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HYDROCHEMICAL OBSERVATIONS IN THE SUBSOIL 
OF THE WESTERN PART OF THE NETHERLANDS 

by A.B. Pomper I 

The presence of saline waters in the subsoil, consisting of a thick layer of 
marine and fluviatile sediments, of the western Netherlands indirectly has a 
great influence on the economic activities of the area. Therefore it has been 
given much attention of hydrologists and geologists. 

It seems that there is no direct relation between the location of marine and 
fluviatile sediments on the one hand and the presence of saline respectively 
fresh waters in the subsoil. This paper gives a description of the location 
of the waters with different salinities and of the establishment of a parameter 
for their residence time, i.e. by comparing their sulfate contents. 

INTRODUCTION 

Most papers earlier presented by the author were based on observations in 
the region between the towns of Amsterdam and Rotterdam. It concerns a low 
lying area with a flow of saline groundwater from the seaward direction as well 
as a flow of fresh groundwater from the inland direction. This resulted in a 
complicated hydrochemical groundwater situation, as described in these earlier 
papers (Pomper, 1972, 1977). In the region North of Amsterdam, on three sides 
bordered by open water and recently investigated, a fundamentally different 
situation exists. 

Hydrogeological and hydrochemical maps and profiles of the two regions have been 
combined and they are the subject of the present paper. 

Although the explanation of a strongly schematized version of the groundwater 
situation along the lines of mathematical modeling appeared to be possible, 
here it will be tried to keep in contact with the nonschematized situation and 
to give a more detailed description of the situation. 

GEOHYDROLOGICAL SITUATION AND GROUNDWATER FLOW SYSTEMS 

It is well-known that the region discussed is part of the large West-European 
sedimentary basin. During the Tertiairy and the first part of Pleistocene, 
marine sediments in salt formation water were deposited. Then a period of pre
dominantly fluviatile sedimentation started, locally with intercalations of 
marine interglacial sedimentation. Although many interglacials occurred 
(Zagwijn, 1975, 1978), marine sediments of only the last three interglacials, 
i.e. Holsteinian, Eemian and Holocene, have been found. It is possible that 
older marine sediments never did exist or that they have been removed by erosion. 
In that case we have luck to find remnants but up to that moment we must state 
the upper marine layers are the only ones present. 
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The thickness of the mostly fluviatile Pleistocene layers overlying the marine 
lower Pleistocene increases from 80 meters near Rotterdam up to more than 
250 meters in the North near the town of Hoorn. Unless the sediments originate 
from different river systems (northern Germany, Rhine, Meuse), the horizontal 
variations in grain size composition are not large. 

Roughly the subsoil can be divided into: 

a, a covering layer consisting of Holocene fine grained sediments; 
b, the upper aquifer consisting of fluviatile, aeolean and marine sediments of 

different grain size composition and younger Pleistocene origin; 
c, the semiconfining layer consisting of sediments from the marine Eemian (clay), 

Saalian glaciation (boulder clay and warven clay) and middle and lower 
Pleistocene fluviatile clay; 

d, the lower aquifer consisting of coarse grained fluviatile sediments of dif
ferent origin. In the northern half of the region this layer is the ma~n 
aquifer; 

e, the hydraulic base consisting of fine grained marine sediments of lower 
Pleistocene and Tertiairy origin. 

The vertical resistance of the covering layer shows many variations. The upper 
aquifer has transmissibilities varying from 500 to 1000 m2 .d- 1

• The lower 
aquifer mostly shows little variations in hydraulic conductivity but large vari
ations in thickness. The thickest parts are to be found in the northern half of 
the region, where it functions as the main aquifer. The transmissibility of the 
lower aquifer varies from 3000 m2 .d- 1 in the South up to more than 10,000 m2 .d- 1 

near Hoorn and somewhat lower values more to the North. 

The direct consequence of the differences in transmissibility of the lower 
aquifer between the northern and the southern part of the region is that in the 
northern part the groundwater flow is mainly governed by the hydrological 
situation in the lower aquifer, whereas in the southern part the upper aquifer 
is the main influence on the situation near the ground surface. So in the 
northern half of the region the lower aquifer is the main aquifer and in the 
southern half there is no clear main aquifer. 

Groundwater flow in the upper aquifer is mainly governed by differences in 
ground level. Except from deep polders, a large part of the region outside the 
dune area consists of polderland w·ith ground levels near mean sea level. In the 
deep polders mainly upward seepage occurs whereas in the remaining higher part 
of the region at many sites infiltration is present. This results in a funda
mental difference between the northern and the southern half of the region. In 
the southern half infiltration sites alternate with seepage sites, whereas in 
the northern half the intermittance of seepage and infiltration concerns large 
areas. 

FRESH AND SALT WATER 

Earlier (Pomper, 1972) a map was shown, g~v1ng the topography of the 500 ppm 
chloride plane in the southern half of the region. This map now has been 
extended to include the North (fig. 1). Unfortunately it was not possible to 
carry out this extension up to the northernmost town of Den Helder because of 
lack of data. 

As was earlier noted in the different systems of groundwater flow, in this map 
also a fundamental difference between the northern and the southern half of the 
region can be observed. In the southern part of the region large differences 1n 
the topography of the 500 ppm Cl--level are found. Fresh water bodies are 
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alternating with upwellings of saline water. The ground surface situation is 
closely related to the chemical groundwater situation. 

In the northern half of the region the topography of the saline groundwater 
shows at first sight a less complicated situation. Along the coast large fresh 
water bodies are found. In this part of the region they are larger than in the 
southern part. Behind the dunes one large area with upwelling saline water is 
present from the Haarlemmermeer polder in the South up to Den Helder in the 
North, with only a small interruption in the neighbourhood of the town of 
Alkmaar. More to the East a large fresh water body is found, which will be dis
cussed later in this paper. 

The fresh water bodies along the coast need some explanation. These fresh water 
bodies originate from infiltration into the dunes of precipitation water. Aside 
from deep infiltration, the precipitation in the dunes is giving a subsurface 
runoff. 

In the southern part of the dune area the fresh water bodies have a limited 
extension. Remarkable are the locally occurring extensions of the fresh water 
bodies in inland direction. In general a rather gradual boundary of the fresh 
water bodies exists in horizontal direction. 

The fresh water body in the dune area in the northern part shows no natural 
interruptions. The only interruptions to be observed are due to human activities. 
There exist no inland extensions of the fresh water body and there is an abrupt 
boundary in the East. This fresh water body is strongly affected by the pumping 
for drinking water use, although its influence has been limited by infiltration 
into the dunes of river water obtained elsewhere during the last decennia. 

The salt water outcrops West of the dunes are divided into cells by saddle 
shaped fresh water bodies along the rivers and larger canals. As already men
tioned there are hardly any interruptions of this body in the northern half of 
the region. 

Special attention is to be given to the fresh water body in the eastern part of 
North Holland. This fresh water body is the largest in the region examined. 
Near Hoorn the base of it is found at a depth of more than 90 meters below sea 
level. In contrast with the inland fresh water body in the southern part of the 
region, this body receives no fresh water supply. And yet it exists because of 
the fact that the area has been inundated by fresh water both during the Eemian 
and the Holocene transgressions. Although data were not available of the 
situation beneath the bottom of the nearby IJssellake, it seems that this fresh 
water body continues there. This is in agreement with Van Dam's (1962) geophys
ical observations. 

A remarkable phenomenon is again the occurrence of inversions in the vertical 
saline - fresh water sequence. In earlier papers attention was also paid to them. 
Their occurrence in the southern half of the region is neglectable in comparison 
with that in North Holland. Especially along the fringes of the central fresh 
water body a very complicated situation exists. Figure 2 gives an illustration 
of this situation as compiled by Witt (1980). Due to the complexity of the 
situation, it is hardly possible to give a presentation in a plane. So Witt 
compiled maps with the chloride content at different levels and the map shown 
has been compiled by projecting the 200 ppm Cl--lines of the different maps on 
one surface. Because of its limited readability, however, it needs some study. 
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Along the inland fresh water body in the southern part of the region, inver
sions were not observed. This body receives a fresh water supply by infil
tration of precipitation water in the Utrecht hills, where outcrops of coarse 
grained Pleistocene sands occur. 
During the past years much of my attention was spent on the question how this 
situation has come into existence. Applying radiocarbon datings would have been 
a useful procedure if the money to do this had been available. So other 
possibilities had to be looked for. 

It appeared to be useful to make a study of the sulfate content of the ground
water. Sulfate is an important ion in sea salts and it forms a rather constant 
fraction of them. Under surface water conditions it is chemically inactive. 
Normal seawater contains about 2650 ppm sulfate, so after chloride it is its 
most important anion. 

When sulfate comes under anaerobic conditions it will be affected by micro
biological processes. So the solvable sulfate will be reduced to unsolvable 
sulphur hydrogen and pyrite. It is a rather slow process depending not only on 
the presence of microbes but also on the availability of organic matter and the 
redox potential. The data needed were available although not numerous; less 
than half of the water analyses did include sulfate. 

Whereas the contents of chloride and sulfate in river and precipitation water 
can be neglected, the ratio of both contents in brackish water will be constant 
if no sulfate reduction has occurred. From figure 3 this can be observed. It 
concerns a water analysis of a deep boring near Den Helder (9D/186). The 
chemical composition is given in a modified Schoeller-diagram. Whereas Schoeller 
(1962) presents the different components in absolute values, this modified 
version gives them in relative percentages with regard to the composition of 
seawater. In this way differences of seawater mixtures are easily visible. 

In the modified Schoeller-diagram of boring 9D/186 the connecting lines between 
the of chloride and sulfate are horizontal for water near the ground surface 
and at a depth of about 350 meters. But at a depth of 250 meters the relative 
percentage of chloride appears to be much higher than that of sulfate. The 
sulfate content has clearly been reduced by sulfate reduction, which indicates 
a longer residence time of brackish water at 250 meters than at 350 meters. 

In order to create a parameter for comparison of waters with different salt 
contents the contents of chloride and sulfate are expressed in their ratio. If 
the found chloride - sulfate ratio (from now on briefly called ratio) is equal 
to that of seawater recently infiltrated water is concerned and when it is con
siderably larger a long residence time since infiltration must have occurred. 
Unfortunately it is not (yet?) possible to make a absolute relation between 
ratio and residence time, as it proved to be impossible to get informatipn from 
literature about rates of sulfate reduction. 

The ratio of seawater amounts to 7.4 (data obtained from Westerveld, 1951). If 
the values are very much lower than 7.4 there is no or only a small amount of 
seawater in the mixture. Such extremely low values only are observed in fresh 
water bodies with very low chloride contents. Application of the ratio method 
requires a chloride content of at least 500 ppm, however, so for fresh waters 
radiocarbon dating must be applied. 

The ratios found have been sketched into the profiles of the chloride contents 
found in the subsoil (figs. 4 and 5). The first profile (fig. 4) starts near 
the town of Maassluis in the South and goes up to Den Helder in the North and it 
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crosses the upcomings of saline water behind the dunes. The other profiles 
(fig. 5) are perpendicular to it. Aside from isochlorides, the values of the 
observed ratios are presented. The mentioned differences in the chloride situ
ation in the northern and the southern part of the region are very clear. In the 
area South of Delft brackish water occurs both in the lower and upper aquifer. 
In both aquifers high values of the ratio are to be observed with the exception 
of the fresh water bodies. The high ratios indicate a long residence time of 
brackish waters. 

Remarkable are the lower values observed in the three wells in the semipermeable 
Maassluis Formation. The number of data available there is too small to make 
conclusions, however. 

A very interesting situation is found under the Haarlemmermeer polder. Fresh 
water originating from infiltration in the nearby dune area, has formed a fresh 
water body under the polder. It shows high ratio values for the lower part of 
this fresh water body whereas they are lower in the upward direction. In the 
upper thirty meters values usual for infiltrated precipitation water are found. 
The underlying salt water shows values equal of that of seawater. Calculations 
of Wit (1974) showed that at this site a strong inland-directed subsurface 
flow takes place. It is the result of the low phreatic levels in the Haarlernmer
meer polder in the neighbourhood. 

North of this point a totally different situation is found than in the southern 
half of the region. Due to the low position of the hydraulic base in this area 
the main aquifer, consisting of very coarse grained sediments, shows very high 
values for the transmissibility. In the part of the region crossed by this 
profile the main aquifer contains water with chloride values of more than 
15,000 ppm. Detailed studies of this area, having been carried out during the 
last four years, showed that there is heavy salinization fed by an inland flow 
of saline water from a seaward direction. The ratios in this aquifer come near 
to that of seawater. Only near Den Helder somewhat higher values are found. 

The upper aquifer, containing saline water as well, shows extremely high values 
of the ratio. It seems that waters with long residence times are being washed 
out by seawater recently infiltrated in the lower aquifer. This is in agreement 
with calculations by Wit (1980). 

Similar remarks can be made about the other profiles shown. Under the dunes the 
fresh water body mostly shows very low ratios, with values increasing with 
depth. In South Holland (fig. Sa) also the inland fresh water body has very low 
ratios. Profile 2 (fig. 5b) shows a cauliflower shaped intrusion of fresh 
water from the lower aquifer into the upper aquifer. The ratios in this fresh 
water intrusion are similar to those in the fresh water body near Hoorn (fig. Sc) 
but show an increase near the interface with the brackish water in the upper 
aquifer. 

CONCLUSIONS 

- The shape of the level of the 500 ppm chloride plane in the subsoil water of 
the southern part of the western Netherlands is fundamentally different from 
that in the northern part. 
This difference can be explained by differences in the geohydrological situa
tion in the subsoil. 

- The various fresh water bodies can be divided into three groups with 
different origin: 
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a. the coastal fresh water body consisting of recently infiltrated 
precipitation water; 

b. the inland fresh water body in South Holland consisting of a mixture of 
precipitation water and infiltrated river water; 

c. the large inland fresh water body in the North of the region consisting of 
fossil water from unknown origin. 

- The ratio between chloride and sulfate contents of the saline and brackish 
waters appears to be a useful tool to differentiate between seawater having 
infiltrated in recent and in earlier periods. 

- Pure seawater never has been found in the subsoil of the region. 
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Fig. 2. The depth of the plane of 200 ppm chloride ~n the province of 
North Holland and the occurrence of inversions along the edges of the 
fresh water bodies in the area (Wi~t, 1980) 
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Fig. 3. A modified Schoeller-diagram of the boring 9D/I86 near 
Den Helder. The contents of several components of 
groundwater are expressed in percentages of that of seawater 
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Fig . Sa 
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Fig. 5. Three east-west cross sections through the region 


