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Sommaire. —  A Langelede,  d a n s  le n o rd -o u es t  de la  Belgique, un 
d iag ra m m e  p o l l in iq u e  d i s c o n t in u  a été da té  com m e weiehselien  
t a rd ig lac ia i re  s u r  la base  de la l i th o s t r a t ig ra p h ie  locale e t  des d a ta ­
t ions au C14. La com pos it ion  po l l in iq u e  est  p ro fo n d ém e n t  différente 
de celle d ’a u t r e s  d ia g ra m m e s  c lass iques  en ra ison  des fa ib les  p o u r ­
centages d ’A I \  en p a r t i c u l i e r  lie tu lu ,  e t  des pourcen tages  élevés 
de NAP. Le d év e lo p p em en t  de la végétat ion  es t  lié à l ’in s tab i l i té  des 
couches sab leuses  superficielles dues à l’act iv ité  éolienne.  Le d i a ­
g ram m e p ré sen té  ici p eu t  ê tre  considéré  comm e re p ré se n ta t i f  de la 
végéta t ion  d a n s  les rég ions  de sab les  de co u v er tu res  p e n d a n t  le 
T ard ig lac ia i re .

Introduction.

Laie-Glacial po llen  d ia g ra m s  fro m  Belgium , the N e th e r lan d s ,  n o r ­
th e rn  G erm any, a n d  D e n m a rk  are  genera lly  ra l l ie r  s im i la r  in th a t  
they  show  fa ir ly  h igh  B e tu la  p e rcen tag es  d u r in g  th e  Bolling  time, 
low percen tages  o f  B etu la  a n d  h igh  pe rcen tages  of h e rb s  d u r in g  the 
E a r l ie r  D ryas, h ig h  p e rc e n ta g es  of Betu la  d u r in g  the  Allerod and  
also of P in u s  d u r in g  the u p p e r  p a r t  of this time, a n d  so m ew h a t  
low er percen tages  of B etu la  and  P in u s  com pared  to  the Allerod d u ­
r in g  the L a te  D ry a s  t im e  ( V a n h o o h n i - : ,  1954 ; V e r b r u g g e n ,  1979, 
V a n  d k h  H a m m e n ,  1951 ; C l e v e r i n g a  et ah, 1977 ; B e h r e ,  I960 ; 
U s i n g e r ,  1975 ; I v e r s e n ,  1954).

F ro m  L angelcde  (coo rd ina tes  5 1 ° i r 5 0 ”N, ,T'52’00”E) in F la n d e rs  
in Belgium, a d ifferen t com posit ion  of a Late-Glacial pollen  d iag ram  
is found  and  the  vege ta t ion  deduced  h e re f ro m  is re la ted  to the  fo r ­
m er g eom orpho logy  of d ry  eoversand  r idges  and w e t depress ions .
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Outline of the geom orphology.

Langelede  is s i tu a ted  in  the  F le m ish  valley w h ich  is a P le is tocene  
valley sy s tem  th a t  d ra in e d  in to  the  N o r th  Sea a rea  (T av e r n i e r  and  
De M o o r ,  1974 ; De M o o r  a n d  H e y s k ,  1974).

D u r ing  the  U pper  P len ig lac ia l  a n d  the Late-Glacial of the W eich-  
selian, the  n o r th w a rd  d ra in in g  d irec tion  of th is  valley becam e d a m ­
m ed by w est-eas t  r u n n in g  aeolian  san d  r idges  (Fig. 1, lb),  the  so- 
called coversand  r idges, w h ich  h e re  are  m ore  th a n  90 lini long 
( H e y s k  a n d  De M o o r ,  1979). T he  sa n d  th a t  com poses these ridges 
cam e from  the  n o r th  w h e re  a  defla tion  a re a  is found  w ith  a  pebble 
layer on top (Fig. 1, le) [ H e y s k ,  1979a] .

D ur ing  the Holocene the  low er (n o r th e rn )  p a r t  of the  F lem ish  
valley becam e  in u n d a te d  b y  D u n k i r k  t r a n sg re ss io n s  (u n t i l  4 m  above 
p re se n t  sea level, O.P.) a n d  clayey sed im en ts  w ere deposited  on p a r ts  
of the  defla tion  su rface  (Fig. 1, II).

T he  co versand  r id g e  in  w h ich  the  Langelede  excava tion  w as  s i tu a ­
ted  (Fig. 1, lb) is ab o u t  3 k m  w ide  a n d  rises  a  few m e tre s  above the  
s u r ro u n d in g  flat a rea s  (Fig. 1, la  a n d  le). It s lopes up  to 4 % tow ards  
the sou th , w h ile  the  n o r th e rn  slope is very gentle  ( H e y s k , 1 9 7 9  a, b).

T h e re  is  a  m ic ro m o rp h o lo g y  of sm all  r idges  a n d  i r re g u la r ly  s h a ­
ped, e longated  dep re ss io n s  on the  la rge  ridge. E as t-w es t  o rien ted  
ridges a re  d o m in an t ,  b u t  so u th w e s t-n o r th e a s t  ru n n in g  ones are 
found  as well. F u r th e rm o re ,  small du n e  fiels a n d  p a rab o l ic  d u n es  
a re  som etim es  la te r  deposited  upon  these sm alle r  r idges  ( H k y s e ,  
1979 a).

Stratigraphy.

In  the  Langelede  excava tion  six types  of se d im e n ta ry  u n i ts  were 
d is t in g u ish ed  : o lder  a n d  y o unger  coversands, d u n e  sands, iluvio- 
perig lac ia l  deposits ,  lake  sed im ent,  and  organic  deposits .

T he  older co v e rsan d s  a re  aeo lian  sed im ents  bu il t  up of w hite -  
g rey  san d  layers  a l te rn a t in g  w ith  grey  loam  or s a n d y  loam layers 
(com pare  V a n  d e r  H a m m e n  el al., 1 9 6 7 ) .

T h e  y o u n g e r  cov e rsan d s  a re  well sorted, yellow- lo white-yellow, 
ho r izo n ta l ly  or  subh o r izo n ta l ly  layered  m ed iu m  to fine g ra ined  aeo­
l ian  san d s  (com pare  V a n  d e r  H a m m e n  et al., 1967). S leeper s loping 
lam in ae  can  occasionally  be seen.

T h e  d u n e  san d s  a re  r a th e r  s im i la r  Lo the  y o u n g e r  coversands  in 
co lour  a n d  com posit ion  b u t  they  a rc  generally  loosely packed  and 
often  have s teep ly  s lop ing  l a m i i ^ j ^  (V2W)
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Im«. 1. —  O utl ine  o f  the  geom orpho logv  in the  F lem ish  v a lley  a r o u n d  Langelede.
1 a : f luvio-perig lacia l  deposi ts  ; b  : coversand  com plex  ; c : def la tion  surface  ; 

2 : coas ta l  p la in  ; 3 : c lay  deposi ts  ; 4 : creeks ; 5 : sand  deposi ts  (coversand 
ridge) ; (i : co n cav ity  in coversand  r idge ; 7 : convexi ty  in co v ersan d  ridge ; 
8 : l a rg e r  d ep ress io n  in coversand  r idge  ; Í) : l a rg e r  s u m m i t  in coversand  ridge ; 
10 : r idge com plex  in coversand  ridge ; 11 : dunes ; 12 : gravel  su r fa ce  (deflation 
su rface )  ; 13 : dike ; 14 : cana l  ; 15 : h ig h w ay  ; If) : s ta te  b o rd e r  ; 17 : village 
cen te r  ; 18 : Langelede  excavat ion  w i th  si te  of prolile.
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T h e  fluvio-periglacial deposits  c o n s i s t  of san d  w i th  a few loam  la­
m inae .  Invo lu tions  and  f ro s t  f issu re  casts  a re  p re sen t ,  a n d  cross­
bed d in g  som etim es  occurs.

T h e  lake  sed im en t is genera lly  h o r izon i  ally lam in a ted  san d  tha t  
m a y  have  sm all-sca le  cross-bedding. T h in  layers  of organ ic  m a te r ia l  
m a y  he in te rca la ted .  L a tera lly ,  to w a r d s  the  sou theas t ,  th e  lake  sedi­
m e n t  becom es ca lcareous  a n d  finally  passes  in to  a m ar l  (De M o o r  
a n d  H k y s e ,  1978 ; H k y s e  a n d  De M o o r ,  1979).

T h e  o rgan ic  deposits  consis t  of t h in  m oss  layers, w e a k ly  organic  
loam y sand , o r  fa ir ly  com pact, s l ig h t ly  s a n d y  or loam y pea t  layers.

T he  lithological section w h ic h  is sh o w n  sch em atica l ly  in Fig. 2 
h a s  i luv io-perig lacial sed im en t a t  the  b o t to m  (below 2.36 m ) .  Pebbles 
m a y  occasionally  be found  a t  the  top (at 2.36 m ) .  T h is  la y e r  is te r­
m e d  the  laye r  of M iddelburg  (De M o o r  a n d  H k y s e ,  1972) a n d  litho- 
s t r a t ig ra p h ic a l ly  it  p ro b ab ly  co r re sp o n d s  to  the B en n in g en  Gravel 
Bed in  the  N e th e r lan d s  (com pare  V a n  d e r  H a m m e n  et al., 1967). 
F ro m  2.36 m  to 1.94 m  the sec tion  is com posed of an  u n d is tu rb e d  
o lder  coversand  deposit w i th  a few w e a k ly  o rgan ic  horizons. Shal­
low, very  n a r r o w  (max. 2 cm w ide), vertical fissures  (frost fissure 
ca s ts  ?) w e re  occasionally  seen in th is  deposit .  F ro m  1.94 m  a  se­
qu ence  of a l te rn a t in g  y o unger  coversand  deposits  a n d  o rgan ic  layers 
is seen. V ertica l roo tle ts  a re  p re se n t  th ro u g h o u t  the w ho le  profile, 
a n d  la te ra l ly  in  th is  deposit, single, sm all ,  vertica l  f issu res  w ere p re ­
sent.

T h e  o rgan ic  layers, VI, V2, and  V3 (from b o ttom  to top, see 
Fig. 2) w ere  only a  few c en t im e tre s  thick. V I a n d  V2 w e re  a lm ost 
h o r izo n ta l ,  w h ile  V3 w as  o n d u la t in g  o r  involuted , the  single involu­
t io n s  being  up  to 20 cm deep. L a te ra l ly ,  in to  the coversand  ridge, V3 
passed  in to  a  hu m ic ,  sl ightly  pea ty  la y e r  w ith  pieces of charcoal.

It w as  no ted  th a t  a well developed  podzol w as  p re se n t  on top of 
the  y o u n g e r  coversand  deposit  in  o th e r  p a r t s  of the  pit. T h is  podzol 
is locally  overla in  by du n e  sand.

F ro m  inves tiga t ions  w ith in  the  w ho le  pit and  its su rro u n d in g s ,  
a n d  f ro m  the palynologieal record , it  is concluded  th a t  th e  sa m p ­
l ing  site m a y  have  la in  in the  t r a n s i t io n a l  a rea  be tw een  the cover­
s a n d  r idge  a n d  the depress ion  as sk e tch ed  in  Fig. 3.

T h re e  rad io ca rb o n  dates  have  been  m ad e  on sam ples  f ro m  the sec­
t ion . S am ples  of each of the peat laye rs  f ro m  0.98 m  to 1.01 m, and 
f ro m  1.91 m  to 1.94 m (V2 a n d  V I)  w ere  collected. As these  layers 
are .  bo th  th in , a n d  roots  f ro m  a y o u n g e r  level w e re  p re se n t  in  the  
profile (Fig. 2), the  d a tings  f ro m  these  sam ples  m ig h t  be too young. 
H owever, a  sam ple  f ro m  the m oss  layers  a t  1.80 m  a n d  1.83 m  w as



A DIFFERENT LATE-GLACIAL VEGETATION IN FLANDERS. 473

0.5-

1. 0 -

2 .0

Y e l l o w - w h i t e ,  w e l l - s o r t e d  s a n d

D a r k b r o w n  p e a t  (V3)

Y e l l o w - w h i t e ,  w e l l - s o r t e d  s a n d  

w i t h  w e a k l y  o r g a n i c  l a y e r s  

S a n d y ,  d a r k - b r o w n  p e a t  (V2)

Y e l l o w - w h i t e ,  i n d i s t i n c t l y  

l a y e r e d  w e l l - s o r t e d  s a n d  

w i t h  s l i g h t l y  o r g a n i c  

l a y e r s

M oss  l a y e r s  i n

w e l l  s o r t e d  lo a m y  s a n d  
B ro w n ,  s a n d y  p e a t  ( V I )
H o r i z o n t a l l y  l a y e r e d  w e l l - s o r t e d  
lo a m  a n d  s a n d  l a y e r s  w i t h  
w e a k l y  o r g a n i c  h o r i z o n s

P e b b l e  l e v e l

G r e y ,  h o r i z o n t a l l y  l a y e r e d  lo a m  
a n d  s a n d  s o m e t i m e s  w i t h  c r o s s ­
b e d d i n g  a n d  f r o s t  f i s s u r e  c a s t s

F ig. 2. —  T he  l i thologica l  sequence  a t  th e  Langelede loca l i ty .  T he  ve r t ica l  rod  
ind ica te s  the  site of the  s a m p le s  fo r  the pollen  a n a ly s i s  a n d  th e  b lack  
rec tang les  ind ica te  the  si tes  o f  th e  sam ples  fo r  '-»C da tings .  T h e  top 
of th e  profile  is 5.5) m above  sea level (O.P.).

expected  to give a fa ir ly  re liab le  da te  because  the  m oss  f r a g m e n ts  
could  be selected.

T h e  th re e  sam p le s  gave the  fo llow ing resu lts  :
GrN-8445 Langelede  1 - 11.190 ±  120 B.P. (0.98 m  - 1.01 m, V2)
GrN-8286 L angelede  2 - 1 1 .7 8 0  ±  120 B.P. (1.80 m  a n d  1.83 m)
GrN-8446 L angelede  3 - 11.490 ±  110 B.P. (1.91 m  - 1 .9 4  m , V I )

T h ese  d a te s  p lace  the seq u en ce  in  the Late-Glacial, a n d  th e  p ro b a ­
bly reliable  ra d io c a rb o n  da le  of 1 1.730 ±  120 B.P. f ro m  th e  m oss
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layers  a t  1.80 m  a n d  1.83 m  suggests  th a t  the  t ra n s i t io n  fro m  the 
E a r l ie r  D ry as  to th e  A llerod shou ld  he found  a t  o r  ju s t  be low  th is  
level.

SENW

COV ERSAN D RIDGE DEPR ESSION

d u n e
s a n d

podzol

c o v e r s a n d

c o v e r s a n d

p e a t  V3 
p e a t  V 2

c o v e r s a n d
J a k e  d e p o s i t

•peat V I

c o v e r s a n d
l a k e  d e p o s i t

F ig. 3. —  Schem a t ic  o u t l in e  of the  s i tu a t io n  a t  Langelede w ith  th e  coversands  
on th e  le f t  h a n d  side a n d  th e  lak e  sed im en ts  on th e  r ig h t  h a n d  side. 
Sm all -sca le  cross-bedding ,  in v o lu t io n s ,  and  sm a l l  ve r tica l  f issure casts 
a re  fo u n d  loca l ly  in the  l o a m y  sa n d s  in the  b o t to m  layer.

L abora to ry  m ethods.

All sam ples  fo r  the  pa lyno log ica l  ana lys is  w ere p re p a re d  w ith  
KOH follow ed by acetolysis  a n d  b ro m o fo rm  separa t ion .  Glycerine- 
gela tine  w as  used  as an  em b edd ing  m e d iu m .

The o rgan ic  lay e rs  V I,  V2, a n d  V3 w e re  ana lysed  w i th  1 cm  in ­
tervals  be tw een  consecu tive  sam ples .  E ach  of the  m oss  layers  and 
s lightly  o rg an ic  layers  w ere  ana lysed .
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F ro m  each  sample, a su m  of 30ft o r  m o re  a rb o rea l  po llen  (A.P.) 
a n d  « d r y »  non-arborea l  po llen  (N.A.P.) w ere  co u n te d  w h e n  possi­
ble. W a te r  p la n ts  a n d  spores  a re  th u s  exc luded  f ro m  th e  sum . Single 
po llen  finds a re  ind ica ted  by  a b lack  d o t  in the  d iag ram . Som e of the  
s lides  h av e  fu r th e rm o re  been  in v es t ig a ted  fo r  pollen  types  no t found 
d u r in g  the coun ting . T hese  types are  in d ica ted  by  a n  o in  the  d ia ­
g ra m  and  arc  th u s  rep re sen ted  by less th a n  0.3 % of the  sum .

Description of the pollen diagram  (Fig. 4).

T h e  po l len  d ia g ra m  is d o m in a ted  by  herbs, espec ia lly  Cyperaceae 
a n d  G ram ineae , w h ile  the  tree  po llen  pe rcen tage  is r a th e r  low ex­
cep t  fo r  the  u p p e rm o s t  p e a t  layer.

In the  th ree  low er sp e c tra  of the  po llen  d ia g ra m  (2.25 m , 2.23 m, 
a n d  2.21 m ) th e  percen tage  of a rb o rea l  pollen is a ro u n d  or  s lightly  
m o re  th a n  10 % w hile  the  re m a in in g  p a r t  of the  po llen  is c o n s t i tu ­
ted  by h e rb s ,  p re d o m in a n t ly  Cyperaceae  and lo a lesser  ex tend  Gra- 
m ineae . A m ong  the  w a te r  p la n ts  P o ta m o g e to n  is p re se n t  in  all th ree  
layers .

In  the sp e c tra  betw een  2.10 m  a n d  1.94 m, S a lix  a t ta in s  a r a th e r  
h igh  pe rcen tag e  w hile  the  p e rcen tag es  of B etu la  (exeepl for the 
sp e c t ru m  at 2.05 m) a n d  P in u s  r e m a in  low. W a te rp la n t s  a re  p ra c t i ­
ca lly  absent.

In  th e  p e a ty  laye r  f ro m  1.94 m  to 1.91 m  (V I) ,  the  p e rcen tag es  of 
S a l ix  a n d  Cyperaceae  decrease  w h ile  those  of B e tu la  a n d  G ram ineae  
increase .  P o ta m o g e to n  is fa ir ly  w ell r e p re se n te d  in  th is  layer.

T h e  po llen  com posit ion  in  thé  fo llow ing  laye r  (1.86 m ) is very  
s im i la r  to  the  spec tra  a t  1.91 m  a n d  1.92 m  of th e  u n d e r ly in g  layer 
(V I) excep t th a t  P o ta m oge ton  h a s  p rac t ica l ly  d isap p ea red .  In  the 
la y e r  a t  1.83 m  S a lix  h a s  ag a in  becom e an  im p o r ta n t  c o m p o n en t  
w i th  20 % ,  a n d  m oss spores  h av e  becom e a b u n d a n t .  T h e  fo llowing 
sp e c t ra  (1.80 m, 1.77 m, 1.75 m) h av e  a  very  low p e rcen tag e  of trees 
w h ile  the  p e rcen tag es  of G ram ineae  a n d  Cyperaceae  a re  bo th  r a th e r  
h igh  a n d  m oss spores  are  a b u n d a n t ,  especially  in  the  s p e c t ru m  at 
1.80 m. Som e P otam oge ton  and  B otryococcus  a re  a lso  p resen t.

T he  p e a t  laye r  f ro m  1.01 m  to 0.98 m  (V2) also h a s  a  ve ry  low 
pe rcen tag e  of tree  po llen  w hile  Cyperaceae is by fa r  th e  m o s t  n u m e ­
ro u s  pollen . Moss spores  arc  no t p re se n t  a n d  po llen  of w a te r -p lan ts  
is scarce.

In the  u p p e r  pea ty  la y e r  f ro m  0.67 m  lo 0.63 m  (V3) P in u s  a t ta in s  
a h ig h  pe rcen tag e .  T h e  pe rcen tag e  of B etu la  h a s  becom e h ig h e r  c o m ­
p a re d  to  the  u n d e r ly in g  laye r  b u t  it is n o t  a b u n d a n t .  A m ong  the 
h e rb s  Cyperaceae  is d o m in a n t  a n d  there  a re  on ly  few  w a te r-p lan ts .
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The m osses.

T h e  m osses  from  the layers  a t  1.80 m  and  1.88 m  have  been inves­
tiga ted  by  B. O d g a a r d  (D anish  Geological Survey, C openhagen).  Two 
species, n a m e ly  S co rp id iu m  tu rgescens  (T. J k n s . )  L o e s k e  a n d  D re­
p a n o c l a d i  sen d tn er i  ( S c h i m p . )  W a r n s t ,  w ere  p re sen t .

S. turgescens  is p re d o m in a n t ly  fo u n d  in  d u n e -s lack s  a n d  fens, 
an d  m a y  occasionally  he subm erged . I t  is u su a l ly  fo u n d  on ca lca­
reo u s  g ro u n d  ( A l b e r t s o n ,  1940 ; N y h o l m ,  1974) b u t  is repo r ted  
f ro m  less ca lca reous  en v iro n m en ts  as  w ell  ( B i r k s  a n d  D r a n s i t k l d ,  
1970). T h e  species is found  sca t te red  in  m a n y  p a r t s  of the  w orld  
a n d  seem s to  have  a fa ir ly  w ide  c l im a tic  ra n g e  ( D i c k s o n ,  1973 ; 
N y h o l m ,  1974 ; S m i t h ,  1978).

D. se n d tn e r i  is also p re d o m in a n t ly  found in  d u n e -s lack s  and  
fens  ; fu r th e rm o re ,  it is o f ten  su b m e rg e d  ( N y h o l m ,  1974 ; S m i t h ,  
1978). It is fo u n d  in  ca lcareous  e n v i ro n m e n ts  ( J e n s e n ,  1923 ; 
N y h o l m ,  1974). As is the  case w ith  S co rp id iu m  turgescens,  D repano­
c l a d i  s e n d tn e r i  seem s to have  a w id e  geog raph ica l  a n d  c lim atic  
range .

Environmental and vegetation a l developm ent.

In  the lo w er  p a r t  of the  pollen  d ia g ra m  (2.25 m to 2.21 m ), the d is ­
tan ces  be tw een  the  organic  layers  are  re la t ive ly  sm a ll  a n d  the  sand 
a c c u m u la t io n  m ay  co n sequen tly  have been m o d era te .  T h e  p lan t  
c o m m u n i ty  suggests  a  d a m p  to w e t  e n v iro n m e n t  in  th e  locality, 
w h ic h  m a y  have  been s i tu a ted  a t  the  edge of o r  in  the  dep ress io n  at 
t h a t  time, b u t  the  pollen of som e p l a n t s  such  as e.g. J u n ip e ru s  and  
A r te m is ia  m u s t  have com e f ro m  d r ie r  a reas  su ch  a s  the  coversand  
ridge.

T h e  a b u n d a n c e  of co versand  to g e th e r  w ith  the  scarc i ty  of pollen 
of  a q u a t ic  p la n ts  betw een  2.20 m  a n d  1.96 m  p o in t  to in c rea sed  aeo­
l ian  ac t iv i ty  a n d  so m ew h a t  d r ie r  co n d i t io n s  a t  th e  sam p lin g  site. 
Salix ,  how ever,  w as  p ro b a b ly  fa ir ly  a b u n d a n t  in  m o is t  p a r t s  of the  
su r ro u n d in g s .  T h e  con t in u ed  ac c u m u la t io n  of s a n d  in  th is  p a r t  of 
the  sequence  m ay  have  l im ited  the  im m ig ra t io n  of ce r ta in  p la n t  spe­
cies, e.g. of B etu la  in to  the  area.

F ro m  1.94 m  to 1.91 m  the  local e n v iro n m e n t  becam e  w ette r ,  the 
s a n d  a c c u m u la t io n  a lm o s t  s topped, a n d  w a te r  p la n t s  appea red .  D u­
r in g  th is  t im e  B etu la  cam e n e a re r  to the site or m a y  have  im m ig ra ­
ted in to  it, a n d  h u m ic  m a t te r  a c c u m u la te d  (VI).

F i g .  4 .  —  P o l len  d iag ra m  f ro m  t h e  Langelede  loca l ity .  The scale u n d e r  the  m ain  
d ia g ra m  is valid  fo r  all  curves.
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T h e  v eg e ta t iona l  d eve lopm en t w a s  in te r ru p te d  by  n ew  san d  accu ­
m u la t io n s  ( f ro m  1.91 m) a n d  B etu la  on ly  re m a in e d  fo r  a  s h o r t  t im e . 
T h e rea f te r ,  Sali.v p ro b ab ly  g rew  fa ir ly  d en se ly  a t  the  site  o r  the n e a ­
rest  v ic in ity  fo r  a while. It w as  th en  p a r t ly  succeeded by S co rp id iu m  
turgescens  a n d  an  a b u n d a n c e  of  D r e p a n o c l a d i  send tner i ,  w h ich  
suggests  th a t  the  site w as  s i tu a ted  a t  the edge of, o r  possib ly  in  the  
lake  a t  in te rva ls .  T h e  sp e c t ra  f ro m  1.80 m  to 1.75 m  ind ica te  an  a s ­
sociation  of  p la n ts  d o m in a te d  by a n n u a ls  w h e re  trees can on ly  have  
m ade  up  a  m in o r  p a r t  o f  the  vege ta t ion  cover. As th is  in te rv a l  p ro b a ­
bly re p re se n ts  a p a r t  of the  Allerod w h ich  w a s  w a rm  enough  fo r  the  
g ro w th  of b irch  trees  as  w7ell as w illow s (see e.g. V a n  d h r  H a m m e n  
et al., 1967 ; U s i n g e r ,  1975 ; C l e v e r i n g a  et al., 1977), th e  assoc ia tion  
of  p la n ts  p r e s u m a b ly  reflects an  e n v iro n m e n t  d o m in a te d  by  sa n d  
a c c u m u la t io n  a n d  erosion  in w hich  p la n ts  w i th  a sh o r t  life cycle 
could  becom e d o m in a n t .

T h e  san d  a c c u m u la t io n  s topped  once m o re  a n d  th e  san d  becam e 
fixated by a vege ta t ion  cover (1.01 in to  0.98 m , V2). T h e  local env i­
ro n m e n t  m a y  h av e  been  m ois t  to dam p , bu l Sa lix  did n o t  com e back, 
n o r  did Betula .

T h e  s u r ro u n d in g s  then  u n d e rw e n t  a p h ase  of aeo lian  activ ity  
again  (0.98 m  lo 0.67 m) a n d  the  c o v e rsan d  b u i l t  up  m ic ro r id g es  
w hich  b u r ied  p a r t s  o f  the  depress ion . T h e  su r ro u n d in g  a r e a  m a y  
g ra d u a l ly  have  becom e in h ab i ted  by P inus ,  w h ich , be ing  in  the  loca­
lity  fo r  a  w h ile  (0.67 m  to 0.63 m ) ,  seem s to  have  m a n a g e d  to  su p ­
p re ss  the  san d  dr if t .

A la s t  c o v e rsan d  la y e r  ag a in  b u r ied  the vegeta tion  in  the dep re s ­
sion and  fo rm ed  the  final co versand  to p o g rap h y .  D unes  developed 
la te r  only on the  h ighes t  and  d r ie s t  areas.

C onclusions,

I t  h a s  p rev io u s ly  been  m en tio n ed  in th is  p a p e r  th a t  the  t ran s i t io n  
fro m  the  E a r l ie r  D ry as  lo the  A llerod shou ld  p ro b ab ly  be found  
a ro u n d  or j u s t  be low  the  sp ec tra  at 1.80 m  and  1.83 m ’s dep th . F u r ­
the rm ore ,  a c o m p a r iso n  to o th e r  a rea s  reveals  th a t  the  presence  of 
charcoal,  to g e th e r  w i th  the  h igh  P in u s  p e rcen tag es  in  the  u p p e rm o s t  
p ea t  laye r  (V3), m a y  re p re se n t  the  u p p e r  p a r t  of the A llerod (com ­
p a re  V a n  d e r  H a m m e n ,  1951). T h is  m ean s  t h a t  the w ho le  sequence  
be tw een  1.83 m  a n d  0.63 m is of Allerod age. A c o m p a r iso n  to o th e r  
po llen  d ia g ra m s  show s th a t  the  p resen t  one is d ifferent from  these, 
especially  by  the  low p e rcen tag es  of B etu la  pollen. As t ree  b irch  
w as  p re sen t  in  o ther ,  m o re  n o r th e rn  p a r ts  o f  E u ro p e  d u r in g  th is  t i ­
m e ( I v e r s e n ,  1954 ; U s i n g e r ,  1975 ; C l e v e r i n g a  et al., 1977), the
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re a so n  fo r  th e  low  B etu la  p e rcen tag es  a t  Lange lede  c a n  n o t  be  a t t r i ­
b u te d  to a  co ld  c l im a te  o r  a  m ore  s o u th e rn  tree-line, b u t  is a t t r ib u te d  
to in s tab i l i ty  of th e  su rface  laye rs  d u e  to aeo lian  activity .

In  th e  A llerod p a r t  of the  section , the  s h i f t s  b e tw een  coversand  
a n d  organ ic  m a te r ia l  re s u l t s  in  a t  least one (between V2 a n d  V3), 
m ay b e  m ore  gaps  in  th e  pollen  reco rd .  T h is  m a y  also be  th e  case 
w ith  th e  lo w er  p a r t  o f  the  d ia g ra m  (from  2.25 m  to 1.86 m ) .  T h is  
poss ib i l i ty  of h ia t i ,  to g e th e r  w i th  th e  d iss im ila r i t ie s  be tw een  th is  and  
o th e r  d ia g ra m s  m alíes  it  im poss ib le  f ro m  the  po llen  com posit ion  to 
tell w h ic h  sp e c t ra  re p re se n t  the  E a r l i e r  D ry as  a n d  w h ic h  th e  Bol­
ling. A c o m p a r iso n  be tw een  the  l i th o s t ra t ig ra p h y  in  the  p re se n t  loca­
l i ty  a n d  th a t  genera lly  found  in th e  N e th e r lan d s  of O lder  Cover­
sa n d  II u n d e r ly in g ,  a n d  Y ounger  C oversand  I overly ing  deposits  of 
Bolling  age ( V a n  d e r  H a m m e n  et al.,  19671 m ig h t  p rovide  som e help. 
It m ig h t  be suggested  th a t  the  o lder  coversand  deposit  be tw een  
2.36 m  and  1.94 m  is equ iv a len t  lo  the  O lder  C oversand  II in  the  
N e th e r lan d s  and  is co n seq u en t ly  o f  pre-Bolling  age. T h e  p e a t  layer 
be tw een  1.94 m  a n d  1.91 m  m ight, if th is  in te rp re ta t io n  is correct,  
co n sequen tly  re p re se n t  the  Bolling ; and  the  E a r l ie r  D ryas  m a y  e i­
th e r  be  lack in g  in  th e  po l len  re c o rd  or  is on ly  r e p re se n te d  by the  
s p e c t ru m  a t  1.86 m . T h e  y o u n g e r  coversand  type  of deposit  f ro m  
1.91 m  to 1.86 m  or to  1.80 m sh o u ld  consequen tly  be eq u iv a len t  to  
the  Y ounger  C oversand  I in  the  N e th e r lan d s .

Ex tensive  deposits  of Late-G lacia l  coversands  a re  found  in  Bel­
g ium  ( M a r é c h a l  a n d  M a a r l e v k l d ,  1955 ; P a k p k  a n d  V a n h o o r n e ,  
1967), the  N e th e r la n d s  ( M a r é c h a l  and  M a a r l e v e l d ,  1955 ; D ü c k e r  
a n d  M a a r l e v e l d ,  1957), n o r th e rn  G erm an y  ( D ü c k e r  a n d  M a a r l e ­
v e l d ,  1957), a n d  P o la n d  ( K o z a r s k i ,  1978). T hey  genera lly  bu ild  up 
the  typical Late-Glacial lithological sequence  in these areas, and  peat 
d eve lopm en t could  on ly  ta k e  place in re la tive ly  sm all  a reas  w h e re  
m o is t  con d i t io n s  p revailed .  T he  po llen  d iag ram s  k n o w n  today  are, 
w ith  a few excep tions  (see e.g. V a n h o o r n e  and V e r b r u g g e n ,  1975), 
f ro m  such  w e t o r  m o is t  localities. T h e  Langelede  locality  m a y  to a 
la rg e r  ex ten t  reflect the vege ta t ion  in a conversand  en v iro n m en t  
th a n  th a t  o f  a  p e rm a n e n t ly  m oist  o r  w e t  depress ion  d u e  to i ts  s i tu a ­
t ion  a t  the  t r a n s i t io n  be tw een  a c o v e rsan d  ridge a n d  a dep ress io n  to ­
ge th e r  w ith  the  re p e a te d  changes  in  the local geom orphology . T h e ­
refore  i t  is  sugges ted  t h a t  the L angelede  pollen d ia g ra m  to a la rg e r  
degree th a n  m o s t  reflects  the vege ta t ion  as it w a s  in  the coversand  
a rea s  d u r in g  the  Late-G lacial .

Abstract.

A discontinuons pollen diagram from a locality near Langelede in 
northwestern Belgium is presented w hich  due to lithostratigraphy and
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14€  dates must be of Weichselian Late-Glacial age. The composition of 
the pollen is different from that of o ther Late-Glacial diagrams due to 
low percentages of tree pollen, especially Betula, and high percentages of 
herbs. The vegetational development is seen in connection with the ins­
tability of the surface layers due to aeolian activity in the area. Jt is tenta­
tively suggested that the vegetation reflected in the present diagram may 
represent the vegetation commonly found in  the coversand ridges during 
the Late-Glacial.

Sam envatting.

Een discontinu pollendiagram van Langelede in noordwest België 
wordt op basis van de lokale lithostratigrafie en C 14 bepalingen geda­
teerd  als Weichsel Laat-Glaciaal. De pollensamenstelling is verschillend 
van andere klassieke laat-glaciale diagrammen omwille van lage boom- 
pollenpercentages, voornamelijk Betnla, en hoge kruidenpercentages. De 
vegetatieontwikkeling wordt in verband gebracht met de instabiliteit 
van oppervlakkige lagen ais gevolg van lokale eolische aktiviteit. Het hier 
voorgesteld pollendiagram wordt beschouwd ais representerend het ve- 
getatiebeeld in de dekzandruggen gedurende het Laat-Glaciaal.
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