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In the latter area majo r infi l trat ion occurs which is discharged in 
a North - sout h tre ndi ng strip a long the base of the hil ls. This natura! fresh 
water-oute rop zone is loca lly intensified by deep polders . The Ho rstermeer
po lder is the ,extreme exa mpl e with a daily upward seepage of 14 mm of f resh 
water. Cation exchange between the sodium-saturated marine clays of the 
Calais Fbrma tion and o l der salt-affected clayey formations and infi lt rating 
fresh waters of the Rhine (su rface water) system and Jocal precipitation 
presen t ly produce in these young infi ltration systems sodium- bicarbonate 
wate rs. Details of the salt and fresh water intrusion sequences and their 
hydrochemi cal consequences in the coastal dune belt have been publ is hed 
previously (Engelen and Roebert, 1974). 

Upwe Tl i ng sys tems 

t he actively i ntru ding and expanding 11 fresh 11 water infiltra tion systems 
three upwelling salt and brackish lrJate r sys tems occur . The volumetrie campensa
tien between the two types of systems produces presently a much bi gger sali rie 
and brackish seepage and warping of the fresh-salt interface than co uld be 
accounted for by deep infl ow from the North Sea as sametimes postulated in 
previous publ ications. 
The sali ne and brackish upward seepage i s thus the combined effect of : 

a) 

b) 

inilltraiion of fresh water from re lative ly high surface water bodles 
volumetrie by shifts in the underlying and surround 

sällne waters ; 
low water levels in the shallow upper aq ui fer due to reelamatien of farmer 
lakes and pumping of sub-sea level polder areas. 

Fi g. 12 shovJs t he distrib ution of water levels in the polders and in t he shal low 
and deep aqu ifers. Moreover the measured and/or calcu lated average seepage Jas ses 
and for indivldua l water management un its in the . section are given in mm 
per day. 

A compa r i.son with t he c-values o.f vertical res istance to flow of t.he semi
permeab le top Jaye.rs shows striki ng relations. 

The asymmetry of the fr es h-brack i sh and b rack i sh/ s trong l y b r a c id sh interfaces 
belo1,J t he Haarlemmermeerpol der (Fig. 13) reflects the two-to ten f o l d less re
sistance to f low of the more sandy fa cies of the Cal ais Formation at theeast 
side of the lt causes an extens ion of a sha llow torigue of the Westeinder
lake system into the Haarlemmermeer po lder and culmlnatlon of 
the deeper bracki sh - salt interface be low the eastern part of the Haarlemmermeer. 

The fonn of the Westeinde r infilt ratio n flow system is strongly asymmet rie with 
r· espect to the location of t he Westein der lake. On bath sides of the lake how-. 
ever extensive deep !polder areas occur with campa rabie polder 

Under uniform conditions In the subsoi! this wou ld imply a more less sym
metri e body of inf iltration water. The streng asymme try which is actual ly ob
served is due t o the differences in vertical resistance in the top laye rs of the 
adjacent polders . The sandy fac ies of the Calai s Forma t ion below and west of the 

lake has up to four fold lower vertical reslstance than the clayey 
fa cies to ,t he east. Thu s the atrophiatedwestern part of the systern can accommo 
date <:l si milar f löw volurne through a much smaller sectien than the eastern pa r t 
of the system. The underlyi ng Kedichem hampers t he free vertical de
velopmen t of the, fresh water infiltration system. 

thi s. fresh water lens would reach to a depth of + 100 m, 
gi ven a difference in leve l of+ 5 m be.tween lakelevel and surrounding-polder 

and a density of brack ish water half so bi g as sea waters. accord ing to 
the pr i nciple . The present depth is about 50 m. 
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Discussion 

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

Meinardi (1973) summarised and reviewed various views. Rightly he criticised 
the apinion that direct subsurface groundwater inflow from the sea to the Haar
lemmermeerpolder since the reelamatien might explain the sea water intrusion. 
He showed that by simple application of Darcy 1 s 1aw and the known aquifer 
cha_racteristics the salt/fresh interface could have moved only + 1,5 km in land 
in a horizontal sense. Thus another crigin 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 befare 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 erop out in the bottam of the Haarlemmer· 
me~r polder since the reclamation of the Harlem lake. The saline waters wel! ing 
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 1850 (fig. 8). 
Geirnaert (1971) assumed that after the saltwater 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. lt would however require a very rapld and deep flushing in~ very 
short time (between 4000 and 1ÖOO 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 farmer lagaan could not provide the necessary 
head. The fresh water head of the eastern hi11s was dissipated already at the 
base of the footslope withstrong seepage and low vertical resistance (~500 
days) and could nev~r 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 nat be coupled toa late
Holocene flushing from theeast but to very recent flushing. The marine Calais 
clays and the during the Calais transgression salinised underlylng clayey part 
of the Pleistocene formatlans are actually flushed by deseending infiltration 
systems of 11 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 alsoDe Vries 1981 in this 
respect). This was probably on the basisofan assumed analogy with the unde
niable diffusion mechanism for the sal inisation 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 thesediment 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 Noordw.iJk reeen,tly' (\1an·Ouyvenbooden 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 bottorn and consequently lewest 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 seawatèr infiltration during 
transgnessions in general. The actual vertical sal inity distribution shows in
crease of salinity with depth, which fits quite wel! 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 l·eaching floods or including saltwater wedqes 
(e.g. in the central part of the Alblasserwaard). 

Engelen (1963} suggested a combined/deep connate and therma-mineral crigin for 
the sali.ne wa.ters rëvising along active deep-seated faults in the Alblasserwaard. 
This has been confimed recently by the discovery of a significant geothermal 
anomaly (Groundwater Survey TNO, Van Dalfsen 1981). Meinardi hadtolook 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 topart of Geirnaert's unjustified assumptions that the 

eastern occurrences outside the transgressive areas should be due to 
transgressive infiltration. 

Verruyt's (1971} theoretica} workon dispersion induced Meinardi to the assump
tion that dispersion by a streng 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 apinion on 
a strorig Holocene flushing of the intermediate aquifer in the polder belt by 
fresh water. The arguments against that assumption have been given already. 

lt should be stressed that Meina~di showed some reticency on the dispersion 
mechanism by stating that a qualitative picture for the salinity pattern .in the 
fluviatilè Pleistocene layersin the subsoil of the Netherlands could not be 

achieved due toa Jack of dataandan actua1 situation ~.oJhich is much more compli
cated than his simpl ified 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 Jack a comprehensive consistent picture. 

The dispersion theory does net explain the striking local relations between farm 
of the fresh/salt interface, details of the aquifer (extent of semi-permeable 
layers, c-values etc. in figs. 13, 14~ water balance based seepage values and 
historica! reconstruction. All these 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, bàsed on predominantly 
local, infiltrating fresh and counteracting upwe11 ing saline systems in a man
induced setting. 
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