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EXTREME SALT CONCENTRATIONS I N  DEEP AQUIFERS I N  THE NETHERLANDS 

P. GLASBERGEN 

N a t i o n a l  I n s t i t u t e  f o r  Water Supply ,  Voorburg (The N e t h e r l a n d s )  

ABSTRACT 

I n  The N e t h e r l a n d s  f r e s h  w a t e r  is m o s t l y  e x t r a c t e d  from P l i o c e n e  and Q u a t e r n a r y  

a q u i f e r s  and less o f t e n  f r o m  Mesozoic  a q u i f e r s .  I n  t h e s e  a q u i f e r s  b r a c k i s h  groundwater  

i s  also p r e s e n t .  A p o s s i b l e  e x p l a n a t i o n  o f  t h e  s a l t  d i s t r i b u t i o n  i n  t h e  P l i o c e n e  and 

Q u a t e r n a r y  a q u i f e r s  h a s  been g i v e n  by s e v e r a l  a u t h o r s .  

I n  t h i s  p a p e r  an a t t e m p t  is  made t o  i d e n t i f y  t h e  a q u i f e r  sys tem i n c l u d i n g  deeper  

a q u i f e r s  i n  The N e t h e r l a n d s .  An overv iew of  c h l o r i d e  c o n c e n t r a t i o n s  a t  g r e a t e r  d e p t h s  

is  p r e s e n t e d  and some r e m a r k a b l e  examples  a r e  ment ioned.  A t t e n t i o n  is g i v e n  t o  t h e  

e x p l a n a t i o n  of t h e  d i f f e r e n c e s  i n  q u a l i t y  which e x i s t  between t h e  s o u t h e r n  and 

n o r t h e r n  r e g i o n  of t h e  Eocene a q u i f e r .  I n  t h e  s o u t h e r n  r e g i o n  i n f i l t r a t i o n  i n  t h e  

o u t c r o p  area i n  Belgium d e t e r m i n e s  w a t e r  q u a l i t y .  I n  t h e  n o r t h e r n  r e g i o n  l o c a l  c o n t a c t  

w i t h  s a l t  d i a p i r s  which a r e  broken  t h r o u g h  t h e  Lower-Ter t ia ry ,  l e a d s  t o  d i s s o l v i n g  of  

sa l t  m i n e r a l s .  

INTRODUCTION TO THE GROUNDWATER SITUATION I N  THE NETHERLANDS 

F r e s h  groundwater  is t h e  m o s t  i m p o r t a n t  s o u r c e  f o r  d r i n k i n g  w a t e r  s u p p l y  i n  The 

N e t h e r l a n d s .  For  t h i s  r e a s o n ,  i n v e s t i g a t i o n  of t h e  p o s i t i o n  o f  t h e  i n t e r f a c e  between 

f r e s h  and s a l t  water and of  t h e  o r i g i n  of s a l t  w a t e r  is of g r e a t  impor tance .  

E x t r a c t i o n  of groundwater  t a k e s  p l a c e  from P l i o c e n e  and  Q u a t e r n a r y  a q u i f e r s  and  

also i n  some parts o f  t h e  c o u n t r y  from Mesozoic  a q u i f e r s .  A s  a consequence  of  t h e  

geological h i s t o r y  of  The N e t h e r l a n d s  s a l t  water is still p r e s e n t  i n  a q u i f e r s  i n  

c o a s t a l  a r e a s .  I n  t h e  whole c o u n t r y  s a l t  w a t e r  is found i n  t h e  less permeable  beds  

u n d e r l y i n g  t h e  a q u i f e r s .  

A c c o r d i n g  t o  S a n t i n g  ( r e f .  1 )  t h e  t o t a l  volume o f  f r e s h  groundwater  is  500. 109m3. 

The volume o f  b r a c k i s h  and s a l t  water might  be a b o u t  t e n  t i m e s  h i g h e r  because  m o s t  

Mesozoic ,  T e r t i a r y  and Q u a t e r n a r y  d e p o s i t s  c o n t a i n  pore w a t e r .  Sometimes w a t e r  is also 

p r e s e n t  i n  P a l e o z o i c  f o r m a t i o n s .  

Reprinted from The Science of the Total Environment, 21 (1981) 251-260 
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The groundwater i n  t h e  main a q u i f e r  u s u a l l y  flows wi th  a .welocity of some t e n s  of 

metres p e r  year .  The b rack i sh  and sa l t  water g e n e r a l l y  f lows wi th  lower velocities, 

because t h e  h y d r a u l i c  c o n d u c t i v i t y  dec reases  with depth. P o s s i b l e  exp lana t ions  f o r  the 

presence of b rack i sh  groundwater at shal low depths  have been given by Volker and 

Meinardi ( r e f s .  2,3). The v e r t i c a l  c h l o r i d e  d i s t r i b u t i o n  might be exp la ined  by t h e  

theo ry  of hydrodynamical d i s p e r s i o n  i n  f lowing groundwater. The presence of b rack i sh  

and s a l t  water a t  greater dep ths  must be exp la ined  from geological, p a l e o c l i m a t i c a l  

and hydro log ica l  f a c t o r s .  Th i s  w i l l  be t h e  topic of t h i s  paper. 

Knowledge of  t h e  d i s t r i b u t i o n  of  f r e s h  and sa l t  water and of t h e  sou rces  of s a l t  

water is of importance with respect t o  t h e  s a f e  e x t r a c t i o n  of f r e s h  groundwater. The 

s a l t  d i s t r i b u t i o n  a t  g r e a t e r  dep ths  is also an i n d i c a t i o n  of t h e  i s o l a t i n g  capac i ty  of 

a c l a y  l a y e r  ove r ly ing  a deep aqu i f e r .  This  is of importance i n  view of t h e  p r o t e c t i o n  

of  f r e s h  a q u i f e r s  a g a i n s t  contaminat ion with f l u i d s ,  which are i n j e c t e d  i n t o  a deep 

a q u i f e r  . 

IDENTIFICATION OF THE AQUIFER SYSTEM 

The P l io -P le i s tocene  main a q u i f e r  is under l a in  by Miocene and Oligocene c l a y  

formations wi th  a t h i c k n e s s  of one hundred metres and m o r e .  Below t h e  Oligocene c l a y  

wi th in  t h e  Eocene some a q u i f e r s  can be recognised. Among t h e s e  a q u i f e r s  t h e  Brusse l s  

Sand is probably t h e  m o s t  important  one. 

Eocene sediments  occur  i n  t w o  areas .  One i n  t h e  southwest extending i n t o  Belgium 

and South England and t h e  o t h e r  one i n  t h e  n o r t h e a s t  ex tend ing  i n t o  North Germany. I n  

a broad zone s e p a r a t i n g  t h e s e  areas t h e  Eocene has  completely been eroded du r ing  t h e  

Oligocene due t o  u p l i f t i n g  ( r e f .  5 ) .  

S o m e  i n d i c a t i o n  of t h e  geohydrological  p r o p e r t i e s  of deep a q u i f e r s  may be derived 

from t a b l e  1. Refs. 4 ,  6, 7 and 8 have been used i n  o r d e r  t o  c a n p i l e  t h i s  t a b l e .  

A c ros s - sec t ion  through t h e  S.W. Netherlands is presen ted  i n  f i g u r e  1. This  

c ros s - sec t ion  is a geohydrological  i n t e r p r e t a t i o n  of a s t r a t i g r a p h i c a l  s e c t i o n  

p resen ted  by Keizer and Letsch ( r e f .  5). The t h i c k n e s s  of t h e  Quaternary v a r i e s  from 

z e r o  till ove r  6 0 0  m, whi le  t h e  t h i c k n e s s  of t h e  T e r t i a r y  v a r i e s  f r a n  ze ro  till over 

800 m. Of t h e  Under-Tertiary d e p o s i t s  probably only t h e  Middle-Eocene a q u i f e r  i n  t h e  

south-western and t h e  north-eastern parts of t h e  country is of i n t e r e s t .  The Paleocenf 

a q u i f e r  is on ly  found i n  t h e  south-west. Mesozoic a q u i f e r s  are p r e s e n t  a t  shal low 

dep ths  i n  t h e  extreme sou th  and a long  t h e  German border.  

EXAEIPLES OF GROUNDWATER QUALITY 

I n  f i g u r e  2 a map is p r e s e n t e d  wi th  c h l o r i d e  d a t a  of groundwater a t  greater depths,  

Most of t h e  c o l l e c t e d  d a t a  are concerned with t h e  P l io -P le i s tocene  main aqu i f e r .  

Ch lo r ide  c o n t e n t s  of Under-Tertiary,  Mesozoic and Pa leozo ic  a q u i f e r s  are e s p e c i a l l y  
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TABLE 1. 

Simplif ied l i t h o l o g i c a l  and hydrological  charac te r iza t ion  of  aqui fe rs  

S t ra t igraphy l i t h o l o g i c a l  hydrological ind ica t ion  
charac te r iza t ion  charac te r iza t ion  of hydraulic 

conduct ivi ty  
(m/d 1 

Holocene c l a y ,  p e a t  covering layer  - 

Pleis tocene coarse sand main aquifer  10-50 
Quaternary 

Pliocene s i l t y  sand, c l a y  less pervious p a r t  of  

Miocene c lay  
Oligocene c l a y  

T e r t i a r y  Upper Eocene c l a y  
Middle Eocene sand/marl 
Under Eocene c lay  

the  main aquifer  1-5 
base of aquifer  - 
aqui c 1 ude - 
aquiclude 

aqui clude - 

- 
f i r s t  deep aqui fe r  0.1 

Paleocene sand/ c lay  second deep aqui fe r  0.1 
Cretaceous marl/claystones t h i r d  deep aqui fe r  2 

~~ 

Mesozoic J u r a s s i c  shale/claystone aqui t a r d  - 
T r i a s s i c  sandstone four th  deep aquifer  0.1 
P e n u a n  rocksal t /sandstone impervious/? 

Paleozoic Carboniferous sandstone/coal ? ? 

1 2 3 4 5 6  7 8  

0 
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- 
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Figure 1. 

d a t a  modified a f t e r  Keizer and Letsch, 1963).  
Schematic geohydrological s e c t i o n  through the  S.W. Netherlands (Geological 
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~~ 

Figure 2 .  Chloride contents  of groundwater a t  g r e a t e r  depths i n  The Netherlands 
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marked. S a m e  remarkable  a r e a s  are f i r s t l y  t h e  V e l u w e  i n  t h e  c e n t r a l  p a r t  of The 

Nether lands  where f r e s h  water is found a t  a depth  of about 300  m, and secondly ,  t h e  

C e n t r a l  Graben i n  t h e  s o u t h e a s t ,  where f r e s h  water is also p r e s e n t  a t  greater depths.  

Water q u a l i t y  i n  an  Eocene a q u i f e r  is known a t  Nieuweschans (ex t reme N.E.), 

Twenthe, Zeeuws Viaanderen  and Belgium. The q u a l i t y  of t h e  groundwater i n  t h e  B N S S e l S  

Member shows impor t an t  d i f f e r e n c e s  between t h e  sou the rn  and t h e  no r the rn  area.  A t  M o l  

(Belgium) t h e  c h l o r i d e  c o n t e n t  is 3 7 6  m g / l  ( r e f .  9 ) ,  whi le  a t  Nieuweschans a c h l o r i d e  

con ten t  o f  71500  m g / l  has  r e c e n t l y  been ana lysed  by t h e  Na t iona l  I n s t i t u t e  f o r  Water 

Supply. Some o t h e r  ana lysed  pa rame te r s  are p resen ted  i n  table 2. I n  t h e  Eocene of 

Twenthe v a l u e s  o f  up t o  15000 m g / l  C1- have been found ( r e f .  7 ) .  

I n  South Limburg t h e  q u a l i t y  of water w i t h i n  beds of Carboni ferous  age is known 

from a w e l l  a t  Maas t r i ch t  ( r e f .  10)  and from water ou t  of t h e  former c o a l  mines. K i m p e  

( r e f .  11) reports a c h l o r i d e  con ten t  o f  10700 m g / l  a t  860 m depth bu t  also f r e s h  water 

( 2 5  mg/l) a t  500  m depth.  I n  South Limburg t h e  Carboni ferous  is  o v e r l a i n  by Mesozoic 

and T e r t i a r y  s t r a t a  w i th  a t h i c k n e s s  up to  a few hundred metres which enab le s  l o c a l  

i n f i  I t r a t i o n .  

I n  p l a c e s  where t h e  Carboni ferous  has  been found a t  g r e a t  depth t h e  composition of 

t h e  pore water is d i f f e r e n t  f r a n  t h e  mentioned examples i n  Limburg. For i n s t a n c e ,  near  

Emden (Germany) a t  about 4000 m depth  t h e  s a l i n i t y  is  26500 m g / l  ( r e f .  12) .  

A TENTATIVE EXPLANATION OF WATER QUALITY I N  THE EOCENE AQUIFERS. 

To e x p l a i n  t h e  l a r g e  d i f f e r e n c e s  i n  sa l t  concen t r a t ions  i n  t h e  Eocene a q u i f e r s  t h e  

t w o  most impor t an t  f a c t o r s  are: 1, t h e  hydro log ica l  system of t h e  a q u i f e r s  under 

c o n s i d e r a t i o n  and 2 ,  t h e  i n t e r a c t i o n  wi th  s o l i d  mine ra l s  p r e s e n t  i n  or a t  t h e  boundary 

of t h e  a q u i f e r .  

The r e l a t i v e l y  l o w  s a l t  c o n c e n t r a t i o n s  a t  M o l  can be exp la ined  by i n f i l t r a t i o n  i n  

t h e  o u t c r o p  a r e a  f u r t h e r  sou th  i n  Belgium. The same a p p l i e s  i n  Zeeuws Vlaanderen. 

A p o t e n t i a l  source of sa l t  might be formed by Zechs t e in  s a l t  l a y e r s .  Because t h e s e  

l a y e r s  a r e  p r e s e n t  below t h e  n o r t h e a s t e r n  p a r t  of The Ne the r l ands  ( f i g .  3 ) ,  t h i s  could 

be t h e  cause  of t h e  ex t remely  h igh  s a l t  con ten t  a t  Nieuweschans. The s a l t  l a y e r s  a r e  

covered by 1000 till 2000  m of Mesozoic s t r a t a .  Only l o c a l l y  i n  Twenthe, Drenthe, 

Groningen and below t h e  North Sea,  rock - sa l t  has  been found a t  sha l low depths  due t o  

h a l o k i n e t i c  movements. 

S a l t  d i a p i r s  have sometimes broken through t h e  Mesozoic and through t h e  bottom 

p a r t s  of t h e  T e r t i a r y .  See f o r  i n s t a n c e  t h e  sal t  dome of Schoonlo, Zuidwending e n  

Winschoten ( f i g .  4 ,  r e f s .  13, 1 4 ) .  The t o p  of a s a l t  dome which has  been i n  con tac t  

wi th  s u r f a c e  water or water i n  sha l low a q u i f e r s  wi th  a h igh  f law rate is u s u a l l y  

covered  wi th  a caprock. Th i s  caprock p rov ides  some p r o t e c t i o n  a g a i n s t  f u r t h e r  

d i s s o l v i n g .  



692 

TABLE 2 

Groundwater a n a l y s i s  of- Nieuweschans (Brusse l s  m a r l )  compared t o  sea water. 

Symbol c o n c e n t r a t i o n  i n  c o n c e n t r a t i o n  i n  
groundwater (mg/l) sea water (mg/l) 

c1 
N a  

so4 
Mg 
C a  
K 
HCO3 

B r  
S r  
F 
L i  
I 
Mn 

co2 

7 1500 
43500 

1800 
950 

1250 
220 
183 
109 
140 
165 

<o. 1 
4.6 
2.5 

3 

19000 
10800 
2712 
1290 
41 1 
392 
140 

67 
8 

1.3 
0.170 
0.064 
0.0004 

-- 

Figure  3. 
of t h e  c o n t i n e n t a l  s h e l f  (P. Heybroek, U. Haanstra ,  D.A.  Erdman wi th  a d d i t i o n a l  da t a  
by H.M. Harsveldt)  

Extension of Zechstein b a s i n  i n  The Nether lands and The Nether lands p a r t  
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1 
1 

igure 4. Profile over Schoonlo, Zuidwending and Winschoten salt-diapirs (after 
ulder and Harsveldt) 
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Along t h e  f l a n k s  o f  a d i a p i r  a c o n t a c t  s u r f a c e  between U n d e r - T e r t i a r y  a q u i f e r s  and 

r o c k - s a l t  might  be p o s s i b l e .  

Groundwater  f l o w i n g  a l o n g  t h e  f l a n k s  of a sa l t  dome w i l l  t a k e  up d i s s o l v e d  r o c k -  

s a l t .  Due t o  hydrodynamica l  d i s p e r s i o n ,  a broad  zone downstream w i l l  become more or 

less s a l i n e .  C a l c u l a t i o n s  f o r  t h i s  s y s t e m  have  been made by G l a s b e r g e n  ( r e f .  1 5 ) .  

The o r i g i n  of t h e  groundwater  a t  Nieuweschans can  be  c o n c l u d e d  f r a n  a comparison 

o f  t h e  r e l a t i v e  c o n c e n t r a t i o n s  of t h e  i o n s  i n  t h e  w a t e r  f r o m  t h e  Eocene a q u i f e r  w i t h  

sea-water .  For i n s t a n c e ,  i n  t h e  groundwater  t h e  C 1 -  and Na- c o n c e n t r a t i o n s ,  e x p r e s s e d  

i n  meq/l, are t h e  same, w h i l e  i n  s e a - w a t e r  more C1 t h a n  Na is  p r e s e n t .  The C l / B r - r a t i o  

i n  t h i s  groundwater  i s  511 w h i l e  f o r  s e a - w a t e r  a r a t i o  o f  284 is  g iven .  I n  r o c k - s a l t  

t h e  a v e r a g e  C l / B r -  r a t i o  over a l a r g e  volume is h i g h e r  t h a n  i n  s e a - w a t e r .  T o g e t h e r  

w i t h  t h e  o t h e r  r e l a t i v e  d i f f e r e n c e s  i n  c o n c e n t r a t i o n ,  t h e  c o n c l u s i o n  seems j u s t i f i e d  

t h a t  t h e  groundwater  q u a l i t y  is  dominated  by t h e  d i s s o l v i n g  o f  r o c k - s a l t .  

From t h e  d i s t r i b u t i o n  o f  s a l t  i n  t h e  O l i g o c e n e  c l a y  and Miocene c l a y  ( f i q .  5 )  it 

becomes e v i d e n t  t h a t  t h e  d i s s o l v e d  s a l t  h a s  n o t  y e t  p a s s e d  t h e  c l a y  b a r r i e r .  

The f l o w  o f  groundwater  below t h e  O l i g o c e n e  c l a y  is d i f f i c u l t  t o  e x p l a i n .  

I n f i l t r a t i o n  i n  t h e  o u t c r o p  a r e a ,  a p p r o x i m a t e l y  90 km s o u t h  o f  Nieuweschans,  w i l l  

occur .  I n f i l t r a t i n g  w a t e r  c o u l d  a l s o  r e a c h  d e e p e r  a q u i f e r s  t h r o u g h  f a u l t  zones  around 

s a l t  d i a p i r s .  The e x t r e m e l y  h i g h  s a l i n i t y ,  which was a n a l y z e d ,  would be de termined  i n  

b o t h  t h e s e  c a s e s  by sa l t  d i s s o l v i n g  from s a l t  d i a p i r s  i n  t h e  a r e a  between ' h e n t h e  and 

Nieuweschans . 
The f l o w  w i t h i n  t h e  Eocene a q u i f e r s  w i l l  be l i m i t e d  by t h e  l o w  t r a n s m i s s i v i t y  and a 

number o f  i n t e r r u p t i o n s  o f  t h e s e  s t r a t a  by sa l t  d i a p i r s .  On t h e  o t h e r  hand, t h e  

wsw ENE I NW 

P P 
111 111 0 2 .KY 

YIDWOLDA FINSTERWOLDE NIEUWESCHANS 
5 

_ _ - -  _ _ - -  
BREDA FORMATION 

c---H 
J 2 4KY 

F i g u r e  5 .  Geological s e c t i o n  t h r o u g h  Nieuweschans and  v e r t i c a l  c h l o r i d e  d i s t r i b u t i o i  
( G e o l o g i c a l  d a t a  by H.M. van  Montf rans  a n d  H. Zwaan) 
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h y d r a u l i c  g r a d i e n t  i n  t h e  l a s t  phase  of t h e  Weichse l ian  ice age might have been h ighe r  

t han  t h e  present one, due t o  t h e  low s e a  level. 

The 6 

occur s  or has  been occurred .  The carbon- i so tope  de te rmina t ion  of t h e  water e x t r a c t e d  at 

Nieuweschans i n d i c a t e s  t h a t  i n f i l t r a t i o n  has  t aken  p l a c e  i n  t h e  l a t e - P l e i s t o c e n e  

pe r iod .  Th i s  age of t h e  groundwater does not  c o n t r a d i c t  t h e  above p resen ted  hypo thes i s  

of i n f i l t r a t i o n  i n  Twente and t h e  northward flow of groundwater t o  Nieuweschans. But 

i n f i l t r a t i o n  a t  s h o r t e r  d i s t a n c e s  through f a u l t s  seems more acceptab le .  

18 0-value is nega t ive ,  which s u g g e s t s  t h a t  recharge  of t h e  a q u i f e r  still 
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