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Brief geological description:  

Zealand contains a coastal aquifers system with a “palaeosignal” potential, which can be used to identify the impact of 

sea-level fluctuations associated with glacial transgressions and regressions over the past 150.000 years. The sea-level 

fluctuations on Zealand, as observed from the geological record, vary significantly from the global signal –due to  

isostatic adjustment (as illustrated from the Red Sea in Figure 1).  

 

The Danian limestone and Quaternary sand formations with contact to the Danian limestone form the primary aquifer of 

Zealand (Figure 2). In the central part of Zealand the Danian limestone is covered by Paleocene (Selandian) low 

permeable marls.  Quaternary sand formations hydraulically isolated from the Danian are however also of importance 

for the water supply of the island (as a secondary aquifer) as well as to springs – securing the baseflow for streams, lakes 

and wetlands.  

 

 
 

Figure 1.  Sea- level history: Comparison of probabilistic assessment of sea-level history (Red Sea). Confidence interval of 

95% (light gray) and probability maximum (dark grey)(Grant et al. 2012), with the recorded sea-level (erosion base level) 

in the Roskilde area (red). The green curve represents changes in the oxygen isotopes in the ice core from north 

Greenland (NGRIP). Light blue shows the time –LGM- when all of Zealand was covered by ice (LGM= last glacial 

maximum). 

 

 

Name of the basin: Zealand aquifer system 

Geographic area:  Island of Zealand in eastern Denmark. Zealand 

(Danish: Sjælland) is the largest island in the Baltic Sea. 

Size: 7,031 km 
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Figure 2: Geological profile (and maps) – from the east coast (Copenhagen) to the center of Zealand. Note 20 x vertical 

exaggeration of the profile.  
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Existing geological/geochemical data (type of data, published/unpublished):   

The Geological Survey of Denmark and Greenland has an on-line database of geological data where there is access to 

geological and hydrogeological information on around 100,000wells from Zealand (their “Jupiter” database) as well as a  

geophysical database (named “Gerda”) providing access to all geophysical studies conducted including seismic, 

resistivity and borehole logging data. Both databases have full options for data download on the survey webside 

www.geus.dk. 

 

A pilot study has been undertaken using the very high density of boreholes and geophysical data in central Zealand to 

map the Danian aquifer and Quaternary palaeo-hydrological structures herein. Detailed mapping in the pilot study area 

(Figure 3) combined with OSL dating provide the basis for a reconstruction of the Weichsel erosion base levels (sea level 

history) and ice-advances. The mapping of over 7000 wells (Figure 4 top) allowed for the mapping of the Pre-Quaternary 

surface, the Danian /Selandian interface and the the Masstrichtian/Danian interface (figure 4 middle and bottom). The 

mapping shows several buried valleys as well numerous buried karst structures in the study area. 

The mapping of these structures, combined with OSL dating, provide the basis for a reconstruction of the Weichsel 

erosion base levels (sea level history) and ice-advances.  

  

Figure 3. Pilot study area on 

Zealand. 
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Figure 4 

 

In the pilot study area around 7000 

wells with information on the Pre-

Quaternary surface has been 

reinterpreted. 

 

 

 

 

Resulting in a map of the Pre-

Quaternary surface.                 

 

 

 

 

 

And a map of the bottom of the Danian 

aquifer, the Masstrichtian/Danian 

interface.  

As the Danian sequence was around 

100 m in the area – the original top of 

the Danian is also mapped. 
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In the area around Roskilde (Figure 5) it has been possible to reconstruct the palaeo-hydrological history since the 

Eemian interglacial with the help from dating of core localities and the mapping of a marker formation - the Hedeland 

formation (by wells, gravel pits and around 1000 geo-electrical sounding). 

 

Sea- level around 50 ka. 

The broad E-W going valley (the Søndersø valley) has been active during several glaciations with low sea-level (Bennike 

et al. 2011). However the marine deposits in Holbæk from 50-30 ka suggests that the deep and narrow N-S going valleys 

eroded in the soft Selandian marls have been eroded in front of the first ice that reached Zealand in the Weichel, the 

advancing Baltic (Ristinge) ice from the south at 50 ka (figure 6A). 

 

The depth of the valleys suggests a very low erosional level (50 m below present sea level) at the time of their formation. 

Therefore, they likely were initially developed in front of the advancing Baltic (Ristinge) ice from the south at 50 ka, 

when the base(sea) level was below -50m.  

As the ice moved over the valleys, they became over-deepened by sub-glacial steams (tunnel-valleys). During this time, 

also karst structures were developed in the eastern part of the area, where the more resistant Danian limestone is 

directly under the Quaternary sediments. The development of karst likely occurred on the margins or even under the 

Ristinge ice, where development was possible due to the ample meltwater and low erosion base level (figure 6B). 

 

 

  
 

 
 

Figure 5.  

The  Pre-Quaternary surface around Roskilde with core localities for 

dating of the palaeo-hydrological history (red dots).   

• At Måløv Pre-Eemian interglacial deposits are found. 

• At Ejby Bro an Eemian coast deposit (5 meter above present 

sea level) is found overlain by aeolian sand (deposited in 

front of the first Baltic ice advance around 50 ka). 

• At Holbæk marine deposits from 50-30 ka is found. 

The deep and narrow N-S going valleys is eroded in the soft 

Selandian marls (light green on the map) whereas karst structures 

(sink holes) were developed in the eastern part of the area, where 

the more resistant Danian limestone (light blue on the map) is 

directly under the Quaternary sediments.  

 

 

Figure 6.  

Showing how the drainage 

of the area developed in 

front of the advancing Baltic 

ice around 50 ka, when the 

sea- level was below -50m.  

 

As the ice moved over the 

valleys, they became over-

deepened by sub-glacial 

steams. During this time, 

also karst structures were 

developed in the eastern 

part of the area 
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Sea- level (erosion level) around 25 ka. 

After the melting of the first Baltic ice reaching Zealand (Ristinge ice), a new Baltic ice (the Klintholm ice) advanced into 

the area from the south around 32 ka BP, and the Kattegat ice from the north around 28 ka (figure 7A). The Kattegat ice 

coming from Norway also blocked the drainage toward north so the drainage has to go to the English Channel. 

At the LGM (last glacial maximum) a new advance from NE arrived to the Roskilde area around 23 ka. At this time, an E-

W trending sandur developed – the Hedeland formation. The thickness and high elevation of the sandur, combined with 

the E-W trend indicate that both the Klintholm and Kattegat dead ice was still present at this time (see figure 8) and the 

local base level was 50 m above current sea level. The high base level is also observed in the karst structures, which are 

no longer active, and have been subsequently filled with glacial sediments.  

 

 

 
 

 

 

 

 

 

Figure 7.  

Left shows the arrival of the 

Kattegat ice from North 

causing stop of the drainage 

to Kattegat. 

At right is shown the arrival 

of the LGM ice from NE and 

the deposition of the 

Hedeland formation. 

 

Figure 8. Profile E-F – showing how 

the Hedeland melt water formation 

was deposited on the top of the 

landscape.  
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Figure 9. Profile A-X – showing how the drainage and landscape around Roskilde developed the last 50.000 years. 
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Plans for G@GPS-related studies: 

The plans for the G@GPS-related studies will be to expand the pilot study to include all of Zealand, and to do more OSL 

datings of key sediments – but also to invite specialist in groundwater dating to join the group. 

However it will also be an aim of the study to investigate the possible practical use of the palaeo-hydrological studies. 

• Evaluating potential future climate effects on the aquifers - based on the palaeo-recharge history. 

• Evaluating how shifting erosion base level (and groundwater level) can explain anomalies in salinization and 

dissolved nickel in the groundwater (see Figure 10). 

• Evaluating the effect of karst systems and shifting groundwater levels on old waste deposits in the area.  

• Evaluating the effect of shifting groundwater levels on springs and minimum base-flow of the watercourses on 

the island. 

 

 

Figure 10. 

The low sea level (and groundwater level) 

around 50 ka that developed the valleys in 

the Pre-Quaternary surface can explain the 

karst sink holes and partly the present 

anomalies in depth to saltwater, as the fresh 

water lens at that time – due to the very low 

groundwater level was thinned. 

 

 

 

    

 

 

In the mapped area about 250 evenly spaced 

wells were tested for dissolved nickel in the 

groundwater (GEUS 2004-2011). Almost all 

wells with concentrations over the health 

limit (0.2 ppm) were found in the area where 

the Masstrichtian/Danian interface is above -

50 meter.  

This boundary is marked by a thin layer very 

rich in nickel (deposits from the big meteor 

impact at 65 million years ago.  
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Rage of groundwater ages found (if any study available): Probably <1000 years. 

Palaeoclimate data from the area (ongoing and published): See below. 

 

Theoretical Foundation: Optically Stimulated Luminescence Dating:  

In Optically Stimulated Luminescence (OSL) dating the amount of energy absorbed by a mineral since it last was exposed 

to daylight is used as a chronometer (Aitken, 1998).  This energy is absorbed from ionising radiation present in the 

surrounding environment (from uranium, thorium and potassium), and is stored in traps in the band gap arising from 

defects in the crystal lattice. During daylight exposure the energy is released as electrons are evicted from traps; this is 

known as the bleaching process.  If bleaching is complete, as is almost certain in the environment under discussion here 

(Murray and Olley, 2002), there will be no remaining stored charge in electron traps when the mineral grain is later 

buried and hidden from daylight. When the material is sampled and measured in the laboratory, a similar process 

occurs, except that the stimulating light is artificial (e.g. a laser or light emitting diodes).  After an electron has been 

released it may recombine so that it emits light during the recombination process; this is known as luminescence. To 

convert this luminescence signal into an age, two measurements are required: the amount of energy (dose) stored in the 

material; and the amount of dose absorbed each year from the environment (dose rate). The time since the traps in the 

material were last emptied is then calculated by dividing the dose by the dose rate, i.e. a luminescence age refers to the 

time since last exposure to daylight. This technique has been successfully employed at a spring tufa site in Syria 

(Schrøder et al. 2012). 
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