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ABSTRACT 
The North Frisian island of Föhr was a pilot area of the European INTERREG IVB project 
CliWat which was focussed on the development of adaptation strategies to meet the ground 
water situation in a future climate. Due to a rising sea level and increasing ground water 
recharge in the North Sea region, significant changes of the fresh-salt water distribution are 
expected leading to the demand of a future adaptation of the management of ground and 
surface water in these areas. 
 
A combination of hydrogeological surveys and geophysical measurements, like airborne 
TEM (SkyTEM) and reflection seismic, was used to map the hydrogeological structure and 
the present state of the fresh-salt water distribution of the island. The results of these 
investigations were merged in a geological 3D-model which was used as data base for a 
geohydrological model with future climate scenarios as input parameter.  
 
As a result of the model, areas of the island were identified that are expected to react most 
sensible to the impacts of future climate change and sea level rise. To verify the geometry 
and the (present) hydraulic conditions of the model, additional surveys, like drillings, cone 
penetration tests (CPT), direct push conductivity probe and ground water analyses were 
carried out at several locations of the island including offshore drillings and measurements 
during the low tide. The main focus thereby was put on the distribution pattern of salt water 
in the marsh area of the island and on the survey of the range of fresh water discharge to the 
Wadden Sea.  

INTRODUCTION  

Föhr is the second largest German North Sea island. It`s landscape can roughly be divided 
into two main areas. The Southern and South-western parts are dominated by sand and 
moraine deposits of Saalian age (Geest), which reach terrain heights up to 12 m above sea 
level. The lowlands in the Northern and North-eastern parts of the island (Marsh) are 
covered by fine grained Holocene sediments (Figure 1). The underground of the island 
shows a heterogeneous geological set-up with an alternating sequence of sandy and clayey 
sediments that have been thrust-faulted by glaciotectonic processes. 
 
Caused by favourable ground water recharge rates in the moraine areas, a more than 80 m 
deep reaching fresh water lens exists which is the resource for the drinking water supply to 
the population of the island. The distribution of fresh and salt water on the island and the 
dimension of the fresh water lens have been investigated by a SkyTEM survey that also 
delivered a good overview of the ground water discharge from the moraine areas towards the 
Wadden Sea in the Southern and Western parts of the island as well as in the northern 
direction to the marsh lands.  
 



 

 
Figure 1.  Terrain model, locations of drillings, CPT and direct push measurements 
Section 1 (loc. 2 – 7) tidal flat; Section 2 (loc. 8 – 18) marsh; (loc. A – H) marsh 

MAPPING OF THE FRESH/SALT WATER DISTRIBUTION 
At 24 locations a combination of drillings, direct push conductivity and CPT measurements 
have been carried out, completed by sampling for chemical analyses in all relevant layers 
(Figure 1).  
 

 
Figure 2.  A cross section showing the extend of the fresh water lens,  
derived from SkyTEM data, direct push measurements and chemical sampling 
Section 1 (loc. 2 – 7); Section 2 (loc. 8 – 18) 
 



RESULTS  
The compiled information from the new investigation shows a good conformance with the 
existing data. Figures 3 and 4 give some examples of the findings in details. 

Cross section from the shore to the Wadden Sea. 

 
Figure 3.  cross section 1 with measured and interpolated distribution of Chloride (mg/l)  
and logs of the electrical conductivity (mS/m) in the Wadden Sea, Section 1 (loc. 2 – 7) 
 
The SkyTEM data as well as the results of the ground water model indicate a significant 
ground water discharge towards the Wadden Sea at the South-Eastern coast of the island. 
The new field measurements and samples along cross section 1 proved that the discharge of 
fresh water extends to a range of more than 600 m offshore. At this part of the coast a layer 
of clayey and silty material prevents the discharging fresh water largely from mixing with 
the overlaying salt water (Figure 3).  

Cross section from the Geest to the Marsh 
The wide lowland of the Marsh is covered by clayey and silty sediments that mostly were 
deposited in the Holocene before the first dykes were built some 500 years ago.  Due to the 
low permeability of the Holocene clay and the abstraction of fresh water via the system of 
drainage ditches, recharge of ground water generally is poor. So the aquifers in large parts of 
the marsh contain brackish or salty water. A discharge of fresh water from the Geest into the 
aquifers of the marsh, as it clearly could be seen in the SkyTEM data, was proved by the new 
field measurements and samples (Figure 4). The sediments of an ancient tidal creek were 
found in the northern part of the section, causing a local infiltration of fresh water. A system 
of ancient tidal creeks, covering the whole marsh area, can be identified by laser scan 
measurements of the relief heights. These tidal creeks are relicts of the times when the area 
was daily flooded by the tide. Today the creeks which were refilled with sandy or clayey 



material, cause local inhomogeneity in permeability of the covering layer of the aquifers in 
the marsh area, with influence on the distribution of salt and fresh water.      
 

 
Figure 4.  cross section 2 showing the interpolated distribution of Chloride (mg/l) in the 
marsh, section 2 (loc. 8 – 18)  

CONCLUSIONS 
In addition to previous surveys a combination of drillings, direct push measurements and 
ground water sampling has proven as a cost-efficient method to gather additional data in the 
marsh and on the tidal flats where still a lack of information exists. The outcome of the 
investigations has shown that the prediction of future climate change and sea level rise 
impacts on the island of Föhr will first of all be dependent on reliable data of the 
geohydraulic and geochemical situation especially in the marsh area. 
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