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Introduction 
Geophysical methods appropriately used can considerably extend the knowledge of slope 
deformations. In the Czech Republic we have achieved significant progress in their application for 
the past 40 years. On one of our landslide we will show the use of geophysical methods from a 
preliminary survey up to monitoring.The evaluation of damages due to the slope movements on the 
left slope at the alluvium of the Olše river also involved a landslide map concerning an area long 
about 2 km. Its width ensured coverage of not only the concerned slide slopes but also the inherent 
areas within the foreland and behind the slope crest. The interpretation contains degree of activity for 
each slope deformation and potential risks from conceivable movement. 
 
Methods 
The upper part of the geological formation is built of Miocene sediments, having thickness up to 
700 m. There are mostly claystones and clays with abundant content of silt and sandy components. 
Calcareous substance in clay is frequent so that calcareous clays locally turn into marls and 
marlstones. The Neogene sediments that build the slope itself are covered at the top by a complex of 
glacial sediments and loess. Mostly slope loams of various thicknesses cover the hillside. Quaternary 
sediments of the alluvium are represented by terrace gravel, sand and alluvial soil. 
Following the preliminary engineering geological mapping, the most dangerous landslide was 
subjected to further investigation. The fist stage was based on geoelectrical methods. After the 
geophysical interpretation we made a physical model of the slope. The further step – geological 
interpretation – was based on general geological principles along with our geological understanding 
of the region. The profile was subdivided to eight physical units characterized lithologically or 
geodynamically. Then the physical model of the slope was examined in more detail. The complex of 
geophysical methods was extended by shallow refraction seismic, seismic tomography, and logging 
survey. Besides these methods, we installed boreholes for standard documentation of drilling core 
and logging. The boreholes were consequently used as monitoring holes. 
Outside the landslide there are various soils. Underneath the loess soil, above the landslide, there is a 
layer consisting probably of loamy glacial sediments. Underneath the rivet flat loam, there is a layer 
of fluvial sediments, sands and gravel. According to the rate of resistivity, the rocks are very 
variable, composed of loamy sands to relatively fine sands to gravel. Locations with high levels of 
resistivity can exhibit significant groundwater flow. The total thickness of the terrace of the Olše 
River, defined through geophysics, is in conformity with archive data of drilling works.  
The most geodynamically active structure is a shallow slope deformation – landslide. The landslide 
material consists of a mixture of all types of Quaternary sediments and the bedrock material – 
Neogene clays. All sediments are kneaded and they physically form one layer. In the longitudinal 
direction, from geophysical measurements, we can appoint two partial landslides. From curves of the 
resistivity profiling and from the seismic measurements, it is clear that the rock massif is in the 
subsurface under tensilly strain. According to the seismic tomography, the active landslide is quite 
released, especially at the top.  
Underneath the shallow landslide we can encounter two other storeys of slope failure by a deep slope 
deformation. With regard to an expressive minimum of velocities near 50 m stationing, it is obvious 
that there is significant tension zone. We can deduce that the central storey of the slope deformation 
is in active, nevertheless slight, movement. Only the lower storey is considered as a steady structure.  
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The bedrock of the mentioned geological complexes is built up from Neogene sediments. The lowest 
resistivities can be detected at the slope toe. It is highly probable that these Neogene sediments are 
tectonically weakened here. This is the reason why the side erosion advanced so far. Near the zone 
of weakness there is a zone with higher resistivities. Our assumption is that the layer consists 
of more compact sediments than Miocene claystones. It could be a sandy formation or a formation 
bearing more calcareous compartments. According to the results of tomography we can consider the 
decline in velocities at lower depths for the 70 meter stationing. The drop in velocities is also 
recorded on the logging curves. It is probably caused by failure of Neogene sediments in the bedrock 
of the landslide. That supports the assumption that the origin of the slope deformation in this place is 
bound to this failure of the Neogene claystones. 
It as clear that the calculated values of the safety factors are highly dependent on the altitude of the 
water table. For a consideration of the stability calculations and confirmed monitoring we decided in 
the first step to stabilize the landslide through dewatering. This was carried out step-by-step: 
installation of long horizontal drainage holes (HDH), construction of surface drainage, installation of 
short horizontal drainage holes, and revival of dewatering of the house on the landslide. All of the 
horizontal drainage holes were checked with a television camera. The television inspection revealed 
more complicated water circulation in the massif than supposed in general. The alternation of spots 
with water inflow to the hole and dry spots also occurs in half a meter intervals, in extreme 
conditions more frequently. 
The essential part of the landslide monitoring before, during, and after the stabilization is observing 
of the groundwater regime. For this landslide we monitored the water table at three holes and the 
outflow from four horizontal drainage holes. The importance of the drainage holes in respect of the 
water level in the massif is clear from the rapid decrease of the water table after the beginning of the 
drainage activities.  
Another important component of the monitoring technique during observation of the slope 
deformations is inclinometry. Movement was recorded at both holes. At the upper PIM4 hole we 
detected a spring deformation of 60 mm at a depth of 6 m. The lower hole revealed 30 mm 
deformation at a depth of 5 m. The size of these movements complies with the extensometry 
measurements. Another movement in the summer was not so distinctive. It reached 10 mm, which is 
confirmed by zone extensometer measurements. Very important observation is the backward, 
immediately after boring the horizontal drainage hole. This is not a movement along a narrow 
slipping plane but the entire hole becomes slant against the slope.  
 
Conclusion 
In this paper I would like to show a system of the research of slope deformation and the research 
results in a case landslide study. The slope failures were observed using six independent methods: 
inclinometry, extensometry, levelling, measurements of water table and outflow from 
hydrogeological holes, geodetical survey, and visual inspection. Changes in the rock mass of the 
landslide after its remediation are also monitored by geophysical methods: seismic tomography, 
shallow seismic refraction, and resistivity profiling.  
The monitoring results confirm the effect of the landslide dewatering. What is important is the 
increase of the water table, both in the landslide and its vicinity. According to the stability 
calculations, the dewatering results in stability improvement at the edge of the long-time stability; 
therefore, the landslide will require further monitoring. The fall in water table results in the increase 
of the stability coefficient by 27 % to 1.27. We expected that the significant drop of the water table 
would exercise an effect on volume changes of soils. Certain special changes in behaviour of the 
massif were observable in the precise inclinometry and extensometry measurements. 
 


