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Summary 

 
The aim of the presented research was to analyze the dependencies between slow surface 

deformations and faults distribution. The area of the research included seven mines of the 
Dabrowskie Coal Basin. Coal exploitation has been conducted in this region for over 200 
years. The region faces a problem of vertical ground deformations. The PSInSAR technique 
was used in this area to measure small, long-period ground displacements. The PSInSAR 
method exploits a set of a few dozen satellite radar images of the same area performed at 
different times. The velocities of deformations are measured only in points called “persistent 
scatterers - PS”. The PS points are good radar wave reflectors located on the Earth’s surface, 
e.g. buildings, bridges, rock outcrops. 

The important feature of the Dabrowskie Coal Basin is a dense fault system with throws, 
which range from several meters to over three hundred meters. The main dislocation in the 
discussed region is the Bedzinski fault with NW-SE direction. It is crossed by smaller faults 
with S-N orientation. Only large faults with throws over fifty meters were used in described 
analysis.  

In the first part of this work, the analysis of ground deformations values was made. It was 
performed separately for downthrown and upthrown blocks. The one-way analysis of variance 
was made to examine the statistical significance of the difference between average velocities of 
subsidence in those two blocks. The analysis was performed separately for the Bedzinski fault 
and for faults with S-N directions.  

In the second part of the work, an analysis of spatial dependence between fault location and 
velocities of deformations was performed. The directional semivariograms were calculated in 
downthrown and upthrown blocks of the Bedzinski fault. The semivariograms in N, NE, E and 
SE directions were analyzed. 

Results of analysis show that despite the fact that all faults have similar values of vertical 
displacements, only the Bedzinski fault divides the study area into two regions with significant 
difference of average values of ground deformations. It has been found that the downthrown 
and upthrown blocks of the Bedzinski fault have different variations of ground deformations in 
space. The performed analysis shows also that there is no linear correlation between values of 
ground displacements measured in PS points and their distances to lines of faults. 
 
1. Introduction 
 

Mining and postmining areas are threatened with different kinds of terrain deformations. A 
character of those deformations depends on many factors like volume and type of exploitation, 
and geological and hydrogeological conditions. A continuous monitoring of ground 
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deformations and analysing its results together with other data (e.g. geological and mining) can 
help to define the origin and mechanism of terrain displacements. It is very important in 
increasing the operational and public security in mining and post-mining areas. 

In this work a correlation between values of ground deformations measured in PS  
(Permanent Scatterers) points and their locations (in relation to main faults) was studied. The 
studied region includes mining areas of seven coal mines: “Kazimierz-Juliusz”, “ Sosnowiec”, 
“Saturn”, “ Paryz”,” Grodziec”, “ Jowisz”, “ Porabka-Klimontow”, that are part of the 
Dabrowskie Coal Basin. Among the above-mentioned coal mines, only the “Kazimierz-
Juliusz” mine is productive and the others are dormant mines. Despite the fact that exploitation 
was finished several years ago, it was found that mining areas still suffer from the subsidence. 
Small and long-period ground deformations were measured using PSInSAR (Permanent 
Scatterers Interferometry Synthetic Aperture Radar) technique, which is dynamically 
developed branch of satellite radar interferometry. 
 
2. An outline of geological structure of the study region 
 

The studied region that includes mining areas of selected mines of the Dabrowski Coal 
Basin has a very complicated geological structure. It is a zone with fold-block tectonics (Idziak 
et al. 1999, Pilecka 2006). The dense net of faults is characteristic of the region. The throws of 
the faults range from several dozens to more than 350m. 

 

 
Fig. 2.1.  Area of study with locations of main faults and values of their vertical displacements 

 
A main dislocation in this area is the Bedzinski fault with NW-SE strike. The throw values 

of this fault range from 50m (SE) to 200m (NW). The Bedzinski fault is crossed by many faults 
with meridional strike. In this work only faults with throws larger than 50m were taken into 
account (Fig. 2.1).  
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3. PSInSAR data 
 

PSInSAR (Permanent Scatterers Interferometry Synthetic Aperture Radar) technique is an 
improvement of wide used InSAR method (Perski 1999, Smith 2002, Mirek 2006). The 
PSInSAR exploits set of few dozen of radar images in order to measure small, long-period 
ground deformations in PS points. PS (Permanent Scatterers) points are stable radar targets that 
have stable in time amplitude and phase in each exploited radar image (Ferretti et al. 2001). PS 
points correspond with objects on the ground like buildings, bridges, viaduct, outcrops and etc. 
PSInSAR method gives information only about small deformations not larger than several 
centimeters per year. This limitation is connected with the length of waves used by the SAR 
system. The accuracy of this technique is very good. It allows measuring ground displacements 
of the order of 0.1 mm/yr. The PSInSAR method can be used to monitor urban areas where  
a density of PS points can be higher than 100 PS/km2. This technique exploits archival radar 
images hence it gives us a possibility to study values and dynamics of previous ground 
deformations. 

In this work the exploited PSInSAR data were obtained as a result of radar images 
processing and the images were taken by ESA’s satellites (ERS-1, ERS-2 and ENVISAT).  

 
 

 
Fig. 3.1.  PS points locations in the mining areas of Dabrowskie Coal Basin and basic statistical 

indicators for values of average annual motion rate [mm/yr] 
 

For the study area the values of ground displacements were measured for 24,725 PS points. 
Their spacing is very irregular (Fig. 3.1). PSInSAR data derive information about small, long-
period terrain deformations that occurred in the study region between years 1992 and 2003. 
Basic statistical indicators for average annual motion rate measured by the PSInSAR technique 
are presented in Figure 3.1. 
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4. Analysis of PSInSAR data 
 
The aim of PSInSAR data analysis performed in this work was to study how values of 

ground deformations measured in PS points depend on their locations referred to position of 
selected faults. This work is an important part of the spatial-temporal analysis of PSInSAR data 
and it is a continuation of researches connected with ground displacements monitoring using 
the PSInSAR technique (Leśniak et al. 2007, Leśniak et al. 2008). 

In the first part of the analysis the values of ground deformations were interpolated in 
points that were not stable radar targets. In order to perform this task, the inverse distance 
weighted (IDW) interpolation was used. Results of interpolation were presented in Fig. 4.1. 
The line of the Bedzinski fault was marked in the map. The difference between average annual 
subsidence rates for the NE and SW parts of study region can be seen in Fig. 4.1. A hypothesis 
that the values of ground deformations are connected with the Bedzinski fault was verified.  In 
order to study the impact of the tectonics on ground deformations it was necessary to perform a 
more detailed analysis. 

 

 
Fig.4.1. Values of average annual motion rates estimated using inverse distance interpolation method 

 
Based on the map of interpolated values of ground deformations, the values of subsidence 

were checked along five lines in SW-NE direction (Fig. 4.2 A). The changes between values of 
terrain deformations for upthrown and downthrown parts of the Bedzinski fault can be clearly 
seen in the profiles performed for lines with numbers 3, 2 and 4 (Fig. 4.2). 
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Fig. 4.2. Values of average annual motion rate along selected lines 

 
In the next part of the work, the trend analysis was preformed. It was done for several 

different directions. The trend in the values of ground deformations was observed (Fig. 4.3.) 
only for SW-NE direction (perpendicular to the line of the Bedzinski fault). The values of 
subsidence measured in PS points decrease from SW to NE. It can be seen in Fig. 4.3 that there 
is no trend in data in direction from NW to SE (parallel to the line of the Bedzinski fault).  
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Fig.4.3. Trend analysis for directions SW-NE and NW-SE 

 
In the following part of the described work the one-way analysis of variance was 

performed. This analysis was done in order to study if the average values of ground 
deformations in the downthrown and upthrown blocks of selected faults are different. The 
analysis of variation was performed separately for the Bedzinski fault and for faults with 
meridional strikes.  

In case of the Bedzinski fault, PS points located in the selected mining areas of the 
Dabrowskie Coal mine were taken to analysis. The outliers were removed form the data set. 
The sample of n=7289 PS points was randomly selected from the PS points located in the 
downthrown block of the Bedzinski fault whereas the sample size for the upthrown block was 
equal to n=2323. The selection with the probability proportional to the size was used. The 
probability distributions of populations taken into analysis are normal.  In Fig. 4.4 the 
histograms of average annual motion rates for downthrown and upthrown blocks of the 
Bedzinski fault are presented. It can be seen that there is a difference between values of ground 
displacements for downthrown and upthrown block. In order to study if this difference is 
statistically significant, it is necessary to check the variances of parameter among particular 
groups. 
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Fig. 4.4. Histograms of average annual motion rate for Bedzinski fault (A – upthrown block, B – 

downthrown block)  
 
The value of p, less than 0.001 was determined from conducted variance analysis based on 

test F. According to expectations, it legitimizes the refuse of zero hypothesis (H0: µ1= µ 2, 
where µ 1- mean value of ground deformations in the upthrown block of fault, µ 2 - mean value 
of ground deformations in downthrown block of fault) in favor of alternative hypothesis (H1: 
µ1≠ µ 2). With significance level α=0.001 it can be considered that average values of ground 
deformations in the upthrown and dwonthrown blocks of the Bedzinski fault are statistically 
different.  

The one-way analysis of variance was performed also for faults with meridional strikes. In 
this case, PS points located within a distance smaller than 500m form the line of faults were 
taken into analysis. The histograms (for upthrown and downthrown blocks) were performed 
(Fig. 4.5) for randomly selected PS points. The probability distributions of populations are 
normal. Based on F test the value of p=0.85 was determined. There are no prerequisites to 
reject the H0 hypothesis.  Despite the fact, that faults with meridional strikes have similar 
values of throws as the Bedzinski fault, they do not divide the study region into parts with 
statistically different average values of ground deformations. 

 

 
Fig.4.5. Histograms of average annual motion rate for faults with meridional strikes (A – upthrown 

blocks, B – downthrown blocks) 
 
In the presented work the correlation between values of ground deformations in PS points 

and their distances to lines of faults was studied. In order to perform this task the minimal 
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distances form PS points to the line of faults were calculated. The study of correlation was 
performed separately for the upthrown and downthrown blocks of the Bedzinski fault and for 
upthrown and downthrown blocks of meridional faults. The scatter XY plots were drawn but 
they do not give unequivocal information about the studied relations. The calculated Pearson’s 
coefficients (table 4.1) attest about a weak linear correlation between parameters. 

 
Table 4.1.  Pearson’s correlation coefficients  

 
 Pearson’s 

coefficient 
Bedzinski fault – downthrown block 0.3045245 
Bedzinski fault – upthrown block 0.1266517 
Meridional faults – upthrown block 0.2357616 
Meridional faults – downthrown block 0.2193632 

 
 
In the next part of the analysis the spatial variability of the values of ground deformations 

was studied. In order to perform this task the directional semivariograms were calculated. They 
were determined separately for downthrown (Fig. 4.6 A) and upthrown (Fig. 4.6 B) blocks of 
the Bedzinski fault. 

A semivariogram is the basic tool in geostatistical analysis of data. It plots the semivariance 
between data as a function of distance (Bivand et al. 2008). It can be used to determine the 
spatial autocorrelation between data.  

 

 
Fig. 4.6. PS points for downthrown block (A) and upthrown block (B) of Bedzinski fault and directions in 

which the semivariograms were calculated 
 

In both cases the experimental semivariograms were calculated for four directions: N, NE, 
E and SE. It was done in order to study the data autocorrelation parallel and perpendicular to 
the line of fault.  Calculated experimental semivariograms were fitted by theoretical models. 
The visual analysis of semivariograms gives a possibility to check the spatial variation of 
studied parameter.   

The analysis of directional semivariograms for the downthrown block revealed that values 
of ground deformations are autocorrelated. The range of autocorrelation depends on directions 
in which the data are studied. This dependency proves the occurrence of anisotropy of ground 
medium deformation velocity alternation.  It can be seen in Fig. 4.7. that the range of 
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autocorrelation in SE direction (parallel to line of  Bedzinski fault) is equal to about 2.5 km and 
it is larger than the range of the autocorrelation in NE direction (perpendicular to line of 
Bedzinski fault) that is equal to about 1.8 km. In both cases, the experimental models were 
fitted by spherical theoretical models. The range of autocorrelation in N direction is smaller 
than for E direction. For experimental semivariograms for 0° and 45° azimuths the increase of 
semivariogram values for points within the distance larger than 2.8 km (N direction) and 3.8 
km (NE direction) can be seen. Such kind of increase does not occur in cases of semivariogram 
for azimuths equal to 90° and 135°. 

 
Fig. 4.7. Directional semivariograms for downthrown block of the Bedzinski fault 

 
 

Figure 4.8 presents the experimental directional semivariograms for the upthrown block of 
the Bedzinski fault. In three cases (azimuth: 0°, 45° and 135°) the experimental 
semivariograms were fitted by spherical theoretical models. The ranges of autocorrelation were 
determined and are equal to 1.5 km (azimuth 0°), 2.1 km (azimuth 45°) and 1.9 km (azimuth 
135°).  In case of the azimuth equal to 90°, the experimental semivariogram was fitted by the 
power model. It is important to pay an attention to values of experimental semivariograms for 
N and NE directions. For points within the distance larger than the determined range of 
autocorrelation the values of semivariogram periodically increase and decrease. It can attest to 
occurrence of areas with larger and smaller values of ground deformations.  
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Fig. 4.8. Directional semivariograms for upthrown block of Bedzinski fault 

 
5. Conclusions 

 
The performed analysis revealed that there is a trend in values of ground deformations in 

the SW-NE direction. Moreover, this analysis showed that the Bedzinski fault divides the study 
region into two parts that have different average values of the subsidence rate. The areas that 
correspond with the upthrown block of the fault are rather stable while the areas that 
correspond with the downthrown block suffer from the subsidence. In case of meridional faults 
the average annual motion rates in downthrown and upthrown blocks are similar. It must be 
emphasized that the Bedzinski fault and meridional faults have similar values of throws. The 
analysis of directional semivariograms performed separately for downthrown and upthrown 
blocks of the Bedzinski fault revealed that there was autocorrelation of values of ground 
deformations. In the downthrown block, the range of autocorrelation in direction along the 
strike of the Bedzinski fault is higher than it is perpendicular to its strike. In the upthrown 
block the range of autocorrelation is smaller than in the downthrown block of the Bedzinski 
fault. In this work the small correlation between values of ground deformations and their 
distance to strike of the Bedzinski fault was revealed. The presented analysis is an important 
part of the work that aimed at finding the origin and mechanism of ground deformations in 
mining and postmining areas.    
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