yet built up to supratidal 
levels, thus explaining the continuation of the vertical 
accretion o f intertidal deposits, while in the landward 
and central parts, peat accumulation could keep pace 
with the relative sea-level rise.

9.3. Period between ca. 6000 and ca. 4000/1500 cal BP

By ca. 5500-5000 cal BP, the rate o f relative sea-level 
rise fell to an average of 0.7 m/ka. Sea level was then 
at a level o f 0/+1 m TAW. An adequate supply o f sedi
m ent was apparently still available, and it even over
ran the rate o f relative sea-level rise as the stabilisation 
o f the shoreface occurring  in the previous period, 
changed to shoreface accretion. C onsequently, the 
shoreline prograded more and more seaward, result
ing in a shrinking o f the channel network on the plain. 
This is dem onstrated by the occurrence o f intertidal 
mud deposits and peat accum ulation in the extreme 
seaward part o f the discussed area, and also by the pres
ence o f the peat bed beyond the present-day shoreline 
in some locations.

The prograding shoreline and shrinking channel net
work created favourable conditions on the plain for 
the freshw ater swam ps with peat accum ulation to ex
pand progressively m ore seaward and over the chan
nel deposits. The long duration o f the peat accum ula
tion (about 3000 years) dem onstrates that it could keep 
pace with the reduced rate o f relative sea-level rise.

The vast freshw ater swam p was out o f the reach of 
alm ost all tidal activity  as it was bordered by salt 
m arshes, in turn bordered by mud flats and sand flats 
ly ing beh ind  a coastal sand barrier (including the 
shoreface, sensu Roy et al, 1995; Roy and Boyd, 1996). 
W hether the coastal barrier em erged supratidally and/ 
or w hether it was captured by a dune belt, could not be 
revealed from  the existing data. The area m ight also 
have been an “open coast” tidal flat.

It has been dem onstrated that freshw ater swam ps with 
peat accum ulation can initiate short distances away 
from the sedim ent source. For this to occur, the area 
only has to be elevated above at least HAT, and be out 
o f reach o f the daily tidal flooding. Therefore, there is 
no need to invoke a continuous dune belt to explain 
the long and extensive peat form ation, although this is 
always the case in the Belgian literature. Besides, if  a 
dune belt did exist, it is im possible for it to be com 
pletely closed because then, sedim ent would no longer 
be supplied to the tidal flat in front o f the freshwater 
swamp, changing the intertidal and supratidal flat into 
a lagoonal environm ent, which was not the case, ex
cept in De M oeren, an area located in the extrem e west 
of the plain, and portaying a quite different evolution 
(B aetem an, 1985b). This contrad icts A llem eersch  
(1991 ) who stated that the surface peat originated due 
to terrestrialisation occurring in a lagoon. In any event, 
a com pletely closed barrier would rapidly inundate and 
drown the peat because the drainage o f the run-off 
would be ham pered.
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The traces o f tidal effect in the thick peat bed. even far 
landward, also suggest that channels rem ained open, 
although very much reduced, and m ainly acting as 
drainage for the freshw ater swamp. Local floodings 
o f the latter, especially during different periods, also 
tend to denote a coastal barrier which was not com 
pletely closed and indicate that the main channels re
mained active.

9.4. Period after ca. 4000/1500 cal BP

However, the local floodings herald the end o f the 
progradation. Renewed peat growth after mudflat depo
sition and/or scour-and-fill o f the channels indicate that 
initially, the tidal effect did not perm anently change 
the environmental conditions o f the freshw ater swamp. 
Several sim ilar situations o f renewed peat growth have 
been encountered in the plain, most o f them in the sea
ward portion and all during different periods ranging 
from about 4000 to 2500 cal BR (e.g. Baeteman and 
Verbruggen, 1979; Baeteman and Van Strydonck, 1989; 
Baeteman et al., 1999). They suggest that the local 
floodings m ust be considered as precursors for the re
newed landward m igration o f  the tidal system  and, 
moreover, that the latter happened in successive steps, 
(which however, must not be identified with the artifi
cially established D unkerque transgressions from  the 
B elgian literature). The flooding was already well 
underway before the 2nd and 4 ,h century AD (dates for 
the beginning of the first and second D unkerque trans
gression, respectively). It is most likely that the short
lived renewed peat growth has been interpreted as “re
gression” separating the different Dunkerque transgres
sions by the Soil Survey in the 50 ’s.

The origin o f the renewed landward m igration o f the 
tidal system rem ains uncertain. RSL was still rising at 
the same average rate as in the previous period (0.7 m/ 
ka). No evidence o f a specific sudden increase has been 
found in the Belgian plain. As suggested by Beets et 
al. (1994), it is more likely that this is due to an im bal
ance o f sedim ent budget to com pensate for the rela
tive sea-level rise. Due to the relative sea-level rise, 
even at a reduced rate, sedim ent was continuously 
n eed ed . T he sand  so u rce s  w ere  used  to  fill the 
palaeovalley and for the progradation of the shoreline, 
and thus becam e exhausted, so that new sources had 
to be found. This happened by eroding the previously 
deposited tidal-basin sediments, resulting in shoreface 
erosion. The erosion o f the freshwater swamp enhanced 
and accelerated the m echanism . In association with the 
shoreface erosion, tidal inlet and channels migrated 
landw ard  erod ing  the freshw ate r sw am p, causing  
dewatering and com paction of it, which consequently 
lowered its surface (Baetem an and Denys, 1995).

The lowered surface o f the marshes suddenly provided 
new accom m odation space, forcing the channels to 
readjust by deep scouring because changes in tidal 
prism change the size and depth o f the channel. The 
vertical erosion in turn enhanced the dewatering and 
com paction o f the peat and, to som e extent, the under
lying deposits at low tide. The blocks o f peat frequently 
found in the channel fills represent portions o f col
lapsed channel walls which were most probably eroded 
during periods of storm-enhanced high tidal discharges. 
The ages of the top of the peat (Baetem an and Van 
Strydonck, 1989) suggest that this m echanism  of land
ward channel network growth progressively proceeded 
m ore landward and ended at about 1500 cal BP. It re
sulted in the final fill o f the area with m udflat depos
its.

This m echanism  contradicts the generally accepted 
view in the Belgian literature where com paction o f the 
peat occurred after it was covered by mud (see Fig. 2). 
A sea-level rise was invoked for the deposition o f the 
latter.

It is interesting to note that the tidal channels were 
again predom inantly confined to the palaeovalleys (as 
illustrated for the landward part in Fig. 7). Only the 
Kem m elbeek escaped from later erosion. It should be 
m entioned that the original sand-filled tidal channels 
were not encountered in the bore holes covering the 
landward part o f the palaeovalleys. It is most likely 
that the channels from  this younger flooding reoccu
pied the same position. Such a situation could be ob
served in an open sand pit (Baeteman et al., 1999) but 
is impossible to detect from the bore holes. On the other 
hand, it is also possible that, in view o f the distance 
from  the main palaeovalley of the IJzer, sand never 
reached the landward part o f the palaeovalleys and that 
the channels were only filled by mud.

Evidence for transgressive/regressive cycles (Dunker
que transgressions) as claim ed in the Belgian litera
ture, has not been found in the final sequence. This is 
not surprising, because recent research in Z eeland 
(where these cycles were initially established in the 
5 0 ’s) f irm ly  c o n c lu d e s  th a t “ se d im e n ts  o f  th e  
D uinkerke transgressive phases w hich w ere d istin 
guished in the D uinkerke deposits have been inad
equately or incorrectly dated because of im proper use 
o f archaeological evidence. Sedim entary facies o f the 
Duinkerke deposits were incorrectly correlated with 
transgressive phases” (Vos and van H eeringen, 1997).

The silting up o f the intertidal flat until supratidal level 
did not occur rapidly because a large (vertical and la t
eral) accom m odation space had to be filled with a slow 
rate o f relative sea-level rise. After the area changed
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into a salt marsh, it was reclaim ed by m an (from  about 
900 AD). The historically docum ented catastrophic 
floodings after 1000 AD which were interpreted as the 
D ili phase o f the D unkerque transgression, occurred 
after the first reclam ations and were m ainly induced 
by man. Dikes were built perpendicular to the coast to 
prevent flooding from  the channels. H owever, the 
em banking o f salt marshes resulted in significantly less 
accom m odation space w ith a consequently  h igher 
storm -surge level in the channels and gullies (Vos and 
van Heeringen, 1997). M oreover, the m an-m ade drain
age in the newly created polders caused subsidence of 
the surface. Such a situation gave rise to disastrous 
floodings when a dike burst. Because no new inter
tidal flats developed in the tem porarily inundated ar
eas, these floodings did not give rise to sedim ent depo
sition . This was not the case fo r the area around  
Oostende, where in 1584 and 1601 sea dikes w ere de
liberately breached and the artificial inlets evolved to 
tidal channels deeply scouring the Holocene deposits 
(Baeteman, 1994). This human intervention drastically 
changed the landscape and resulted in “the polders o f 
Oostende” after silting up and new reclam ation.

A lthough catastrophic, the floodings w ere local and 
m ainly localised along the channels (e.g. the river 
IJzer). Exactly when the river IJzer changed its posi
tion from  the palaeovalley to its present-day location 
is not yet known. It is m ost likely that this occurred 
during such a catastrophic storm surge event.

10. Final considerations

T he s tudy  o f  the H o lo cen e  seq u en ce  o f  a m ain 
palaeovalley and its tributaries has shown the com plex
ity o f the fill and facies distribution, laterally as well 
as vertically. The filling o f the palaeovalley and the 
ultim ate form ation of the coastal plain were control
led  by a d ec e le ra te d  re la tiv e  sea -lev e l r ise , the 
palaeotopography and accom modation space, sediment 
supply and the configuration o f the tidal flat, especially 
the distal and proxim ate position o f the tidal channel 
in relation to a particular site. The position of the chan
nels and creeks significantly determ ined the develop
ment o f the different depositional environm ents dur
ing the fill. Changes in the rate o f relative sea-level 
rise seems to be the only regional factor. All other con
trolling factors act locally and their identification re
quires an integration o f local site-based studies in the 
context o f the large-scale coastal behaviour o f the en 
tire tidal basin. It should be m entioned that possible 
crustal movem ents throughout the Holocene have not 
been considered and must still be investigated within 
this context.

The infill o f the palaeovalleys did not occur continu
ously, nor gradually, but in successive steps. Changes 
between different depositional environm ents mutually, 
and between peat growth and tidal deposition occurred 
rapidly, and this also applies to the spatial distribution 
and the vertical succession . T he changes and the 
succesive steps were not synchronous, not even over 
short distances, but depended on the local factors m en
tioned above. The facies sequence is much m ore sen
sitive to change in sedim ent supply than is generally 
assum ed. The facies changes, in particular between 
mud and peat, is determ ined by sedim entological con
trol under the conditions o f  a rapid relative sea-level 
rise and a landward m igration o f the channel network 
associated with a surpassing sedim ent supply. Periods 
o f peat growth lasted longer and the lateral extension 
becam e m ore and m ore w idespread as deceleration of 
the relative sea-level rise continued and the filling of 
th e  tid a l b a s in  p ro c e e d e d , a s so c ia te d  w ith  the  
progradation of the shoreface.

Because of the irregular pattern o f peat growth in time 
and space resulting from  the com bined action o f the 
local factors w hich govern their form ation, peat beds 
should no longer be used to differentiate stratigraphical 
units in the coastal sedim entary sequence.

The stratigraphical and sedim entological study, com 
bined with age determ inations, o f the IJzer palaeoval
ley, representing the m ajor part o f the Holocene se
quence o f the w estern coastal plain showed that the 
stratigraphy differentiating Dunkerque and Calais as 
units on the basis o f the presence o f an intercalated 
peat bed, and overruling the research in the Belgian 
literature, should be abandoned in favour of lithological 
descriptions and age determ inations accom panied by 
environm ental interpretation revealing m uch m ore sig
nificant results.
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