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Outline

 Increasing demand for detail in the uppermost 50 m´s of the (Danish) geology

 Pilot study – Sunds
 New geophysical measurements – pilot surveys 
 Geological interpretation of the new geophysical data set (tTEM)
 3D geological modelling

 Conclusive remarks
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The need of high resolution data for detailed near surface 3D 
geological modelling…

5th European Meeting on 3D Geological Modelling

Purpose Demand for detail

Development in mapping 
methods and accessibility of 
new (free) data sources 

Improved models/solutions
 Better decision making Perspectives
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• Ground water resources 
• Vulnerability studies
• Contamination/ground water 

pollution
• Climate adaptation
• Urban geology
• Raw materials (sand, gravel, 

clay)
• Shallow geothermal energy
• …

• Geophysical instruments
• Tow-TEM (transient electromagnetics)
• IP (Induced polarization)
• GCM (Ground Condutivity Meter)
• SkyTEM
• …   

• LIDAR (digital elevation models)
• Hydrological data 
• Geochemical data
• …
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TOPSOIL pilot area – Sunds
Location

Last glacial maximum, Weichsel

SouthNorth

Skovbjerg ”hill island”
(Saale)

Outwash plain
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Why is Sunds an interesting case?

 The town is facing climate change related challenges 
 Rising groundwater levels (increasing precipitation)  Continuous flooding of 

houses
 Unintentional drainage of groundwater in old leaky sewer pipes  ongoing 

renovation of sewers speed up the problem 
 Estimated inflow in sewers of near surface groundwater is approx. 800.000 m3/yr

(high cost on treatment plant!)

 From a geological point of view 
 Unusual with a “large” lake on Weichselian outwash plain. Origin?
 Field studies from abandoned lignite pits (south of the pilot area) 

describe smaller strike-slip faults in Miocene deposits (Koch, 
1989) 

 Drillings describe that marine Miocene clays have been preserved 
due to local subsidence (Lykke-Andersen et al, 1996)

Lykke-Andersen et al, 1996

Areas with preserved miocene clays
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Action: New datasets to better understand the hydrogeological system
1. Boreholes and sesimic line 

2. TEM single soundings 1

3. GCM (Ground conductivity meter) 1

4. DCIP Measurements 1

5. tTEM pilot survey 2

6. FloaTEM pilot survey 3

1 Field course - geoscience students, AU

2 Pilot survey (600 acres field mapping) 

3 Pilot survey (“tTEM on an inflatable  
boat”) 



The new Electromagnetic instrument – tTEM
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Auken et al., 2019Data acquisition on the lake

Photo from: Hydro Geophysics Group, Geoscience, 
Aarhus University

 Same technological setup and 
principles as SkyTEM

 Investigation depth: 40-70 m 
(depending on geology) 

 Mapping speed: 3-5 m per second

 10-25 m´s between data lines 

 Small footprint –> Lateral 
resolution of geological features 
of 3-10 m in size (optimal 
resistivity contrasts)

 EM instruments vulnerable to 
man-made 
installations/infrastructure 
(power lines etc.)
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Geological interpretation of the new data 

Buried valleyl

Miocene clay

Gyttja, Sunds lake

Miocene clay

Miocene sand (Odderup)Miocene sand (Odderup)

Miocene clay (Arnum Fm.)

?Miocene clay

Meltwater sand Meltwater
sand/gravel

Top Miocene (Maade Group clay) undisturbed level  – approx. elevation +30 m
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SW NE

Geological interpretation
S N

Miocene clay

Quaternary meltwater sand 

Miocene clay

Lake

Subsidence/erosion

Fault?, deformation



Geological interpretation 
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Elevation +25 m

DCIP FloaTEM tTEM

Miocene clay

gyttja

Miocene clay

Meltwater sand

Buried
Valley?
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 Formation of buried valleys 
 Saale or earlier

 Glacial deformation end erosion
 Likely ductile and brittle deformation of the upper 

Miocene clays
 Neotectonic activity

 Connected to isostatic rebound – icefree conditions
 Formation of Sunds lake (likely subsidence due to 

strike-slip faults)
 Dimensions of vertical displacements and amplitudes 

of faults are comparable with former studies in lignite 
pits (Koch, 1989)

Geological events 

Interpreted Maade clay in 
3D model
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Conclusion

 Model outcome: 3D voxel model with a voxel size of 25 x 25 x 2 m, based on 16 lithology classes (Software 
used: GeoScene3D)

 TTEM data has revealed a complex “landscape” of deformed and tectonically disturbed Miocene clays 
beneath the Weichselian outwash sands 

 We have gained useful insight in how the lake may have been formed  important in understanding the 
groundwater – lake interaction and groundwater levels in the town of Sunds

 Geological understanding  important – “pieces in a puzzle” 
 Limitations in where data collection is possible, gives the geologist an important task in connecting the 

different data slots 

 Perspectives
 TTEM is an effective tool in detailed geological modelling of the uppermost 50-70 meters of depth (in 

open land and accessible areas) – cost effective data collection  
 Possible to acquire useful data on fresh water lakes or rivers 
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