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Figure 36. Fractures in clayey tills. 

6.6.3 Geological model 

The geological model of the area comprises six units (Fig. 37). 
 

A. Quaternary till 2 m to 50 m thick: Sandy, gravelly clayey till with thin meltwater sand 
layers at some locations. 
 

B. Eocene plastic clays from the Røsnæs Clay Formation and the Lillebælt Clay For-
mation. 20-40 m thick. 
 

C. Eocene/Paleocene clays from the Ølst and/or the Holmehus Formation are up to 27 
thick.   
 

D. The Paleocene Æbelø Formation is approx. 21 m thick. 
 

E. Paleocene calcareous clays (Kerteminde Marl ?) is 4 m thick. 
 

F. Danian bryozoan limestone, at least 25 m thick and perhaps overlaying Maastricht-
ian chalk. 
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Figure 37. Schematic geological model of the area. 

6.6.4 Earthquake activity 

The seismic activity in mid Langeland and the near surrounding sea is very low (Fig. 38). 
Therefore it is impossible to relate recent seismic activity to the faults and fractures in the 
bedrocks. Other signs of recent movements along the faults and fractures have not been 
proven. 
 
 
 
 
 
6.7  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 38. Map of epicentres from earthquakes in the Danish and surrounding area. (From 
GEUS´s Home page). 
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6.7 Ground stability 
The area is expected to have good ground stability. Nevertheless, it is always important to 
remember that constructions on and in plastic clays can give problems. This is caused by 
fractures in the clays and because of large changes in volume at drying and water filling. 

6.8 Groundwater hydrogeology 

6.8.1 Groundwater characteristics 

The Quaternary and Paleogene sediments include approximately 100 m of clays without 
groundwater reservoir characteristics. The groundwater in the clays will move slowly to-
wards the sea. 
 
Area 8 is divided into a central part of Langeland (Langeland Mid) and the two smaller is-
lands Siø and Strynø (Fig. 39). Langeland Mid is characterized by the presence of two 
shallow groundwater bodies (DK1.14.1.3 and DK1.15.1.4) and, in the northern margin, of a 
regional groundwater body (DK1.15.2.4) (Figs. 39 and 40). The two islands Siø and Strynø 
do both contain the shallow groundwater body DK1.15.1.4. All three groundwater bodies 
that exist within the three subareas of Area 8 consist of meltwater sand deposits. Deep 
groundwater bodies have not been identified in or near Area 9 in the catchment manage-
ment plan. The subdivision into groundwater bodies is described as part of the basis analy-
sis carried out by the former Fyn Amt (www.ode.mim.dk). The overall assessment of the 
chemical and quantitative status of the shallow and regional groundwater bodies is poor, 
due to a poor qualitative status (see Section 6.9).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 39. Shallow (or terrain near) groundwater bodies DK1.14.1.3 and DK1.15.1.4 at the 
areas Langeland South (Area 7), Langeland Mid, Siø & Strynø (Area 8), and Vemmenæs 
(Area 9). The overall assessment of chemical and quantitative status of all three areas:  
poor status (Red shaded area)(After Ministry of Environment, 2010).  
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Figure 40. Regional groundwater bodies in the Langeland-Tåsinge region. Near Langeland 
South area (Area 7): DK1.15.2.4; Near Langeland (Mid Area 8): DK1.15.2.9; At Vem-
menæs (Area 9): DK1.15.2.5. The overall assessment of chemical and quantitative status 
for all three areas:  poor status (Red shaded area) (After Ministry og Environment, 2010). 

6.8.2 Drinking water areas 

The groundwater has to be protected to ensure that our current and future need for clean 
drinking water can be met. It is the Environmental Centres (former counties) responsibility 
to do the planning, based on the two criteria: First, to make sure that the future necessary 
quantity of clean groundwater can be abstracted. Secondly, the groundwater aquifers must 
be protected against recent and future pollution.  
  
As part of the Danish Government´s efforts to protect groundwater, the Environmental Cen-
tres have designated areas of major groundwater aquifers, so-called OSD-areas. OSD 
stands for "Areas of special drinking water interests” (Fig. 41). 
 
The rest of the country is divided into "Areas with water interests" (OD-areas) where good 
sources of drinking water are also located and "Areas with limited drinking water interests", 
where it is difficult or impossible to obtain good groundwater quality because the water is 
more or less contaminated. 
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Figure 41. Areas of special drinking water interests (OSD): Dark blue and areas of drinking 
water interest (OD): Light blue. Areas with limited drinking water interests are olive brown. 
 
Langeland Mid, Siø and Strynø are all located within areas with drinking water interests 
(OD) (Fig. 42). However, at Strynø and Siø there is no water works and only few private 
abstraction wells. Drinking water to the two islands is piped from the water supply at Lange-
land. Rudkøbing town is located at the western margin of the Langeland Mid subarea. 
Rudkøbing is primarily supplied with drinking water from the northern part of Langeland 
(Lej-bølle waterwork) from the regional limestone groundwater body (DK1.15.2.14). In the 
eastern part of the Langeland Mid area, Tullebølle waterwork is situated, consisting of sev-
eral abstraction wells and a permission for groundwater abstraction of 70.000m3 per year in 
total.  
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Figure 42. Various drinking water areas situated in the Langeland-Tåsinge region. Dark 
Blue: Areas of special drinking water interests (OSD); Light blue: Areas of some drinking 
water interests (OD); Yellow: Areas with limited or none drinking water inter-
ests.(http://kort.arealinfo.dk/). 

6.9 Groundwater chemistry 
The overall groundwater quality aiming for drinking water purpose has been assessed by 
the former Fyns Amt and Environmental Centre Odense for each groundwater body and 
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske 
Øhav” and “Hovedvandopland 1.14, Storebælt“. The groundwater bodies have been as-
sessed to have a poor status. Saltwater intrusion has not been reported at the two islands; 
however, it is likely that the saltwater-freshwater boundary appears underneath both is-
lands.  
 
However, as long no significant groundwater abstraction appears at Siø and Strynø, then a 
sea level rise driven by climate change do not necessarily affect the position of the 
salt/freshwater transition. Groundwater abstraction wells within the Langeland Mid area do 
in accordance to the JUPITER Database contain around 50 mg/L of chloride. No significant 
effects of sea water intrusion in the Langeland Mid area is expected due to climate change 
driven sea level rise. 
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6.10 Climate and climate changes 
The actual climate and the expected future climate changes and sea level development is 
described in Gravesen et al. (2010, Rep. No. 2).  
 
Mid Langeland 
The expected increase in precipitation and a sea level rise may cause flooding problems to 
the minor, low-lying marine foreland in the eastern part of the area during this century. 
Moreover, the sea level rise may increase the ongoing erosion of the coast at Gammel 
Spodsbjerg at the eastern delimitation of the area. The major part of the area is not ex-
pected to meet serious problems from the climate changes during this century. 
 
Strynø and Siø 
According to the very low-lying terrain of Siø and a major part of Strynø as well, both is-
lands are expected to be affected by a sea level rise. 

6.11 Restrictions and limitations 
Strynø and Siø are both situated within NATURA2000 habitat areas (Fig. 43). In addition, 
the western margin of Langeland Mid is protected as a NATURA2000 habitat regulation 
and sporadic locations of areas protected in accordance to Naturbeskyttelsesloven (law for 
nature protection) are found. Sea water intrusion is not considered as a significant problem, 
either at the two islands, Siø and Strynø, or in Langeland Mid.  
 
 

 
 

 
Figure 43. NATURA2000 Habitat areas  in the Langeland-Tåsinge region (After Ministry of 
Environment, 2010).  
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6.12 Summary of the area conditions 
 
Amount of data: 
Sparse but in some parts of the area several boreholes are found. 
 
Homogeneous conditions and isolation of the waste by low, permeability layers: 
Perhaps perfect at depth of 50 to 100 m because of abundant clay deposits but the frame-
work of the fractures is unknown. Probable fracture problem have to be considered in rela-
tion to other sites. 
 
Stability 
Good stability on surface and depth but plastic clays can give problems. 
 
Seismic activity and tectonic movements 
No seismic and tectonic movements and problems are expected. The area is probably also 
fault bounded towards the north. 
 
Groundwater conditions 
The groundwater flow in the area is slow because of the comprehensive clay deposits. The 
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions. 
 
Dilution of pollution and retention of pollution 
No Danish studies have been carried to document dilution capabilities or retention of radio-
nucleides in glacial till sediments.  
 
Drinking water interests 
The area is classified as an OD area. 
 
Groundwater chemistry, non- aggressive components 
The groundwater contains apparently no aggressive components but saltwater problems 
can possibly occur on the islands. 
 
Ground surface conditions 
Processes on the ground surface should not give problems on a disposal. The low eleva-
tion of the landscape on the islands has to be considered in relation to future sea level rise.  
 
Climate extreme conditions 
Climate changes and extremes as heavy rain and storms will not have influence on a dis-
posal. 
 
Other restrictions 
Apparent no other restrictions in most of the area will give problems but Siø and Drejø are 
covered by a NATURA2000 area. 
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6.13 Final remarks 
Area 8 on mid Langeland is divided into three subareas of which two are small islands. 
Comprehensive thick deposits of Paleogene clays occur in the area, although only few de-
tails are known. The cover deposits are mainly clayey tills with few sand layers. The struc-
tural conditions within the area are poorly documented. 
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7. Area 9. Vemmenæs, Tåsinge 

7.1 The location of the area 
Tåsinge is situated south of Fyn and west of Langeland (Fig. 44). The area is a peninsula 
situated on east Tåsinge north of the Sundbrovej (Fig. 45). 
 

 
 
Figure 44. Location of the area 9. Tåsinge is located south of Fyn and east of Langeland.  
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Figure 45. A detailed map of Area 9. Area 9 is located on the Vemmenæs peninsula on 
eastern part of Tåsinge. 

7.2  Terrain, topography and processes 
Area 9 is a peninsula of c. 3.6 km2. The landscape is relatively level and low-lying as the 
central part, about half of the area, is situated between 5 and 10 meters above sea level 
(m.a.s.) and the other half part, the area along the coast is situated between sea level and 
5 m.a.s. The highest point of the area is 10 m.a.s., found toward south, outside the village 
Vemmenæs. The land is sloping very gently toward the coast all the way around the penin-
sula and no cliffs have developed along this low-energy coastline, as the peninsula is situ-
ated in very calm waters, between Tåsinge, Fyn and Langeland. Some very small lakes 
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(lagoons in a beach meadow?) are found close to the west coast. Streams are not found in 
the area. Toward southeast, a small cuspate foreland is located. 
 
Most of the area is used for agriculture. Some c. 20 % of the area is wood. Towards south-
west, the small village Vemmenæs is found and a larger number of weekend cot-
tages/summerhouses are located toward northwest. The area is crossed by few smaller 
roads along which scattered houses are located. A windmill is found in the western part of 
the area.  
 
Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost – 
thaw processes, soil development etc.) proceed slowly and undramatic. The peninsula is 
situated in low-energy waters and the coastal development proceeds slowly.  

7.3  Surface geology and profiles 
The area is mainly covered by clayey till with a few occurrences of sandy till. No surface 
exposures are available (Fig. 46). 
 

 
 
Figure 46. Map of the Quaternary surface deposits (From GEUS´s Homepage. After 
Pedersen, 1989). Legend: Brown: Clayey till, Red brown: Sandy till, Red and orange: Melt-
water sand and gravel, Green: Holocene freshwater deposits, Blue: Holocene marine de-
posits. Legend for boreholes: See fig. 47. 
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7.4 Boreholes and geophysical surveys 
The target is Eocene/Paleocene clays but only 3 boreholes within the area reach these 
clays (Figs. 47 and 48). Very few samples have been collected and described lithological. 
No sample has been dated on microfossils. A map with borehole locations from the adja-
cent Bjerreby area is on fig. 49 as the deposits have been used as reference. An example 
of a borehole log is found in fig. 50.   
 

 
 
Figure 47. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend: 
173.455: DGU No., Blue dot: Water supply well, Red dot: Geotechnical borehole, Pink dot: 
Raw material borehole, Green dot: Other borehole, Light red dot: Abandoned borehole, 
Black dot: Unknown purpose.  
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Figure 48. Detailed map with borehole locations on Vemmenæs. Legend see fig. 47. 

 
 
Figure 49. Borehole locations from the Bjerreby area. Legend: See fig. 47. 
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Figure 50. Geological log from the borehole DGU no. 173.455. Upper parts of the 51 m 
deep borehole. Legend: ml: Clayey till, l Marine Eocene. 
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Fig. 50. Continued.  
 
Geophysical investigations: geoelectric and electromagnetic surveys are carried out on 
selected parts of Tåsinge.  
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7.5 Sediment and rock characteristics, mineralogy and chemis-
try 

7.5.1 Pre-Quaternary deposits 

According to the map of the pre-Quaternary surface, Eocene clays should be reached be-
low the Quaternary, but this can be discussed (Fig. 51). The county of Fyn has mapped 
Paleogene clays close to the ground surface at Bjerreby, just east of Bjerreby and on 
Vemmenæs. 
 
Paleogene clays occur between 2 and 25 m below ground surface at Vemmenæs. Towards 
the south, the layers consists of fine-grained to silty olive grey and olive green clays con-
taining volcanic ash layers. The clays are non-calcareous and are at least 17 m thick. To-
wards the east, the clay is fine-grained, green and olive green calcareous or non-
calcareous. A faint lamination seems to occur and here the thickness is at least 18 m. It is 
difficult to include the deposits into formal units but the clays could belong to the Paleocene 
Holmehus Formation (Fig. 52).   
 

 
 
Figure 51. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Leg-
end: Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red: 
Permian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene, 
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene 
(Håkansson & Pedersen, 1992). 
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Figure 52. Section from the Albæk Hoved cliff, Juelsminde, Jylland. Red and green plastic 
clays comparable to the plastic clays Holmehus Formation. 
 
As a support for the conditions in the Vemmenæs area, detailed descriptions and dating of 
clay samples from a 48 m deep borehole at Bjerreby exist. Very fine-grained plastic olive 
green, black and olive grey clays covered by 2 m clayey till are found in the borehole. 
 
The Paleogene clays have been dated and the clays belong to the Paleocene Holmehus 
Formation and the Eocene Ølst Formation. The deposits have been deformed by Weich-
selian glaciers and the formations are repeated and pushed up into several floes along 
thrust    faults with meltwater sand on the thrust planes. The clay (bentonite) has been 
mapped by geoelectric methods showing that probably the glaciotectonic and deformed 
deposits have a distribution north, south and northeast of Bjerreby. 

7.5.2 Quaternary deposits 

The Quaternary deposits in the surface layers in the area mainly consist of clayey tills 
(Figs. 46 and 53). Towards the east, the clayey tills are silty, sandy, olive grey and calcare-
ous from the ground surface and down to 30 m below. Towards the west, the clayey tills 
have the same characters but are only few m thick. Towards the north, clayey tills are 
slightly silty, sandy, yellow brown and non-calcareous down to 2 m. Toward the north and 
northeast, coarse-grained meltwater sand and gravel are found above olive grey calcare-
ous clayey till down to 28 below ground surface.  
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Figure 53. The map of the Quaternary surface deposits. Original scale: 1:200.000. Legend: 
Brown: Clayey till, light brown: Sandy till, red: Meltwater sand and gravel, orange: Sandur 
sand and gravel, purple: Late glacial marine deposits, light blue: Holocene marine deposits. 
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989). 

7.6 Tectonics, structures and seismic activity 

7.6.1 Major tectonic structures 

No major fault lines have been registered and mapped on Tåsinge but as faults apparently 
cut the pre-Quaternary surface at Langeland between Rudkøbing and Tullebølle, it would 
be logical to expect faults on Tåsinge as a continuation of these structures. The map of the 
pre-Quaternary deposits (Fig. 51) shows Eocene in the area but the deposits could be of 
Paleocene age. This could be open for discussion, as it is difficult to relation samples to 
formations.  
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Many of the Quaternary deposits have been glaciotectonic disturbed and also the Paleo-
gene deposits have often been pushed up and occur as floes in the clayey tills (Fig. 54). 
 

 
 
Figure 54. Part of the Geological Basic Data map 1311 I Rudkøbing, showing borehole 
data from Vemmenæs, Tåsinge. Original Scale 1:50.000. Legend: See fig. 10 (From 
Gravesen, 1993).  

7.6.2 Fractures 

The plastic clays often contain fractures and some small faults or fractures. The clayey tills 
are always cut by fractures but the conditions on Tåsinge are not investigated because of 
lack of field localities.  

7.6.3 Geological model 

The geological model of the area is fairly simple with three units (Fig. 55). 
 

A. Quaternary till 2 to 30 m thick: Sandy, gravelly clayey till. 
 

B. Meltwater sand and gravel (partly). Up to 8 m thick. 
 

C. Tentatively Holmehus Formation, at least 25 m thick. Sticky, fine-grained plastic 
clay, green or brown. 
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Figure 55. Schematic geological model of the area. 

7.6.4 Earthquake activity 

The seismic activity in Tåsinge and the near surrounding sea is very low (Fig. 56). There-
fore it is impossible to relate recent seismic activity to the faults and fractures in the bed-
rocks. Other signs of recent movements along the faults and fractures have not been prov-
en. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 56. Map of epicentres from earthquakes in the Danish and surrounding area. (From 
GEUS´s Home page). 
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7.7 Ground stability 
The area is expected to have good ground stability. Nevertheless, it is always important to 
remember that constructions on and in plastic clays can give problems. These are caused 
by fractures in the clays and because of large changes in volume at drying and water filling. 

7.8 Groundwater hydrogeology 

7.8.1 Groundwater characteristics 

The Quaternary and Paleogene sediments include approximately 65 m of clays without 
groundwater reservoir characteristics. The area is close to a drinking water area on the 
northernmost part of Vemmenæs. 
 
The Vemmenæs location include a shallow (DK1.15.1.4) and a regional groundwater body 
(DK1.15.2.5) (Figs. 57 and 58). Both groundwater bodies consist of meltwater sand depos-
its. Deep groundwater bodies have not been identified in or near Area 9 in the catchment 
management plan. The subdivision into groundwater bodies is described as part of the ba-
sis analysis carried out by the former Fyns Amt (www.ode.mim.dk).  
 
The overall assessment of the chemical and quantitative status of the shallow and regional 
groundwater bodies is poor, due to a poor qualitative status in the shallow groundwater 
body and a poor quantitative status in the regional groundwater body (see Section 7.9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 57. Shallow (or terrain near) groundwater bodies DK1.14.1.3 and DK1.15.1.4 at the 
areas  Langeland South (Area 7), Langeland Mid, Siø & Strynø (Area 8), and Vemmenæs 
(Area 9). The overall assessment of chemical and quantitative status of all three areas:  
poor status (Red shaded area)(After Ministry og Environment, 2010).  
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Figure 58. Regional groundwater bodies in the Langeland-Tåsinge region. Near Langeland 
South area (Area 7): DK1.15.2.4; Near Langeland Mid Area 8): DK1.15.2.9; At Vemmenæs 
(Area 9): DK1.15.2.5. The overall assessment of chemical and quantitative status for all 
three areas:  poor status (Red shaded area)(After Ministry of Environment, 2010). 

7.8.2 Drinking water areas 

The groundwater has to be protected to ensure that our current and future need for clean 
drinking water can be met. It is the Environmental Centres (former counties) responsibility 
to do the planning, based on the two criteria: First, to make sure that the future necessary 
quantity of clean groundwater can be abstracted. Secondly, the groundwater aquifers must 
be protected against recent and future pollution.  
  
As part of the Danish Government´s efforts to protect groundwater, the Environmental Cen-
tres have designated areas of major groundwater aquifers, so-called OSD-areas. OSD 
stands for "Areas of special drinking water interests” (Fig. 59). 
 
The rest of the country is divided into "Areas with water interests" (OD-areas) where good 
sources of drinking water are also located and "Areas with limited drinking water interests", 
where it is difficult or impossible to obtain good groundwater quality because the water is 
more or less contaminated. 
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Figure 59. Areas of special drinking water interests (OSD): Dark blue and areas of drinking 
water interest (OD): Light blue. Areas with limited drinking water interests are olive brown. 
(http:/kort.arealinfo.dk/). 

 
The Vemmenæs area is located in an area with drinking water interests (OD) with the 
Stenodden waterwork placed in the northern part (Fig. 60). The waterwork belongs to 
Svendborg Vand and has permission to abstract up to 20.000 m3 of groundwater per year.  
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Figure 60. Various drinking water areas situated in the Langeland-Tåsinge region. Dark 
Blue: Areas of special drinking water interests (OSD); Light blue: Areas of some drinking 
water interests (OD); Yellow: Areas with limited or none drinking water interests. 
(http:/kort.arealinfo.dk/). 

7.9 Groundwater chemistry 
The overall groundwater quality aiming for drinking water purpose has been assessed by 
the former Fyns Amt and Environmental Centre Odense for each groundwater body and 
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske 
Øhav”. Generally, the shallow groundwater body has been assessed to have a poor chemi-
cal status.  
 
No seawater intrusion problem has been reported from the Vemmenæs area and is not 
considered to be a significant problem.  

7.10 Climate and climate changes 
The actual climate and the expected future climate changes and sea level development is 
described in Gravesen et al. (2010, Rep. No. 2). The expected increase in precipitation and 
a sea level rise may cause flooding problems to the low-lying parts of the area along the 
coast, especially the marine forelands toward west and southeast, during this century.  
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7.11 Restrictions and limitations 
No raw material restrictions exist on Vemmenæs but an area at Bjerreby, southeast of the 
town, is digging area for bentonite (Holmehus Formation).  
 
The southern and western margin of Area 9 is protected by NATURA2000 regulation; how-
ever, no habitat interests are located within Area 9 (Fig. 61).  
 

 
 

 
Figure 61. NATURA2000 Habitat areas in the Langeland-Tåsinge region.  

7.12 Summary of the area 10 conditions 
 
Amount of data: 
Sparse. Very few boreholes but some geophysical surveys exist. 
 
Homogeneous conditions and isolation of the waste by low, permeability layers: 
Perhaps perfect on depths below 30 m but the framework of the fractures below 20 m is 
unknown. Probable fracture problem have to be considered in relation to other sites. 
 
Stability 
Good stability on surface and depth but plastic clays can give problems. 
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Seismic activity and tectonic movements 
No seismic and tectonic movements and problems, although the area is situated along the 
margin of a salt diaper. The area is probably also fault bounded towards the south. 
 
Groundwater conditions 
The groundwater flow in the area is slow because of the comprehensive clay deposits. The 
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions. 
 
Dilution of pollution and retention of pollution 
No Danish studies have been carried to document dilution capabilities or retention of radio-
nucleides in glacial till sediments.  
 
Drinking water interests 
No OSD area within the Area 9 but the area is an OD area. 
 
Groundwater chemistry, non- aggressive components 
The groundwater contains apparently no aggressive components 
 
Ground surface conditions 
Processes on the ground surface should not give problems on a disposal. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise but dikes are 
already established along the coast. 
 
Climate extreme conditions 
Climate changes and extremes as heavy rain and storms will not have influence on a dis-
posal. 
 
Other restrictions 
Apparently no other restrictions will give problems. 

7.13 Final remarks 
Area 9 on Vemmenæs, Tåsinge is a possible waste disposal area. The area is not a well 
documented area, but geophysical investigations (indirect data) indicate that relatively thick 
Paleogene clay deposits can be found on Vemmenæs. At Bjerreby, the Paleogene deposits 
are found in several floes and at Ny Søby toward east, some indication of comprehensive 
clay deposits based on TEM and a few boreholes occur. These two last areas are not in-
cluded in the potential waste disposal areas.  
 



 
 
G E U S 79 

8. Area 10. Kertinge Mark, East Fyn 

8.1 The location of the area 
The area is situated on north-eastern Fyn (Fig. 62). It is a peninsula situated west of Ker-
teminde at Kerteminde Fjord and Kertinge Nor (Figs. 62 and 63). 
 

 
 
      Figure 62. Location of the area 10. Kertinge Mark is located on north-east Fyn, west of 

Kerteminde.  
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Figure 63. A detailed map of Area 10, which is located on a peninsula in eastern part of 
Fyn, west of Kerteminde. 
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8.2 Terrain, topography and processes 
The area is located next to Kertinge Nor and Kerteminde Fjord. The size of the area is c. 7 
km2. The area is marked by a central, N-S oriented, elongated hill that reaches a level be-
tween 15 and 20 meters above sea level (m.a.s.). The top of the hill has character of a 
plateau and from this central part of the area, the landscape slopes gently toward the pe-
riphery of the area. Toward west, north and northeast, the area is delimitated by Kertinge 
Nor and Kerteminde Fjord (Fig. 64 & 65). There are no cliffs along this low-energy coast-
line. Towards southeast and south, the plateau slopes gently to levels around 5 m.a.s. Nei-
ther lakes nor streams are found in the area.  
 
The predominant part of the area is used for agriculture. Towards southwest, the small vil-
lage Kertinge is found. The area is crossed by some smaller roads along which scattered 
houses are located. A windmill is found in the middle of the area. The museum 
Ladbyskibet, holding the only Danish burial in a viking ship, is situated in the north-eastern 
periphery of the area, next to Kerteminde Fjord.  
 
Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost – 
thaw processes, soil development etc.) proceed slowly and undramatic. Kertinge Nor and 
Kerteminde Fjord are low-energy waters and the coastal development proceeds slowly.  

8.3 Surface geology and profiles 
The area is mainly covered by clayey till with a few occurrences of sandy till. No surface 
exposures are available (Fig. 66). 
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Figure 64. Photo of Area 10 towards South. 
 
 

 
 
Figure 65. Panorama photo of Area 10 taken towards Kertinge Nor and Kerteminde Fjord. 
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Figure 66. Map of the Quaternary surface deposits (From GEUS´s Homepage. After 
Pedersen, 1989). Legend: Brown: Clayey till, red brown: Sandy till, red and orange: Melt-
water sand and gravel, green: Holocene freshwater deposits, blue: Holocene marine de-
posits. Legend for boreholes: See fig. 67. 

8.4 Boreholes and geophysical surveys 
The target is Eocene/Paleocene clays, but only 5 boreholes within the area reach these 
clays (Fig. 67). Very few samples have been collected and described lithological. No sam-
ple has been dated on microfossils. An example of a borehole log is found in fig. 68.   
 

 
 
Figure 67. Map of the locations of boreholes from the Jupiter Database at GEUS. Legend: 
137.384: DGU No., Blue dot: Water supply well, Red dot: Geotechnical borehole, Pink dot: 
Raw material borehole, Green dot: Other borehole, Light red dot: Abandoned borehole, 
Black dot: Unknown purpose.  
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Figure 68. Geological log from the borehole DGU no. 137.384. Upper parts of the 40.5 m 
deep borehole. 
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Geophysical investigations: geoelectric and electromagnetic surveys are carried out on 
selected parts of the area.  

8.5 Sediment and rock characteristics, mineralogy and chemis-
try 

8.5.1 Pre-Quaternary deposits 

According to the map of the pre-Quaternary surface, Paleocene clays should be reached 
below the Quaternary (Fig. 69). Paleogene clays occur between 16 and 28 m below ground 
surface at Kertinge Mark but the boreholes are mainly located in the south-eastern part of 
the area.  
 
The clays are silty and fine-grained, light olive grey and grey, strongly calcareous and ce-
mented or silicified layers occur occasionally. The calcareous content range between 40 
and 70 %. A few samples are dated to Selandian and the clays belong to the Kerteminde 
Marl Formation. The formation is at least 40 m thick but a borehole just outside the area 
includes 60 m Selandian above interpreted Danian limestone. But the limestone layer could 
be greensand deposits and several cemented layers occur above the limestone. 
 

 
Figure 69. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Legend: 
Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red: Permian, 
light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Cretaceous, light 
green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene, light yellow 
brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene (Håkansson & 
Pedersen, 1992). 
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8.5.2 Quaternary deposits 

The Quaternary deposits in surface layers in the area mainly consist of clayey tills (Figs. 66 
and 70). The boreholes contain up to 28 m thick layers of clayey tills which are sandy, silty, 
olive grey and calcareous. 
 

 
 
Figure 70. The map of the Quaternary surface deposits. Original scale: 1:200.000. Legend: 
Brown: Clayey till, light brown: Sandy till, red: Meltwater sand and gravel, orange: Sandur 
sand and gravel, purple: Late glacial marine deposits, light blue: Holocene marine deposits. 
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989). 
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8.6 Tectonics, structures and seismic activity 

8.6.1 Major tectonic structures 

No major fault line have been registered and mapped in the Kertinge Mark area or the sur-
roundings. The map of the pre-Quaternary deposits (Fig. 69) shows Paleocene in the area. 
  
Many of the Quaternary deposits on the peninsula Hindsholm north of the area have been 
glaciotectonic disturbed and also the Kerteminde Marl deposits are found as a large floe in 
the cliff Lundsgård Klint south of Kerteminde. Moreover, floes are demonstrated in several 
boreholes at Munkebo and Kerteminde. The few boreholes are shown in fig. 71. 
 

 
 
Figure 71. Part of the Geological Basic Data map 1313 II Kerteminde showing borehole 
data from Kertinge Mark, Fyn. Original Scale 1:50.000. Legend: See fig. 10 (From Jakob-
sen, 1993).  

8.6.2 Fractures 

The Paleocene clays often contain fractures and some small faults or fractures. The clayey 
tills are always cut by fractures but the conditions on Kertinge Mark are not investigated 
because of lack of field localities.  
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8.6.3 Geological model 

The geological model of the area is fairly simple with two units (Fig. 72). 
 

A. Quaternary till up to 30 m thick: Sandy, gravelly clayey till. 
 

D. Kerteminde Marl Formation, at least 40 m thick. Silty and fine-grained plastic clay, 
olive grey. 
 

 
Figure. 72. Schematic geological model of the area. 

8.6.4 Earthquake activity 

The seismic activity in the Kertinge Mark area and the near surrounding sea is very low 
(Fig. 73). Therefore it is impossible to relate recent seismic activity to the faults and frac-
tures in the bedrocks. Other signs of recent movements along the faults and fractures have 
not been proven. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 73. Map of epicentres from earthquakes in the Danish and surrounding area. (From 
GEUS´s Home page). 
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8.7 Ground stability 
The area is expected to have good ground stability. Nevertheless, it is always important to 
remember that constructions on and in fine-grained clays can give problems. This is 
caused by fractures in the clays. 

8.8 Groundwater hydrogeology 

8.8.1 Groundwater characteristics 

The Quaternary and Palaeogene sediments include approximately 70 m of clays without 
groundwater reservoir characteristics.  
 
Kertinge Mark (Area 10) is positioned in an area that is characterized by the presence of a 
shallow (DK1.14.1.3) and a regional groundwater body (DK1.15.2.4) (Figs. 74 and 75). 
Both groundwater bodies consist of meltwater sand deposits. Regional groundwater bodies 
are not situated within Area 10 but a regional groundwater body (DK1.14.2.2.) exists along 
the southern margin of Area 10 (Fig. 75).  Deep groundwater bodies have not been identi-
fied in or near Area 10 in the catchment management plan. The subdivision into groundwa-
ter bodies is described as part of the basis analysis carried out by the former Fyns Amt 
(www.ode.mim.dk). The overall assessment of the chemical and quantitative status of the 
shallow and marginal laying regional groundwater bodies is poor, due to a poor qualitative 
status (see Section 8.9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 74. Shallow (or terrain near) groundwater body DK1.14.1.3 at the Kerteminde Mark 
area (Area 10). The overall assessment of chemical and quantitative status of shallow 
groundwater body: poor status (Red shaded area). (After Ministry of Environment, 2010). 
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Figure 75. Regional groundwater bodies in the Kerteminde region. South of Kertinge Mark: 
DK1.14.2.2. The overall assessment of chemical and quantitative status for DK1.14.2.2:  
poor status (Red shaded area). (After Ministry of Environment, 2010). 

8.8.2 Drinking water areas 

The groundwater has to be protected to ensure that our current and future need for clean 
drinking water can be met. It is the Environmental Centres (former counties) responsibility 
to do the planning, based on the two criteria: First, to make sure that the future necessary 
quantity of clean groundwater can be abstracted. Secondly, the groundwater aquifers must 
be protected against recent and future pollution.  
  
As part of the Danish Government´s efforts to protect groundwater, the Environmental Cen-
tres have designated areas of major groundwater aquifers, so-called OSD-areas. OSD 
stands for "Areas of special drinking water interests” (Fig. 76). 
 
The rest of the country is divided into "Areas with water interests" (OD-areas) where good 
sources of drinking water are also located and "Areas with limited drinking water interests", 
where it is difficult or impossible to obtain good groundwater quality because the water is 
more or less contaminated. 
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Figure 76. Areas of special drinking water interests (OSD): Dark blue and areas of drinking 
water interest (OD): Light blue. Areas with limited drinking interests are olive brown. 
(http://kort.arealinfo.dk/). 
 
The drinking water areas categorised by the Environmental Centre Odense for the Kerte-
minde region is shown in fig. 77. Kertinge Mark (Area 10) is located in an area with drinking 
water interests (OD). Just south of Area 10, an important groundwater abstraction area 
exists with special water interests (OSD). There are no registered private abstraction wells 
or waterworks right in the Kertinge Mark area. Along the southern margin, few private ab-
straction wells for household purposes exists.  
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Figure 77. Various drinking water areas situated in the Kerteminde region. Dark Blue: Are-
as of special drinking water interests (OSD); Light blue: Areas of some drinking water inter-
ests (OD); Yellow: Areas with limited or none drinking water interests. 
(http://kort.arealinfo.dk/). 

8.9 Groundwater chemistry 
The overall groundwater quality aiming for drinking water purpose has been assessed by 
the former Fyns Amt and Environmental Centre Odense for each groundwater body and 
reported in the catchment management plans “Hovedvandopland 1.15, Det Sydfynske 
Øhav” and “Hovedvandopland 1.14, Storebælt“. The groundwater bodies have a poor sta-
tus due to findings of total phosphorus and other contaminants in concentrations that ex-
ceed the acceptable limits in groundwater. Seawater intrusion is not considered to be a 
problem within Area 10, even at sea level rise caused by climate change, due to a general 
terrain level around 10 meters above present sea level.  

8.10 Climate and climate changes 
The actual climate and the expected future climate changes and sea level development is 
described in Gravesen et al. (2010, Rep. No. 2). It is not expected that climate changes will 
affect this area seriously during this century, although a sea level rise may cause minor, 
local flooding problems to the low-lying parts of the area along Kertinge Nor and Kerte-
minde Fjord. 
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8.11 Restrictions and limitations 
The Kerteminde Mark area and the nearby region has no restrictions in accordance to the 
NATURA2000 regulation, and land protected in relation to the naturbeskyttelsesloven (law 
for nature protection) is not found within area 10 (Fig. 78).  
 
 

 
 

 
Figure 78. NATURA2000 habitat areas in the Kerteminde region (After Ministry of Environ-
ment, 2010).  
 
The famous Ladby ship is located in the north-eastern part of the Area 10. 

8.12 Summary of the area 10 conditions 
 
Amount of data: 
Very sparse. Only few boreholes, no geophysical data or outcrops exist. 
 
Homogeneous conditions and isolation of the waste by low, permeability layers: 
Perhaps perfect at depths below 30 m but the framework of the fractures below 20 m is 
unknown. Probable fracture problem have to be considered in relation to other sites. 
 
Stability 
Good stability on surface and depth but fine-grained clays can give problems. 
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Seismic activity and tectonic movements 
No seismic and tectonic movements and problems. 
 
Groundwater conditions 
The groundwater flow in the area is slow because of the comprehensive clay deposits. The 
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions. 
 
Dilution of pollution and retention of pollution 
No Danish studies have been carried to document dilution capabilities or retention of radio-
nucleides in glacial till sediments.  
 
Drinking water interests 
No OSD area within the Area 10 but the area is an OD area. 
 
Groundwater chemistry, non- aggressive components 
The groundwater contains apparently no aggressive components. 
 
Ground surface conditions 
Processes on the ground surface should not give problems on a disposal. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise. 
 
Climate extreme conditions 
Climate changes and extremes as storms and heavy precipitation will probably not have 
influence on a disposal. 
 
Other restrictions 
Apparently no other restrictions will give problems. 

8.13 Final remarks 
Area 10 on Kertinge Mark is a possible area for a waste disposal.  
 
The area is not a well documented area but borehole data indicate that relatively thick 
Paleogene clay deposits can be found on Kertinge Mark. 
 
It has to be considered that around the area, the Paleocene Kerteminde Marl is found in 
glacial tills as floes in boreholes as well as in cliff outcrops at Kerteminde. 
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9. Area 11. Hindsgavl and Fænø, west Fyn 

9.1 The location of the area 
The area is situated on western Fyn (Fig.79). The area consists of the western tip of the 
Hindsgavl peninsula, situated south of Fredericia and east of Middelfart. The Island Fænø 
is located south of Hindsgavl (Fig. 80). 
 

 
 
Figure 79. Location of the Area 12. Hindsgavl and Fænø are located on west Fyn.  
 
 
 



 
 
G E U S 96 

 
 
Figure 80. A detailed map of Area 11. Area 11 is located on the Hindsgavl peninsula and 
the island Fænø on western part of Fyn.  

9.2  Terrain, topography and processes 
Hindsgavl 
The area is located on the distal part of a peninsula north-west of the town Middelfart and 
measures c. 2.2 km2. Most of the area is marked by a central plateau 20 – 25 m above sea 
level. Centrally, a top level of 28 m is found. From the plateau, the landscape slopes rather 
steeply to the shore. The coastal cliffs seem to be inactive, and overgrown by trees and 
vegetation. A small lake is found toward the north and a marine foreland is sound in the 
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western part of the area, at Slotsbanke. No streams are found in the area. In front of the 
coast, the near shore zone slopes deeply into Lillebælt. 
 
The area is crossed by several small roads. Two camping places are found, one toward 
NW and one in the eastern part of the area. The Hindsgavl manor house is situated in the 
south-western part of the area. Only very few houses are located in the area. Approximate-
ly 1/3 of the area is used for agriculture and 2/3 for plantation including many rare trees and 
bushes and a deer park. The eastern part of the area is crossed by some major (N-S run-
ning) supply cables for electricity. 
 
Owing to the low relief and intensive cultivation, the surface processes (soil creep, frost – 
thaw processes, soil development etc.) proceed slowly and undramatic. Parts of the coastal 
cliffs are potentially erosive if the protecting vegetation cover is damage or if coastal ero-
sion proceeds landward from the shore. Otherwise, the peninsula is situated in low-energy 
waters (concerning the waves but the current in Lillebælt is strong) and the coastal devel-
opment proceeds slowly.  
 
Fænø 
Fænø is an island located in Lillebælt, southwest of the town Middelfart and measures c. 
3.9 km2. The part of the island is marked by an elongated, relatively narrow, high-lying plat-
eau 30 – 40 m above sea level. From the plateau, the landscape slopes more or steeply 
steeply to the shore. The coastal cliffs seem to be inactive, and overgrown by trees and 
vegetation. A small lagoon is found in a beach meadow toward northeast; another small 
beach meadow/marine foreland is sound in the south-eastern part of the area. No streams 
are found in the area. In front of the coast, the near shore zone slopes deeply into Lillebælt. 
 
The area is crossed by one small road. The modern and exclusive Fænø Estate is build on 
the central part of the island and more than 700.000 trees and bushes are planted all over 
the island. Today, all the islands 400 hectares are classified as forest reserve, holding an 
extraordinarily rich wild life.and an  
 
Owing to the intensive cultivation, and in spite of the undulating landscape, the surface 
processes (soil creep, frost – thaw processes, soil development etc.) proceed slowly and 
undramatic. Parts of the coastal cliffs are potentially erosive if the protecting vegetation 
cover is damage or if coastal erosion proceeds landward from the shore. Otherwise, the 
peninsula is situated in low-energy waters (concerning the waves but the current in Lil-
lebælt is strong) and the coastal development proceeds slowly.  

9.3 Surface geology and profiles 
The area is mainly covered by clayey till with a few occurrences of sandy till. Outcrops are 
known from the cliff area at the Lillebælt Bridge, at the Øxenrade cliff at Middelfart and from 
the opposite side of Lillebælt, at Hagenør and Børup (Fig. 81). 
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Figure 81. Map of the Quaternary surface deposits (From GEUS Homepage. After Peder-
sen, 1989). Legend: Brown: Clayey till, Red brown: Sandy till, Red and orange: Meltwater 
sand and gravel, Green: Holocene freshwater deposits, Blue. Holocene marine deposits, 
White: Pre-Quaternary deposits. Legend for boreholes: See fig. 82. 

9.4 Boreholes and geophysical surveys 
The target is Oligocene/Eocene/Paleocene clays but only few boreholes within the area 
reach these clays (Figs. 82 and 83). Very few samples have been collected and described 
lithological. No sample has been dated on microfossils. An example of a borehole log is 
found in fig. 84.   
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Figure 82. Map of the locations of boreholes on Hindsgavl from the Jupiter Database at 
GEUS. Legend: 134.226: DGU No., Blue dot: Water supply well, Red dot: Geotechnical 
borehole, Pink dot: Raw material borehole, Green dot: Other borehole, Light red dot: Aban-
doned borehole, Black dot: Unknown purpose.  
 

 
 
Figure 83. Map of the borehole locations on Fænø. Legend: See fig. 82.  
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Figure 84. Geological log from the borehole DGU no. 134.226. Upper parts of the 158.5 m 
deep borehole. 
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Geophysical investigations: geoelectric and electromagnetic surveys are carried out on 
selected parts of the area.  

9.5 Sediment and rock characteristics, mineralogy and chemis-
try 

9.5.1 Pre-Quaternary deposits 

According to the map of the pre-Quaternary surface, Paleocene, Eocene or Oligocene 
clays should be reached below the Quaternary (Fig. 85). 
 
Hindsgavl 
At the western tip of Hindsgavl, the boundary layers between Oligocene and Miocene occur 
as c. 18 m Vejle Fjord Formation of which 6 m is the Brejning clay Member (Formation). 
The Oligocene Brejning clay consists of brown black mica clay with glauconite and some 
sandstone layers while the Miocene Vejle Fjord clay consists of black micaceous clay.  
 
The Late Oligocene deposits rest on 32 m Eocene Søvind Marl Formation of sticky calcar-
eous clay, 35 m grey plastic clay from the Eocene Lillebælt Clay Formation, 14 m red plas-
tic clay from the Eocene Røsnæs Clay Formation, 10 m clay with volcanic ash from the 
Eocene Ølst Formation, 37 m fine-grained clay with glauconite from the Paleocene Kerte-
minde Marl, and at last 6 m Bryozoan limestone with flint from the Danian (see DGU no. 
134.226). Some of the sediment types can be seen in fig. 86. 
 
Yellow brown and red brown sandstone layers are also known from the outcrop at 
Øksenrade on the south coast of Hindsgavl just east of Middelfart. The sandstone is ce-
mented by iron minerals and contains glauconite. In the shallow cliff, the sandstone is rest-
ing on dark brown Brejning clay.  
 
On the northern side of Hindsgavl, at the Lillebælt Bridge, the Late Oligocene deposits are 
approx. 25 m thick. Below these follows the Eocene Lillebælt Clay Formation. The alternat-
ing thin layers of brown and grey micaceous Oligocene sand and clays are found in the cliff 
west and east of the old bridge. Towards the northwest, at Galsklint, it is possible that 
younger sand and clay deposits from the Miocene occur. 
 
Towards the south-east part of Hindsgavl, Eocene clays are found approx. 1 m below 
ground surface. 
 
Fænø 
On Fænø, Oligocene clays are reached approx. 36 m below ground surface. The clays are 
rather fine-grained black brown non-calcareous and contain mica and glauconite. Some of 
these marine Oligocene clays contain so much glauconite that the colour changes to green 
gray and they are calcareous. The deposits seem to belong to the Brejning 
 Clay Member and are at least 24 m thick.   
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Figure 85. Map of the pre-Quaternary surface: Time units. Original scale: 1:50.000. Leg-
end: Red lines: Precambrian intrusions, grey: Precambrian, olive: Cambrian-Silurian, red: 
Permian, light red: Triassic, blue: Jurassic, yellow: Lower Cretaceous, green: Upper Creta-
ceous, light green: Danian, brown: Paleocene, yellow olive: Eocene, red brown: Oligocene, 
light yellow brown: Lower Miocene, very light yellow brown: Upper Miocene, white: Pliocene 
(Håkansson & Pedersen, 1992). 
 

 
 
Figure 86. Section from the Albæk Hoved cliff, Juelsminde, Jylland. Red and green plastic 
clay from the Lillebælt Clay Formation and the Røsnæs Clay Formation. 
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9.5.2 Quaternary deposits 

The Quaternary deposits in surface layers in the area mainly consist of sandy deposits 
(Figs. 81 and 87).  
 
Hindsgavl 
On Hindsgavl, the Quaternary deposits consist of sandy till and meltwater sand. The thick-
ness is between 1 m and 6 m but at the northern part up to 18 m. 
  
Fænø 
On Fænø, the Quaternary deposits are thicker, and range from 30 m to 40 m. The upper 
20-30 m consists of sandy and silty gravelly grey and light olive brown calcareous clayey till 
which contain many clasts of limestone/chalk. Medium-grained gravelly meltwater sand 
often follows below. 
 
 

 
Figure 87. The map of the Quaternary surface deposits. Original scale: 1:200.000. Legend: 
Brown: Clayey till, light brown: Sandy till, red: Meltwater sand and gravel, orange: Sandur 
sand and gravel, purple: Late glacial marine deposits, light blue: Holocene marine deposits. 
Green: Holocene freshwater deposits, yellow: Aeolian sand (From Pedersen, 1989). 
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9.6 Tectonics, structures and seismic activity 

9.6.1 Major tectonic structures 

No major fault line have been registered and mapped in the Hindsgavl-Fænø area. The 
Geological basic data map of the area demonstrates the positions of the Oligocene and 
Eocene deposits (Fig. 88). Further towards the southeast, outside the area, a 175 m deep 
valley in the pre-Quaternary deposits exists around Gamborg Fjord. It has been suggested 
that a local doming in the area has exposed Late Oligocene deposits.  
 
The area is now sinking approx. 1 mm pr. year according to deep tectonic movements. 
 

 
 
Figure 88. Part of the Geological Basic Data map 1213 II Fredericia showing borehole data 
from Hindsgavl, Fyn. Original Scale 1:50.000. Only data from one borehole were available 
on Fænø when the map was produced. Legend: See fig. 10 (From Grambo-Rasmussen, 
1995).  
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9.6.2 Fractures 

The Paleocene and Eocene clays often contain fractures and some small faults or frac-
tures. The clayey tills are always cut by fractures but the conditions on Hindsgavl and 
Fænø are not investigated because of lack of field localities.  

9.6.3 Geological and structural model 

The geological and structural model of the area is fairly simple with five major units (Fig. 
89). 
 

A. Quaternary tills and meltwater deposits, up to 18 m thick, but often thinner: Sandy, 
gravelly clayey till dominates. 

B. Oligocene clay and sand from the Vejle Fjord Formation, Brejning Member, 18 m 
thick. 

C. Eocene plastic clays from the Søvind Marl, Lillebælt Clay, Røsnæs Clay and Ølst 
Formations. Together at least 90 m thick. 

D. Kerteminde Marl Formation, at least 40 m thick. Silty and fine-grained olive grey 
plastic clay. 

E. Danian bryozoan limestone, at least 6 m thick. 
 

 
 
Figure 89. Schematic  geological model of the area. 
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9.6.4 Earthquake activity 

The seismic activity in the Hindsgavl-Fænø area and the near surrounding areas is very 
low (Fig. 90). Therefore it is impossible to relate recent seismic activity to the faults and 
fractures in the bedrocks. Other signs of recent movements along the faults and fractures 
have not been proven. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 90. Map of epicentres from earthquakes in the Danish and surrounding area. (From 
GEUS´s Home page). 

9.7 Ground stability 
The area is expected to have good ground stability. Nevertheless, it is always important to 
remember that constructions established on and in fine-grained and plastic clays can give 
problems. This is caused by fractures in the clays. 

9.8 Groundwater hydrogeology 

9.8.1 Groundwater characteristics 

The Quaternary and Palaeogene sediments include approx. 150 m of clays without 
groundwater reservoir characteristics.  
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The island Fænø in Lillebælt and the peninsula Hindsgavl nearby Middelfart (Area 11) is 
positioned in an area that is characterized by the presence of the shallow groundwater 
body (DK1.12.1.1) (Fig. 91), that consists of meltwater sand deposits. Regional or deep 
groundwater bodies have not been identified in or near Area 11 in the catchment manage-
ment plan (Figs. 92 and 93). The subdivision into groundwater bodies is described as part 
of the basis analysis carried out by the former Fyns Amt (www.ode.mim.dk). The overall 
assessment of the chemical and quantitative status of the shallow groundwater body is 
poor, due to a poor qualitative status (see Section 9.9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 91. Shallow (or terrain near) groundwater body DK1.12.1.1 in the Fænø-Hindgavl 
area (Area 11). The overall assessment of chemical and quantitative status of shallow 
groundwater body:  poor status (Red shaded area). (After the Ministry of Environment, 
2010).  



 
 
G E U S 108 

 

 
 
Figure 92. Regional groundwater bodies in the Lillebælt region, including the Fænø-
Hindsgavl area (Area 11). (After Ministry of Environment, 2010).  
 
 
 

 

 
 
Figure 93. Deep groundwater bodies in Jylland west of Lillebælt (After Ministry of Environ-
ment, 2010).  



 
 
G E U S 109 

9.8.2 Drinking water areas 

The groundwater has to be protected to ensure that our current and future need for clean 
drinking water can be met. It is the Environmental Centres (former counties) responsibility 
to do the planning, based on the two criteria: First, to make sure that the future necessary 
quantity of clean groundwater can be abstracted. Secondly, the groundwater aquifers must 
be protected against recent and future pollution.  
  
As part of the Danish Government´s efforts to protect groundwater, the Environmental Cen-
tres have designated areas of major groundwater aquifers, so-called OSD-areas. OSD 
stands for "Areas of special drinking water interests” (Fig. 94). 
 
The rest of the country is divided into "Areas with water interests" (OD-areas) where good 
sources of drinking water are also located and "Areas with limited drinking water interests", 
where it is difficult or impossible to obtain good groundwater quality because the water is 
more or less contaminated. 
  
 

 
Figure 94. Areas of special drinking water interests (OSD): Dark blue and areas of drinking 
water interest (OD): Light blue. Areas with limited drinking interests are olive brown 
(http://kort.arealinfo.dk/).. 
 
The drinking water areas categorised by the Environmental Centre Odense for the Fænø-
Hindsgavl area is shown in Fig. 95. The island Fænø is located in an area with drinking 
water interests (OD). Fænø Gods (estate) has its own water supply, which is abstracting 
groundwater from few meter thick local sand layers at 20 to 30 meters depth. At the 
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Hindsgavl peninsula, the Environmental Centre Odense has assessed the drinking water 
interests to be limited or ignorable. The assessment is supported by the fact that no water 
supply wells are registered in the JUPITER database west of the Middelfart main road 
crossing the old Lillebælt Bridge.  
 

 

 
 
Figure 95. Various drinking water areas situated in the Kerteminde region. Dark Blue: Are-
as of special drinking water interests (OSD); Light blue: Areas of some drinking water inter-
ests (OD); Yellow/green: Areas with limited or none drinking water interests 
(http://kort.arealinfo.dk/).  

9.9 Groundwater chemistry 
The overall groundwater quality aiming for drinking water purpose has been assessed by 
the former Fyns Amt and Environmental Centre Odense for the shallow groundwater body 
(DK1.12.1.1) and reported in the catchment management plan “Hovedvandopland 1.14, 
Lillebælt/Fyn“ . Relevant groundwater chemistry in the abstraction wells belonging to Fænø 
Gods does not show indication of problems with salt water intrusion. Groundwater chemis-
try at the Hindsgavl peninsula is unknown.  

9.10 Climate and climate changes 
Hindsgavl and Fænø 
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The actual climate and the expected future climate changes and sea level development is 
described in Gravesen et al. (2010, Rep. No. 2). It is not expected that climate changes will 
affect this area seriously during this century. A sea level rise may cause minor, local flood-
ing problems to the low-lying parts of the areas (the marine forelands) and some sections 
of the coasts will most probably be affected by erosion. 

9.11 Restrictions and limitations 
On Hindsgavl two sites with Areas of National Geological Interest are located at the Øksen-
rade Klint and at Hindsgavl Klint. The Fænø-Hindsgavl area has no restriction in accord-
ance to the NATURA2000 regulation. An adjacent NATURA2000 habitat area is located 
southeast of Fænø (Fig. 96).  
 

 
 

 
Figure 96. NATURA2000 habitat areas in the Lillebælt region (After Ministry of Environ-
ment, 2010).  
 
 
 
 

9.12 Summary of the area 11 conditions 
Amount of data: 
Sparse. Few boreholes and no geophysical surveys 
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Homogeneous conditions and isolation of the waste by low, permeability layers: 
Perhaps perfect at depth of 10-20 m but the framework of the fractures below 20 m is un-
known. Probable fracture problem have to be considered in relation to other sites. 
 
Stability 
Good stability on surface and depth but plastic and fine-grained clays can give problems. 
 
Seismic activity and tectonic movements 
No seismic and tectonic movements and problems. 
 
Groundwater conditions 
The groundwater flow in the area is slow because of the comprehensive clay deposits. The 
level of the groundwater table has to be analysed if the disposal has to be established un-
der saturated conditions. 
 
Dilution of pollution and retention of pollution 
No Danish studies have been carried to document dilution capabilities or retention of radio-
nucleides in glacial till sediments.  
 
Drinking water interests 
No OSD or OD areas within the Area 11, as the area is of limited drinking water interests. 
 
Groundwater chemistry, non- aggressive components 
The groundwater contains apparently no aggressive components. 
 
Ground surface conditions 
Processes on the ground surface should not give problems on a disposal. The low eleva-
tion of the landscape has to be considered in relation to future sea level rise. 
 
Climate extreme conditions 
Climate changes and extremes as storms and heavy precipitation will not have influence on 
a disposal. 
 
Other restrictions 
Apparently no other restrictions will give problems 

9.13 Final remarks 
Area 11 on Hindsgavl and Fænø is a possible area for a waste disposal. The area is not 
well documented. Boreholes indicate that relatively thick Paleogene clay deposits can be 
found on both Hindsgavl and Fænø. 
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10. Investigation reports from the project: 

Low- and intermediate level radioactive waste from Risø, Denmark. Location studies 
for potential disposal areas. Published in GEUS Report Series. 
 
Report No. 1. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2010: Data, 

maps, models and methods used for selection of potential areas. GEUS Report 
no. 2010/122, 47 pages.   

Report No. 2. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2010: Char-
acterization of low permeable and fractured sediments and rocks in Denmark. 
GEUS Report no. 2010/123, 78 pages.  

Report No. 3. Pedersen, S.A.S. & Gravesen, P.., 2010: Geological setting and tectonic 
framework in Denmark. GEUS Report no. 2010/124, 51 pages. 

Report No. 4. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Bornholm. GEUS Report no. 2011/44. 

Report No. 5. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Falster and Lolland. GEUS Report no, 
2011/45. 

Report No. 6. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Sjælland. GEUS Report no. 2011/46. 

Report No. 7. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Langeland, Tåsinge and Fyn. GEUS Re-
port no. 2011/47. 

Report No. 8. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of Areas. Eastern Jylland. GEUS Report no. 2011/ 
48. 

Report No. 9. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: Char-
acterization and description of areas. Limfjorden. GEUS Report 2011/49. 

Report No. 10. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: 
Characterization and description of areas. Nordjylland. GEUS Report 2011/50. 

Report No. 11. Gravesen, P., Nilsson, B., Pedersen, S.A.S. & Binderup, M., 2011: 
Dansk og engelsk resume. Danish and English resume. GEUS Report no. 
2011/51. 
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Besides the literature cited above geological maps at GEUS have been used: Maps of the 
geological surface deposits, geological basis data maps showing the geology in shallow 
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wells, maps of the deep seated geology and structures, maps of the pre-Quaternary sur-
face, transmissivity and groundwater potential maps. Also information from GEUS Jupiter 
database containing data on approx. 250.000 shallow wells has been included. 
The specific maps and wells will be cited in the report describing the approx. 20 localities. 
 




