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SUMMARY
On the sports ground in the village of Münsterdorf small scale (about 2 m wide) sinkholes occur in a
regular time interval of about 2 years. Origins of the sinkholes are cavities formed in a Cretateaous chalk
layer covered by about 20 m of unconsolidated sediments. Geophysical investigations were carried out to
delineate the area of sinkhole risk.
Criteria were established to define sinkhole risk following the “dropout sinkhole” theory of Waltham and
Fookes”: a) weakened chalk surface with fissures, b) sandy layers covering the chalk surface, c) cohesive
layer in the sedimentary cover leading to a “soil cavity” after sandy material is washed into the fissures of
the chalk.
Seismic, resitivity and GPR methods were applied in this area. In the area of sinkhole occurance reduced
s-wave velocities and a diffuse reflection image of the chalk surface were found (in contrast to the clear
chalk reflections outside the sinkhole area). Resistivity measurements (2D ERT and AEM) verified a sandy
layer (high specific resistivity) on top of the chalk layer and a low resistivity layer (till or clay, cohesive) in
the sedimentary cover. A 3D GPR survey covering the sports ground found evidence of former sinkholes
in the area.
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Introduction 

Sinkholes occur since 2004 in a nearly biannual sequence around the southern part of the sports 
ground of the village of Münsterdorf, Southern Schleswig-Holstein (Fig. 1, Fig. 2). The sinkholes are 
2 – 5 m wide and about 2 – 5 m deep. In two field campaigns geophysical measurements were carried 
out in this location. The aim of the measurements was to delineate the area with sinkhole risk. 
 

  
Figure 1 Sinkhole on the sports ground of.  Figure 2 Location map of sinkhole occurrence. 
Münsterdorf. 

Geological setting and sinkhole formation 

Sinkholes are the surface expression of karst formation in the subsurface. In the Münsterdorf area 
Cretaceous chalk is at a depth of about 20 m covered with unconsolidated sediments, mainly sand and 
till. Fractures and fissures in the chalk layer are visible in an open pit mine some kilometers south of 
the sinkhole location. As a working hypothesis for this study we follow the idea of “dropout sinkhole” 
by Waltham and Fookes (2003) (Fig. 3): 

a) fissures are formed in a layer of water soluble rock 
b) sand is washed into the fissures by groundwater flow leading to reduced sand density or a 

cavity above the chalk layer 
c) a cohesive layer in the subsurface (till or clay) withstand the loss of material 
d) collapse of the cohesive layer leads to a sinkhole at the surface. 

 
After this theory three criteria must be fulfilled for sinkhole formation: 

a) a “weakened” (by fissures or fractures) layer of water soluble material (chalk, gypsum, 
anhydrite) 

b) non cohesive material (sand) on top of the chalk layer 
c) a cohesive layer in the overburden of the chalk layer. 

 
Geophysical measurements were carried out to proof or reject this theory in the sinkhole location. 
 

 
Figure 3 Dropout sinkhole concept after Waltham and Fookes (2003). 
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Geophysical measurements 

Reflection seismic, resistivity and GPR measurements were carried out in the Münsterdorf area during 
field campaigns 2007 (Gebregziabher et al., 2010) and 2014 on the sports ground and in the 
surroundings. Reflection seismic measurements were carried out in p- and s-configuration. In both 
configurations the chalk surface is clearly shown with nearly horizontal layering. However, in the area 
with sinkhole occurrence the layering is uneven (p-waves) or vanishes (s-waves) (Fig. 4). Additional, 
in the s-wave records low velocity zones below top chalk were found which can be interpreted as 
zones of higher cavity content (pores or fissures). Such low velocity zones were also found in other 
sinkhole areas of this region (Quickborn, Hamburg-Flottbek) (Krawczyk et al., 2012). Low velocity 
zones and irregular reflection image of the chalk surface were interpreted as indications for 
“weakening” of the chalk, e.g. by fissures or fractures. An area of seismic irregularities is delineated, 
all the sinkholes occurred since 2004 are situated in this area (Fig 5). 
 

 
 

Figure 4 Reflection seismic image of the chalk surface with p-waves (bottom) (Gebregziabher et al. 
2010) and s-waves (right). 
 

 
Figure 5 seismic irregularities and sinkholes in the Münsterdorf area, both occur in the area between 
the dashed lines. (gray: seismic lines, red: seismic anomalies detected at the lines). 
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Resistivity measurements were carried out as ERT in 2D Schlumberger configuration or as 
radiomagnetotellurik RMT measurements (Harland, 2010). Figure 6 shows an ERT section crossing 
the 2013 sinkhole west of the sports ground. Due to the sinkhole the high resistivity layer near the 
surface is interrupted. A low resistivity layer is found in the eastern part of the profile including the 
sinkhole location. This layer is interpreted as a cohesive till layer (confirmed by the result of a driving 
core drilling at this location). At the sinkhole location this layer is interrupted and the layer is missing 
in the western part of the profile. The depth penetration of the ERT measurements was not sufficient 
to reach the chalk surface. RMT measurements, however, confirm that in the sinkhole area a high 
resistivity layer interpreted as water saturated sand is covering the chalk surface (Fig. 7). 
 

 
Figure 6 ERT profile crossing a sinkhole. The sinkhole location is indicated by a blue arrow. A near 
surface low resistivity layer (red arrow) interpreted as cohesive till is found in the eastern part of the 
profile. 
 

 
Figure 7 RMT profile of the sports ground (Harland, 2010), different colour scale to Figure 5. 
 
A 3D GPR survey using 200 MHz antennas was carried out on the sports ground. One GPR profile 
was crossing the 2010 sinkhole (Fig. 8). The sinkhole (not visible at the surface after being refilled) is 
indicated by a depth unconformity of two reflection horizons followed by a diffuse reflection pattern. 
The GPR sections of the sports ground displayed several indications of former sinkholes by diffuse 
reflection patterns, also outside the present day sinkhole area (Fig. 9). However, with the exception of 
the 2010 sinkhole, all locations with sinkhole probability had continuous layers covering the diffuse 
reflections. After sinkhole formation, new sedimentation must have occurred leading to the 
assumption that these sinkholes must be dated to an interglacial period, e.g. Eem. 
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Figure 8 GPR profile crossing the 2010 sinkhole. 
 

 
Figure 9 GPR profile showing an old sinkhole (probably Eem interglacial). 

Conclusions 

Geophysical investigations in a sinkhole area showed that the surface of the chalk layer is weakened. 
Additionally it is shown that this layer is covered by water bearing sand and a cohesive layer is 
present in the overburden of the chalk. This is in accordance with the dropped sinkhole theory and 
leads to the assumption, that using these criteria a delineation of sinkhole risk areas based on 
geophysical measurements is possible. 
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