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EFFECT ON GROUND WATER COMPOSITION OF SEQUENTIAL FLOODING OF AQUIFERS 
WITH FRESH AND SALINE WATER 

by Torgny Agerstrand1, Goran Hansson 1 and Gunnar Jacks2 

ABSTRACT 
Marine transgression and regression in Scandinavia has caused repeated 
flushing of aquifers with fresh and saline water. The ion exchange properties 
of the aquifer material, which might be cristalline or sedimentary rock, is 
likely to have caused the following sequence of events: 

sea water intrusion hard saline water of Ca-Na-Cl-type 
fresh water enters fresh water of Na-HC03-type 
continued flow of fresh water-.freshwater of Ca-HC03-type 

The Na-HC01-water is usually high in fluoride. In hard rocks the ion exchange 
capacity is limited leading to readily observable changes in composition 
during prolonged pumping. Sedimentary rocks allow prolonged pumping before 
changes are obserable. A good example of this is the Na-HC03-water extracted 
at the famous Ramlosa spa in southern Sweden. 

INTRODUCTION 

The events of sea transgression and regression in Scandinavia during post
glacial times have been described in detail by Lindewald (1981, this sym
posium). In central Sweden the following phases can be disting~ished: 

Baltic icelake 
Yoldia sea 9500 years B.P. 
Ancylus lake 
Litorina sea 6500 years B.P. 
Present Baltic 

In southern Sweden there are sedimentary strata which at depth contain brines 
of far greater age. 

The ground water turn-over rapidly decreases towards depth. Englund & Meyer 
(1980) has measured turn-over times for springs in loose deposits at the 
order of weeks to months. In hard rocks ground water ages of thousands of 
years have been estimated at about 500 m depth by C-14 dating (Hultberg et 
al 1981). At intermediate depths there are aquifers that have been flushed 
just a few times during the last few thousand years. These ground waters are 
often encountered in hydrogeological work. 

The ground water turn-over depends on available gradients for flow and the 
hydraulic conductivity of the aquifer. When saline water is involved the 
difference in density relative to fresh water is the driving force during 
sea transgression. The importance of the hydraulic conductivity is illu
strated in fig. 1. Chloride in excess of what comes from precipitation is 
present only in wells with a poor yield. The figures represent wells drilled 
in hard rock separated only a few hundred meters from each other. The area 
is situated north of Stockholm. 
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Fig. 1. Chloride content in drilled wells as a function of yield, 
Langsjon, recreational area north of Stockholm. 

GROUND WATER IN HARD ROCK 

The Malar area 

In the area affected by marine transgression during postglacial times ground 
waters with increased salinity are often found (Lindewald 1981, Engqvist 
1981). Especially in a belt across central Sweden from Stockholm to Gothen
burg where hard cristalline rocks prevail it is rather common. This includes 
the Malar region. 

The most saline waters are of the Ca-Na-Cl-type sometimes with a salinity 
exceeding that of the present Baltic. Another distinguished type of water 
found is of the Na-HCO -type. Attention is often drawn to these waters be
cause of their excessi~e content of fluoride, prone to cause dental fluorosis. 
The common type of ground water in the region both in loose deposits and in 
rocks are of the Ca-HC03-type.Table 1 gives examples of these types of ground 
water. 

Table 1 ----

1 oca 1 ity EC pH Na+ 

mS/m 
Baltic sea 511 8,7 1060 
Stavsnas 1210 7' 1 1220 
Fi nnsjon 1) 1850 7,6 1500 
Baggensnas 543 8,3 105 
Markim 1 827 8,3 186 
Markim 2 622 7,4 22 

1) Data taken from Hultberg et a 1 

ca2+ Cl 
mg/1 

69 2075 
1410 5010 
1790 5650 

16 23 
13 90 
89 31 

( 1981 ) 

so2-
4 

156 
300 
324 

47 
55 
51 

Hco; 

72 

63 

44 

257 
325 
289 

1 ' 1 
2,4 
3,5 
0,7 
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The saline ground water represented by the analyses from Stavsnas and Finn
sjon is the result of sea water intrusion during a marine transgression. The 
calcium in exchangeable positions on clay minerals has been replaced by 
sodium in the sea water, resulting in a very hard ground water of the Ca-Na
Cl-type. The Litorina sea is belived to have had a salinity of 10-15 u/oo (Ek
man & Fries 1970). The Finnsjon sample is in the same range, indicating that 
this ground water might have remained trapped in the rock since the Litorina 
age. Once the sea water had entered the aquifer by means of a density flow 
there was no more driving force for flow until the sea withdraw from the area. 
Ground water formed near surface in drained areas was of the mixed HC03-type 
represented by Markim 2 in the table. The calcium is derived from calcite in 
the moraines and clays, and also from plagioclases in the rocks (Jacks 1973). 
At depth this ground water has met with sodiumsaturated clay minerals and 
lost its calcium through ion exchange. This process has resulted in ground 
water of the Na-HC03-type represented by the wells at Baggensnas and Markim 1 
in the table above. The considerable fluoride content is likely to come from 
hydroxyminerals like hornblende and micas. CaF2 is generally the solid re
stricting the solubility of fluoride in ground water (Handa 1975, Jacks 1973). 
The low content of calcium allows a considerable amount of flouride in solu
tion. 

If the above hypothesis is correct it should be possible to produce the 
events outlined above by prolonged pumping, thus creating a forced ground 
water turn-over. So far the whole sequence has not been observed, but parts 
of it. The saline ground waters usually found in wells with a restricted 
yield do not encourage efforts to replace the saline water with fresh water 
by pumping. 

The Rakkestad area 

Near Rakkestad in southeastern Norway pumping has resulted in a rapidly 
changing waterquality according to the proposed pattern. The area lies just 
below the highest marine shoreline. Ground waters found in the area are of 
the mixed HC03-type, except for one case. This well was drilled adjacent to 
a small lake, whose water composition is of the mixed HC03-type. The well 
had a Na-HC03-water when the pumping started, but the composition has rapid
ly shifted towards that of the lake during the process of pumping. The 
chloride content was slightly raised from the beginning indicating an in
fluence of sea water. Pumping has gradually caused a decrease in chloride 
content. The changes in composition are illustrated in a trilinear diagram 
below (fig. 2). 

The observed sequence of water compositions caused by a marine transgression 
followed by a regression can be summerized as follows: 

sea water intrusion hard saline water of Ca-Na-Cl-type 
fresh water enters fresh water of Na-HC03-type 
continued flow of fresh water~fresh water of Ca-HC03-type 

The last type may also be a mixed water of Ca-Na-HC03-type, depending on 
the local soil and rock composition. 
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Fig. 2. Trilinear diagram for analyses from Rakkestad. 1-5 are 
ground water analyses from well adjacent to lake 
Honningen (L). Cation composition changes during pumping 
towards the proportion in the lake.water. 

GROUND WATER IN SEDIMENTARY ROCKS 

Similar ground water types are found in sedimentary rocks as in cristalline 
rocks. A few examples will be given below from different areas. 

Table 2 ----
locality pH Na +- ca2+ Mg2+ Cl Hco; strata 

mg/1 
Karl sborg I 30 5 23 190 falgonk 
Karlsborg II 120 4 0,5 88 160 sandstone 
--- - - -- -- -- -- -- - ----
Angagarden, Molleberga 7,4 1175 173 125 2270 415 
Hyby, SGU manit. well 1)7,7 83 33 39 69 407 {quaternary 

Well 402) 7,2 40 178 13 59 432 sand 

1) Nordberg & Persson 197 4 2) adjacent to Hyby well 
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There is a striking difference between the two Karlsborg wells, in that well 
II has a very low hardness, this in spite of that calcite cemented sandstone 
is found during drilling. The Na-HC03-character is most likely explained by 
an ion exchange process. 

~ngag~rden, Hyby and well 40 are all found close to each other in the Alnarp 
valley, a sandfilled trough in the cretaceous chalk in Scania. This aquifer 
is described by Leander (1970). The sites are far from the sea excluding a 
recent sea water intrusion. While well 40 represents a normal composition 
of ground water found in the calcerous sand, the Hyby well has a pronounced 
Na-Hco3-character. 

The famous Ramlosa spa is also situated in Scania, in silt- and sandstone in
tercalated by clay. The strata are of rat-lias origin. The Ramlosa ground 
water is an almost pure Na-HC03-water. Fig. 3 shows the result of a test 
drilling in the Ramlosa area. While the ground water near the surface has a 
considerable hardness, this gives way to a typical Na-HC03-water at depth. 
Test pumping revealed strata ;of lower permeability between 80-90 m depth. 
This aquitard thus is the 11 roof 11 of the proper Ramlosa aquifer. In contrast to 
the aquifers in hard rock this aquifer has an extensive ion exchange capacity, 
enabling heavy pumping without causing a change in the water composition. 
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Fig. 3. Water quality profile for test drilling near Ramlosa spa. 
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