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ABSTRACT 

Denys, L., 1985. Diatom analysis of an Atlantic-Subboreal core from Slijpe (western 
Belgian coastal plain). Rev. Palaeobot. Palynol., 46: 33-43.  

Diatom analysis of a clayey AtlanticrSubboreal sequence from the western part of 
the Belgian coastal plain revealed the existence of intertidal conditions throughout, with 
the exception of a swampy lagoonal stage at  the top of the basal peat. Several trans- 
gressive events were shown to  have influenced the local palaeoenvironment. The possible 
relationship of these events t o  the Calais 11 and Calais 111 transgressions is discussed. 

INTRODUCTION 

Classically the Holocene sequence along the Belgian coast is subdivided 
into the Calais deposits of Atlantic--Subboreal age (overlying the Pleistocene 
surface directly or separated from them by a basal peat), the Subboreal- 
Subatlantic surface peat and the Subatlantic Dunkerque deposits'. While the 
soilmapping in the fifties led t o  a detailed examination of the youngest 
deposits, the underlying Calais member received relatively little attention. 
In contrast t o  the Dunkerque deposits wherein three transgressions were 
distinguished, the Calais sediments were generally considered t o  have been 
deposited in the course of one single transgressive event: the Flandrian trans- 
gression (Ameryckx, 1960; MarCchal e t  al., 1964; Tavernier and Ameryckx, 
1970; Paepe, 1971; Ozer, 1976). Nevertheless, Halet (1931), Moormann 
(1951) and Tavernier and Moormann (1954) had already mentioned that this 
sea level rise was probably not continuous, but may well have been inter- 
rupted by standstills or even small regressions. In the opinion of Baeteman 
et al. (1974) and Baeteman (1978) the Belgian Calais member should be sub- 
divided into a series of consecutive transgressive and regressive intervals 
similar to  those distinguished in neighbouring North Sea countries. Conse- 
quently a lithostratigraphical subdivision into four units was proposed, based 
on the occurence of peaty intercalations. Moreover, in most of the literature 
dealing with the Belgian coastal plain the main depositional environment of 

' Although this tripartition has recently been critisised strongly (Baeteman, 1981a, b), 
we refer t o  it here for ease of comparison with the existing literature. 
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the Calais deposits is considered to have been an intertidal sand flat. Hence 
the names "sables pissards" and Atlantic "wadden"  deposits. Some recent 
publications, however, stress the importance of  low energy flats, marshes and 
even lagoons in some parts of the area during certain periods (Baeteman, 
1978, 1981a; see also Blanchard, 1906; Moormann, 1951). 

In order to obtain more precise information on the formation of the 
Calais deposits in the western part of the coastal plain and to trace possible 
sea-level oscillations, several cores from the area are being investigated for 
their diatom content.  Since diatom associations are known to be very 
sensitive to changes in certain environmental factors such as salinity, tidal 
stress, hydrogen-ion concentration, trophic conditions, etc., diatom analysis, 
especially when combined with other techniques, may be one of the most 
valuable methods to determine alterations in the local sedimentary environ- 
ment  of coastal deposits. 

This paper is concerned with the analysis of a sequence of uninterrupted 
fine-grained clastic sediments belonging to the Calais member from Slijpe in 
the western coastal plain. 

MATERIAL AND METHODS 

The sequence was obtained by means of  an undisturbed mechanical 
coring. The boring, known as Spermalie 2, was located some 6 km inland 
from the present shore line and about 4 km from the Pleistocene outcrops 
(Fig.l).  The entire Holocene sequence reaches a thickness of 4.32 m of 
which the Calais deposits, resting upon a basal peat and covered by the 
surface-peat, represent only 65 cm. Their lithology and chronology are 
displayed in Fig.2. 

Some granulometric data indicate an upward fining of the sediment 
(Table I). Estimations of the content  of  organic matter, sedimentary carbon- 
ates and biogenic opaline silica are given in Fig.3. Organic matter was deter- 
mined as the percentage weight loss of  dried sediment after heating to 550°C 
in a muffle furnace, while carbonate CO2 was estimated as the weight loss 
hereafter by ignition at 950°C (Wetzel, 1970; Dean, 1974). By multiplying 
by 2.27 the CO2 content  was converted into CaCO3. Biogenic opaline silica 
was digested by boiling with 0.5 N NaOH (Bradbury and Winter, 1976). 
The organic matter  content  decreased rapidly above the basal peat to a 
level of about 10%. From --373 cm on a gradual increase up to 19% just 
below the surface peat was observed. The carbonate content  was highest 
just above the basal peat (+ 12%) and generally lower than 5% throughout  
the remaining part of the sequence. The biogenic silica content  varied from 
1 to 8% and showed no general agreement with the apparent corrosion of 
the diatom frustules. Investigation of  digested sediment showed that  nearly 
all diatom material was dissolved with exception of some highly resistant 
central nodules of Diploneis bombus. Sponge spicules appeared visibly 
unaffected, while sflicoflagellates were too scarce in the material to affect 
the percentages. Incomplete dissolution of diatom frustules using this method 
was also observed by Digerfeldt (1975). 
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Fig.1. Situation of the coring site. Area with outcropping Pleistocene coversands shaded. 

For  diatom analysis the core was sampled in thin slices every three to four 
cm. Organic matter  was removed following the method of  Van der Werff 
(1955). Carbonate particles were dissolved using 1 N HC1. Only the coarser 
sand grains were removed by decanting carefully, the risk of  altering the 
fossil assemblages being otherwise substantial (MSlder, 1943; Simonsen, 
1962; Schrader, 1973). Permanent slides were made from the residue using 
the mounting medium Cumaron (nrD: 1.65) and 40 X 24 mm cover glasses. 
A Leitz Orthoplan microscope equipped with differential interference optics 
according to Nomarski was used for their examination. Following a qualitative 
survey, counts of  at least 400 valves were made under high power  magnifica- 
tion. Fragments were counted using the method described by Denys (1984). 
Percentage frequencies were calculated for the distinguished taxa (Table II, 
Fig.4). Similarity between assemblages from successive levels was calculated 
by means of  Stander's index of  similarity, SIMI (McIntire and Moore, 1977, 
p.358; Fig.4). Groups of  taxa were made according to their ecological 
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Fig.2, Lithology and '4C chronology of the Calais deposits. 

T A B L E  I 

Results of the granulometric analysis (% d.w. ) 

4860 ~ 70 y .  B.P, 
3865 - 3385 y .  B,C. 
IRPA 518 (WOOD) 

5650 -+ 75 y ,  B.P. 
4685 - 4405 y .  B.C. 
IRPA 519 (PEAT) 

Grain size Depth (cm) 

(urn)  - -360  - -381  - -400  

2000 - -55  1.1 0.4 1.6 
55- -40  1.7 10.2 14.7 
40 - -20  7.2 32.4 19.9 
20- -10  1'2.9 13.7 12.2 
10--5  13.4 8.3 14.7 

5--2 14.7 7.3 11.8 
2--0 42.1 27.8 25,1 

preferences to obtain a number of  ecological spectra. Hereby the percentages 
of  taxa belonging to several groups at the same time were divided evenly 
among these groups. The halobion system of  Van der Werff and Huls (1957- -  
1974)  was applied to reconstruct the palaeosalinity (Fig.4). A generalised 
salinity curve was constructed using the formula: S = 7PM + 6BM B + 5pB M + 
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Fig.3.  Sed iment  c o m p o s i t i o n  and apparent  relative d ia tom corros ion  (1 = l i tt le ,  5 = marked) .  

4pB + 3pBF + 2pFB + PF, wherein PM = the relative frequence of  the group of  
marine taxa (M = marine; B = brackish; F = fresh-water), etc. Depending on 
the extent o f  the salinity range of  the taxa, the categories euryhaline, + 
euryhaline and others were applied (Fig.4). Planktonic, epontic and benthic 
diatoms were distinguished, while Fragilaria and Paralia were considered 
separate (Fig.5). The ratios of  assumed allochtonous to autochtonous 
components were calculated as in Beyens and Denys (1982): F-value = 
% allochtonous fresh-water component/% autochtonous salt-water compo- 
nent; M-value = % allochtonous salt-water component/% autochtonous fresh- 
water component (Fig.4). Following the classification of  Simonsen (1962),  
pseudampotiphilous (intertidal), ampotixenous (subtidal) and tide-indifferent 
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TABLE II 

Percentage composition of the diatom assemblages. 

DEPTH ( ¢11 be]ou s u H ' s c e  ) 3 4 9  3 5 3  3 5 7  3 6 1  3 6 5  3 6 9  373 3 7 7  3 8 1  3 8 5  3 8 9  3 9 3  3 9 7  4 0 0  404 408 412 415 

NIA~BER OF VALVES COUNTED 4 0 0  #BO 4 6 0  ~ ? 0  4 7 0  ~ 4 0  ~ 2 0  4zO ~ 0  # 1 0  4 7 0  4 1 0  4 1 1  ~ 1 0  4 8 0  4 ? 9  ~ 5 9  6 4 0  

A o A .  bz~ lP [ ,p~a  . . . . . . . . . . . .  - 0.2  + 0 .3  0 .2  + 0 .2  0 .2  0.2" 0 .5  0 .2  + + + + 0 .8  0 .2  

A o h .  b .  Yam. ~ n ' t ; e a . ~ ' ~  .. - + 

A o h .  ~ m Z 4 . o ~ Z 4 =  . . . . . . . . . .  - - - 0.5 + + 0.2 0.4 0.2 0.6 

A o h .  G ~ C ~  VaZ,.  ~uz,,amo. . - - - - + 

Ao¢ ' t~ ,o~ .  o o ~  . . . . . .  - + + - + + + 0 . 2  + + + + + + + 

A~'L='~mOp. ~=,.wzm4.1~a . . . . . . . .  + 0.9 2.0 0.7 0. u, 1.6 1.2 3.6 2.0 ~.2 I .  1 0.5 0.5 1.0 0.8 2.5 + 0.9 

Ao~op. ~p ~mW~a ....... - - - 

Am. o~m~z~z ............ - 

~. r.~.~,~ ............... - 0.2 + + 

Am. o v a ~ 4 ~  ............... - 

Am. o .  v e t o .  a f f ~ n ~ , o  . . . . . .  - 

. ~ .  o .  v a z , .  ~ , ~ Z u a  . . . .  - - 

A,. ~ , ~ z e ~  ......... - 0 .2  + 

A n .  e .  v a ~ .  ~ou~p~a= . . . . . .  - + 

AUZz~. c ~  . . . . . . . . . . .  + + + + ~" + + + 

A u ~ a c ' o ~ .  ~ . . . . . . . . .  - 0 . ~  

A u ~ o ~ .  O r a n a Z ~ t a  . . . . . . .  0.5 0.4 0.k 0.8 1.2  

+ 0 .2  

+ 0 .9  0 .2  

0 .2  

- 0.2 0 .2  0 .2  0 .8  + 0 .2  5 .0  + 

- 0 . 2  + 1 .6 .8  

- - 0 . 2  

. + + 

+ - 

+ 0.2 + + + 0.2 + + 

- - 0.4 0.4 IO.O O.q 

+ - + + 

Au~,~. ~o=Ip~ .......... + + + + - + + + + + 

B~:d. aZ ~m,nm~ ........... - 0.2 - - - 

B~. an~d 'g  Z ~  ....... - - + + - + + + + + 

~ .  r ~  t ~ u  ~ z  . . . . . . . . . . . .  - + + 

B~. ~ ............. - 0.2 0.2 0.2 + 0.2 0.2 + 0.2 0.2 0.8 0.2 + + 0.~ 0.2 - 0.2 

~.~: ~u~q~z ............ - - + 

O a Z .  ~ f m o # a  . . . . . . . . . . . . . .  - . . . . . . .  "-~ 0.2 

O a Z .  ~ u b ~ 4 . , ~  ........... - 0.2 ._ L 

C~zZ. t0~e~;'~4 . . . . . . . . . . . . . .  0 .5  2 .6  2 .0  1 .4  1 .3  6 .1  11.4 3 .6  1 .6  1 .7  0 .6  1 .5  1 .0  1 .8  0 .6  1 .0  

C.mnpg ~od. b ~ o o e t ~ : ~  . . . .  2.2  0.2 0.2 + 0.2 0.2 + 

Cm.pI~ Zod. o ZM~n., ....... + + + + + + + + 

Cm~dZod. e ~  ...... 0.2 + + 0.2 + • + 0.2 

C e z , = t .  mrR, t ,k 'b£ . . . . . . . . . .  - 

C o ~ .  d W ~ B ' £  . . . . . . . . . . . . .  - - - - 

C o o .  Fad -k~u l . u8  . . . . . . . . . .  - 

Coo. p~e~tl~Z= ......... - + 0.2 

C o o .  ~ ¢ e Z ~  . . . . . . . . . .  ° 0.q 

C o o .  a .  v s r .  p a e w  . . . . . .  - 

C o s e .  ~ n ~ a t u a  . . . . . . . . . .  " O.  2 

C o s o .  o o u l m ~ - ~ r ~  . . . . .  - - " - 

O S o .  ~ h ¢ . ~  . . . . . . .  - 

1 . 1  

+ 

+ - .- 

0.2 0.5 . + 0.2 0.~ 

+ 0~2 0.2 + 0.2 + + 0.2 

0.2 0.2 0.6 0.2 0.2 

• - + 0.6  0 .2  0 .2  -J 

0.2" + 0 .6  + 0.q 

0 .4  0 .2  + 1 .0  0 .6  

0.2 + 0.7 

+ - - 

- + + - 0,2 

_ - + 

C~'e. # t~f.¢=$.: . . . . . . . . . . . .  1 .0  0 .2  1 .5  0 .3  0. L~ 1.8  1 .9  1 .3  0 .6  0 .7  0 .6  1 .2  1 .5  1 .8  0 .2  0°8 + 1 .7  

~ .  s .  v , ~ .  ~ /~aZ. t ;na . .  - + - - - 

~ ¢ .  ~ Z g ~  . . . . . . . . . . .  - + + 0 .2  0 .2  0 .2  7 .3  11°1 13 .7  19.5 9 .q  5 .q  6 .5  + 8 . 9  

¢ " ~ .  ~ p m ' a  . . . . . . . . . . . .  - - + + + 6.  b, 0 . 6  

C' /~b .  1 ~ o s t .  v m " ,  m a r t s .  - - - - 1 .4  

De~. ma~.z.o 7. Z4z . . . . . . . . . .  - 0.W 1.1 1 .~ 0 .4  2 .0  0 .9  2 .8  2 .0  5 .8  4 .7  6 .1  6 .3  5 .8  2 .3  6 .5  + 4 .8  

D~m. m:,or .............. + + 0.2 0,2 0.2 + + - + - 

Dfa~. m. vaz,. ~ ....... - 0.2 + - 0.2 0.2 + 0.2 + 0.2 0.2 - 

~p. a e e ~ m . 1 ~  . . . . . . . . . . .  - - 0 . 2  0 . 7  0 . 7  0 . 6  + 

D i p .  ~ . . . . . . . . . . . . .  1 .7  1 .3  0 .9  2 .5  J0 .6  22 .7  3 .6  6 .2  W.1 1.2  2 .3  2.~. 0 .7  2 .3  8 .1  1 .7  - t . 7  

D~. ~ ............. - + - + + + + + - 

D£p. ~ . . . . . . . . . . . . .  20 .7  22 .8  13 .3  19.5 28.7 9 .3  11.7 5 .5  3 .9  3 .9  3 .8  1 .0  1 .2  W.3 17 .7  q . 0  2 .6  

De.p. a ' ~  . . . . . . . . . . . . . .  - - + - 

~ ,p .  /.nmn,uat.¢ . .  . . . . . . . .  + + 0 .2  - - + - 

D ~ p .  ' { nC4mrup~  . . . . . . . . .  - 0.a+ 0 .2  0 .9  1°9 1.t+ 0 .9  0 .4  0 .8  0 .2  0 .2  0 .2  0 .7  0 .6  2 . 1  0 .6  0 .7  

Z>~p. OSZ. v m . .  ~..=Z'~ . . .  - - - - + 

D'£p. ~ ,./~.£ . . . . . . . . . . . .  1 .0  0 .6  1 .1  2 .8  - 1 .1  2 .6  0.q" 0 .8  0 .2  0 .8  1 .5  1 .5  1 .E ~.S 0 .6  + 0 .7  

D ~ p .  ~ Z ~ w ~ m  . . . . .  - - + + - + • - - '  + - 0 . 2  - 
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D i p .  w~i~o~ii . . . . . . . . .  - 

~ p .  t u r ~ d a  . . . . . . . . . . . . . .  + ÷ 

~ m o t i a  ~ e ~ i n a l i e  . . . . . . .  - 

~ n o t i a  p .  v a t .  minor . . . .  - 

~notia p~r. vat. inf,. - 

E~notla va~da .......... ~ - 

~to~. d~bi~, .......... - 

~moto~. marin~m ......... - 

~. brevistrlata ......... - 

Er. capi~ ............. - 

Ft. eonst, vat. 8,Bsalina - 

Ft. con8~, vat. ~enter ... - 

Ft. i8~a~ffyi ........... - 

F~° pinna~a .............. - 

Ft. p~lehella ............ - 

Er. t41mlata ............. - 

DEPTH ( all b e l o w  s u r f a c e  ) 3 4 9  3 5 3  3 5 7  3 6 1  3 6 5  3 6 9  3 7 3  3 7 7  3 8 1  3 8 5  3 8 9  3 9 3  3 9 7  4 0 0  4 0 4  4 0 8  4 1 2  4 1 5  

NUI~ER OF VALVES COUNTED 400 460 460 570 470 440 420 470 510 420 470 420 422 510 480 479 5Z9 540 

+ 0 .2  0 .2  0 ,2  + 0 .2  + + 0 ,2  0 .2  + + 0 ,2  0 .2  0 .2  

0 .5  + + 2 .1  

0 .2  

+ + + + ÷ + 0 .9  

. . . . . .  .1.2 

0 . 7  

+ 

+ 0 .4  

0 .2  + - 0 . 2  

0.2 0.2 

1 .0  0 .6  + 0 ,2  - 

+ 0.2 

0.2 0.2 - - 

0 .2  O.q 1 .0  2 .9  .1.2 + 0 .6  0 ,4  

÷ 

0.2 0.2 0.2 0.2 

0 .4  + 

÷ - 

+ 

0 , 4  .1.9 3 .2  2 .~  1 .5  0 .6  0 .4  2 ,5  + ~ .S  

1 .2  

+ 

- + - + + + 

F t .  t .  v a t ,  o b t - ~ e a  . . . . . . .  - + 0 , 2  

~ .  t .  v a ~ .  t a ~ z n o a t a  . . . . .  - + 

Go~. acumin, vat. b~ebis. - 

Go~. a. va~. directa ..... - 

G~m. a. vat. pantocsekii . - 

Com. a. vat. pmsilZa ..... - 

~ ,  a .  vat, trigonoceph. - 

Com. gracile vat. ~ajor .. - 

Gore. int-~icat, va~. vibrio - 

~,. m-~,owli ............ - 

C~m. p~r~al~m ............ - 

Gem. tru~cat~ ........... - 

Gr. a n ~ Z o s a  . . . . . . . . . . . . .  - 0 . 4  0 .2  0 ,3  0 .2  0 .2  

~ " ,  o c e o ~ q i ~  . . . . . . . . . . . . .  1 .0  0 .9  + 0 .7  0 .2  

Or. o. vat, macilenta .... + + 0 .4  

Gr. eerp~ti~ ........... + 0,2 0.4 - 

G~r. baZti~ ............ - + 

~dr. litorale ............ - -" 

H~t. amphiog~s . . . . . . . . . .  - 

HyaZ. acotic~s . . . . . . . . . . .  - 0.2 

~t. ~ila ............. - 

4 .6  - 

- 1 ,2  

- 1 , 2  

- + 

O, 5 - 

- 2 . 1  - 

+ ÷ - 

+ - 

0 . 2  

M e l .  ~ 8 t i i  . . . . . . . . . . . . . .  21 .0  15 ,4  5 ,9  .14.2 2 . 1 . 1  % 0  7 ,6  i 6 , 2  25 .9  7 ,6  4 .0  3 .2  5,.1 6 , 7  5 .6  2 .1  

N&,J. ab~t~ ............. - 0.2 + 

NaY, c ~ o i t ,  v a t .  h u n g a r i c a  - 

N a y .  c r u c i ~ u ~ o l d e e  . . . . . . .  - 

Ncm. cr~cifera ........... - 

N ~ O .  d i ~ o z ~ d g ~ x  . . . . . . .  - - + 

~. d, vat. mini~ . . . . . .  - ÷ 

N a Y .  e ~ Z i s  . . . . . . . . . . . . . .  - 

Na¢.  hzanez,oea . . . . . . . . . . . .  - 

tlm;. Zanoeo Za~a .......... - 

ItEZ~, t nc : zZ~  . . . . . . . . . . . . . .  0 . 2  0 . 2  + + + + + + 0 ,4  0 ,2  0 ,2  + + 0 .2  1 .0  0 .6  

N c m ,  m u t i e a  .............. - + 

Na~. paIpebralla ......... - - 0.2 

N~,  p gz~z~m~z  . . . . . . . . . . .  4 . 0  1 , 7  0 .3  0 .7  + 0 .5  0 .~  0 .5  + 0 .2  0~4 0 ,6  :11.6 1 ,$  

NaY.  p. v ~ .  ~ingensie - + 

N~;. p'~u~ .............. - - - 0.2 

N~. pusilla ............. - - + 0.5 0.2 

N a Y ,  r a d i o s a  . . . . . . . . . . . . .  - - - - 1 .8  

0 .8  0 ,2  0 .2  0 .6  + 0 ,2  0 .2  0 ,2  0 ,6  

0 ,5  0 ,4  + + 0 .4  + 0 .5  

0 .2  

0 ,2  0 .2  0 .2  0 .2  - - 0 . 2  

+ .+  0 . 2  0 ,2  0 .2  - 

- 4- 

- 0,4 + - 

0.2 ~ 

3.7 

0.2 L 

0 .5  

0 ,2  

0 .2  

+ 0 ,2  0 .2  + 0 ,2  0 .2  + - ,  

+ 0 , 8  ] , 0  2 . 2  1 .0  0 .2  0 .8  + 1 .5  

+ -~ - 

+ - _ 

+ 

+ -p _ 
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TABLE II (continued) 

DEPTH ( c~ below surface ) 349 353 357. 361 365 369 373 377 381 385 389 393 397 400 404 408 412 415 

NUNBER OF VALVES COUNTED 400 480 4co 570 470 440 ~2o 470 .520 4~0 470 41o ~J1 .51o 480 4;'8 '~'~9 8~o 

Xa~. ~ o ~ , p l = ~  ...... - - - - + 

I~. ~4ZZo~cZ~ ........ - - - - + 

l~&~. =ff. va~. ~,p54~h. . - . . . .  + 

N4~:. O~'~,=z ~ . . . . . . . . . . .  - + + - + + 0.2 0.5 0.4 1.3 0.6 

/~t% ~ : .  yam. eu.,boo~a~;. - - - - + 

/~. g~'m,~ Z~z~z ........... - 0.2 3.3 0.9 1.5 0.7 ~i.~I 1.1 1.0 0.5 3.1 1.5 0.5 1.2 0.4 2.1 + 0.9 

A'~. /tu~ ~d~'~ ......... - - - 0.5 1.0 0.2 + 0.6 

Rf, t .  ~l~4811Z4m~e . . . . . . . . .  33.0 31~.3 37.2 21.2 6.2 13.2 25.0 8.3 6.1 5.~ 5.7 2.4 3.2 7.6 11.5 5.0 + 5.7 

~t. o/>~ vaz-. s~zZl~Z. - + 

~ t .  I ~ 2 " o ~  e ....... - - - - 0.2 + + 0.9 + 0.2 + + 0.2 0.8 
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taxa were considered (Fig.6). The pH spectrum was based on Hustedt's 
classification (Hustedt, 1939a),  while in the spectrum reflecting the trophic 
conditions the categories eutrophic, mesotrophic and oligotrophic were 
used (Fig.7). On the percentage data 95% confidence limits were calculated 
according to the formula of  Mosimann (1965,  p.643).  A data coding method 1 
(Denys and Lodewijckx, 1984)  and a Minc/Declab 23-RT system were used 
to  facilitate the calcu]ations. 

,,+ I + J l  I ,+- 
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I f 
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+- ÷ I 
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++++ 
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+ -  ~ -  

-4-- ~ -  
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Fig .6 .  Life form spectra.  

1 The  t a x o n o m i c a l  list and the auteco log ica l  data used, can be requested  from the author.  
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RESULTS 

Diatom zones 

To facilitate the presentation, discussion and future comparison of  the 
results, the diagram was zoned as follows: 
- -  SD1, - - 415  to - -413  cm: Assemblage of  mainly marine and marine-- 
brackish taxa. Paralia sulcata dominant,  Scoliopleura tumida, Cymatosira 
belgica and Rhaphoneis amphiceros abundant. 
- -  SD2, - -413  to - -410  cm: Taxa from fresh and brackish water predominate. 
Amphora libyca and Nitzschia scalaris are codominant.  
- -  SD3, - - 410  to - -375  cm: Mostly marine and marine--brackish diatoms. 
Paralia sulcata generally dominant.  Scoliopleura tumida and Rhaphoneis 
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amphiceros frequently abundant.  The lower part of  the zone is characterised 
by Nitzschia punctata, the middle by Cymatosira belgica and the upper part 
by  Melosira westii. 
-- SD4, --375 to  --367 cm: Increase of  brackish-water diatoms. High percent- 
ages of  Nitzschia navicularis. Diploneis didyma, D. bombus and Scoliopleura 
tumida reach important  values. More than 5% Caloneis westii. 

- -  SD5, --367 to --363 cm: Increase of  taxa favouring a somewhat  higher 
salinity. Diploneis didyma dominant.  More than 20% Melosira westii. Nitzschia 
punctata acme. 

- -  SD6, - -363  to --349 cm: Increase of  brackish-water taxa. Nitzschia navicu- 
laris dominant,  Diploneis didyma and Melosira westii subdominant.  

Diatom assemblages and palaeoenvironment 

Zone SD1 
Marine diatoms are most  abundant  (+ 40%). Paralia sulcata is the most  

important  species belonging to this group. This diatom, although normally 
benthic, may also form important  planktonic populations (cf. Louis et al., 
1974). For this reason it was kept  separate in the life form spectra (cf. 
Miller, 1964). The species is euryhaline but  optimal growth occurs at salt 
concentrations of  2.5--3% (MSlder and Tynni, 1967). Marine--brackish and 
brackish--marine taxa are rather well represented (+- 20% each) with the 
epipsammic Rhaphoneis amphiceros and the epipelic Scoliopleura tumida 
respectively as their most  important  species. Both taxa are reported to have 
a rather large salinity range. In general the salinity during this phase was 
situated in the marine to marine--brackish region, which explains the halt 
in the formation of  the Phragmites peat; in the temperate zones the growth 
of  Phragmites australis is limited by soil chlorinities above 1.2% (Ranwell 
et al., 1964). The dominance of  benthic forms indicates a shallow water 
environment.  Moreover, the assemblage points to deposition between the 
tidal limits; ampot ixenous diatoms are scarce, tide-indifferent taxa are 
dominant  (-+ 47%), while pseudampotiphilous diatoms, such as Scoliopleura 
tumida and Rhaphoneis amphiceros, are quite common (+ 25%). A tidal 
flat environment therefore seems very plausible. 

Zone SD2 
The tidal flat phase which is represented by only a very thin layer of  sedi- 

ment,  was succeeded by a much less saline environment. The marine and 
marine--brackish taxa disappear almost completely and fresh--brackish dia- 
toms in particular become abundant  (+ 58%). Amphora libyca, Nitzschia sca- 
laris, Navicula peregrina, Aulacosira ambigua and Gomphonema acuminatum 
varieties are the main consti tuents of the assemblage. Some large Pinnularia, 
such as P. brevicostata and a taxon most probably belonging to P. viridis are 
rather numerous. Cymbella aspera is also fairly common,  while chrysophycean 
cysts are abundant.  Some of  the taxa (Navicula peregrina, Nitzschia scalaris) 
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prefer slightly brackish water. In coastal areas, however, the latter species in 
particular is often found in quite fresh but mineral- and nutrient-rich inland 
waters, where it can flourish rather well (Eronen, 1974;  Germain, 1981).  The 
bulk of  the assemblage consists o f  benthic diatoms (-+ 62%). Epontic as well 
as planktonic taxa are much less important, indicating very shallow condi- 
tions. The marked fragmentation of  the Nitzschia scalaris valves is probably 
due to wave action. Macrophytes are believed to have been rather scarce. 
The epiphytes present (Cymbella, Epithemia, Gomphonema) probably lived 
mainly on the remaining reed stems. The spectra for hydrogen-ion concentra- 
tion (Fig.8a) and nutrient content (Fig.Sb), indicate the slightly alkaline and 
eutrophic nature of  the water. Judging from the pH-optima of  some of  the 
important species (pH 8.2--8.4 for Amphora libyca, pH 7--8.5 for Cymbella 
aspera according to Cholnoky, 1968),  the pH was probably between 7.5 and 
8.5 most  of  the time. The acidophilous species were mainly washed in from 
the nearby surroundings. The most  likely sedimentary environment is a very 
shallow swampy lagoon or pool  with nearly fresh water. Desalination pro- 
ceeded rapidly due to precipitation and inflow of  fresh drainage water. Only 
sporadically did some salt water reach the basin. 

Zone SD3 
This zone represents a period of  increasing marine influence. Although 

the diatom succession corresponds to a more or less gradual salinity increase, 
important and abrupt shifts in the abundance of  separate taxa occur through- 
out  the zone, giving it a somewhat  heterogenous aspect. The evolution of  
SIMI clearly visualises this phenomenon and indicates that the major changes 

P L A T E  I 

1. a- -b .  Aulacosira ambigua (Grunow) Simonsen 
2. a--b .  Melosira westii W. Smith 
3. Paralia sulcata (Ehrenberg) Cleve 
4. a--b .  Cymatosira belgica Grunow 
5. Delphineis surirella (Ehrenberg) Andrews 
6. Rhaphoneis amphiceros Ehrenberg 
7. Diploneis bombus Ehrenberg 
8. Diploneis d idyma Ehrenberg 
9. a - -b .  Navicula peregrina (Ehrenberg) Kfitzing 

10. Caloneis westii (W. Smith) Hendey 
11. Pinnularia brevicostata Grunow 
12. Pinnularia viridis (Nitzsch) Ehrenberg 
13. a--b.  Pinnularia sp. 1 (cf. P. viridis) 
14. Scoliopleura tumida (Br61isson) Rabenhorst 
15. Cymbella aspera (Ehrenberg) Cleve (narrow specimen) 
16. Amphora libyca Ehrenberg 
17. Gomphonema acuminatum Ehr. (intermediate between var. brebissonii(K~tzing) 

Grun. and var. clavus (Br6bisson) Grunow 
18. Nitzschia navicularis (Br6bisson) Grunow 
19. Nitzschia punctata (W. Smith)Grunow 
20. Nitzschia scalaris (Ehrenberg) W. Smith (apex) 

Scales indicate 10 urn) 
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Fig.8. pH- a n d  n u t r i e n t  spec t r a  o f  t he  a s semblage  f r o m  SD2.  

in the assemblage composition are found at the beginning and at the end of 
the sedimentary phase. In the lower part of the zone the brackish--marine 
Nitzschia punctata and the brackish Nitzschia navicularis remain relatively 
important.  The marine--brackish, euryhaline, Diploneis didyma reaches 
almost 20% at the --404 cm level. Above this level these species are rapidly 
replaced by taxa requiring more marine conditions. To start off  with, Paralia 
sulcata and Cymatosira belgica proved to be successful, while at the top the 
assemblage is characterised by Paralia sulcata associated with Melosira 
westii. According to MSlder and Tynni (1967) the optimal salinity of the 
latter species is about 3%. The gradual rise in salinity is not  only reflected 
by the salinity spectra, where the marine group increases in importance, but 
also in the behaviour of the groups euryhaline and -+ euryhaline and in the 
M-values. The index S gives, by its very nature, only a limited idea of this 
rather subtle change. All by all it appears that  the salinity increased from 
brackish--marine to marine--brackish (below --400 cm) through a marine 
to marine-brackish stage (between --400 and --385 cm) to a fully marine 
environment (--389 to --377 cm). Throughout the water remained shallow. 
The slight rise in planktonic diatoms at about the middle of the zone may 
well be more closely related to somewhat altered sedimentary conditions 
than to an actual increase in the mean water level. Intertidal deposition is 
indicated by pseudampotiphilous species such as Rhaphoneis amphiceros, 
Scoliopleura tumida and Delphineis surirella. The decline in typical intertidal 
diatoms at the top of the zone is caused mainly by the increase of Melosira 
westii, a species not  yet  classified in Simonsen's system. Hustedt (1939b) 
mentions this Melosira, together with, e.g. Paralia sulcata, as one of the 
quantitatively more important  members of the German tidal flat flora. 
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Zone SD4 
A sudden drop in the salinity follows the fully marine period. Nitzschia 

navicularis becomes the most  important  taxon and Caloneis westii, another 
brackish euryhaline species, reaches its acme. The brackish group represents 
about 40% of the assemblage at the beginning of the phase. In this case it is 
clearly autochtonous.  According to Brockmann (1950)Nitzschia navicularis 
and Caloneis westii are most common on the higher silted-up parts of the 
tidal flat. Round (1960)also foundNitzschia navicularis to be most abundant  
on the upper and middle parts of the salt marsh he studied. When at the 
--369 cm level the marine group exceeds the brackish taxa quantitatively, 
the beginning of yet  another salinity rise is indicated. Diploneis bombus, a 
marine euryhaline species, becomes the most important  diatom. 

Zone SD5 
Taxa from brackish water have become scarce (Nitzschia navicularis for 

instance is represented by no more than + 4%), while marine--brackish 
(Diploneis didyma) and marine species (Melosira westii) are most prevalent. 
Nitzschia punctata reaches +13%. The F-value is low. The salinity increase 
which had already started in the previous zone has now reached its full 
expression. Benthic euryhaline diatoms which are indifferent to tides pre- 
dominate while no increase in planktonic taxa is observed. Therefore it 
seems probable that  the actual depth of the water did not  increase very 
much. In any case the tidal flat remained. 

Zone SD6 
Again the brackish euryhaline group increases. Nitzschia navicularis 

rapidly becomes the dominant  species. The F-value is very low while an 
important  quanti ty of  marine and marine--brackish diatoms remains present. 
Cymatosira belgica is considerably reduced but Paralia sulcata still shows a 
peak at --357 cm, at which point Melosira westii and Diploneis didyma 
decrease. Navicula peregrina reappears at the top when the salinity is at its 
lowest. The dominance of  benthic forms and the quasi-absence of plank- 
tonic taxa is striking. The SIMI values illustrate the gradually changing 
composition. The silting-up of  the area from a high tidal flat to a salt- 
marsh environment near the upper tidal limit is clearly reflected. The fresh- 
water influence remained rather unimportant  and the process of  infilling 
apparently determined the environmental change. The abrupt end of  clay 
deposition might indicate that  the area was cut off  from the marine influ- 
ence quite rapidly. Curiously enough the clay is overlain directly by fenwood 
peat. A transitory Phragmites peat, as is commonly found in the area (Belpaire, 
1855; Stockmans et al., 1948; Moormann, 1951 ; Stockmans and Vanhoorne, 
1954), is lacking. Nevertheless the appearance of numerous Poaceae 
phytoli ths in the last few cm of  clay suggest a local grassland vegeta- 
tion. Moreover, the diatom valves in the upper part of the core are rather 
badly corroded (see Fig.3). Such corrosion may result from a more or less 
prolonged period of exposure of the sediment to the air (Brockmann, 1940; 
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Pals et  al., 1980) .  E x t r a c t i o n  of  d i a t o m  silica f r o m  the  s ed imen t  by  the  vege- 
t a t i on  m a y  have also occured  bu t  is no t  a p p a r e n t  f r o m  the  biosilica measure-  
ments .  Perhaps  this was obscured  by  a silica c o n t r i b u t i o n  f r o m  the  phy to l i ths .  
Nevertheless ,  it seems p r o b a b l e  t h a t  the  fen-car t  did n o t  deve lop  i m m e d i a t e l y  
a f t e r  the  subs t ra te  became  available.  R a t he r  it on ly  s ta r ted  to  grow when  
cond i t ions  beca m e  m o r e  favourable .  

CONCLUSIONS 

The d i a t o m  analysis  o f  the  core  clearly shows a m u c h  m o r e  d i f f e ren t i a t ed  
succession of  pa l aeoenv i ronm en t s  than  one  would  expec t  on the  basis o f  
the  r a the r  u n i f o r m  l i thology.  

The  g rowth  o f  the  basal pea t  came  to  an end  as a result  o f  a sudden  inunda-  
t ion  by  highly saline wa te r  giving rise to  mar ine - -b rack i sh  flat  condi t ions .  
This first  i nunda t ion  had  an ephemer i c  charac te r  and on ly  a l i t t le s ed imen t  
was depos i t ed  be fo re  a m a r s h y  lagoonal  e n v i r o n m e n t  wi th  near ly  c o m p l e t e l y  
fresh wa te r  evolved.  A p p a r e n t l y  the  area  was still e f fec t ive ly  shel tered f r o m  
the  mar ine  inf luence.  The  fol lowing incurs ion o f  the  sea howeve r  was of  
grea ter  impor tance .  A ma jo r  sed imen t  accre t ion  occured  under  increasingly 
m o r e  saline t idal  f la t  condi t ions .  The  c o m p l e t e  change in sal ini ty was no t  
e f f ec t ed  f r o m  the start ,  bu t  h a p p e n e d  in the  course  o f  two  no t  very  pro-  
n o u n c e d  steps.  Af te r  this mar ine - -b rack i sh  to mar ine  per iod  an ab rup t  
reversal  to  m u c h  m o r e  brackish  cond i t ions  fo l lowed.  In the  t rans i t ional  
per iod only  a few cm of  s ed imen t  accumula t ed ,  while indica t ions  of  eros ion 
are lacking. T h e r e f o r e  it seems i m p r o b a b l e  t h a t  this evo lu t ion  resul ted  f r o m  
a mere  local si l t ing-up of  the  area. More  l ikely changes in the  m o r p h o l o g y  o f  
the  seaward  area, poss ib ly  the  d e v e l o p m e n t  o f  a barr ier  sys t em,  p layed  an 
i m p o r t a n t  role here.  Once  again an increase in the  mar ine  inf luence occured  
and  this t ime  its t races  are qui te  well marked .  I ndeed  at  the  - - 3 6 9  cm level 
a r e tu rn  to  mar ine - -b r ack i sh  condi t ions  can be observed.  He rea f t e r  a gradual  
evo lu t ion  to  a brackish  s i tua t ion  t o o k  place  which  can be accredi ted  to  the  
fu r the r  si l t ing-up o f  the  a l ready ra the r  highly infilled area. No tab le  is the  
obse rva t ion  t h a t  no  indica t ions  were  f o u n d  for  a t ru ly  lagoonal  env i ronmen t .  
In ou r  op in ion  the  t idal  in f luence  remained .  Final ly  a salt  marsh  wi th  s o m e  
grass cover  exis ted  for  some t ime,  a f te r  which  a fen-carr  deve loped  as a 
resul t  o f  a rise in the  wa te r  table .  

The  evolu t ion  o f  the  s e d i m e n t a r y  e n v i r o n m e n t  as discussed above  was 
s t rongly  inf luenced  by  several mar ine  incursions.  The  first  two ,  s i tua ted  at 
t he  t o p  and  jus t  above  the  basal p e a t  respec t ive ly  are p r o b a b l y  to  be con-  
s idered as belonging to a single larger event .  Peat  f r o m  i m m e d i a t e l y  be low 
the  co r re spond ing  level {--1.04 m T.A.W. ~) was da ted  at a b o u t  5650 B.P. 
Taking  into ac coun t  the  low-energy  e n v i r o n m e n t  involved  and  the  good  

~T.A.W.: Tweede Algemene Waterpassing = Second General Levelling. The Belgian 
Ordinance Datum. The T.A.W. zero-level corresponds with --2.32 m N.A.P. 
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correspondence with other  age determinations of  the top  of  the basal peat in 
the area, this date is believed to represent the termination of  the peat growth 
at the site. Nevertheless contamination with younger plant remains (e.g. 
Phragmites rhizomes) might have influenced the result. Chronologically this 
event can be situated during the Calais II transgression as dated by Roeleveld 
(1974), Griede (1978) and others. The second transgressive event of  some 
importance is situated at the --0.58 m T.A.W. level, but  no radiocarbon 
dating proved possible in this case. As the renewed peat growth may be 
correlated with the end of  the Calais III transgression in the region (Baeteman, 
1981a), it is possible that  we are dealing here with the onset of  this trans- 
gression. This phase is dated to about  5000 B.P. in the northern Netherlands 
(Roeleveld, 1974; Griede, 1978). 

It should be stressed that the data presented here are derived from one 
single core and that the record will be representative for only a very limited 
part of  the quite heterogenous western coastal plain. A more holistic recon- 
struction of  the Holocene development  of  this area will require the examina- 
tion of  substantially more material. Achieving this goal will largely depend 
on a critical interdisciplinary evaluation of  all the available data. It is believed 
that  the information which the diatom record can yield will prove to be 
particularly valuable. 
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