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1 Geomorphology 
The Bolbro study area is located on the Late Weichselian Tinglev outwash plain in the southern part of Jutland (Figure 

1), but small parts of the study area are located on glacial landscape remnants of pre-Weichselian age - called άƘƛƭƭ 

ƛǎƭŀƴŘǎέΦ The Tinglev outwash plain is dominated by meltwater sand. The outwash plain surface has a gentle slope 

from east to west (see Figure 2).  

 
Figure 1: Morphological map. Study area marked with dashed black polygon and is primarily located on an outwash plain from the 
last glaciation (Weichselian) with the ice margin (Main Stationary Line; blue hatched line) approx. 10 km to the east (GEUS, 2018). 

The main stationary line of the Late Weichselian ice sheet is located around 10 km east of the study area, representing 

ǘƘŜ Ψaŀƛƴ ƛŎŜ ŀŘǾŀƴŎŜΩ ŦǊƻƳ northeast (21 kyr BP). The younger Ψ9ŀǎǘ WǳǘƭŀƴŘ ŀŘǾŀƴŎŜΩ ŀƴŘ ΨBelt-sea advanceΩ from 

southeast (18-17 kyr BP) also drained meltwater through the study area, but did not reach as far west (Houmark-

Nielsen, 2005). 

In the northern part, on the hill island, the elevation reaches 50 m a.s.l., and from the rim of the hill island towards the 

outwash plain there is a relatively steep drop of 5-10 m. Elevations of the hills island indicate two plateaus ς an upper 

plateau with elevations around 50 m, a middle plateau close to elevation 40 m before the transition to the outwash 

plain. The general east-west slope on the outwash plain in the study area is around 10 m - from elevation 35 m in east 

to elevation 25 m in west, see Figure 2. The small streams in the area are also shown on Figure 2. Most of the streams 

follow the dip in terrain slope towards west-southwest. The hill island remnants at the southern boundary show 

elevations up to approx. 40 m.  
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Figure 2. Digital elevation model (highest elevations: brown-red, lowest: blue). Blue dashed lines represent the small streams and 
channels in the area. The red line indicates two possible plateaus on the hill island 

 
Figure 3. Soil types in the uppermost meter (Jakobsen et al. 2011). Brown colours: Tills; Red: Meltwater sand; Orange: Outwash 
sands/gravel; Green: Postglacial freshwater deposits. 

A map of the soil types in the uppermost meter is shown on Figure 3. Outwash deposits (primarily sands) are the 

dominant soils in the study area, but to the north, in the highest parts of the terrain, occurrences of clay till and older 

meltwater sands deposits are found. Meltwater sands are found at the lower hill island plateau. Occurrences of 

postglacial freshwater deposits can be found locally in topographic lows.  
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2 Geophysical data and boreholes 
 

Three types of geophysical data have been collected in and around the study area (Figure 4): 

a. Tow-TEM data (tTEM) shown as red points  

b. SkyTEM data (airborne Transient Electro Magnetic method) shown as purple points 

c. MEP data (Multi Electrode Profiling) shown as green triangles/lines 

d. The geological data comprise boreholes from the Jupiter database (black points). 

Only approx. 15 boreholes are drilled deeper than 25 meters. Information from important stratigraphic boreholes at 

Løgumkloster (west), Hellevad and Rødekro (east) and Tinglev (south) have been used in the stratigraphic overview of 

the area, see under Stratigraphy (3). 

  

Figure 4. Boreholes (Jupiter and GRUMO) and geophysical datasets in the area. Legend is shown to the right. 
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3 Stratigraphy 
 

Based on boreholes within the study area, the deepest parts of the subsurface comprise Miocene sequences of 

marine clay and sand. Deep tectonic fault systems have had structural impact on the Miocene deposits in the region, 

e.g. in the Tønder Graben towards the south (Rasmussen, 2010). The nearest stratigraphic borehole (Hellevad) and 

mapped fault lines are shown on Figure 5.  

 
Figure 5. Stratigraphic boreholes Hellevad, Rødekro and Tinglev (from Rasmussen, 2010), and mapped deep fault lines in the region 
and the Tønder Graben (from Sandersen and Jørgensen, 2016).  

The Hellevad Borehole (DGU nr. 160.1512) is located 4 km east of the study area and describes a Miocene sequence of 

sand and clay formations. The upper pre-Quaternary part of the deposits in the study area are thus expected to be 

represented by Miocene (mica-) sands and mica clays. Not many boreholes in the area give information of the 

Miocene deposits and the boundary between the Quaternary and pre-Quaternary sediments is not straightforward to 

map from the geophysical data due to lack of resistivity contrasts and significant geological heterogeneity. The 

Miocene marine clays have typically a high content of organic matter. 

The Quaternary succession above consists of meltwater sand, meltwater gravel, clayey tills and occurrences of 

meltwater clay. The thickness of the Quaternary succession is interpreted to be thicker than approx. 40 m. Generally, 

the area has only a few deep boreholes, but still the lithological information from the boreholes gives a good 

impression of the sedimentary succession and fits well with the soil map (Figure 3). However, the very varying 

Quaternary sediments in depth makes the interpretation with tTEM resistivities challenging. 
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4 Buried tunnel valleys 
 

Figure 6 below, shows the buried valleys mapped outside the study area. The buried valleys were formed as tunnel 

valleys underneath the ice sheets, they are generally between 1 and 2 km wide and some of them have depths of 

more than 100 m. As can be seen on the map, the valleys mostly have two preferred orientations, one around E-

W/ENE-WSW and the other around NNW-SSE/N-S (Sandersen and Jørgensen, 2016).  

The infill of the mapped valley system to the north (Rib39) is dominated by clayey sediments (clay till and meltwater 

clay). A continuation of this buried valley to the south has not been mapped (Sandersen and Jørgensen, 2016).   

 

 

  

Figure 6. Mapped buried valleys close to the study area (shown with black hatched line). Legend for the map is 
shown above (Sandersen & Jørgensen, 2016) and on www.buried-valleys.dk) 

Rib39 

http://www.buried-valleys.dk/


 
   

6 
 

5 Geological interpretation of geophysical data 
 

The tTEM cover is patchy and although the geology is very varied, the data gives valuable information of the geological 

setting. The SkyTEM-data is located in the central part north of Bedsted (Figure 4) and provide valuable information. 

The overlap makes a comparison of the two methods possible. MEP data are also included but are less useful in the 

interpretation, because the tTEM provides better resolution. 

Cross-sections through the tTEM data and boreholes are shown on Figure 7, and a number of these profiles are shown 

in the following. SkyTEM data and MEP-profiles are included on selected profiles. 

 
Figure 7. Cross-section overview. Profiles: Black lines, tTEM: red dots, SkyTEM: purple dots, MEP (ERT): green lines, Boreholes: black 
dots. 

In the following, preliminary interpretations have been done on the representative cross-sections shown in Figure 7 

and on selected 2D resistivity maps (Figure 8). 

 

 

 

 

 

 

 

 

 

 




