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Abstract

The N eogene  A q u i fe r  Is s i tua ted  In th e  C am p lne  basin In th e  n o r theas t  o f  Be lg ium. The g ro u n d w a te r  body  
consists m a in ly  o f  sands w i t h  som e clayey In terca la t ions.  The Boom  Clay fo rm s  th e  lo w e r  Im pe rm eab le  
b o u n d a ry  o f  th e  aquifer.  G ro u n d w a te r  f l o w  has been m ode l led  by m eans o f  th e  M O D F LO W  code. 
Ca lcu la ted  p iezom e tr ic  levels s h o w  goo d  a g re e m e n t  w i t h  th e  observed p lezom e tr lc  heads. The main  
processes th a t  In f luence g ro u n d w a te r  q u a l i t y  on his w a y  th ro u g h  th e  aq u i fe r  have been s tud ied .  The 
a q u i fe r  Is w e l l  f lushed  resu lt ing  In lo w  a m o u n ts  o f  to ta l  d isso lved solids. In th e  recharge areas, In f i l t ra t ing  
m e teo r ic  w a te r  m a in ly  In f luences th e  chemica l c o m p o s i t io n  o f  g ro u n d w a te r .  Pyrite o x id a t io n  raises 
s u lpha te  and Iron con ten ts  In th e  to p  layers. G ro u n d w a te r  m ine ra l isa t ion  Increases a long  a f l o w  line, 
p r im a r i ly  as a result  o f  s i l icate and ca lc l te  d isso lu t ion  and ca t ion  exchange. Large parts o f  th e  a q u i fe r  are 
deca lc i f ied .  Ca lcareous depos i ts  are present In th e  deep parts  and to  th e  nor th .  The fo rm e r  m ar ine  
d e pos l t lona l  e n v i ro n m e n t  has still In f luence on th e  p resen t-day  g ro u n d w a te r  qua l i ty .  Cat ion  exchange  Is 
th e  m ost Im p o r ta n t  w i tn e ss  f o r  th is  m ar ine  d e pos l t lona l  e n v i ro n m e n t .
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Introduction

The Neogene  A q u i fe r  occurs In th e  no r th  east o f  F landers (Figure 1 ), more  spec if ica l ly  In th e  p rov inces o f  
A n tw e r p  and L im burg .  The depos i ts  are m a in ly  com posed  o f  sands, depos i ted  In s h a l lo w  m ar ine  and 
som e t im es  co n t in e n ta l  cond i t ions .  The sed im en ts  o f  th e  C am p ln e  Basin d ip  g en t ly  to  th e  n o r th -n o r th e a s t  
w i th  a s lope o f  a b o u t  1-2 % .  Younger  layers g radua l ly  c rop  o u t  In no r the rn  d i rec t ion .  The Neogene  aqu i fe r  
Is cons idered as th e  largest g ro u n d w a te r  reservoir  In Flanders, c o n ta in in g  Im p o r ta n t  d r in k in g  w a te r  
resources. G ro u n d w a te r  ex trac t ion  m a in ly  takes place In th e  deepe r  parts  o f  th e  aquifer, In th e  Format ions 
o f  Dlest and Berchem, because o f  h igh Iron c o ncen tra t ions  In th e  s h a l lo w  wells .
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The a im o f  th is  s tudy  is to  in te rp re t  the  g ro u n d w a te r  q u a l i t y  e v o lu t ion  and to  d e te rm in e  th e  re levant 
geochem ica l  processes. Chemica l and iso top ic  da ta  on g ro u n d w a te r  w as o b ta in e d  as pa r t  o f  ear l ier  stud ies 
(Coets iers et al., 2 0 0 3 ) .  N e w  chemica l da ta  w e re  o b ta in e d  a long  a so u th -n o r th  f l o w  line.

Geological and hydrogeological setting

The Form at ion  o f  Boom , cons is t ing  o f  s t i f f  s i l ty clay, fo rm s  th e  subs t ra tum  o f  th e  aquifer.  The Boom Clay 
separates th e  Neogene  A q u i fe r  f rom  under ly ing  Eocene and Palaeocene aquifers. In th e  area a round  Diest 
and A ve rb o d e  th e  Boom Clay is com p le te ly  e roded  by th e  Diest e ros ion channe l ,  a deep SW-NE o r ien ta ted  
eros ion t rench .  In th e  no r th  o f  the  p rov ince  o f  A n tw e r p  th e  to p  o f  the  Boom Clay is at a d ep th  o f  m ore  
th a n  3 0 0  m and in certa in  parts o f  the  Roer Val ley Graben th e  to p  o f  th e  Boom  Clay is at a d ep th  o f  over 
8 0 0  m.

The m ar ine  Form at ion  o f  V o o r t  is In fac t  o f  Late O l igocene age bu t  Is hyd rog e o lo g lca l ly  cons idered as a 
part  o f  th e  Neogene  Aqu i fe r .  It is com posed  o f  da rk  green g laucon i t ic ,  c layey sands, c o n ta in in g  fossi ls 
(Laga, 1 973 ;  M arécha l  and Laga, 1988 ) .  In w e s te r ly  d i rec t ion  th e  Form at ion  o f  V o o r t  d isappears. The 
Format ion  o f  Elgenbl lzen Is on ly  p resent  In th e  n o r theas t  o f  th e  area w h e re  It can reach a th ickness  o f  25 
m. It is com posed  o f  da rk  green g laucon i t ic ,  clayey sands (M arécha l  and Laga, 1988 ) .  The Form at ions  o f  
V o o r t  and Eigenbi lzen are genera l ly  less pe rm eab le  th a n  th e  over ly ing  deposits.

The Form at ion  o f  Bo lderberg  and the  Format ion  o f  Berchem represent th e  Lower  M iocene . The Format ion  
o f  Bo lderberg  consists o f  a lo w e r  m ar ine  un i t  (d a rk  green,  g la u co n i t ic  and m icaceous sands w i t h  shells and 
l ign i te )  and an uppe r  co n t in e n ta l  un i t  (w h i te  ye l low ish  sands w i t h  l im o n i te  lenses, l ign i te  layers and 
q ua r tz i te  banks) (Laga, 1973 ) .  To th e  w e s t  the  m ar ine  Form at ion  o f  Berchem (green, f ine  to  m ed iu m , 
s t rong ly  g la u co n i t ic  and s l igh t ly  clayey sands w i th  shells and ph o sp h a te  enr ichm en ts )  replaces the  
Format ion  o f  Bo lderberg .  In th e  Diest e ros ion channe l th e  Sands o f  Dessel (g rey-green,  f ine, m icaceous, 
g lau co n i t ic  and ca lcareous sands) w e re  depos i ted .  A b o v e  and o u ts ide  th e  t rench th e  Sands o f  Diest (grey- 
green to  b ro w n ish ,  s t ro n g ly  g laucon i t ic ,  coarse sands) occur.

The Low er Pliocene occurs as t w o  c h ro n o s t ra t ig ra p h ic  e q u iva len t  depos its :  th e  Format ion  o f  K a t te n d l jk  
(da rk  green to  green-grey,  f ine  to  m e d iu m  fine, s l igh t ly  clayey, g la u co n i t ic  sands w i t h  shells) and the  
Format ion  o f  Kaster lee (g rey-green, m icaceous, g laucon i t ic ,  f ine  sands w i t h o u t  fossils). To th e  no r th  and 
n o r th w e s t  th e  Form at ion  o f  Kaster lee passes g radua l ly  in to  th e  Form at ion  o f  K a t tend i jk .  The Upper 
Pliocene depos its  change  f rom  f lu v ia t i le  depos i t ions  in th e  east (Form at ion  o f  M o l) ,  ove r  coastal sands 
(Form at ion  o f  Poederlee), to  s h a l lo w  m ar ine  clayey sands (Form at ion  o f  Li l lo) in th e  w es t .  The to p  o f  the  
aq u i fe r  system consists o f  P le istocene depos i ts  o f  th e  Form at ions  o f  Brasschaat (w h i te -ye l lo w ,  f ine  to 
m e d iu m ,  qua r tz  sand w i t h o u t  clay or  fossi ls) and M erksp las  (coarse sands w i th  shells a t  the  base) and the  
he te rogene ous  C am p in e  C o m p le x  (f ine  to  m e d iu m  fine, loca l ly  coarse sands w i th  c lay lenses and clay 
layers). The n o r theas t  o f  th e  reg ion is d is tu rbed  by O l igocene  fau lts ,  w h ic h  are m a in ly  o r ien ted  NNW-SSE 
(Figure 1). These fau l ts  w e re  fo rm e d  du r ing  th e  d e v e lo p m e n t  o f  th e  Roer Val ley Graben, w h ic h  is the  
n o r th w e s te rn  branch o f  the  Rhine Graben. The subs idence o f  th e  Roer Val ley  Graben w as  very s t rong  dur ing  
M iocene  and P liocene t im e s  and is at present st i l l  ac t ive (D em y t tenae re  and Laga, 1988).
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Figure 1. O u tc ro p p in g  g e o lo g ic a l fo r m a t io n s  in th e  s tu d y  a re a  a n d  lo c a lis a t io n  o f  fa u lts .

In Table 1 a h yd rogeo log ica l  schém at isa t ion  Is g iven fo r  th e  Neogene  depos i ts  based on th e  HCOV code 
(M eyus  etal., 2 0 0 0 ) .  A l th o u g h  th e  Neogene  depos its  are cons idered as one aq u i fe r  un i t ,  d i f fe re n t  zones 
can be d is t ingu ished .  W h e re  th e  Form at ions  o f  Diest and Be rchem -B o lde rbe rg  crop ou t ,  th e  aq u i fe r  Is 
phreat lc .  M o re  to w a rd s  th e  nor th ,  th e  g ro u n d w a te r  body  becom es sem l-ph rea t lc  by th e  presence o f  clayey 
to p  layers and l lm o n l te  banks  In th e  Form at ion  o f  Diest and th e  occurrence o f  clayey layers In the  
Form at ions  o f  Llllo, K a t te n d l jk  and Kasterlee. Clay layers In the  C am p lne  C o m p le x  Increase th e  sem l-  
ph rea t lc  aspect  to  th e  nor th .  Thus th ree  aq u i fe r  un its  can be d is t ingu ished :  The M iocene  A q u i fe r  
(Form at ions  o f  E lgenbl lzen, Voor t ,  Bo lderberg ,  Berchem, Diest, Kaster lee and K a ttend l jk ) ,  The Pliocene 
A q u i fe r  (sandy part  o f  th e  Form at ion  o f  Llllo, Format ions  o f  Brasschaat, Merksplas, M ol  and Poederlee) and 
th e  Q ua te rna ry  A q u i fe r  (sandy part  o f  th e  C am p lne  Complex).

Regional groundwater flow  model

G ro u n d w a te r  f l o w  w a s  s im u la ted  using th e  M O D F L O W  code, p rov ided  by th e  Un ited  States G eo log ica l  
Survey (M c D o n a ld  and Ha rbaugh ,  1988 ) .  The m ode l  gr id w a s  d iv ided  Into egua l cel ls o f  5 0 0  m x 5 0 0  m, 
In 150  row s  and 2 0 0  co lum ns, encom pass ing  a to ta l  area o f  7 5 0 0  k m 2. The g ro u n d w a te r  m ode l  consists 
o f  th ree  layers: th e  sandy part  o f  th e  C am p ln e  C om plex ,  th e  clayey part  o f  th e  C am p lne  C o m p le x  and the  
M iocene  Aqu i fe r .  In th e  south  and s o u th w e s t  th e  m ode l  area Is d e l im i te d  by th e  occurrence o f  th e  Boom 
Clay. In th e  east a zero f l o w  co n d i t io n  Is Imposed based on th e  assu m p t io n  th a t  g ro u n d w a te r  f l o w  Is 
essent ia l ly  o r ien ted  f ro m  sou th  to  no r th  (Figure 2). The b o u n d a ry  cond i t io n s  used In th e  hydrodynam ica !
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Table 1. S c h é m a t is a t io n  o f  th e  C a m p in e  A q u ife r  S ys te m .

A q u ife r  /  A q u ita rd W est East

Quaternary Aquifer 

Systems
M euse and  R h ine  d ep os its

Y ou nger

Campine Clay Sand 

Complex
C a m p ln e  C lay  Sand C o m p lex

Campine Clay layer Clay o f  R ljkevo rse l

Sands o f  B rasschaa t a n d /o r M erksp la s

Pleistocene and Pliocene Sands o f  P oederlee
Aquifer Sandy to p  o f  L lllo a n d /o r Sandy to p  o f 

Kasterlee

Sands o f  M o l

—
Pliocene A q u ita rd

C lay o f  L lllo  a n d /o r to p  o f  

K a tte n d ljk
C layey layers In Sands o f Kasterlee

Sands o f  K a tte n d ljk  a n d /o r lo w e r 

layer o f  L lllo
Sands o f  Kasterlee

Sands o f  D ies t

M io ce n e  A q u ife r Sands o f  Dessel

O lder
Sands o f  B o lde rbe rg

Sands o f  Berchem
Sands o f  V o o r t

Sands o f  E lgenb llzen

B oom  A q u ita rd B oom  C lay

m ode l  are n o - f l o w  t o  th e  sou th ,  east and  w e s t  and  a c o n s ta n t  head b o u n d a ry  in th e  no r th .  Average  
g ro u n d w a te r  recharge in th e  reg ion  is a b o u t  2 5 0  mm/year. The Drain package  w a s  used t o  take  in to  
a cco u n t  th e  la rge a m o u n t  o f  r ivers and  small b rooks  t h a t  dra in  th e  area. The num er ica l  im p le m e n ta t io n  of 
th e  dra in  b o u n d a ry  c o n d i t io n  is very  s im i la r  t o  th a t  fo r  th e  River a nd  General Head Boundar ies. The 
to p o g ra p h y  w a s  used as dra in  e levat ion .

The ca lcu la ted  p iezom e tr ic  levels in th e  M io ce n e  a qu i fe r  (F igure 2) s h o w  g o o d  co rre la t ion  w i t h  th e  
observed  g ro u n d w a te r  heads. G ro u n d w a te r  f l o w  in th e  N eogene  A q u i fe r  is m a in ly  d o m in a te d  by 
t o p o g ra p h y  and  th e  present  r iver pa t te rn .  The m ode l  p rov ided  a g o o d  loca l isa t ion  o f  th e  recharge and 
d ischarge  areas (F igure 2). G ro u n d w a te r  recharge takes  m os t ly  p lace in t h e  to p o g ra p h ic a l ly  e levated areas. 
The m o s t  im p o r ta n t  in f i l t ra t io n  area lies in t h e  sou theas t  o f  th e  m ode l  area w h e re  to p o g ra p h ic a l  e leva t ion  
is h ighes t  and  reaches over 8 0  m above  see level. A  second im p o r ta n t  in f i l t ra t io n  area a nd  w a te r  d iv ide  is 
fo rm e d  by th e  e levated cuesta o f  th e  C a m p in e  C om p lex  in th e  n o r th w e s t  o f  th e  m ode l  area. Smaller 
recharge areas exist  in th e  sou th  w h e re  small hi l ls character ize  th e  to p o g ra p h y .  G ro u n d w a te r  f l o w  w i l l  be 
m a in ly  f ro m  th e  m a jo r  recharge area in th e  s ou theas t  to w a rd s  th e  n o r th -n o r th w e s t .  The cuesta o f  th e  
C a m p in e  C om p lex  causes t h e  reg iona l  g ro u n d w a te r  f l o w  d irec t ion  t o  bend f ro m  n o r th e rn  d i rec t ion  to  
w e s te rn  d i rec t ion .
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HYDROD YNAMIC MODEL O F NEOGENE AQUIFER SYSTEM  IN  NORTH-BELGIUM

Figure 2. P o s it ive  c a lc u la te d  p ie z o m e tr ic  h e a d s  fo r  th e  M io c e n e  A q u ife r  a n d  re c h a rg e  a re as . G ra d u a l g re y  c o lo u rs : 
d i f fe re n c e  b e tw e e n  to p o g ra p h y  a n d  c a lc u la te d  p ie z o m e tr ic  le ve l.

Groundwater chemistry

Sampling and analytical methods
D if fe ren t  sam p l ing  c am pa igns  in th e  per iod 2 0 0 1 - 2 0 0 4  de l ivered a to ta l  o f  77 n e w  sam ples  f ro m  the 
Neogene  A q u i fe r  (Figure 1). On-s i te  m easu rem en ts  Inc luded te m pera tu re ,  phi, d isso lved oxygen, specif ic 
e lectr ical conduct iv i ty ,  a lka l in i ty  (as H C 0 3") by t i t ra t io n  and redox p o ten t ia l  (Eh). Ionic ba lances w e re  
m easured fo r  all samples. D e te rm in a t io n  o f  ca t ions  w a s  carr ied o u t  by m eans o f  A to m ic  Flame A b so rp t io n  
S pec t ropho to m e try .  A d d i t io n a l ly ,  heavy m eta ls  and trace e lem ents  w e re  analysed. Stable Isotopes ô 2H, 
5 180  and 5 13C w e re  analysed fo r  32 samples. Ten samples w e re  analysed fo r  rad ioca rbon .  A d d i t io n a l l y  a 
n u m b e r  o f  o lde r  samples w e re  avai lab le . U n fo r tu n a te ly  these  old sam ples  are n o t  a lways  co m p le te  a n d /o r  
rel iable.

Classification o f groundwater analyses
G ro u n d w a te r  c lass i f icat ion a f te r  S tuyfzand (1 9 8 6 )  w as  used to  classify g ro u n d w a te r  qua l i ty .  An  Im p o r ta n t  
a d v a n ta g e  o f  th is  c lass i f icat ion system Is t h a t  It Is ab le  to  recogn ize  w h e th e r  ca t ion  exchange  has occurred 
(W alraevens and Lebbe, 1989 ) .  Figure 3 show s  th e  d is t r ib u t io n  o f  g ro u n d w a te r  types on a pro f i le  a long  
th e  d i rec t ion  o f  g ro u n d w a te r  f low .  In Figure 4  a Piper d iag ram  Is g iven w i t h  Ind ica t ion  o f  g ro u n d w a te r
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types. A l l  analysed g ro u n d w a te rs  are fresh (code F, Cl <  150  mg/L) and very  soft  to  so f t  (code *  and 0). In 
the  In f i l t ra t ion  areas, w h e re  sed im en ts  are w e l l  f lushed,  g ro u n d w a te rs  are very so f t  and are m os t ly  C a S 0 4, 
FeS04, C aM Ix  o r  NaCl g ro u n d w a te r  type. Deeper Into th e  aq u i fe r  g ro u n d w a te r  becom es C a H C 0 3 w a te r  
type and Is stil l very  so f t  to  soft .  The ca t ion  exchange  coe f f ic ien t  [ ( N a + K + M g ) corrected=  ( N a + M g + K ) measured 
-  1.061 Cl] becom es pos it ive  Ind ica t ing  w a te r  w i th  (N a + K + M g ) -s u rp lu s .  In th e  deepest  parts  o f  th e  aqu i fe r  
M g H C 0 3 and N a H C 0 3 g ro u n d w a te r  types occur (Figure 3).

Water type

Q-C;

-150

FO-I

FO-! IC03

Figure 3. G r o u n d w a te r  ty p e s  o n  c ro s s -s e c t io n  a lo n g  th e  d ire c t io n  o f  g r o u n d w a te r  f l o w  (see  F ig u re  1).

□

Ca Wa+K HC03 Cl

Figure 4. P ip e r d ia g ra m  w ith  In d ic a t io n  o f  g ro u n d w a te r  typ e s .
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Reactions
The lo w  reac t iv i ty  o f  th e  depos i ts  in th e  recharge areas gives rise to  a g ro u n d w a te r  c o m p o s i t io n  t h a t  is very 
close to  evapora ted  m e teo r ic  water .  The occurr ing  g ro u n d w a te r  types in th e  recharge zones are NaCl, 
N a M ix ,  CaCl, and C aM ix .  Local in f luence  f ro m  p o l lu t io n  is no t iced,  m os t ly  as enhanced  levels o f  n itrate.

Dissolution reactions
In th e  decalc i f ied part  o f  th e  ag u i fe r  (w he re  th e  Form at ions  o f  Diest and Bo lderberg  crop out) ,  s i l icate 
d isso lu t ion  is l ikely th e  m a in  reac t ion  d e te rm in in g  g r o u n d w a te r  qual i ty .  Si l icate d isso lu t ion  is a very s lo w  
process t h a t  adds si l ica and ca t ions  (N a +, K+ and Ca2+) t o  th e  g ro u n d w a te r .  S i0 2-co n ce n tra t io n s  increase 
to g e th e r  w i th  phi and ca t ion  c o n te n t  in th e  d i rec t ion  o f  g ro u n d w a te r  f lo w .  Sil ica w e a th e r in g  leads to  the 
fo rm a t io n  o f  n e w  secondary  m inera ls  like clays ( i l l i te, kao l in i te  and m o n tm o r i l lo n i te )  and iron in si l icates 
usua l ly  fo rm s  Fe-oxides (A p p e lo  and Postma, 1993 ) .  The fo rm a t io n  o f  secondary  p roduc ts  is due to  the  
in so lub i l i ty  o f  th e  A l -c o m p o u n d s .

Calc i te  d isso lu t ion  occurs in th e  no r th  and n o r th w e s t ,  w h e re  th e  ca lcareous Form at ion  o f  Li llo is present,  
and in th e  deeper  parts o f  th e  aquifer,  w h e re  th e  Form at ion  o f  Berchem is n o t  ye t  decalc i f ied.  As a 
consequence  o f  ca lc i te  d isso lu t ion  pH, H C 0 3' -  and Ca2+-co n ce n tra t io n s  increase (Figure 5) a long  the  
d i rec t ion  o f  g ro u n d w a te r  f l o w  and w h e re  th e  Form at ion  o f  Li llo is present.  This g ives rise to  th e  occurrence 
o f  C a H C 0 3 g ro u n d w a te r  types.

, j  « ïs .: *jjm m  «ui. m  ¿eu. « . » i  « •'

Figure 5. a) C a 2+-  a n d  H C O y -c o n c e n t ra t io n s  a lo n g  d ire c t io n  o f  g r o u n d w a te r  f lo w ;  b ) H C O y  c o n c e n tra t io n s  v e rsu s

(N a  +  K +  M g )co||ected.

Redox reactions
The o x id a t io n  o f  o rgan ic  m a t te r  progress ive ly  consum es oxygen as w a te r  perco la tes  in th e  aquifer.  W h e n  
all d isso lved oxygen is consum ed  th e  o x id a t io n  o f  o rgan ic  m a t te r  cont inues.  Instead o f  m o le cu la r  0 2, the  
agen ts  becom e N 0 3‘ , M n 0 2, Fe(OH)3, S 0 42' (F igure 6). The succession o f  d i f fe re n t  redox processes is w e l l  
observed in th e  aquifer.  Oxygen, n i trate, iron and su lpha te  are successively rem oved  f rom  g rou n d w a te r .  In 
th e  deepe r  parts  o f  th e  g ro u n d w a te r  body, w a te r  is very p o o r  in n i tra te , iron and su lpha te  (Figure 7).

The o x id a t io n  o f  pyr i te and o th e r  su lph ide  m inera ls  can happen  by m eans o f  oxygen, Fe3+ or  n i trate. Pyrite 
o x id a t io n  m a in ly  occurs in th e  s h a l lo w  part  o f  the  aq u i fe r  w h e re  it g ives rise to  th e  C a S 0 4 and FeS04 
g ro u n d w a te r  types. Raising and low er ing  o f  the  w a te r  tab le  p rov ides o p t im a l  cond i t io n s  fo r  th e  w e a th e r in g
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Figure 6. S e q u e n c e  o f  re d u c t io n  p ro ce ss e s  re f le c te d  In g r o u n d w a te r  c o m p o s it io n  ( m o d i f ie d  a f te r  B e rne r, 1 9 8 1 ) .

o f  pyrite. The changes In th e  geochem ica l  e n v i ro n m e n t ,  due to  th e  w i th d ra w a l  o f  g ro u n d w a te r ,  results In 
the  d e co m p o s i t io n  o f  pyr ites and th e  release o f  arsenic  and o th e r  heavy metals. Locally arsenic 
c oncen tra t ions  over 50 pg/L are observed. The repea ted  d r a w d o w n  and recovery pulls oxygen Into the  
de w a te re d  area and causes o x id a t io n  o f  o rgan ic  m a t te r  and th e  release o f  C 0 2, o x id a t io n  o f  arsenic 
bear ing  pyrite, and th e  fo rm a t io n  o f  hydrox ides  and su lpha tes  o f  Iron.

Ion exchange reactions
In th e  deepe r  parts  o f  th e  aq u i fe r  ca t ion  exchange  reac t ions  take  place. The N a+-, M g 2+- and K+-ca t lons  
adsorbed  to  th e  clay surfaces are successively be ing  rep laced by Ca2+- lons  In o rde r  o f  Increasing a f f in i ty  
fo r  th e  clay. This results In an Increase o f  m ar ine  ca t ions  and a dep le t io n  o f  Ca2+ In th e  g ro u n d w a te r .  The 
ch ro m a to g ra p h ic  sequence o f  ca t ion  exchange  Is fo u n d  In th e  s u bsequen t  surp lus o f  N a+, fo l lo w e d  by K+ 
and f in a l ly  M g 2+, resu lt ing  In N a H C 0 3 and M g H C 0 3 w a te r  types. High H C 0 3' -co n ce n t ra t lo n s  can result 
f rom  the  dep le t io n  o f  Ca2+ due  to  ca t ion  exchange, w h ic h  causes a second s tage o f  ca lc l te  d isso lu t ion  
(Walraevens, 1990 ) .  This Is s h o w n  In Figure 5, w h e re  the  H C 0 3' -c o n c e n t ra t lo n  Is p lo t te d  aga ins t  the  
p a ram e te r  (Na +  K +  M g )corrected.
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Figure 7. Iro n  a n d  s u lp h a te  c o n c e n tra t io n  b a se d  o n  s a m p lin g  In c ro s s -s e c tio n s .

A  (N a +, K+, M g 2+) surp lus can also occur w h e n  m inera ls  c o n ta in in g  N a+, K+ a n d /o r  M g 2+, like fe ldspars, 
dissolve (S tuyfzand, 1986 ) .  But In th e  deeper  parts  o f  the  N eogene  aq u i fe r  the  Increase In these  ca t ions  Is 
c learly  due to  ca t ion  exchange  as no fu r th e r  Increase In si l ica Is observed.
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Mixing with saline water
The com b in e d  e f fect o f  f lo o d in g  th e  A n tw e r p  po lders  du r ing  th e  M id d le  Ages fo r  s tra teg ic  reasons and the  
ar t i f ic ia l ly  raising o f  th e  te r ra in  by sand in th e  A n tw e r p  po lders  has loca l ly  m ade  th e  g ro u n d w a te r  to 
becom e brackish. The p u m p in g  o f  g r o u n d w a te r  near  th e  Scheldt basin has caused in f i l t ra t ion  o f  brackish 
water.  Genera l ly  g ro u n d w a te r  in the  lo w e r  Scheldt basin can be cons idered as brackish.

Conclusions

Regional g ro u n d w a te r  f l o w  m o d e l l in g  has a l lo w e d  loca t ing  th e  recharge and d ischarge  areas. The 
ca lcu la ted  p iezom e tr ic  heads sh o w e d  go o d  a g re e m e n t  w i t h  th e  observed g ro u n d w a te r  heads. In te rm s  o f  
g ro u n d w a te r  gua l i ty  t w o  im p o r ta n t  zones can be d is t ingu ished  In th e  Neogene  Aquifer.  W h e re  the  
Form at ions  o f  Bo lderberg  and Diest are o u tc ro p p in g  th e  a g u i fe r  is w e l l  f lushed  and co m p le te ly  decalc i f ied.  
In the  to p  o f  th e  g ro u n d w a te r  body, w h e re  leach ing  o u t  has been c o m p le te d ,  all rem nan ts  o f  th e  m ar ine  
e n v i ro n m e n t  have d isappeared .  G ro u n d w a te r  in th e  recharge area has a co m p o s i t io n  very close to  th a t  o f  
evapora ted  m e teo r ic  water .  Pyrite ox id a t io n  In these w a te rs  causes su lpha te  and Iron to  rise, lead ing  to  the  
occurrence o f  su lpha te  and som e t im es  iron w a te r  types. Only th e  deeper  parts  th e  Form at ions  o f  Diest and 
Berchem con ta in  calclte, w h ic h  s t rong ly  in f luences  g ro u n d w a te r  chemistry.  The Form at ion  o f  Li llo also 
con ta ins  im p o r ta n t  a m o u n ts  o f  calcite. W h e re  th e  Form at ion  o f  Lll lo occurs ca lc i te  d isso lu t ion  w i l l  be 
im p o r ta n t  in th e  in f i l t ra t ing  water .  G ro u n d w a te r  Is o f  th e  C a H C 0 3-w a te r ty p e  In these ca lcareous parts  o f  
the  aguifer.  The In f luence o f  th e  fo rm e r  m ar ine  e n v i ro n m e n t  in th e  sed im ents  Is g e t t in g  c learer  in th e  deep 
parts o f  th e  Neogene  Agu ife r .  C a t ion  exchange  Is th e  m ost Im p o r ta n t  Ind ica to r  fo r  th e  old  m ar ine  
e n v i ro n m e n t ,  lead ing  to  th e  occurrence o f  N a H C 0 3 and M g H C 0 3 g ro u n d w a te r  types.
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