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Discussion

The complex distribution of saline water in the Netherlands has been attributed
to various causeées by previous authors

Meinardi (1973) summarised and reviewed various views. Rightly he criticised

the opinion that direct subsurface groundwater inflow from the sea to the Haar-
lemmermeerpolder since the reclamation might explain the sea water intrusion.

He showed that by simple application of Darcy's law and the khown aquifer
characteristics the salt/fresh interface could have moved only + 1,5 km in land
in a horizontal sense. Thus another origin for the saline intrusion is required.
This can be easily found now in combining the reconstruction data (fig. 13) with
the actual head distribution (fig. 12) and the water balance data on amounts of
upward seepage.

An average upward seepage in the Haarlemmermeer polder of 0,5 mm/day over a
period of 120 years and a porosity of 20 % can produce already an average ver-
tical rise of the fresh/salt interface of + 22 m, Just before the beginning

of the reclamation the interface was in the upper part of the Calais Formation,
probably at most 5 to 10 m below the present polder bottom. Thus there was

ample opportunity for the interface to rise and crop out in the bottom of the Haarlemmer-

meer polder since the reclamation of the Harlem lake. The saline waters welling
up in that polder are consequently the Holocene strongly brackish mixed waters
of fig. 7, which became reactivated by active and displacement flow since the
reclamation around 13850 (fig. 8).

Geirnaert (1971) assumed that after the salt water intrusion by the Calais
transgressive phase the area was flushed again by fresh water from the eastern
Pleistocene hills (hydrological zone B) on the basis of the occurrence of so-
dium bicarbonate waters pointing to ion-exchange of fresh waters with sodium-
rich clays. It would however require a very rapid and deep flushing in A very
short time (between 4000 and 1000 BP) of dense saline water by a veneer of float-
ing fresh water in the absence of a driving head. The thin layer of fresh
water in the peat cover of the former lagoon could not provide the necessary
head. The fresh water head of the eastern hills was dissipated already at the
base of the footslope with strong seepage and low vertical resistance (0-500
days) and could never be transmitted for flushing to the western zone with

its flow resisting cover with much higher c-values (2,500-10,000 days) .

Geirnaert's correct interpretation of the ion-exchange character of the sodium-
bicarbonate waters in the central polder belt should not be coupled to a late-
Holocene flushing from the east but to very recent flushing. The marine Calais
clays and the during the Calais transgression salinised underlying clayey part
of the Pleistocene formations are actually flushed by descending infiltration
systems of ''fresh' Rhine (boezem) water, and the rapidity of ion-exchange pro-
cesses produces in these systems sodium-bicarbonate waters.

Meinardi (1973) underrated strongly the potential for density flows to infil-
trate Calais-time seawaters through coarse- bottomed tidal creeks into the
underlying Pleistocene sands with fresh waters (see also De Vries 1981 in this
respect). This was probably on the basis of an assumed analogy with the unde-
niable diffusion mechanism for the salinisation in the Zuydersea area as pro-
posed by Volker (1961). However the geological situation in the Zuydersea area

is completely different, with fine-grained deposits without coarse tidal channels

at the seabottom. There the sediment type prevented the intrusion by density

currents. Other indications for rapid development of vertical density currents
under much smaller density differences have been observed under a waste dispos-
al site at Noordwijk recently: (Van Duyvenbooden in CHO/TNO report no. 5, 1980).
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Meinardi argues that an increase of salinity with depth is uncompatible with
downward infiltration from transgressive seawaters because he assumes a gradual
infiltration from top to bottom and consequently lowest salinity at the base of
the aquifer. Because such a salinity profile is not found actually he concludes
that it is an argument against a major role for seawatér infiltration during
transgressions in general. The actual vertical salinity distribution shows in-

crease of salinity with depth, which fits quite well in a mechanism of density
flow mixing.

Another argument of Meinardi against seawater intrusion during transgressions
is because Geirnaert attributed eastern occurrences of saline water outside the
known transgressive areas to far reaching floods or including salt water wedqges
(e.g. in the central part of the Alblasserwaard).

Engelen (1963) suggested a combined/deep connate and thermo-mineral origin for

the saline waters revising along active deep-seated faults in the Alblasserwaard.

This has been confimmed recently by the discovery of a significant geothermal

anomaly (Groundwater Survey TNO, Van Dalfsen 1981). Meinardi had to look now

for another mechanism to explain the salt distribution because he discarded

the intrusion of seawater during transgressions as a major cause - because of

his

1) underestimating of density flow mixing,

2) overemphasizing of diffusive phenomena by extrapolating the Zuydersea
situation to the different western-Netherlands situation,

3) overreacting to part of Geirnaert's unjustified assumptions that the
eastern occurrences outside the transgressive areas should be due to
transgressive infiltration,

Verruyt's (1971) theoretical work on dispersion induced Meinardi to the assump-
tion that dispersion by a strong fresh water flow from the eastern hills to the
coast might explain the fresh/salt distribution. He needed for that a seaward
fresh groundwater flow and employed implicitly Geirnaert's erroneous opinion on
a strong Holocene flushing of the intermediate aquifer in the polder belt by
fresh water. The arguments against that assumption have been given already.

It should be stressed that Meinardi showed some reticency on the dispersion
mechanism by stating that a qualitative picture for the salinity pattern in the
fluviatile Pleistocene layersin the subsoil of the Netherlands could not be
achieved due to a lack of data and an actual situation which is much more compli-
cated than his simplified model accounted for.

He too attributed too much weight to one single process for the explanation of
the salinity distribution in the Netherlands. His views on the salinity history
contain many indispensable elements but lack a comprehensive consistent picture.

The dispersion theory does not explain the striking local relations between form
of the fresh/salt interface, details of the aquifer (extent of semi-permeable
layers, c-values etc. in figs. 13, 1k4), water balance based seepage values and
historical reconstruction. All those point to the non-existence of a horizontal-
flushing, seaward directed fresh water flow through the central polder belt.

The present configuration in the Central-western part of the Netherlands seems
basically a very young (last 100-150 years) situation, based on predominantly

local, infiltrating fresh and counteracting upwelling saline systems in a man-
induced setting.
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