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The b en th o n ic  f o r a m i n i f e r a l  p o p u latio n s  in th e  B r u s s e ls  Sands, 

th e  Lede Sands and the Wemmel Sands have been s tu d ied  in a b o reh ole  a t  

H aacht. Q u a n t i ta t i v e  co u n tin gs of up to  200 in d iv id u a ls  per sample a re  

made. By s u c c e s s iv e  use o f  th e  fo llo w in g  methods : q u a n t i t a t i v e  d i s t r i  

b u tio n ,  t r i a n g u l a r  p lo t  o f  su b o rd e rs ,  s i m i l a r i t i e s ,  F i s h e r  a  in d ex,  

dominance in d ex , p e rce n ta g e  dominance and p a le o e c o lo g ic a l  s i g n i f i c a n c e  

o f  th e  o ccu rr in g  t a x a ,  i t  has been p o s s ib le  to  i n t e r p r e t  th e  fau n al  

assem blages p a l e o e c o l o g i c a l l y .

1. ABSTRACT.

2 .  INTRODUCTION.

The "N a tio n a le  M aatschappij d er W ate rle id in g e n " bored s e v e r a l  

w e lls  in  the v i c i n i t y  o f  Haacht f o r  ground w ater  e x p lo r a t i o n .  One o f  

th e s e  w e l l s ,  P . 3 i s  t r e a t e d  h e r e .  This w ell  i s  s i t u a t e d  in  the D i j l e  

v a l l e y ,  n ear  th e  hamlet o f  Wakkerzeel ( f i g . 1, l o c a t i o n  map). Three  

d i f f e r e n t  d e p o s i t s  have been sampled in  d e t a i l  : the  B r u s s e ls  Sands, 

th e  Lede Sands and th e  Wemmel Sands. The samples were washed on a

0,074mm s i e v e .  In each r e s i d u e ,  co u n tin gs to  200 in d iv id u a ls  of  ben th on ic  

f o r a m in if e r a  have been made. F o r  a s y s te m a tic  d e s c r i p t i o n  o f  the  t a x a ,  

we r e f e r  to  KAASSCHIETER ( 1 9 6 1 ) .

3 .  LITH0L0GICAL DESCRIPTION OF THE DEPOSITS.

Three l i t h o l o g i c a l  u n its  have been s tu d ied  in  the P . 3 w ell a t  

Haacht : the  B r u s s e ls  Form ation , the  Lede Form ation and th e  Asse Forma­

t i o n  (KAASSCHIETER, 1 9 6 1 ) .  In th e  Asse Form ation , only the Wemmel Sands 

Member was sampled ( t e x t . f i g . 2 ) .
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1) B ru s s e ls  F o rm a tio n .

The B r u s s e ls  Sands a r e  developed b etw een -67 . 25m and -33m. They 

o v e r l i e  the  sandy top o f  the le p e r  Form ation . In the lower p a r t  o f  th e  

B r u s s e ls  Sands, between- 67.25m  and -6 1 .5 0 m ,  a c o a r s e  g l a u c o n i t i c  sand i s  

o b served . I r r e g u l a r  sandstone c o n c r e t i o n s ,  known as "g rè s  f i s t u l e u x "  o c c u r  

a t-6 3 m . B etw een -61 . 50m and -33m , f in e  c a l c a r e o u s  y e llo w -g re y  sands a re  

developed. At d i f f e r e n t  l e v e l s ,  sandstone beds and " g r è s  f i s t u l e u x "  

c o n c r e t io n s  o c c u r .  The l e v e l  a t —61m i s  r i c h  in  N u m m u lite s• B iv a lv ia  

have been observed a t —51m. In the upper p a r t  o f  the  B r u s s e ls  Sands, a t  

34 .50m , the d e p o s i t  i s  b io tu r b a te d .

/
2) Lede Form ation .

The Lede Sands o ccu r  between-33m and -2 5 .2 5 m . At the base o f  th e s e  

san d s, a f in e  g r a v e l  bed i s  ob served . I t  co n ta in s  i r r e g u l a r  q u a rtz  g r a i n s ,  

s h e l l  fragm ents and p a r t l y  reworked N u m m u lite s .  Higher up, th e  Lede Sands 

a re  s i l t y  and homogeneous, g re e n -g re y  in  c o l o u r ,  w ith s c a t t e r e d  N u m m u lite s . 

C a lca re o u s  sandstone l a y e r s  a r e  developed a t  d i f f e r e n t  l e v e l s .

3) Asse F o rm a tio n .

The Wemmel Sands Member o f  the  Asse Form ation in  w e ll  P . 3 i s  

developed betw een-25.25m  and -1 3 .5 0 m . The lowermost p a r t  c o n ta in s  a f in e  

g r a v e l  l a y e r  with s h e l l  fragm ents and reworked N u m m u lite s . These sands 

in  P . 3 a re  f in e  g l a u c o n i t i c ,  s l i g h t l y  c la y e y  and g re y -g re e n  in  c o lo u r .  

N u m m u lite s  o c c u r  in  the whole i n t e r v a l .  At l e s s e r  d e p th s ,  the d e p o sit  

becomes more and more c la y e y .

4 .  DISTRIBUTION OF BENTHONIC FORAMINIFERA IN WELL P . 3 .

Table 1 shows the q u a n t i t a t i v e  f re q u e n cie s  of the ben th on ic
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F i g .  3  :  T r i a n g u l a r  p l o t  o f  t h e  t h r e e  s u b o r d e r s  i n  t h e  B r u s s e l s  S a n d s .
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f o r a m i n if e r a  in  200 in d iv id u a ls  p er  sample. Table 2 g iv e s  the r e l a t i v e  

abundance of the t a x a .  We s h a l l  d is c u s s  h ere  th e  f l u c t u a t i o n s  in  the  

f r e q u e n cie s  o f  the  speciesin  the d i f f e r e n t  d e p o s i t s .

1) B r u s s e ls  F o rm a tio n .

The B r u s s e l s  Sands c o n ta in  a r a t h e r  homogeneous p o p u la tio n  in  

the  d i f f e r e n t  sam ples. Those p o p u la tio n s  a r e  dominated by s e v e r a l  s p e c ie s  

of th e  genus C ib ic id e s  : C. l o b a tu lu s  (0 -4% ), C. m a u r ic e n s is  (4 -21% ), C. 

p r o p r iu s  a c u tim a rg o  (2 -12% ), C. p r o p r iu s  p r o p r iu s  (15-44% ), C. sp (0-14%>), 

C. s u l z e n s i s  (0 -4% ), C. t a l l a h a t e n s i s  (0-14%>) ,  C. t e n e l l u s  (0-21%) and 

C. w e s t i  (2 -21% ). The f l u c t u a t i o n s  in  the frequency of C. t e n e l l u s ,  which  

shows th r e e  maxima : 21% (depth 6 7 .2 0 m ) ,  20% (depth 45.60m ) and 15%

(depth 33.80m ) a re  notew orthy.

The genus E lp h id iu m  i s  a f a i r l y  im portant component o f  th e  a s s o c i a t i o n s  :

E. subnodosum  (1-19% ) and l e s s  f re q u e n tly  E. la e v e  (0-3% ).

R o ta l ia  a u d o u in i  r e p r e s e n t s  a maximum o f  10% o f  the p o p u la t io n s ,  in  which  

some o th e r  p e r f o r a te d  c a lc a r e o u s  ben th on ic f o r a m in if e r a  o c c u r  r e g u l a r l y  :

G u t tu l in a  l a c t e a  (0-4% ), G y ro id in a  o o to c a m e ra ta  (0 -4% ), H anzaua ia  boueana  

(0 -3% ), T r i f a r i n a  w i l c o x e n s i s  (0 -2% ), G lo b u lin a  g ib b a  (0-2%) and 

A s t e r i g e r i n a  b a r to n ia n a  (0-2% ).

2) Lede Sands.

The Lede Sands a r e  c h a r a c t e r i z e d  by a remarkably high frequency  

of C. t e n e l l u s  (39-59% ). Other C ib ic id e s  s p e c ie s  o ccu r  r e g u l a r l y  but l e s s  

fre q u e n tly  : C. lo b a tu lu s  (2 -6% ), C. m a u r ic e n s is  (0 -4% ), C. p r o p r iu s  a c u t i -  

margo (1-3% ), C. p r o p r iu s  p r o p r iu s  (0 -3% ), C. sp (3 -8% ), C. t a l l a h a t e n s i s  

(0-2%) and C. c a r in a tu s  (0-3% ).

D i f f e r e n t  p e r f o r a te d  c a lc a r e o u s  t a x a  o c c u r  r e g u l a r l y  in  the su cceed in g  

samples : B o l iv in a  a n g l ic a  (0 -5% ), E lp h id iu m  la e v e  (0 -3% ), E p o n id es  

s c h r e i b e r s i  (1 -5% ), G u t tu l in a  la c t e a  (0 -7% ), R o ta l ia  a u d o u in i  (0 -3% ), 

B o l iv in a  c a r in a ta  (0—57o), R e u s s e l la  l im b a ta  (0 -2% ), N o n io n e lla  

w em m elensis  (0-6%) and R e u s s e l la  te r q u e m i (0-6% ).
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A s t e r i g e r i n a  b a r to n ia n a  o c c u r s  e s p e c i a l l y  in  the upper p a r t  o f  the  

Lede Sands (0 -5 % ) .  Less  im portant t a x a  a re  C a n c r is  a u r ic u lu s  p r i m i t i v u s  

(0-2% ), E lp h id iu m  subnodosum  (0-1% ), G lo b u lin a  g ib b a  (0-1% ), Q u in q u e-  

l o o u l in a  s e m in u la  (0 -2% ), B o l iv in a  c r e n u la ta  (0 -3% ), and B u l im in e l la  

p u lc h r a  (0 -2% ). The appearance o f  M il io la c e a  (0-4%) i s  of  n o te .

3) Wemmel Sands.

The frequency  of C. t e n e l l u s  in  th e  Wemmel Sands i s  lower (9 -3 0 % ) .  

Other C ib ic id e s  s p e c ie s  o c c u r  l e s s  f r e q u e n tly  : C. lo b a tu lu s  (0—4%), C. 

sp (1-8%) and C. p r o p r iu s  a c u tim a rg o  (2-8% ).
A number o f  p e r f o r a te d  c a l c a r e o u s  ben th on ic f o r a m in if e r a  appear r e g u la r l y  

in  The Wemmel Sands : A s t e r i g e r i n a  c f .  g u e r r a i  (1-3% ), A s t e r i g e r i n a  sp .  

(2% ), T r i f a r i n a  w i l c o x e n s i s  (0 -6% ), T e x tu la r ia  a g g lu t in o n s  (2 -6% ), N onion  

scaphum  (0-3% ), B i f a r i n a  s e l s e y e n s i s  (1 -8% ), B o l iv in a  c o o k e i  (1-3%) and 

E p o n id e s  um bonatus (0-2% ).
Some t a x a  from the Lede Sands s t i l l  o c c u r  in  the Wemmel Sands i A s t e r i ­

g e r in a  b a r to n ia n a  (1 -8% ), B o l iv in a  a n g l ic a  (2 -7% ), E lp h id iu m  la e v e  (0 -2% ), 

E lp h id iu m  subnodosum  (0 -4% ), G u t tu l in a  l a c t e a  (3 -8% ), R o ta l ia  a u d o u im  

(0 -4% ), and N o n io n e lla  w e r m e lc n s is  (4 -13% ), We a ls o  n o te  the p resen ce  

o f  M il io la c e a  (0 -8% ), Q u in q u e lo c u lin a  s e m in u la  (0-5%) and S p i r o lo c u l in a  

t r i c a r i n a t a  b e lg i c a  (0-2% ).

5 .  T r ia n g u la r  p l o t  o f  su b o rd e rs .

The f o r a m i n i f e r a l  p o p u la tio n s  r e p r e s e n t  th r e e  suborders . T e x tu  

l a r i i n a ,  M i l io l i n a  and R o ta l in a  (LOEBLICH & TAPPAN, 1 9 6 4 ) ,  which can  

be p l o t t e d  on a t r i a n g u l a r  diagram . MURRAY (1 9 7 3 )  marks out the  f i e l d s  

f o r  th e  d i f f e r e n t  p o s s i b le  environments in t h i s  diagram . In the d e p o s i ts  

stu d ie d  h e r e ,  the d i f f e r e n t  assem blages can be s i t u a t e d  n e a r  the R o ta l ia  

c o r n e r  ( f i g s . 3 , 4 , 5 ) .  A ccording to  the i n t e r p r e t a t i o n  by MURRAY, th e s e  

assem blages can o c c u r  in  the fo llo w in g  environments : h y p ersalxn e  m arshes,  

normal marine m arshes, h y p e rs a l in e  la g o o n s ,  c o n t i n e n t a l  s h e l f  and 

h y p e rs a l in e  lagoons and m arshes.
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6 .  SIMILARITIES.

This method o f  SANDERS (1 9 6 0 )  measures the s i m i l a r i t y  between 

th e  s u c c e s s iv e  samples in  a s e c t i o n .  To compare two sam ples, th e  

p e rce n ta g e  o c c u r r e n c e  of th e  s p e c ie s  common to  th e  two samples a r e  l i s t e d .  

F o r  each s p e c ie s  common to  th e  two sam ples, the  low est p e rce n ta g e  i s  n o ted .  

The t o t a l  v a lu e  o f  a l l  th e s e  low est p e rce n ta g e s  g iv e s  th e  s i m i l a r i t y  

in d ex . The p o p u la tio n s  in  th e  two samples a re  n e a r ly  i d e n t i c a l  when the  

t o t a l  v a lu e  i s  h ig h e r  than 8 0 .  The a s s o c i a t i o n s  d i f f e r  p r o g r e s s iv e ly  

as th e  s i m i l a r i t y  index d im in ish es .

The s i m i l a r i t y  index f o r  th e  su cceed in g  samples in  th e  th r e e  d i f f e r e n t  

d e p o s i t s  i s  given  in f i g . 6 .

In th e  B r u s s e ls  Sands, most o f  the v a lu e s  a re  between 70% and 93%. Those 

high v a lu e s  u n d e rlin e  th e  homogeneity o f  the p o p u latio n s  w ith in  t h i s  

d e p o s i t .  The s i m i l a r i t y  index i s  only  lower between samples -6 7  and -6 5  : 

60%.

In th e  Lede Sands, th e  v a lu e s  a r e  s l i g h t l y  lower than in the B r u s s e ls  

Sands : between 67% and 88%, but th e  s p e c ie s  a s s o c i a t i o n s  remain s t i l l  

r a t h e r  homogeneous.

In th e  Wemmel Sands, th e  s i m i l a r i t y  index l i e s  between 57% and 66%. Those 

v a lu e s  a r e  lower than in  th e  two o th e r  d e p o s i t s .  The s i m i l a r i t y  index  

d e c r e a s e s  p r o g r e s s i v e l y  in  th e  s u c c e s s iv e  d e p o s i ts  and the p o p u la tio n  

d i f f e r e n c e s  in c r e a s e  p r o g r e s s i v e l y .

7 . DIVERSITY INDEX OR FISHER «  INDEX.

The d i v e r s i t y  index o r  f i s h e r  « in d e x  g iv e s  the r e l a t i o n s h i p  

between the number o f  in d iv id u a ls  and th e  number o f  s p e c ie s  in  a 

p o p u la tio n .  The « v a lu e  can be determ ined by p l o t t i n g  the number of  

s p e c ie s  a g a in s t  th e  number o f  in d iv id u a ls  in  the b ase-grap h  c o n s tr u c te d  

by FISHER, CORBETT & WILLIAMS ( 1 9 4 3 ) .  WRIGHT & MURRAY (1 9 7 2 )  and 

MURRAY (1 9 7 3 )  draw up the i n t e r p r e t a t i o n  o f  the d i f f e r e n t  environments  

co rresp o n d in g  to  th e  v a r io u s  « v a l u e s .
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N u m b e r  o f  i n d i v i d u a l s  

F i g .  7 :  F i s h e r  o c  i n d e x  i n  t h e  B r u s s e l s  S a n d s .
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N u m b e r  o f  i n d i v i d u a l s  

F i g .  8 :  F i s h e r  o c  i n d e x  i n  t h e  L e d e  S a n d s .
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F i g . 7  shows the a v a lu e s  in  the B r u s s e ls  Sands. The Of index v a r i e s  between

3 . 5  and 9 .  The p o s s i b le  environments a re  a h y p o salin e  and n e a rsh o re  

s h e l f  se a  o r  lagoon and a s h e l f  sea  o f  normal s a l i n i t y .  The « v a lu e s  in  

the  Lede Sands a r e  given  in  f i g . 8 .  The « i n d e x  l i e s  between 6 and 1 2 . 5 ,  

d i s t i n c t l y  h ig h e r  than in  th e  B ru s s e ls  Sands. These v a lu e s  f a l l  in  the  

f i e l d  o f  the  s h e l f  se a s  o f  normal s a l i n i t y .  The s a l i n i t y  was probably  

h ig h e r  th an  in  th e  B r u s s e ls  Sanés.

The « v a lu e s  in  th e  Wemmel Sands ( f i g . 9) a re  s t i l l  h ig h er  : between 1 0 .8  

and 16. They corresp on d  to  a s h e l f  se a  o f  normal s a l i n i t y .  The h ig h er  

v a lu e s  could i n d i c a t e  a g r e a th e r  depth than in the o th e r  two d e p o s i ts  

(BANDY & ARNAL, 1 9 6 0 ) .

8 .  DOMINANCE INDEX.

This index g iv e s  the number o f  s p e c ie s  in  80% o f  th e  t o t a l  

p o p u la tio n .  The p e rce n ta g e s  a re  summed s t a r t i n g  whit th e  most abundant 

s p e c i e s .  When a t o t a l  o f  80% i s  re a ch e d ,  th e  number o f  s p e c ie s  needed 

i s  noted (WRIGHT, 1 9 7 2 ) .  High v a lu e s ,  co rresp on d in g  to  many s p e c ie s  

whit low p e r c e n ta g e s ,  i n d i c a t e  a s t a b l e  environm ent. A low index  

co rresp o n d s to  an u n sta b le  o r  m arginal environm ent.

F i g . 10 shows th e  dominance index in  th e  B r u s s e ls  Sands, in  th e  Lede Sands 

and in  th e  Wemmel Sands.

In the B r u s s e ls  Sands, th e  v a lu e s  l i e  between 4 and 10. The index  

in c r e a s e s  in  the Lede Sands (8  to  13) and re a ch e s  maximum v a lu e s  in  

th e  Wemmel Sands (13 to  1 7 ) .  We conclude th a t  th e  environment becomes 

g r a d u a lly  more and more s t a b l e  in  th e  s u c c e s s iv e  d e p o s i t s .

9 .  PERCENTAGE DOMINANCE.

The p e rce n ta g e  dominance corresp on d s to  the p e rce n ta g e  o f  the  

most abundant s p e c ie s  in  a sample. WALTON (1 9 6 4 )  n o te s  th a t  t h i s  p e rce n t  

p e rce n ta g e  dominance depends of th e  s e a .  I t  in c r e a s e s  w ith d e cre a s in g  

d ep th .
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The p e rc e n ta g e s  dominance in  the d i f f e r e n t  d e p o s i ts  a re  given  in  

f i g .  11. In the B ru s s e ls  Sands, the  v a lu e s  v ary  between 21% and 44%.

In th e  Lede Sands the p e rce n ta g e s  a r e  h ig h e r  : 39% to  59%, but in  the  

Wemmel Sands they d e c re a s e  d i s t i n c t l y  : 9% to  30%.

The f a i r l y  high v a lu e s  in  the B ru sse ls  Sands i n d i c a t e  a r a t h e r  shallow  

marine environm ent. The se a  depth probably d e c r e a s e s  s l i g h t l y  in  the  

Lede Sands, w hile the Wemmel Sands were d e p o site d  in  a more open marine  

environment whifti a g r e a t e r  se a  depth .

10. PALE0EC0L0GICAL INTERPRETATION OF THE TAXA.

S tu d ies  on Recent f o r a m i n if e r a l  a s s o c i a t i o n s  prove the  

in f lu e n c e  o f  th e  environment on the com p osition  o f  the  benthonic  

p o p u la t io n s .  We can a c c e p t  t h a t ,  e s p e c i a l l y  a t  the g e n e r ic  l e v e l ,  the  

in f lu e n c e  of the d i f f e r e n t  f a c i e s  did not change s i g n i f i c a n t l y  d uring  the  

T e r t i a r y .  In fo rm atio n  on the ( p a l e o - ) e c o l o g i c a l  s i g n i f i c a n c e  o f  the  

o c c u r r in g  ta x a  i s  found in  e . g .  : PHLEGER ( 1 9 6 0 ) ,  BANDY (1 9 6 0 ,  1 9 6 4 ) ,  

WALTON ( 1 9 6 4 ) ,  WRIGHT & MURRAY ( 1 9 7 2 ) ,  MURRAY ( 1 9 7 3 ) ,  WRIGHT (1 9 7 2 -  

1 9 7 3 ) ,  MURRAY & WRIGHT ( 1 9 7 4 ) ,  B0LT0VSK0Y & WRIGHT (1 9 7 6 )  and 

GERITS, HOOYBERGHS & VOETS ( 1 9 8 1 ) .

1) B r u s s e ls  Sands.

The p o p u la tio n  in  th e  B r u s s e ls  Sands a re  dominated by C ib ic id e s .  

This i s  a common in n er s h e l f  genus l i v i n g  in  a wide v a r i e t y  o f  tempe­

r a t u r e  and s a l i n i t y  c o n d i t io n s .  I t  i s  a t ta c h e d  to  a l l  typ es of  

s u b s t r a t e s  : v e g e t a t i o n ,  s t o n e s ,  s h e l l s ,  l i v i n g  an im als .  C ib ic id e s  

o c c u r s  from a r c t i c  to  t r o p i c a l  a r e a s ,  but i s  c u r r e n t l y  most abundant 

in  tem p erate  seas . '  E s p e c i a l l y  C. lo b a tu lu s  o ccu rs  most f r e q u e n tly  in  the  

t r a n s i t i o n  zone between a p r o te c t e d  bay and the open o ce a n . The absence  

o f  U i l i o l i n a  i n d i c a t e s  a normal s a l i n i t y  o r h y p o s a l in e  co n d it io n s  

The p re se n ce  o f  p la n k to n ic  fo r a m in if e r a  (HOOYBERGHS, 1983) i n d i c a t e s  

the  p ro x im ity  o f  open marine c o n d i t io n s .

Another im portant genus i s  E lp h id iu m .  I t  o c c u r s  most abundantly in  very  

shallow  environm ents : t i d a l  marshes and lagoons o r  n e a r s h o r e ,
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but in  o x y g e n -r ic h  w a te r .  A few o th e r  h y a l in  c a lc a r e o u s  ta x a  o ccu r  

r e g u l a r l y  but l e s s  f r e q u e n tly  in  t h i s  d e p o s i t .  G u t tu l in a  and G y v o id in a  

a r e  t y p i c a l  g en era  in  s h e l f  environm ents. Hanzauiaia  and R o ta l ia  o ccu r  

most f re q u e n tly  in  r a t h e r  sh allo w , n e a rsh o re  to  in n er s h e l f  c o n d i t io n s .

2) Lede Sands.

C ib ic id e s  i s  s t i l l  a dominant genus in  th e  Lede Sands. The 

p re se n c e  o f  M i l i o l i d s  i n d i c a t e s  h ig h e r  s a l i n i t i e s  : normal marine to  hy­

p e r s a l i n e .  The M i l i o l i d s ,  p a r t i c u l a r l y  Q u in q u e lo o u lin a  and T v i lo c u l i n a  

become abundant in  shallow  s h e l f  se a s  and in  channels and b ays. They 

r a r e l y  o c c u r  in  h y p o salin e  c o n d i t io n s .  The tem p eratu re  a l s o  becomes 

h ig h e r  in  th e  Lede Sands. M i l i o l i d s  e s p e c i a l l y  o ccu r  in  tem p erate  to  

t r o p i c a l  w a te rs .  The frequency o f  broken M i l i o l i d s  i n d i c a t e s  a r a t h e r  

tu r b u le n t  environm ent.

R o t a l i a  and G u t tu l in a  s t i l l  o c c u r  r e g u l a r l y  in  th e  Lede Sands. A few new 

g en era  appear s i g n i f i c a n t l y  in  t h i s  d e p o s i t .  Small smooth s p e c ie s  o f  

B o l iv in a  (B. a n g l ic a ,  B. c a r in a ta ,  B. c v e n u la ta )  p r e f e r  a in n er s h e l f  

zone w ith  normal s a l i n i t i e s  (33% “* 3 7 % ) .

B u l im in e l la  mainly o ccu rs  on th e  s h e l f  in  normal m arine, tem p erate  con­

d i t i o n s .  N o n io n e lla  p r e f e r a b ly  appears in  tem p erate  to  s u b t r o p i c a l  

w a te rs  in  normal marine c o n d i t io n s .

E p o n id e s  and R e u s s e l la  o ccu r  in  an in n er s h e l f  to  b a th y a l  environm ent.  

A s t e v i g e v i n a , which appears e s p e c i a l l y  in  the upper p a r t  o f  the  Lede 

Sands, norm ally  dominates in  an in n er s h e l f  zone under c o n d it io n s  

of  s t a b l e  s a l i n i t y .

3) Wemmel Sands.

D i f f e r e n t  ta x a  from the Lede Sands s t i l l  o ccu r  in  the Wemmel 

Sands : B o l iv in a , E lp h id iw n ,  G u t tu l in a , R o ta l ia ,  R e u s s e l la ,  M i-lio la c e a , 

Q u in q u e lo c u l in a  (low er p a r t ) ,  B u l i tr n n e l la  and N o n io n e lla .  The frequency  

of A s te v ig e v in a  i n c r e a s e s  in  an environment w ith more s t a b l e  s a l i n i t y .
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C ib ic id e s  o c c u r s  l e s s  f r e q u e n t ly ,  being r e p la c e d  by th e  o th e r  h y a l in  

c a l c a r e o u s  b en th on ic  f o r a m i n if e r a .  A few s p e c ie s  appear f o r  the  f i r s t  

time a t  a s i g n i f i c a n t  freq u en cy . T r i  f a r i n a  and T e x tu la r ia  o c c u r  in  

normal marine environm ents on th e  s h e l f  and in  the upper b a th y a l  zone.  

N onion  i s  a common genus on th e  s h e l f  o f  normal marine s e a s .  The 

p re se n c e  o f  s t r i a t e  B o l i v i n a 's (B. o o o k e i)  i n d i c a t e s  an in c r e a s in g  sea  

depth  ( c e n t r a l  and o u te r  s h e l f )  in  s u b t r o p i c a l  to  t r o p i c a l  a r e a s .

11. CONCLUSIONS.

The B r u s s e ls  Sands were d e p o site d  in  a sea  w ith moderate  

tem p eratu re  and s a l i n i t i e s  on an in n er to  c e n t r a l  s h e l f  ( 5 0 -  100m).

The se a w a te r  was r i c h  in  0 ^ .  An im portant v e g e t a t io n  probably favoured  

th e  development o f  C ib ic id e s .  The p re se n ce  o f  p la n k to n ic  fo r a m in if e r a  

i n d i c a t e  an opening to  th e  ocean . The r e g r e s s io n  of the  B ru s s e ls  sea  

was follow ed by a new t r a n s g r e s s i o n .  The s a l i n i t y  o f  the  se a  in c r e a s e d  

s l i g h t l y  during d e p o s i t io n  o f  th e  Lede Sands to  normal marine o r  

h y p e r s a l i n e  c o n d i t i o n s .  At the  same time th e  tem p eratu re  in c re a se d  to  

t r o p i c a l - s u b t r o p i c a l  v a lu e s .  The sed im e n ta tio n  took p la c e  on an inner  

s h e l f  environm ent, where the w ater was more tu rb u le n t  than  in  the  

B r u s s e ls  s e a .

The depth o f  th e  se a  in c r e a s e d  q u ick ly  in  a new t r a n g r e s s i o n  o f  the  

Wemmel se a  to  a c e n t r a l  to  o u te r  s h e l f  environment (1 0 0 -1 5 0 m ) ,  which  

i s  in d i c a te d  by the o c c u r r e n c e  of s t r i a t e  B o l i v i n a 's .  The s a l i n i t y  

and th e  tem p eratu re  remained f a i r l y  h igh .
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1. ABSTRACT.

The b en th o n ic  f o r a m i n if e r a l  p o p u latio n s  in  th e  Eocene B r u s s e ls  

Sands Form ation have been s tu d ie d  in  a tem porary o u tcro p  a t  Diegem. 

Countings to  100 in d iv id u a ls  per sample have been made. By s u c c e s s iv e  

use o f  q u a n t i t a t i v e  d i s t r i b u t i o n ,  t r i a n g u l a r  p l o t s  o f  su b o rd e rs ,  

s i m i l a r i t i e s ,  F is h e r  ol in d e x ,  dominance in d ex , p e rc e n ta g e  dominance 

and p a l e o e c o l o g i c a l  s i g n i f i c a n c e  o f  the  o c c u r r in g  t a x a ,  i t  has been 

p o s s i b le  to  i n t e r p r e t  the  fau n al assemblage p a l e o e c o l o g i c a l l y .

2 .  INTRODUCTION.

During e x c a v a t i o n s  along th e  ra i lw a y  B ru s s e ls  -  Leuven a t  

Diegem ( f i g . l ,  l o c a t i o n  map), the  B r u s s e ls  Sands Form ation was 

te m p o ra r i ly  exposed. The samples have been t r e a t e d  w ith  3nd s ^eved

on a 0.074mm s i e v e .  In  each r e s id u e ,  co u n tin gs to  100 in d iv id u a ls  o f  

b en th o n ic  f o r a m in if e r a  have been made. For  a f u l l  s y s te m a t ic  d e s c r i p t i o n  

o f  th e  o c c u r r i n g  t a x a ,  we r e f e r  to  KAASSCHIETER ( 1 9 6 1 ) .

3 .  LITH0L0GICAL DESCRIPTION OF THE BRUSSELS SANDS FORMATION AT DIEGEM.

F i g . 2 shows the developement o f  the  B ru s s e ls  Sands in  th e  lo ­

c a l i t y  s tu d ie d .  In the lower p a r t  o f  the s e c t i o n ,  th e s e  sands a re  

y e llo w is h  w ith  many sm all white  s p o ts .  B i v a lv ia  have been observed  

a t  th e  base o f  th e  i n t e r v a l .  Sandstone c o n c r e t io n s  o ccu r  a t  d isco n tin u o u s  

beds a t  l e v e l s  7 and 8 .  Higher up, the  B r u s s e ls  Sands become more green  

due to  a h ig h e r  g la u c o n i t e  p e r c e n ta g e .  Spots of  w hite sand s t i l l  o ccu r  

in  th e  h ig h e r  p a r t  o f  th e  s e c t i o n .  Between l e v e l s  9 and 12 d i f f e r e n t  

s c a t t e r e d  san d ston e c o n c r e t io n s  have been observed.

4 .  QUANTITATIVE DISTRIBUTION OF BENTHONIC FORAMINIFERA.

T ab les 1 and 2 show th e  r e l a t i v e  f r e q u e n t ie s  o f  the  o c c u r r in g  

t a x a .  The p o p u la tio n s  in  t h i s  i n t e r v a l  a r e  r a t h e r  homogeneous.
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M I L I O L I N A

R O T  A U  I N A  T E X T U L A R I I N A

F i g .  3  :  T r i a n g u l a r  p l o t  o f  s u b o r d e r s  i n  t h e  B r u s s e l  S a n d s  a t  D i e g e m
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F i g .  U  :  S i m i l a r i t i e s .



- 4 1 -

, N u m b e r  o f  i n d i v i d u a l s

i
F i g . 5  :  D i v e r s i t y  i n d e x  o r  F i s h e r  o c  i n d e x .
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R a n za u a ia  (34-59% ) i s  th e  dominating genus. However, i t s  frequency  

d e c r e a s e s  s l i g h t l y  in  the upper p a r t  o f  th e  s e c t i o n .

The C ib ic id .e s  s p e c ie s  a re  a l s o  im p o rtan t.  The frequency o f  C. w e s t i  

v a r i e s  from 7 to  22% and C. p r o p r iu s  a c u tim a rg o  re a ch e s  0-8% in  the  

assem b lages. C. p r o p r iu s  p r o p r iu s  (7-28% ) becomes more fre q u e n t  

e s p e c i a l l y  a t  the  top o f  the  i n t e r v a l .

A few o th e r  h y a l in  c a l c a r e o u s  b en th o n ic  fo r a m in if e r a  a re  f a i r l y  c o n s ta n t  

components o f  the  a s s o c i a t i o n s  î G u ttu Z in a  ZcLctea. (2 —8%) and E lp h id iu tn  

subnodosum .

5 .  TRIANGULAR PLOT OF SUBORDERS.

S in ce  no M il io l in a  o r  T e x tu lc œ i in a  o ccu r  in  the s e c t i o n  s tu d ie d ,  

th e  t r i a n g u l a r  p lo t  o f  suborders l i e s  on the Rotcilicc  c o rn e r  ( f i g . 3 ) .  

A ccording to  th e  i n t e r p r e t a t i o n  o f  the  d i f f e r e n t  e c o l o g i c a l  f i e l d s  by 

MURRAY ( 1 9 7 3 ) ,  the  fo llo w in g  environments a r e  p o s s ib le  : h y p e rsa lin e  

marshes and la g o o n s ,  h y p o salin e  lag o o n s , normal marshes and s h e l f  sea  

o f  normal s a l i n i t y .

6 .  SIMILARITIES. (SANDERS, 1 9 6 0 ) .

F i g .  4 r e p r e s e n t s  the s i m i l a r i t y  index between s u c c e s s iv e  sam ples.  

This index v a r i e s  between 77 and 96%. These high v a lu e s  u n d e rlin e  the  

homogeneity o f  the  d i f f e r e n t  p o p u la tio n s .

7 .  DIVERSITY INDEX OR FISHER INDEX. (FISHER, CORBETT & WILLIAMS, 1 9 4 3 ) .

In f i g .  5 ,  th e  number o f  s p e c ie s  i s  p l o t t e d  a g a in s t  th e  number 

o f  in d i v id u a ls .  The d i v e r s i t y  index o r  F is h e r  a  index v a r i e s  between

1 .5  and 4 .

A ccording to  th e  i n t e r p r e t a t i o n  o f  th e  d i f f e r e n t  environments co rresp on d in g  

to  th e  v a r io u s  t* v a lu e s  by WRIGHT & MURRAY (1 9 7 2 )  and MURRAY ( 1 9 7 3 ) ,
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F i g .  6  :  D o m i n a n c e  i n d e x .
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F i g .  7 :  P e r c e n t a g e  d o m i n a n c e .



-4 5 -

th e  fo llo w in g  environments a r e  p o s s i b le  : h y p osalin e  and n e a rsh o re  s h e l f  

s e a s ,  h y p e r s a l in e  lagoons and m arshes, h y p o sa lin e  lagoon and marshes  

and normal marine marsh.

8 .  DOMINANCE INDEX. (WRIGHT, 1 9 7 2 ) .

F i g .  6 r e p r e s e n ts  the number of s p e c ie s  in  80% o f  th e  p o p u la tio n s .  

The dominance index i s  f a i r l y  co n s ta n t  and v a r i e s  from 3 to  5 .  These low 

v a lu e s  i n d i c a t e  a r a t h e r  shallow  sea  o r  m arginal environment in  which 

th e  se d im e n ta tio n  took p l a c e .

9 .  PERCENTAGE DOMINANCE. (WALTON, 1 9 6 4 ) .

The p ercen tag es  o f  the most abundant s p e c ie s  in  th e  d i f f e r e n t  samples 

a r e  g iven  in f i g .  7 . In the lower p a r t  o f  the  s e c t i o n ,  th e se  p e rce n ta g e s  

a r e  f a i r l y  c o n s t a n t .  They v a ry  between 51 and 5 8 .  These high v a lu e s  

i n d i c a t e  a r a t h e r  shallow  environm ent.

From sample 9 to  sample 15, th e  percentages become more v a r i a b l e .  They 

v a ry  from 34 in  sample 15 to  59 in  sample 11. The g e n e r a l ly  lower v a lu e s  

in  th e  uppermost p a r t  o f  the  s e c t i o n  probably su g g e sts  a s l i g h t  deepening  

o f  th e  se a .

10. PALEOECOLOGICAL SIGNIFIANCE OF THE OCCURRING TAXA.

In fo rm atio n  on the ( p a l e o - )  e c o l o g i c a l  s i g n i f i c a n c e  of th e  

o c c u r r i n g  ta x a  i s  found in  e . g .  PHLEGER ( 1 9 6 0 ) ,  BANDY ( 1 9 6 0 ,  1 9 6 4 ) ,

WALTON ( 1 9 6 4 ) ,  WRIGHT & MURRAY ( 1 9 7 2 ) ,  MURRAY ( 1 9 7 3 ) ,  WRIGHT ( 1 9 7 2 - 1 9 7 3 ) ,  

MURRAY & WRIGHT ( 1 9 7 4 ) ,  B0LT0VSK0Y & WRIGHT (1 9 7 6 )  and GERITS,

HOOYBERGHS & VOETS ( 1 9 8 1 ) .

H anzaw aia3 the  most abundant genus p r e f e r s  a s h e l f  environm ent.

C ib io id e s  i s  c u r r e n t l y  most abundant on sh e lv e s  o f  tem porate  s e a s ,  where 

i t  i s  a t t a c h e d  on a l l  types of s u b s t r a t e s  such as v e g e t a t io n .

E lp h id iu m  o c c u r s  most f re q u e n tly  on a shallow  in n er s h e l f  in  o x y g e n -r ic h  

w a te rs  w ith  a l o t  o f  a lg a e .
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G u ttu U n a  i s  a t y p i c a l  in n er s h e l f  genus and G y v o id in a  i s  found e s p e c i a l l y  

on a normal marine s h e l f .

The absence o f  M il io l in a  su g g e s ts  a low s a l i n i t y .  Q u in q u e lo o u lin a  and 

T r i lo o u l in a  do not s u f f e r  s a l i n i t i e s  below 30%.

11. CONCLUSIONS.

In t h i s  l o c a l i t y ,  th e  B r u s s e ls  Sands were d e p o site d  on a shallow  

in n e r  s h e l f .  L a t e r ,  the se a  depth probably in c re a s e d  s l i g h t l y .  The w ater  

was oxygen—r i c h  and the r e v i v a l  o f  a lg a e  was favou red . The s a l i n i t y  

o f  th e  tem p erate  w a te rs  was r a t h e r  low (below 30%).
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Fig. 1 : Location map.
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1. ABSTRACT.

The b en th on ic  f o r a m in if e r a  in  th e  Eocene Lede Sands Form ation  

have been s tu d ie d  in  a quarry  a t  Balegem. Q u a n t i ta t iv e  co u n tin gs of up to  

100 in d iv id u a ls  per sample a r e  made. S u cc e ss iv e  use o f  q u a n t i t a t i v e  

d i s t r i b u t i o n s ,  t r i a n g u l a r  p l o t s  of su b o rd e rs ,  s i m i l a r i t i e s ,  F i s h e r  a  

in d ex , dominance in d ex , p e rce n ta g e  dominance and p a le o e c o lo g i c a l  

s i g n i f i c a n c e  o f  the  o c c u r r in g  t a x a ,  allowed us to  i n t e r p r e t  th e  faunal  

a s s o c i a t i o n  p a l e o e c o l o g i c a l l y .

2 .  INTRODUCTION.

The Lede Sands Form ation  i s  exposed in  a q u arry  a t  Balegem 

( f i g .  1 ,  l o c a t i o n  map). The o u tcro p  was sampled in  1982. The samples 

were washed on a 0 . 0 7 4  mm s ie v e  a f t e r  tre a tm e n t  w ith ^2^2 * d rie d

r e s i d u e ,  co u n tin gs  to  100 in d iv id u a ls  of benthonic f o r a m in if e r a  have been 

made. F o r  a f u l l  s y s te m a t ic  d e s c r i p t i o n  o f  th e  o c c u r r in g  b en th on ic  t a x a ,  

we r e f e r  to  KASSCHIETER ( 1 9 6 1 ) .

3 .  LITH0L0GICAL DESCRIPTION OF THE LEDE SANDS FORMATION AT BALEGEM.

In th e  Balegem q u a rry ,  th e  Lede sands co v er  the g l a u c o n i t i c  sands 

o f  th e  P a n is e l  Form ation ( f i g . 2 ) .  At th e  base  o f  th e  Lede Sands, a th in  

g r a v e l  l a y e r  o c c u r s  which y i e l d s  many reworked f i s h  t e e t h .  The lower p a r t  

o f  th e  Lede Sands i s  w hite  in  co lo u r  and fo u r c a lc a r e o u s  sandstone beds 

a r e  o b serv ed , two o f  which a re  r i c h  in  B i v a l v i a .  L evel 5 co n ta in s  many 

N u m m u lite s .
The middle p a r t  o f  the  s e c t i o n  was not exposed when i t  was sampled. Higher 

up ( l e v e l s  6 - 1 2 )  B iv a lv ia  o c c u r  s c a t t e r e d  in  the Lede Sands o r  more 

c o n c e n tr a te d  in  l e v e l s  6 and 12. In th e  uppermost p a r t ,  th e  Lede Sands 

become yellow  in  c o lo u r  ( l e v e l s  13 and 1 4 ) ,  but h ere  they a re  com p letely  

d e c a l c i f i e d .  The Lede Sands a re  covered  by the C a sse l  Clay Member o f  the  

Asse Form ation .
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Tables 1 and 2 show the r e l a t i v e  abundance o f  th e  benthonic fo ra m i-  

n i f e r a  in  th e  Lede Sands a t  Balegem. I t  i s  p o s s ib le  to  d i s t in g u is h  th r e e  

d i f f e r e n t  faunules in  t h i s  s e c t i o n .  We s h a l l  d is c u s s  h ere  the r e l a t i v e  

fre q u e n c ie s  of the  d i f f e r e n t  ta x a  in  th e  th r e e  fa u n u le s .

Faunule 1 ( l e v e l s  1 - 5 ) .

R o t a i i a  a u d o u in i  i s  the most abundant s p e c ie s  in  t h i s  faunule :

24 to  39%. C ib ic id e s  t e n e l l u s  a l s o  re a ch e s  r e l a t i v e  high fre q u e n cie s  : 16 -  

26%. The a g g lu t in a te d  T e x tu la r ia  a g g lu t in o n s  i s  a s i g n i f i c a n t  component 

o f  the a s s o c i a t i o n s  : 3-13%. D i f f e r e n t  h y a lin  c a l c a r e o u s  ta x a  o ccu r  in  t h i s  

i n t e r v a l  in  s m a l le r  q u a n t i t i e s  : G lo b u lin a  g r a v id a  (1 -6 % ) ,  G u t tu l in a  

i r r e g u l a r i s  ( 1 -4 % ) ,  G u t tu l in a  la o te a  (2 -7 % ) ,  B o l iv in a  c r e n u la ta  (1 -4 % ) ,  

and E lp h id iu m  la e v e  (2 -7 % ) .  Some o th e r  h y a l in  c a l c a r e o u s  s p e c ie s  appear  

in  p a r t  o f  the  i n t e r v a l  : N o n io n e lla  w em m elensis  (0 -5 % ) ,  L am arokina  

c r i s t e l l a r o i d e s  ( 0 -6 % ) ,  C a n c r is  su b o o n ic u s  (0 -3 % ) ,  C ib ic id e s  lo b a tu lu s  

(0 -1 0 % ) ,  C ib ic id e s  p r o p r iu s  p r o p r iu s  ( 0 -6 % ) ,  C ib ic id e s  p r o p r iu s  a c u t i -  

margo  (0-4%) and B u l im in e l la  c f .  B. p u lc h r a  (0 -2 % ).

Faunule 2 ( l e v e l s  6 - 7 ) .

The f r e q u e n cie s  o f  R o t a i i a  a u d o u in i  (6%) and C ib ic id e s  t e n e l l u s  

(3%) dim inish  d i s t i n c t l y  in  th e s e  sam ples. The sudden appearance of  

d i f f e r e n t  M i l i o l i d s  : Q u in q u e lo c u lin a  lu d w ig i  (1 4 -1 9 % ) ,  S p i r o lo c u l in a  

c o s t i g e r a  v a r .  nuda  (0 -1 % ) ,  broken M il io la c e a  (1 0 -1 1 % ) ,  Q u in q u e lo c u lin a  

b i c a r i n a ta  (1% ), Q u in q u e lo c u lin a  c a r in a ta  (5 -9 % ) ,  Q u in q u e lo c u lin a  «ƒu le a n a  

(0 -3 % ) ,  Q u in q u e lo c u lin a  s e m in u la  (6 -1 3 % ) ,  T r i lo c u l in a  a n g u la r i s  (10-17%)  

and T r i l o c u l i n a  t r ig o n u l a  (7-8%) i s  notew orthy.

C ib ic id e s  lo b a tu lu s  (2-10%) and L am arckina  c r i s t e l l a r o i d e s  (3-6%) s t i l l  

o ccu r  s i g n i f i c a n t l y .  S e v e ra l  h y a l in  c a lc a r e o u s  t a x a  d isap p ear  com p letely  

o r  o ccu r  in  sm all q u a n t i t i e s  : G u t tu l in a  i r r e g u l a r i s  (2%), G u t tu l in a  

l a c t e a  (3 -4 % ),  C ib ic id e s  p r o p r iu s  p r o p r iu s  ( 0 - 1 % ) ,and C ib ic id e s  p r o p r iu s

4 . QUANTITATIVE DISTRIBUTION OF THE BENTHONIC FORAMINIFERA.



M ilio lin a

Fig. 3  : T riangu lar p lo t o f  s u b o r d e r s  in fa u n u le  1.

M ilio lin a

Fig. U : T riangular p lo t  o f  su b o rd e rs  in fa u n u le  2 .



- 6 2 -

M i l i o l i n a

F i g .  5  :  T r i a n g u l a r  p l o t  o f  s u b o r d e r s  i n  f a u n u l e  3 .
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a c u tir m r g o  (0 -1 % ) .  N onion  soaphum  f i r s t  appears (0 -2 % ) .  The a g g lu t in a te d  

T e x tu la v ia  a g g lu t in a n s  o ccu rs  but sp o ra d ic  (0 -2 % ) .

Faunule 3 .

Faunule 3 i s  c h a r a c t e r i z e d  by new high f re q u e n cie s  of R o t a l i a  

a u d o u in i  (8-25% ) and C ib ic id e s  t e n e l l u s  (15-31% ) and by the p re se n ce  o f  

d i f f e r e n t  M i l i o l i d s y m ostly  l e s s  abundant than in  faunule 2 : Q u in q u e -  

l o o u l in a  lu d w ig i  (0 -5 % ),  S p i r o lo c u l in a  c o s t i g e r a  v a r .  nuda  (0 -2 % ) ,  broken  

M il io la o e a  (2 -1 1 % ) ,  Q u in q u e lo c u lin a  c a r in a ta  ( 0 -4 % ) ,  Q u in q u e lo o u lin a  s e m i-  

n u la  (1 -9 % ) ,  T r i l o a u l in a  a n g u la r i s  (0-6%) and T r i lo c u l in a  t r ig o n u la  (0 -2 % ) .  

The a g g lu t in a te d  T e x tu l a r ia  a g g lu t in a n s  o ccu rs  in  r e s t r i c t e d  q u a n t i t i e s  

(0 -2 % ) .  E lp h id iu m  la e v e  i s  ag ain  d i s t i n c t l y  p re se n t  in  faunule 3 (4 -7 % ) .

Also G u t tu l in a  la c t e a  (2-8% ) and L am arckina  c r i s t e l l a r o i d e s  (3-8%) commonly 

o ccu r  (2 -8 % ) .  Some o th e r  h y a lin  c a l c a r e o u s  f o r a m in if e r a  a re  r e p re s e n te d  in  

sm all q u a n t i t i e s  : G lo b u lin a  g ib b a  (0 -2 % ) ,  B o l iv in a  c r e n u la ta  (0 -5 % ) ,  N o n io -  

n e l l a  w e r m e le n s is  (0 -5 % ) ,  C ib ic id e s  lo b a tu lu s  (3-5%) and C ib ic id e s  

p r o p r iu s  p r o p r iu s  (0 -5 % ) .  The more s i g n i f i c a n t  appearance of A s t e r i g e r i n a  

sp. in  p a r t  o f  the i n t e r v a l  (0-7%) and of N onion  scaphum  (1-8%) i s  o f  n o te .

5 .  TRIANGULAR PLOT OF SUBORDERS.

The th r e e  suborders o f  ben th on ic f o r a m in if e r a ,  T e x tu l a r i i n a ,  

M i l i o l i n a  and R o t a l i i n a ,  can be p lo t t e d  on a t r i a n g u l a r  diagram . MURRAY

(1 9 7 3 )  marks out the  f i e l d s  f o r  the  d i f f e r e n t  p o s s ib le  environment in  t h i s  

diagram .

The t r i a n g u l a r  p l o t s  of suborders in  the th r e e  faunules a re  show

in  f i g s .  3 , 4  and 5 .
In faunule 1 ,  the v a lu e s  l i e  in  the v i c i n i t y  o f  the R o ta l ia  

c o r n e r ,  on o r  n e a r  the R o t a l i i n a  -  T e x tu l a r i i n a  l i n e .  The p o s s ib le  e n v iro n ­

ments f o r  th e s e  p l o t s  a re  : h y p e rs a lin e  marshes o r  lag o on s , normal marine  

m arshes, s h e l f  se a s  and h y p osalin e  lagoon s.
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Fig. 6 : S im ila r ity  b e tw e en  th e  s u c c e s s iv e  sa m p les .
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Fig. 7 : Fisher oc index in fa u n u le  1.
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1 0 0  5 0 0  1 0 0 0  5 0 0 0  1 0 0 0 0

N u m b e r  o f  i n d i v i d u a l s

F i g .  8  :  F i s h e r  0£ i n d e x  i n  f a u n u l e  2 .
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Number o f individuals  

Fig. 9 :  F isher  oc in d ex  in fa u n u le  3 .
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The p o in ts  f o r  faunule  2 f a l l  on o r  n e a r  the R o t a l i i n a  -  M i l io l i n a  

l i n e ,  much c l o s e r  to  the M il io l in a  c o r n e r .  These p o p u latio n s  o ccu r  in  

h y p e r s a l in e  lagoons and marshes or normal marine lagoon s.

In  faunule 3 ,  th e  v a lu e s  a l s o  l i e  on o r  n ear  th e  R o t a l i i n a  -  M i l io ­

l i n a  l i n e ,  but c l o s e r  to  the R o t a l i i n a  c o r n e r .  These a s s o c i a t i o n s  su rv iv e  

in  h y p e rs a l in e  lagoons o r  m arshes, normal marine lagoon s, h y p osalin e  

lagoons o r  on th e  c o n t i n e n ta l  s h e l f .

6 .  SIMILARITIES. (SANDERS,1 9 6 0 ) .

F i g .  6 g iv e s  the s i m i l a r i t i e s  between the s u c c e s s iv e  sam ples.

In faunule 1 , the s i m i l a r i t y  index v a r i e s  between 61 and 84%. Espe­

c i a l l y  in  th e  upper p a r t  o f  t h i s  i n t e r v a l ,  the  p o p u latio n s  ressem ble  

each o th e r  w e l l ,  l e s s  so in  th e  lower p a r t .

The t r a n s i t i o n  from faunule 1 to  faunule 2 i s  marked by a d i s t i n c t  

d e c r e a s e  o f  the  s i m i l a r i t y  index (25% ), which i n d i c a t e s  an im portant change  

in  th e  com p osition  o f  the  p o p u la tio n s .

The s i m i l a r i t y  index between the two samples in  faunule 2 i s  

f a i r l y  high (72% ). The a s s o c i a t i o n s  in  th e s e  samples d i f f e r  only  s l i g h t l y .

A new d e c r e a s e  o f  the s i m i l a r i t y  index is  noted a t  th e  t r a n s i t i o n  

from faunule 2 to  faunule  3 (56%) and even more (53%) between samples 8 and

9 ,  which i s  e x p la in e d  by the r e l a t i v e l y  high f re q u e n cie s  of M i l i o l i d s  in  

sample 9 ,  in  which C ib io id .e s  t e n e l l u s  however o c c u rs  a lre a d y  more abundant.

H igher up in  faunule 3 ,  the  s i m i l a r i t y  index in c r e a s e s  to  maximum 

84%. The s m a l le r  v alu e  in  the uppermost p a r t  (73%) i s  e x p la in ed  by th e  

o c c u r r e n c e  of more M i l i o l i d s  in  sample 12.

7. DIVERSITY INDEX OR FISHER «  INDEX. (FISHER, CORBETT & WILLIAMS, 1 9 4 3 ) .

The r e l a t i o n s h i p  between the number o f  in d iv id u a ls  and the number 

o f  s p e c ie s  in  th e  p o p u latio n s  o f  the  th r e e  faunules i s  g iven  in  f i g s .  7 , 8  

and 9 .  In faunule  1, the F i s h e r  a  index v a r i e s  between 5 . 5  and 9 . 5 .

In faunule  2 ,  th e  v a lu e s  l i e  between 6 . 2  and 7 . 2 .  The F i s h e r  a  index i s  

s l i g h t l y  h ig h e r  in  faunule 3 : between 6 . 8  and 1 1 .2 .
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Fig. 11 : P ercentage dom inance
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A ccording to  th e  i n t e r p r e t a t i o n  o f  th e  d i f f e r e n t  f i e l d s  co rre sp o n ­

ding to  th e  v a r io u s  a  v a lu e s  by WRIGHT & MURRAY (1 9 7 2 )  and MURRAY ( 1 9 7 3 ) ,  

we con clu d e t h a t  th e  p o s s i b le  environments f o r  th e  th r e e  fau n u les a re  : 

h y p e r s a l in e  o r  normal marine lagoons and s h e l f  seas  of normal s a l i n i t y .

8 .  DOMINANCE INDEX. (WRIGHT, 1 9 7 2 ) .

F i g .  10 g iv e s  the number o f  s p e c ie s  in  80% o f  th e  t o t a l  popula­

t i o n .  The dominance index i s  f a i r l y  co n s ta n t  in  the d i f f e r e n t  sam ples. I t  

v a r i e s  m ostly  between 8 and 11. Only in  th e  lowermost sample, th e  index i s  

lower : 6 . The environment d uring  d e p o s i t io n  o f  th e  Lede Sands was 

m od erately  s t a b l e .  I t  i s  im p ossib le  to  d is t in g u is h  d i f f e r e n t  fau n u les  on 

the  base o f  th e  dominance in d ex .

9 .  PERCENTAGE DOMINANCE. (WALTON, 1 9 6 4 ) .

F i g .  11 shows the p e rce n ta g e s  o f  th e  most abundant s p e c ie s  in  th e  

d i f f e r e n t  sam ples.

In faunule  1, th e s e  p e rc e n ta g e s  v ary  betwenn 24 and 3 9 .  The h ig h e s t  v alu e  

i s  noted in  th e  lowermost sample ( 3 9 ) ,  which corresp on d s to  th e  t r a n g r e s -  

s io n  l e v e l  o f  th e  Lede s e a .

In faunule  2 ,  the  p e rce n ta g e  dominance i s  lower ( 1 7 - 1 9 ) ,  i n d i c a t i n g  a 

deepening o f  th e  sea  in  a second impulse in  th e  t r a n s g r e s s i o n .

The p e rce n ta g e  dominance in c r e a s e s  ag ain  in faunule 3 to  maximum 31%. A f te r  

a s l i g h t  deepening o f  the  s e a  in  a second t r a n s g r e s s i v e  p h ase , th e  sea  s t a r t s  

to  r e g r e s s  s lo w ly .

10. PALE0EC0L0GICAL INTERPRETATION OF THE TAXA.

In fo rm atio n  on the (p a l e o - )  e c o l o g i c a l  s i g n i f i c a n c e  o f  the  

o c c u r r i n g  ta x a  i s  faund in  e . g .  PHLEGER ( 1 9 6 0 ) ,  BANDY (1 9 6 0 ,  1 9 6 4 ) ,

WALTON ( 1 9 6 4 ) ,  WRIGHT & MURRAY ( 1 9 7 2 ) ,  MURRAY ( 1 9 7 3 ) ,  WRIGHT ( 1 9 7 2 - 1 9 7 3 ) ;  

MURRAY & WRIGHT ( 1 9 7 4 ) ,  B0LT0VSK0Y & WRIGHT (1 9 7 6 )  and GERITS, HOOYBERGHS 

& VOETS ( 1 9 8 1 ) .
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R o ta l ia ,  which o ccu rs  f r e q u e n t ly ,  p r e f e r s  shallow  w aters  w ith  a l o t  

o f  a lg a e  and s e a g r a s s .

C ib ic id e s  i s  a common in n e r  s h e l f  genus, l i v i n g  in  a wide v a r i e t y  of  

tem p eratu re  and s a l i n i t i e s .  I t  i s  a t ta c h e d  to  a l l  ty p es of s u b s t r a t e s .  

C ib ic id e s  o c c u r s  from a r c t i c  to  t r o p i c a l  a r e a s ,  but i s  c u r r e n t l y  most 

abundant in  tem p erate  s e a s .  C ib ic id e s  lo b a tu lu s  p r e f e r s  most f r e q u e n tly  

a t r a n s i t i o n  zone between a p r o t e c t e d  bay and the open ocean .

E lp h id iu m  o c c u rs  in  g r e a t e s t  abundance in  sh allow , o x y g e n -r ic h  w a te r ,  in  

t i d a l  marshes and lagoons o r  n e a rsh o re .

C a n c r is  i s  a s u b t r o p i c a l  genus l i v i n g  most f r e q u e n tly  on a normal marine  

s h e l f .  G lo b u lin a  and G u t tu l in a  a re  in n er s h e l f  ta x a  in  tem p erate  to  

t r o p i c a l  s e a s .  The a g g lu t in a te d  T e x tu l a r ia  o ccu rs  p r e f e r a b e ly  on normal 

marine s h e l f s ,  in  a r c t i c  to  t r o p i c a l  c o n d i t io n s .

Small, n ot s t r i a t e d  s p e c ie s  o f  B o l iv in a  p r e f e r  a m arginal to  s h e l f  en v iro n ­

ment. The absence of M i l i o l i d s  can be e x p la in ed  by low s a l i n i t i e s .  Espe­

c i a l l y  Q u in q u e lo c u l in a  does not t o l e r a t e  s a l i n i t i e s  below 30%.

The p re se n ce  of p la n k to n ic  f o r a m i n if e r a  (HOOYBERGHS, in  p r e s s )  however 

i n d i c a t e s  an opening to  the ocean .

Faunule 2 .

The sudden appearance of M i l i o l i d s  i n d i c a t e s  an i c r e a s i n g  

s a l i n i t y  in  the second impulse of the  t r a n s g r e s s i o n ,  which s t a r t s  between 

samples 5 and 6 .  The deepening o f  the se a  e x p la in s  th e  low frequency  of  

R o t a l i a .  C ib ic id e s  t e n e l l u s  does n ot t o l e r a t e  h ere  w ell  the  i n c r e a s in g  

s a l i n i t y .  Only a few h y a lin  c a l c a r e o u s  genera  as G u t tu l in a  and L am arckina  

s u r v iv e .  Also the a g g lu t in a te d  T e x tu l a r ia  d isa p p e a rs  n e a r ly  co m p le te ly .

The p re se n ce  of s e v e r a l  broken M il io la c e a  i s  caused by a more tu rb u le n t  

w a te r .

The o c c u rre n c e  of A s t e r i g e r i n a  i n d i c a t e s  a more s t a b l e  s a l i n i t y .

Faunule 1.

Faunule 3.
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R o t a l i a  a u d o u in i  and C ib io id e s  t e n e l l u s  o ccu r  more f re q u e n tly  a g a in .

Also E lp h id iu m  and N o n io n e lla  re a p p e a r  in  t h i s  shallow  w a te r .  The f r e ­

quency o f  M i l i o l i d s  d e c r e a s e s  s l i g h t l y  w ith in c r e a s in g  depth but they  

o c c u r  q u ick ly  more f r e q u e n tly  ag ain  d uring  the r e g r e s s io n  of the  s e a .  The 

f r e q u e n cie s  o f  G u t tu l in a  (G. la o te a )  and C ib io id e s  lo b a tu lu s  a re  le s s  

in f lu e n ce d  by the changing environm ents.

11. CONCLUSIONS.

In t h i s  l o c a l i t y ,  the t r a n s g r e s s i o n  o f  th e  Lede se a  f i r s t  led  to  

a h y p o sa lin e  m arginal d e p o sit  o r  lagoon. Although th e r e  was a co n n e ctio n  

w ith  the open o ce a n . The w ater  was o x y g e n -r ic h  and co n ta in ed  much a lg a e  

o r  s e a g r a s s .  The tem p eratu re  was f a i r l y  h igh . The se d im e n ta tio n  took p la c e  

in  a s u b t r o p i c a l -  t r o p i c a l  environm ent. The s a l i n i t y  in c r e a s e d  to  normal 

o r  h y p e r s a l in e  v a lu e s  d uring  a second impulse in  the t r a n s g r e s s i o n .  The 

se a  remained however r a t h e r  sh allow . The second t r a n s g r e s s io n  was only  

of s h o r t  d u r a t i o n .  A r e g r e s s i o n  o f  the se a  follow ed q u ic k ly .

The e x i s t e n c e  of two impulses in  the t r a n s g r e s s i o n  of the  Lede se a  has 

a ls o  been proved by GERITS, HOOYBERGHS & VOETS (1 9 8 1 ) .
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Fig. 2 : Temporary outcrop of the Wemmel Sands 
at Strombeek-Bever.
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1. ABSTRACT.

The ben th on ic f o r a m i n if e r a l  p o p u la tio n s  in  th e  Wemmel Sands 

Member o f  the Asse Form ation have been s tu d ied  in  a temporary ou tcro p  

a t  Strom beek-Bever. Q u a n t i ta t iv e  co u n tin gs o f  up to  100 in d iv id u a ls  per  

sample a re  made. S u cc e ss iv e  use o f  q u a n t i t a t i v e  d i s t r i b u t i o n ,  t r i a n g u l a r  

p lo t  o f  su b o rd e rs ,  s i m i l a r i t i e s ,  F i s h e r  oc in d ex , dominance in d e x ,  p ercen ­

ta g e  dominance and p a le o e c o lo g ic a l  s i g n i f i c a n c e  o f  the  o c c u r r in g  t a x a  

allowed us to  i n t e r p r e t  the fau n al assem blages p a l e o e c o l o g i c a l l y .

2 .  INTRODUCTION.

During e x c a v a t i o n s  on the highway around B r u s s e l s ,  the  Wemmel 

Sands were te m p o ra r i ly  exposed in  1982 ( f i g . l ,  l o c a t i o n  map). The samples 

were t r e a t e d  w ith ^ 0 2  and s ie v e d  on a 0 .0 7 4  mm s i e v e .  In  each d r ie d  

r e s i d u e ,  co u n tin gs  o f  up to  100 in d iv id u a ls  were made. F o r  a f u l l  s y s t e ­

m a tic  d e s c r i p t i o n  o f  the o c c u r r in g  t a x a ,  we r e f e r  to  KAASSCHIETER ( 1 9 6 1 ) .

3 .  LITH0L0GICAL DESCRIPTION OF THE WEMMEL SANDS AT STROMBEEK-BEVER.

In th e  lower p a r t  o f  the  o u tcro p  ( f i g . 2 ) ,  the Wemmel Sands a re  

homogeneous, brown to  g re e n -y e llo w  and g l a u c o n i t i c .  Although few B i v a l v i a  

a re  disposed  throughout th e s e  san d s, in  s e v e r a l  a re a s  of about 10cm 

d ia m e te r  th e r e  a r e  B iv a lv ia  c o n c e n t r a t io n s .  Higher up, the Wemmel Sands 

become s l i g h t l y  c la y e y .  N um m ulites  o ccu r  f r e q u e n tly  in  the middle p a r t  o f  

the s e c t i o n .  The sands show a c r o s s - la m in a t i o n  a t  l e v e l s  f i v e  and s i x .

They become g rey  in  c o lo u r  and fragm ents of B iv a l v i a  o ccu r  s c a t t e r e d  

in  th e  sedim ent. The amount o f  g la u c o n i te  i n c r e a s e s  upwards. In the upper  

p a r t  o f  the s e c t i o n ,  p a tch e s  o f  w hite sand a re  observed and one le v e l  (1 1 )  

i s  r i c h  in  sm all c o n c e n tr a t io n s  o f  lim esto n e n od u les .  At th e  top o f  the  

s e c t i o n ,  th e r e  i s  a dark-brown c la y e y ,  very  g l a u c o n i t i c  band, which i s  the  

"Bande Noire'i
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The r e l a t i v e  abundance of the  o c c u r r in g  t a x a  i s  given  in  ta b l e s  1 

and 2 .  In the i n t e r v a l  s tu d ie d ,  we can d is t in g u is h  two d i f f e r e n t  fa u n u les .

Faunule 1 . ( l e v e l s  1 -5 )

In t h i s  fau n u le , A s t e r i g e r i n a  b a r to n ia n a  dominates the p o p u la tio n s .  

The f re q u e n cie s  however v ary  co n sid e ra b ly  (1 3 -66% ).

C ib ic id e s  t e n e l l u s  i s  an o th er  im portant component of the a s s o c i a t i o n s ,  with  

v a r i a b l e  f re q u e n cie s  (5 -2 3 % ).

Some o th e r  C ib ic id e s  s p e c ie s  a ls o  o ccu r  commonly : C. p r o p r iu s  p r o p r iu s  

(7-13%) and C; p r o p r iu s  a c u tim a rg o  (1 -1 0 % ).

The frequency o f  E p o n id es  to u lm in i  changes very  much (3 -2 3 % ).

D if f e r e n t  h y a l in  c a lc a r e o u s  s p e c ie s  as N onion  a f f i n e  (1 -7 % ) ,  N o n io n e lla  

w em m elensis  (1 -2 % ), B o l iv in a  a n g l io a  (1 -6 % ),  B o l iv in a  c a r in a ta  (1-5%) and 

C a n c r is  s u b c o n ic u s  (1-4%) o ccu r  r e g u l a r l y  but le s s  f r e q u e n tl y .  B i fa r in a  

s e l s e y e n s i s  (0-12%) i s  re p re se n te d  e s p e c i a l l y  in  the lower p a r t  o f  the  

s e c t i o n .  The p resen ce  of d i f f e r e n t  Q u in q u e lo c u lin a  s p e c ie s  in  the lower­

most sample i s  o f  n o te .  At the top of the i n t e r v a l ,  S p ir o p le c ta n u n in a  

c a r in a ta  v a r .  d e p e r d i ta  appears d i s t i n c t l y  (0 -3 % ).

Faunule 2 . ( l e v e l s  6 -1 1 )

The im portance o f  A s t e r i g e r i n a  b a r to n ia n a  d im inishes d i s t i n c t l y  

(0 -3 % ).  The maximum frequency o f  C ib ic id e s  t e n e l l u s  i s  a ls o  lower than in  

faunule 1 (5 -1 3 % ).  D if f e r e n t  o th e r  h y a lin  c a lc a r e o u s  ta x a  become more 

im portant in  (p a r t  o f )  t h i s  second i n t e r v a l  : C a n c r is  s u b c o n ic u s  (0 -1 1 % ) ,  

N onion  a f f i n e  (3 -1 5 % ) ,  N o n io n e lla  w em m elensis  (0 -4 % ),  B o l iv in a  a n g l ic a  

(0-18% ) and C ib ic id e s  p r o p r iu s  p r o p r iu s  (6 -18% ).

B o l iv in a  c a r in a ta  (0 -4 % ) ,  C ib ic id e s  p r o p r iu s  a cu tim a rg o  (0-9%) and E p o n id es  

to u lm in i  (1-12% ) s t i l l  o ccu r  r e g u l a r l y .

Some new h y a lin  c a lc a r e o u s  s p e c ie s  appear f a i r l y  r e g u l a r l y  : L e n t i c u l i n a  

sp. (0 -2 % ) ,  G u t tu l in a  la c t e a  (2 -1 2 % ) ,  G lo b u lin a  g ib b a  (0 -5 % ) ,  E lp h id iu m

4 . QUANTITATIVE DISTRIBUTION OF THE BENTHONIC FORAMINIFERA.
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Ml LI OLI NA

Fig. 3  : Triangular p lo t o f  suborders in fa u n u le  1 .

MILIOLINA

ROTALIINA TEXTULARI INA

Fig. 4 . Triangular p lo t of suborders in faunule 2.
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Fig. 5  : S im  i la r itie s .
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laeve (1-7% ),  Anomalina acuta  (1 -6% ),  Uvigerina farinosa  (0 -1 5% ),  Bulimina 

p a ris ie n s is  (0-4%) and B olivina cookei (0-9%).

The p r e s e n c e  o f  a g g l u t i n a t e d  s p e c i e s  as  K a rre rie lla  siphonella  (0-3%) and

Spiroplectammina carinata  v a r .  d eperdita  i s  n o t e w o r t h y .

5 .  TRIANGULAR PLOT OF SUBORDERS.

T extu la riin a 3 M ilio lina  and R otaliina  r e p r e s e n t  t h e  t h r e e  s u b o r d e r s  

o f  b e n t h o n i c  f o r a m i n i f e r a .  We can p l o t  them on a t r i a n g u l a r  d ia gram .

The e c o l o g i c a l  i n t e r p r e t a t i o n  o f  t h e  d i f f e r e n t  f i e l d s  f o r  t h e  v a r i o u s  

p o s s i b l e  e n v iro n m en t  i s  worked o u t  by MURRAY ( 1 9 7 3 ) .

F i g s . 3 and 4 show t h e  t r i a n g u l a r  p l o t  o f  s u b o r d e r s  i n  t h e  two f a u n u l e s .

In  b o t h  f a u n u l e s ,  t h e  p o i n t s  l i e  i n  t h e  v i c i n i t y  o f  t h e  R otaliina  c o r n e r .  

The p o p u l a t i o n s  c o n t a i n  o n l y  a few T extu la riin a  and M iliolina . They can  

o c c u r  i n  t h e  f o l l o w i n g  p o s s i b l e  e c o l o g i c a l  c o n d i t i o n s  : h y p e r s a l i n e  marshe s  

and l a g o o n s ,  normal  m ar in e m a r s h e s ,  h y p o s a l i n e  marshes  and l a g o o n s ,  and on  

t h e  c o n t i n e n t a l  s h e l f .

6 .  SIMILARITIES. (SANDERS, 1960)

The s i m i l a r i t i e s  b e tw e en  s u c c e s s i v e  sa m p le s  a r e  r e p r e s e n t e d  in

f i g . 5 .

In  f a u n u l e  1, t h e  s i m i l a r i t i e s  v a r i e  b e tw e en  50 and 69%. The lo w er  v a l u e s  

a r e  e x p l a i n e d  by t h e  d i s t i n c t  chan ge  i n  f r e q u e n c y  o f  some t a x a .

The t r a n s i t i o n  from f a u n u l e  1 t o  f a u n u l e  2 i s  marked by a v e r y  low  

s i m i l a r i t y  (36%), due t o  a sudden r e n e w a l  i n  t h e  a s s o c i a t i o n s  o f  b e n t h o n i c
-J

f o r a m i n i f e r a .

The s i m i l a r i t y  i n c r e a s e s  t o  73% i n  f a u n u l e  2 .  The p o p u l a t i o n s  d i f f e r  o n l y  

s l i g h t l y  i n  t h e  lo w er  p a r t  o f  t h i s  f a u n u l e .  H ig her  up,  t h e  v a l u e s  d e c r e a s e  

a g a i n  t o  53%, wh ich  i s  c a u s e d  by a g e n e r a l l y  more abundant  but  v a r i a b l e  

o c c u r r e n c e  o f  some t a x a .

7 .  DIVERSITY INDEX OR FISHER a  INDEX. (FISHER, CORBETT & WILLIAMS, 1943)  

F i g s . 6 and 7 r e p r e s e n t  t h e  r e l a t i o n s h i p  b e tw e en  t h e  number o f  i n d i v i d u a l s
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F i g .  6  :  F i s h e r  oc  i n d e x  i n  f a u n u l e  1.



7 0

6 5

6 0

5 5

5 0

45

U O

3 5

3 0

25j

20  <

1 5

10

5

0

- 9 2 -

'I '/ >, '• '/ ' /  v  £>
(T ^  / >

0  5 0 0  1 0 0 0  5 0 0 0  1 0 0 0 0

N u m b e r  o f  i n d i v i d u a l s

7 7 F i s h e r  o c  i n d e x  i n  f a u n u l e  2 .



- 9 3 -

Fig. 8  : D om inance index .
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Fig. 9 : Percentage d o m in a n ce .
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and the number of s p e c ie s  in  the a s s o c i a t i o n s  of the two fa u n u le s .

In fau n u le  1, the oc index v a r i e s  between 4 , 8  and 13. The oc v a lu e s  l i e  

between 7 and 11 in  faunule 2 .

The i n t e r p r e t a t i o n  o f  the d i f f e r e n t  e c o l o g i c a l  f i e l d s  co rresp o n d in g  to  th e  

v a r io u s  oc v a lu e s  i s  worked out by WRIGHT & MURRAY ( 1 9 7 1 ) .

The p o s s ib le  environm ents f o r  faunule 1 a re  : s h e l f  seas  o f  normal marine  

s a l i n i t y  o r ,  f o r  the  lowest v a lu e ,  a h y p osalin e  and n earsh o re  s h e l f  s e a .

The p o p u la tio n s  in faunule 2 p r e f e r  a s h e l f  sea  o f  normal s a l i n i t y .

8 .  DOMINANCE INDEX. (WRIGHT, 1972)

F i g . 8 shows the number of s p e c ie s  in  80% of the t o t a l  p o p u la tio n .

The dominance index in faunule 1 v a r i e s  between 3 and 13. The d i s t i n c t l y  

d i f f e r e n t  v a lu e s  a re  probably due to  an u n sta b le  environment in  which the  

se d im en tatio n  took p la c e .

In faunule  2 ,  th e  dominance index i s  g e n e r a l ly  h ig h er  and l e s s  v a r i a b l e .

I t  changes between 9 and 12. During a second impulse in  the t r a n s g r e s s i o n ,  

th e  sea  bottom became more s t a b l e .  The deepening o f  the sea  took p la c e  

g r a d u a l ly .

9 .  PERCENTAGE DOMINANCE. (WALTON, 1964)

The p e rce n ta g e s  o f  the most abundant s p e c ie s  in  the d i f f e r e n t  

samples a r e  re p re se n te d  in f i g . 9 .

Faunule 1 shows d i s t i n c t l y  changing f r e q u e n c ie s .  They v ary  from 13 to  6 6 .  

Again, t h i s  can be e x p la in ed  by an u n sta b le  sed im en tatio n  environm ent.

The v a lu e s  f o r  faunule 2 a re  le s s  v a r i a b l e .  Here they l i e  between 13 and 18. 

A second impulse in  the t r a n s g r e s s io n  led to  a more s t a b l e  c o n t i n e n ta l  

s h e l f .

10. PALEOECOLOGICAL SIGNIFICANCE OF THE OCCURRING TAXA.

Benthonic fo r a m in if e r a  o c c u r  in  s p e c i f i c  e c o l o g i c a l  c o n d i t io n s .  

In fo rm atio n  on the ( p a l e o - )  e c o l o g i c a l  s i g n i f i c a n c e  o f  the o c c u r r i n g  

ta x a  i s  faund in : PHLEGER ( 1 9 6 0 ) ,  BANDY ( 1 9 6 0 , 1 9 6 4 ) ,  WALTON ( 1 9 6 4 ) ,
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WRIGHT & MURRAY (1 9 7 2 ) ,  MURRAY ( 1 9 7 3 ) ,  WRIGHT ( 1 9 7 2 - 1 9 7 3 ) ,  MURRAY & WRIGHT

(1 9 7 4 ) ,  BOLTOVSKOY & WRIGHT (1 9 7 6 )  and GERITS, HOOYBERGHS & VOETS ( 1 9 8 1 ) .

Faunule 1 .

The dominant genus A s t e r i g e r i n a  i s  a t y p i c a l  in n e r  s h e l f  genus, 

where i t  o c c u r s  under c o n d it io n s  o f  s t a b l e  s a l i n i t y  in  a normal marine  

environment w ith  t r o p i c a l - s u b t r o p i c a l  tem p e ra tu re .

C ib io id e s  i s  c u r r e n t l y  most abundant in  tem p erate  s e a s .  I t  i s  a t ta c h e d  

on a l l  typ es o f  s u b s t r a t e s  such as a lg a e  o r  s e a g r a s s  v e g e t a t i o n .

The p re se n ce  o f  s e v e r a l  Q u in q u e lo c u l in a 's  in  the lowermost p a r t  o f  the  

s e c t i o n  i n d i c a t e s  a n e a rsh o re  environment w ith a s a l i n i t y  h ig h e r  than  

30%.

C a n a r is  o c c u r s  on the s h e l f  o f  normal marine se a s  in  a s u b t r o p i c a l  c l im a t e .  

B i f a r i n a  s u rv iv e s  on an in n er s h e l f .  As th e  se a  depth i n c r e a s e s ,  B i fa r in a  

s e l s e y e n s i s  d is a p p e a rs  in  the upper l e v e l s .

E p o n id e s  p r e f e r s  a c o n t i n e n ta l  s h e l f  o f  a normal marine sea  w ith co ld  

to  tem p erate  w a te rs .

N onion  o ccu rs  on the s h e l f  o f  normal to  h y p osalin e  seas  in  d i f f e r e n t  

te m p e ra tu re  c o n d i t io n s ,  but w ith o x y g e n -r ic h  w a te rs .

N o n io n e lla  i s  a normal marine s h e l f  genus in  tem perate  to  t r o p i c a l  s e a s .  

Small smooth s p e c ie s  of B o l iv in a  p r e f e r  an in n er s h e l f  environment w ith  

normal s a l i n i t y  (3 2 -3 6 % ).

The appearance o f  S p iro p le c ta m m in a  in  th e  upper p a r t  o f  th e  i n t e r v a l  

i n d i c a t e s  a deepening o f  th e  s e a .

Faunule 2 .

S e v e ra l  t a x a  from faunule  1 s t i l l  o ccu r  and o f te n  even h igh er  

f r e q u e n c ie s .  I n d iv id u a ls  of  C a n a r is ,  E p o n id e s , C ib i c id e s ,  N o n io n , N o n io n e l la  

and B o l iv in a  (B. a n g l ic a )  s t i l l  su rv iv e  in  t h i s  environm ent. A s t e r i g e r i n a  

however d isap p eared  n e a r ly  co m p le te ly .

The appearance o f  some new ta x a  however in d i c a te s  an in c r e a s in g  depth .  

S t r i a t e  B o l i v i n a 's (B. c o o k e i)  p r e f e r  a c e n t r a l  to  o u te r  s h e l f  m il ie u .

The o c c u r r e n c e  o f  K a r r e r i e l l a ,  S p iro p le c ta m m in a , L e n t i c u l i n a  and U v ig e r in a
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a ls o  su g g e s ts  a g r e a t e r  depth of the  se a  in  normal marine c o n d i t io n s .  

G u t tu l in a  and G lo b u lin a  p r e f e r  a s h e l f  o f  a normal se a  in  a tem p erate  to  

t r o p i c a l  c l i m a t e .

B u lim in a  l i v e s  in  a wide depth ra n g e ,  from n e a rsh o re  to  b a th y a l ,  in  a normal 

marine environm ent.

E lp h id iu m  norm ally  dominates a t  an in n e r  s h e l f  depth w ith r a t h e r  high  

s a l i n i t i e s  (35-50% ) and in  a o x y g e n -r ic h  w ater  *

11. CONCLUSIONS.

The n e a rsh o re  f a c i e s  a t  the  beginning o f  the Wemmel t r a n s g r e s s i o n  

passed to  an in n e r  s h e l f  environm ent. The normal s a l i n i t y  was f a i r l y  

c o n s ta n t  and th e  se d im en tatio n  took p la c e  in  a s u b t r o p i c a l -  t r o p i c a l  

c l i m a t e .  The se a  bottom however was r a t h e r  u n s ta b le .  The w ate r  was oxygen-  

r i c h  and a lg a e  o r  s e a g r a s s  were favoured .

A second impulse in  the t r a n s g r e s s io n  was accompanied by s t ro n g  c u r r e n t s  , 

which e x p la in s  the c r o s s  beetling. The se a  bottom became more s t a b l e  w ith  

i n c r e a s i n g  d e p th .  The sedim ents w e r e . f i n a l l y  d e p o site d  in  a c e n t r a l  to  

o u te r  s h e l f  environment in  a s u b t r o p i c a l  to  t r o p i c a l  c l i m a te .

The s a l i n i t y  o f  the  w ater  remained normal (3 3 -3 7 % ).
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1. ABSTRACT.

The b en th on ic  f o r a m i n if e r a l  p o p u la tio n s  in  th e  Eocene Asse Form ation  

and K a llo  Form ation have been s tu d ie d  in  a b o reh ole  a t  Assenede. Q u a n tita ­

t i v e  co u n tin gs  o f  up to  100 in d iv id u a ls  per sample have been made. To 

i n t e r p r e t  th e  fa u n a l  assem blages p a l e o e c o l o g i c a l l y ,  we s u c c e s s i v e l y  used 

th e  fo llo w in g  methods : q u a n t i t a t i v e  d i s t r i b u t i o n s , t r i a n g u l a r  p l o t  o f  

su b o rd e rs ,  s i m i l a r i t i e s ,  F is h e r  a  in d ex ; dominance in d e x ,  p e rce n ta g e  domi­

nance and p a l e o e c o l o g i c a l  s i g n i f i c a n c e  o f  the o c c u r r in g  t a x a .

2 .  INTRODUCTION.

The Asse Form ation and the K a llo  Form ation have been sampled in  a 

w e ll  a t  Assenede. The w e ll  d e s c r i p t i o n  i s  held  in  the a r c h iv e s  o f  the  

B e lg ia n  G e o lo g ica l  Survey (K.B. Z e lz a t e  2 5 E -1 2 3 Id  -  co d en r. DB.4 3 0 0 2 - 1 4 . 2 ,  

P e i lp u t  101,  A ssen ed e).

The samples were washed on a 0.0074mm s i e v e .  S ince  d i f f e r e n t  samples y ie ld e d  

on ly  a sm all number o f  b en th on ic  f o r a m i n if e r a ,  we were o b lig e d  to  use the  

CCL̂ , method to  c o n c e n t r a te  the f o r a m in if e r a .  Countings o f  up to  maximum 

100 in d iv id u a ls  have been made in  th e  d i f f e r e n t  samples.. F o r  a f u l l  s y s t e ­

m a tic  d e s c r i p t i o n  o f  the t a x a ,  we r e f e r  to  KAASSCHIETER ( 1 9 6 1 ) .

3. LITHOLOGICAL DESCRIPTION OF THE SECTION STUDIED.

Two l i t h o l o g i c a l  u n i t s  have been sampled in  the Assenede w ell  : the  

Asse Form ation  and th e  K allo  Form ation ( F i g . l . ) .

1) Asse F o rm a tio n . (KAASSCHIETER, 1961)

A th in  p e t r i f i e d  g r a v e l  bed o ccu rs  a t  the base o f  the  Wemmel Sands 

Member which i s  developed between 8 6»50 and 8 1 «48m . Higher up, the  d e p o sit  

c o n ta in s  f i n e ,  s l i g h t l y  c l a y e y ,  s i l t y  g r e y -g r e e n  sands.

B i v a lv ia  and N u m n u lite s  have been observed in  both the lower and th e  upper 

p a r t  o f  the Wemmel Sands. E s p e c i a l l y  the upper p a r t  i s  d i s t i n c t l y  g la u c o -
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n ife ro u s  and b io turbated» The c lay  percentage increases upwards.

The Wemmel Sands are  covered by a very  g laucóniferous c layey  le v e l £81.48  

and-7 7 .80m) which is  a lso  b io tu rb a te d  and which y ie ld s  B iv a lv ia  and 

N w nm ulites. I t  c o n stitu tes  the basal la y e r  o f the Cassel Clay Member o f the  

Asse Form ation (DELATTRE e t a l . ,  1973).

2. K a llo  Form ation. (GULINCK, 1969)

The K a llo  Form ation represents  a marine c y c lic  sedim entation w ith  

a lte r n a t in g  c la y  laye rs  ans s i l t y  sands. The d i f fe r e n t  beds have been 

numbered by GULINCK (1969) as a j ,  S j, a^, s^, a^, and s^.

s^ : g lau co n ife ro u s , micaceous sands w ith  Nurrm ulites  and B iv a lv ia  

and s l ig h t ly  b io tu rb a te d . Those sands are  know as the Basse- 

ve ld e  Sands Member.

3 : c la y  bed o f which e s p e c ia lly  the upper p a rt becomes very  sandy 

and micaceous. I t  is  b io tu rb a ted  a t the top . P y r ite  has been 

observed in  th is  p a r t .

S£ : g ray-green  to dark gray c layey f in e  sands, 

a^ : g ray-g reen  s i l t y  c la y  w ith  p y r ite .

Sj : g ray-green  s i l t y  and c layey sands.

a j : gray-green  c lay  w ith  p y r it e .  This can be c o rre la te d  w ith  the  

Cassel Clay Member o f the Asse Form ation.

4. DISTRIBUTION OF BENTHONIC FORAMINIFERA IN THE ASSENEDE WELL.

Table  1 shows the q u a n tita t iv e  d is t r ib u t io n  o f benthonic fo ra m in i­

fe ra  to  a maximum o f 100 in d iv id u a ls . The r e la t iv e  abundance o f the benthonic  

fo ra m in ife ra  in  samples w ith  100 in d iv id u a ls  is  g iven in  ta b le  2. In  th is  

ta b le , we can d is tin g u is h  th ree  d i f fe r e n t  faunules which corresponds respec­

t iv e ly  to  the Wemmel Sands, the Cassel Clay and the Bassevelde Sands.

1 ) Faunule 1 (Wemmel Sands).

The a g g lu tin a te d  T e x tu la v ia  a g g lu tin a n s  becomes a very im portant
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component o f the p o p u la tio n s . I t s  frequency v a rie s  between 5 and 35%.

A few o th er a g g lu tin a te d  species occur in  p a rt o f th is  in te r v a l  : K a r re -  

r i e l l a  s ip h o n e lla  (0-3%) and S p iro p lec tam m in a  c a r in a ta  v a r . d e p e rd ita  ( 0- 8%). 

D if fe r e n t  porcelaneous species appear in  a t le a s t p a rt o f the sec tio n  : Quin­

q u e lo c u lin a  lu d w ig i (1 -7% ), T r i lo c u l in a  a n g u la r is  (0 -3% ), Q u in q u e lo c u lin a  

c a r in a ta  (0 -2% ), Q u in q u e lo c u lin a  senrinulum  (0 -2% ), S p ir o lo c u l in a  c a n a l i -  

c u la ta  (0-8%) and T r i lo c u l in a  t r ig o n u la  (0 -4% ).

The populations co n ta in  sev e ra l h y a lin  calcareous fo ra m in ife ra . An im portant 

genus is  C ib ic id e s  : C ib ic id e s  p ro p r iu s  p ro p r iu s  (2 -12% ), C ib ic id e s  p ro p r iu s  

acu tim arg o  ( 0- 6%), C ib ic id e s  te n e l lu s  (0 -10% ), C ib ic id e s  d u te n p le i  (0-5%) 

and C ib ic id e s  pygmeus (0 -7% ).

Some o th er taxa become frequent in  p a r t o f  the in te r v a l  : G lo b u lin a  g ib b a  

(0 -8% ), G u ttu lin a  la c te a  (0 -21% ), B o liv in a  a n g lic a  (0 -15% ), E lp h id iu m  laeve  

(0 -13% ), B if a r in a  s e ls e y e n s is  ( 0- 8%), Nonion a f f in e  (1 -13% ), Nonion scaphum 

(0 -8% ), N o n io n e lla  w erm elensis  (0 -7% ), T r i f a r in a  m u ra lis  ( 0 - 6%), C an cris  

subconicus  (0 -12% ), E n to s o le n ia  o rb ig n yan a  ( 0 - 6%) and T r i f a r in a  w ilc o x e n s is  

(0 -24% ).

Other h y a lin  calcareous species occurs re g u la r ly  but less fre q u e n tly  : Ro­

t a i i a  a u d o u in i (0 -3% ), B u lim in a  p a r is ie n s is  (0 -2% ), Lam arckina c r is t e l l a r o id e s  

(0 -4% ), B o liv in a  c a r in a ta  (0 -3% ), B o liv in a  c re n u la ta  (0 -4% ), R e u s e lla  

terquem i (0 -2% ), U v ig e r in a  fa r in o s a  (0 -1% ), D is c o rb is  q u a d ra ta  (0 -5% ),

Eponides to u lm in i  (0 -4% ), A labam ina w o l t e r s t o r f i  (0 -2% ), C an cris  a u r ic u lu s  

v a r . p r im it iv u s  (0-2%) and B u l in in e l la  sp. c f .  B. p u lc h ra  (0 -1% ).

2) Faunule 2 (Cassel C la y ) .

This faunu le  is  c h ara c te rize d  by the sudden frequent appearrance

o f A labam ina w o l t e r s t o r f i  (7 -11% ).

A g g lu tin a ted  species s t i l l  occur commonly : T e x tu la r ia  a g g lu tin o n s  (4 -12% ), 

K a r r e r i e l l a  s ip h o n e lla  (0 - 8%) and S p iro p lectam m in a  c a r in a ta  v a r . d e p e rd ita  

(0 -9% ).

C ib ic id e s  is  w e ll represented in  the populations : C ib ic id e s  p ro p r iu s  

acu tim arg o  (0 -2% ), C ib ic id e s  te n e llu s  (0 -4% ), C ib ic id e s  pygmeus (3-5%) and 

e s p e c ia lly  C ib ic id e s  p ro p r iu s  p ro p r iu s  (2 -19% ), which becomes abundant a t 

the top o f th is  in te r v a l .



-1 13-

A11 LI OLI NA

Fig. 2 : Triangular plot of suborders in faunule 1.
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Fig. 3  : Triangular plot o f suborders in faunule 2 .
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Fig. I* : Triangular plot of suborders in faunule 3.
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The porcelaneous taxa  are represented by Q u in q u e lo c u lin a  lu d w ig i (1 -3% ), 

Q u in q u e lo c u lin a  c a r in a ta  (0 -2% ), S p ir o lo c u lin a  t r i c a r in a t a  v a r . b e lg ic a  

(0-1%) and S p ir o lo c u lin a  c a n a l ic u la ta  (0 -2% ).

S everal h y a lin  calcareous species occur re g u la r ly  in  th is  in te r v a l  :

G u ttu l in a  la c te a  (2 -7% ), B o liv in a  a n g lic a  (4 -10% ), Nonion a f f in e  (3 -7% ), 

N o n io n e lla  wemmelensis (1 -6% ), D is c o rb is  q u a d ra ta  (2 -4% ), C an aris  s u b c o n i-  

cus (1-6%) and E n to s o le n ia  o rb ig n yan a  (3 -6% ).

Some o th er h y a lin  calcareous in d iv id u a ls  appear in  p a rt o f the Cassel C lay :

R o ta l ia  au d o u in i (0 -2% ), E lp h id iu m  laeve  (0 -1% ), Nonion scaphum (0 -5% ), 

B o liv in a  c a r in a ta  (0 -14% ), U v ig e r in a  fa r in o s a  (0 -4% ), T r i f a r in a  m u ra lis  

(0 -5% ), Eponides to u lm in i  (0 -2% ), B u lim in e l la  sp. c f .  B p u lc h ra  (0-3%) and 

T r i  f a r in a  w ilc o x e n s is  (0 -4% ).

3) Faunule 3 (Bassevelde Sands).

Faunule 3 shows the appearrance o f severa l B o liv in a  cooke i specimens 

(9 -12% ). A few o th e r taxa occur more fre q u e n tly  than b e fo re . E s p e c ia lly  

the frequency o f C ib ic id e s  p ro p r iu s  p ro p r iu s  (36-37%) increases d is t in c t ly .  

Nonion a f f in e  (11-13%) and S p iro p lec ta rrm in a  c a r in a ta  v a r . d e p e rd ita  (1-14%) 

become im portant components o f the assemblages. E lp h id iu m  laeVe  (0-2%) is  

rep laced  by E lp h id iu m  subnodosum (2 -3% ).

The a g g lu tin a te d  T e x t u la r ia  a g g lu tin o n s  occurs less fre q u e n tly  (0 -5% ). Porce­

laneous taxa  become less c h a ra c te r is t ic  elem ents. The frequency o f Q uinque- 

lo c u l in a  lu d w ig i v a r ie s  from 0 to  4%.

A few h y a lin  calcareous species are s ig n if ic a n t ly  present in (p a r t  o f)  the  

in te r v a l  : G lo b u lin a  g ib b a  (0 -8% ), G u ttu lin a  la c te a  (1 -4% ), G u ttu lin a  

problem a  (0 -2% ), C ib ic id e s  p ro p r iu s  acu tim arg o  (3 -4% ), C ib ic id e s  te n e l lu s  

(0 -7% ), C ib ic id e s  pygmeus (3 -8% ), G y ro id in a  octocam erata  (0-2%) and 

C a n c ris  subconicus  (0 -3% ).

5 . TRIANGULAR PLOT OF SUBORDERS.

The th ree  suborders o f benthonic fo ra m in ife ra  are p lo tte d  in  the  

t r ia n g u la r  diagrams shown in  f ig s .2 ,3  and 4. MURRAY (1973) marks out the  

f ie ld s  fo r  the d i f f e r e n t  p o ssib le  environm ents.
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Fig.5 : Similarity index between the successive samples.
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Accord ing to  th is  in te r p r e ta t io n , the fo llo w in g  environments are p ossib le  

fo r  the d i f fe r e n t  faunu les .

Faunule 1 can occur in  h yp ersa lin e  or normal marine marshes, hyposaline  

lagoons or on the c o n tin e n ta l s h e lf .

Faunule 2 can su rv ive  in  h yp ersa lin e  or normal marine marshes, hyposaline  

or h yp ersa lin e  lagoons and on the c o n tin e n ta l s h e lf .

Faunule 3 is  ty p ic a l fo r  h yp ersa lin e  marshes and lagoons, normal marine  

marshes, hyposaline marshes and lagoons and the c o n tin e n ta l s h e lf .

6. SIMILARITIES (SANDERS, 1960).

The s im i la r i t y  between the successive samples in  the sec tio n  

stud ied  is  g iven in  f i g . 5.

W ith in  the Wemmel Sands, th is  index v a rie s  between 29 and 61. The lower 

values are  exp la ined  by the a b e rra tio n  in  the frequencies o f taxa  as

G u ttu l in a  la c te a , B o liv in a  a n g lia a , Nonion a f f in e  and C an aris  subaonicus  

in  sample 8 3 .8 0 -8 3 .8 5 . This a ss o c ia tio n  could be described as a subfaunule  

w ith in  the Wemmel Sands.

The t r a n s it io n  from the Wemmel Sands to  the Cassel Clay is  marked by a 

low s im i la r i t y  index (34%). W ith in  the Cassel C lay, the values vary  between 

48 and 55%. The g e n e ra lly  low s im i la r i t y  index in  the Wemmel Sands and 

Cassel C lay r e f le c ts  the ra th e r  d i f fe r e n t  popu lations w ith in  th is  u n its .

A low s im i la r i t y  index o f 34% marks the t r a n s it io n  from the Cassel Clay  

to  the Bassevelde Sands. W ith in  the Bassevelde Sands, the s im i la r i t y  

index is  d is t in c t ly  h igher than in  the previous deposits  (71-75% ), which 

in d ic a te s  more homogeneous populations in  th is  member.

7. DIVERSITY INDEX OR FISHER« INDEX (FISHER, CORBETT & WILLIAMS, 1 94 3 ).

The re la t io n s h ip  between the number o f in d iv id u a ls  and the number 

o f species in  the populations o f the th ree  faunules is  represented in  f ig s .  

6 ,7  and 8. According to the in te rp re ta t io n s  o f the d i f fe r e n t  environments 

corresponding to  the various  ot values by WRIGHT & MURRAY (1972) and MURRAY 

(1 9 7 3 ), the fo llo w in g  co n d itio n s  fo r  the th ree  faunules are p o s s ib le .
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Fig.9 : Dominance index.
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In  faunu le  1, the F is h er a  index v a r ie s  between 7 .5  and 13.

Faunule 2 gives cx values between 7 and 14. These populations surv ive  in  

s h e lf  seas o f normal s a l in i t y  or in  normal m arine lagoons.

The d iv e r s ity  index is  d is t in c t ly  lower in  faunule  3. I t  v a rie s  between

4 and 6 .5 . These asso c ia tio n s  occur in  s h e lf  seas o f normal s a l in i t y  or 

in  hyposaline and nearshore s h e lf  seas, in  normal marine lagoons, in  

hyposaline and h yp ersa lin e  lagoons and in  h yp ersa lin e  marshes.

8. DOMINANCE INDEX (WRIGHT, 1972 ).

F ig .9 represents  the number o f species in  80% o f the p o p u la tio n s . 

W ith in  the Wemmel Sands, the dominance index v a r ie s  between 7 and 15. Espe­

c ia l l y  in  sample 8 4 .4 5 , the index is  ra th e r  low (7 ) .  The s t a b i l i t y  o f the  

sea bottom probably changed during  the d ep o s itio n  o f the Wemmel Sands.

An im portant increase o f the dominance index in  sample 81.15 -  81 .20  (18) 

markes the t r a n s it io n  to  the Cassel C lay. The index however decreases 

q u ic k ly  h ig h er up in  th is  u n it  (1 3 ) .  Roughly speaking, the values become 

h ig h er in  the Cassel Clay than in  the Wemmel Sands. The Cassel Clay was 

deposited in  a more s ta b le  environm ent. The dominance index is  lowest in  

the Bassevelde Sands ( 5 - 9 ) ,  which should suggest a more m arginal environ ­

ment.

9. PERCENTAGE DOMINANCE (WALTON, 1964).

The percentages o f the most abundant species in  the d i f fe r e n t  

samples are  g iven in  f i g . 10.

In  the Wemmel Sands, these percentages vary  d is t in c t ly .  The values l i e  

between 10 and 35. I t  suggest an environment w ith  changing s t a b i l i t y  

o f the sea bottom.

The percentage dominance becomes lower in  the Cassel C lay. H ere, the  

values vary  between 8 and 19. The sea bottom became more s ta b le  during  

d e p o s itio n  o f th is  Cassel C lay.

The Bassevelde Sands are  c h a ra c te rize d  by high and more constant values  

o f the percentage dominance (3 6 -3 7 ). These high values could in d ic a te
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a d e p o s itio n  in  a shallow er sea, in  which however th is  d e p o s itio n  took  

place under s ta b le  c o n d itio n s .

10. PALEOECOLOGICAL SIGNIFICANCE OF THE OCCURRING TAXA.

D if fe r e n t  authors supply us in fo rm atio n  on the (p a le o -) e co lo g ic a l 

s ig n if ic a n c e  o f the occurring  taxa  : PHLEGER (1 9 6 0 ), BANDY (1960, 1964), 

WALTON (1 9 6 4 ), WRIGHT & MURRAY (1 9 7 2 ), MURRAY (1 9 7 3 ), WRIGHT (1 9 72 -1 9 73 ), 

MURRAY & WRIGHT (1 9 7 4 ), B0LT0VSK0Y & WRIGHT (1976) and GERITS, HOOYBERGHS 

& VOETS (1 9 8 1 ).

1) Wemmel Sands.

The a g g lu tin a ted  T e x t u la r ia , which l iv e s  on the c o n tin e n ta l s h e lf  

or in  the upper b a th ya l zone, is  w e ll represented in  the Wemmel Sands. 

O ther a g g lu tin a te d  genera w ith  more complex m orphological fe a tu re s  as 

S p irop lectam nrina  and K a r r e r ie l l a  (s iphonate a p ertu re ) p re fe r  g re a te r  depths 

in  the sea (o u te r s h e lf  to  upper b a th ya l zone). K a r r e r ie l l a  occurs most 

abundantly on a muddy sediment.

The porcelaneous Q u in q u e lo c u lin a  is  widespread in  shallow  s h e lf  cond itions  

w ith  a s a l in i t y  h ig h er than 30%. T r i lo c u l in a  can surv ive  a t g re a th er depths 

in  tem perature to  t r o p ic a l w aters o f a t le a s t normal marine seas.

S everal h y a lin  calcareous genera occur in  th is  in te r v a l .

G u ttu lin a  and G lo b u lin a  occur most fre q u e n tly  on a in n er s h e lf .  G lo b u lin a  

p re fe rs  tem perate to  t ro p ic a l waters in  normal marine seas.

Small smooth species o f B o liv in a  (B. a n g lio a  and B. c re n u la ta )  are found 

in  ra th e r  shallow  s h e lf co n d itio n s .

R o ta l ia  occurs most fre q u e n tly  in  a nearshore environm ent.

The g re a te s t abundance o f E lp h id iu m  is  observed on a shallow  in n er s h e lf 

w ith  oxygen-rich  w aters in  which algae are favo u rab le .

B if a r in a  is  a ty p ic a l in n er s h e lf  genus.

C ib ic id e s  is  c u rre n t ly  most abundant in  tem perate, normal marine seas, 

where i t  l iv e s  on the s h e lf  o r in  the b a th ya l zone in  a wide range o f 

s a l in i t y .  I t  is  a ttached  to a l l  types o f su b stra tes .
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Nonion  p re fe rs  an inner s h e lf  zone in  hyposaline to  normal marine seas w ith  

cold to  t r o p ic a l tem peratures and w ith  oxygen-rich  w aters .

N o n io n e I la  is  an in n e r s h e lf  to  b a th ya l genus in  tem perate to  t ro p ic a l seas. 

B u lim in a  occurs most fre q u e n tly  on muddy sediment in  a nearshore to  b a th ya l 

environment w ith  s a l in i t ie s  between 32 and 36%.

U v ig e r in a  and T r i f a r in a  a lso  l ik e  a muddy sediment in  normal marine seas 

in  an o u te r s h e lf  to  upper b a th ya l environm ent.

D is o o rb is  p re fe rs  a shallow  sea w ith  su b tro p ic a l to t ro p ic a l tem perature  

and w ith  a lo t  o f seagrass and a lg ae .

C an aris  is  found in  the c e n tra l s h e lf zone o f su b tro p ic a l normal marine 

seas. B u lin r in e lla  p re fe rs  a muddy sediment in  a tem perate, normal marine 

s h e lf  to  b a th ya l environm ent.

2) Cassel C la y .

Several taxa  from the Wemmel Sands s t i l l  occur in  the Cassel C lay. 

The appearance o f Alabam ina  however, in d ic a te s  an in creas in g  depth. This  

genus p re fe rs  an o u te r s h e lf  to  upper b a th yal environm ent. The increase o f 

K a r r e r i e l l a  a lso  suggest a g rea th er depth o f the sea. Q u in q u e lo c u lin a  

occurs less  fre q u e n tly  in  th is  cond itions and E lp h id iu m  com pletely  

disappeared.

3) Bassevelde Sands.

Genera as T e x tu la r ia ,  S p iro p lec tam m in a ,  G u t tu lin a > C ib ic id e s  and 

Nonion  a lso  occurs in  the Bassevelde Sands. The most im portant renewal in  

the populations is  the occurrence o f s t r ia t e  B o l iv in a * s (S. c o o k e i) .

This suggest a considerab le  depth o f the sea in  which the d ep o s itio n  

took p la ce . N everth e less , E lp h id iu m  reappears in  the assemblages, which 

in d ic a te s  the presence o f oxygen-rich  waters and a lg ae .

11. CONCLUSIONS.

The tran g ress io n  o f the Wemmel sea led  to  a d e p o s itio n  o f f in e  

sands in  an in n e r, la t e r  in  a c e n tra l s h e lf environm ent. The sea bottom
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however was ra th e r  u n s tab le . The s a l in i t y  o f the w ater was a t le a s t  

normal (33%). The tem perature increased to  s u b tro p ic a l va lu es . The sea 

w ater was oxygen-rich  and algae were favo u rab le .

The sea depth increased to  an o u te r s h e lf  environment during  the d ep o s itio n  

o f the Cassel C lay. The sea bottom became more s ta b le  in  th is  tim e.

We get l i t t l e  in fo rm atio n  on the environment o f d ep o s itio n  o f the m iddle  

p a rt o f the K a llo  Form ation, which is  exp la ined  by the sm all number o f 

benthonic fo ra m in ife ra  in  th is  p a rt o f the fo rm atio n . The occurrence o f 

severa l M i l i o l i n a  in  sample 58.35  -  58.45 ( ^ )  however suggest nearshore  

co n d itions  or a temporary regression  o f the sea a t th is  tim e.

The upper p a rt o f the K a llo  Form ation, or the Bassevelde Sands, was deposited  

on a s ta b le  s h e lf  w ith  oxygen-rich  w aters . Although the dominance index  

and the percentage dominance suggest more m arginal c o n d itio n s , the presence 

o f B o liv in a  oookei r e f le c ts  a ra th e r  deep sea.
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