
Acta Geodyn. Geomater., Vol. 10, No. 1 (169), 5–17, 2013 
DOI: 10.13168/AGG.2013.0001   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THE APPLICATION OF MORPHOSTRUCTURAL ANALYSIS AND ITS VALIDATION BY 
COMPARISON WITH DOCUMENTED FAULTS WITHIN THE ZLATÉ HORY ORE 

DISTRICT (THE NORTHEASTERN PART OF THE BOHEMIAN MASSIF) 

Jan JELÍNEK 1, 2) *, František STANĚK 1), Jan THOMAS 2),  
Tomáš DANĚK 1, 2) and Jiří MALIŠ 1, 2) 

 
1) Institute of Geological Engineering, Faculty of Mining and Geology, Vysoká škola báňská – Technical 

University of Ostrava, 17. listopadu 15/2172, Ostrava-Poruba, 708 33, Czech Republic 
2) Institute of Clean Technologies for Mining and Utilization of Raw Materials for Energy Use, Faculty of Mining 

and Geology, Vysoká škola báňská – Technical University of Ostrava, 17. listopadu 15/2172, Ostrava-Poruba, 
708 33, Czech Republic 

*Corresponding author‘s e-mail: jan.jelinek@vsb.cz 
 
(Received July 2012, accepted November 2012) 
 
ABSTRACT  
The goal of this study is to determine the validity of morpholineaments network that was inferred based on morphostructural 
analysis of digital elevation model (DEM), by crosschecking with documented faults. The test field has been spread over the 
exploitation areas in the Zlaté Hory ore district. Various morphometric analyses such as slope, aspect, first directional 
derivative, gradient operator, combination of altitude and shaded relief, were chosen as particular tools of the 
morphostructural  analysis.  The  results  of  each  analysis  were compared with the results of structural-tectonic mapping. 
The inferred morpholineaments network was compared with mining maps of the scale 1:500, which provide detailed 
information about tectonic deformation of rock massif in the area of interest and were used to image fault traces on the
surface. The validity of inferred morpholineaments network was determined by authorized software SROV_TEKT, developed 
by the authors. The morpholineaments network resulting from the morphostructural analysis and tested by this software
overlaps at 83 % of the documented main faults in the mines. 
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The aim of this study is to evaluate the reliability 
of the inferred morpholineaments network compared 
with documented faults of rock massif. The 
morpholineaments network is constructed manually 
by selected methods of MSA from digital elevation 
models (DEM). The established morpholineaments 
are compared with tectonic deformations verified in 
the mines. The available geological maps of the scale 
1:50 000 are not detailed and precise enough. Fault 
zones indicated in these maps are usually only 
assumed (see Fig. 1). Only few of them were actually 
observed by field mapping. 

The area of study is the ore district of Zlaté Hory 
located in the north-eastern part of the Bohemian 
Massif. Due to occurrence of significant mineral 
resources in the deposit, a very detailed mining 
geological survey was carried out in this region. Thus, 
the tectonic deformation of the whole deposit is well 
documented. The data obtained from the mining 
exploration and mining itself provides us with more 
accurate and detailed information than the uncovered 
geologic maps. 
 

1. INTRODUCTION 

The  morphostructural  analysis  (MSA)   offers 
a various possibilities in different disciplines of 
geoscience. Its results has already been commonly 
applied in tectonic and geomorphological studies of 
several areas (Caiazzo et al., 2006; Cotilla et al., 2007; 
D'Alessandro et al., 2008; Grohmann et al., 2007; 
Jelínek et al., 2009, 2011; Jordan, 2003; Kukowski et 
al., 2008; Masoud, Koike, 2011; Miliaresis, 2001; 
Minár et al., 2011; Mumipour, Nejad, 2011; Norini et 
al., 2004; Rehak et al., 2008; Seta et al., 2008; Sung, 
Chen, 2004; Zuchiewicz, 2009; etc.). The established 
morphological lineament network forms a study 
foundation of for example: neo-tectonic activities of 
areas of interest (Arzhannikova et al., 2011; Delcaillau 
et al., 2010; Gioia et al., 2011; Ruszkiczay-Rüdiger et 
al., 2009), study of the river network genesis 
(Maroukian et al., 2008; Štěpančíková et al., 2008; 
Zuchiewicz, 1998, 2011), study of landslide hazard 
(Cadoppi et al., 2007; Kokkalas, Koukouvelas, 2005; 
Pánek et al., 2009; Marschalko et al., 2011), etc.. In 
the field of applied geology, the MSA is frequently 
used in studies of tectonic deformation of the rock 
massif. 
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Fig. 1 Geological situation and localization of the Zlaté Hory ore district. Geological map compiled and 
modified from geological map of the scale 1:50 000.  
Legend: 1 - biotitic and double-mica orthogneiss of Desen's arch; 2 - chlorite schists, phyllites and 
Eastern shists of Vrbno formation; 3 - quartzites; 4 - green schists and amphibolites of Vrbno formation; 
5 - acid  metavolcanites of Vrbno formation; 6 - lower carboniferous graywackes, claystones and 
siltstones of Andělská Hora formation; 7 - exploitation areas; 8 - municipalities; 9 - faults (see 
geological map 1:50 000); 10 - supposed faults (see geological map 1:50 000); 11 - detailed 
morphostructural analysis area border. 
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orientated along the ESE-WSW direction (final 
position after clockwise rotation). Due to general 
northern kinematics on the major sub-equatorially 
oriented Variscan thrust front, these thrusts appear as 
back-thrusts. 

Final Variscan orogenic phase is associated with 
a change of deformation mode. The compression 
stress in Silesicum was NNW-SSE oriented. An 
extrusion of the Vrbno tectonic unit of allogenous 
accretionary wedge took place, associated to the 
continued subduction of Brunovistulicum. The zone 
was influenced by transpressional folding and 
shearing (Schulmann and Gayer, 2000). Third 
generation folds F3, as well as deformations 
represented by series of shear zones were formed, 
affecting the lithology of Devonian and Culm basin. 

 
3. METHODOLOGY 

The goal of this study is to determine the validity 
of morpholineaments network that was inferred based 
on the morphostructural analysis of digital elevation 
model (DEM), by crosschecking with documented 
faults (Fig. 2). Thus, we created testing 
morpholineaments network by applying selected 
morphometric methods of MSA. Widely used 
morphometric analyses of DEM available in software 
such as Surfer, ArcGIS, Grass, etc. are as follows: 
slope, aspect, altitude and diverse analyses of the 
drainage network (Formento-Trigilio et al., 2002; 
Kukowski et al., 2001; Scheidegger, 2001; etc.). The 
first and second directional derivatives have also been 
used (Jayko, 1997; Jordan et al., 2003; Pánek, 2004). 
The plan curvature, profile curvature and gradient 
operator are also newly employed. In this study, the 
MSA methods of slope, aspect, first directional 
derivative gradient operator and combination of 
altitude and shaded relief were used. The DEM study 
was focused to landforms which are potentially related 
to tectonics such as the foot or trace of rectilinear 
slopes, the occurrence of parallel valleys, the shape of 
drainage network etc., see the criteria defined Ahnert 
(1998), Bloom (1998), Demek (1987) and Ritter et al. 
(2002). Because the genesis of some 
morpholineaments may be linked to different 
geological processes such as selective erosion of 
different lithological rock units or joint systems
(Ritter et al., 2002), morpholineaments interpretations 
were compared with the results of the structural 
analysis (Fig. 3).  

Verification of potential tectonic origin of the 
inferred morpholineaments was carried out by 
comparison with faults documented in mines. The 
testing was carried out in selected exploitation areas 
of the Zlaté Hory ore district (ZH - West; ZH -
Hornické skály; ZH - South; ZH - East), see Figure 1. 
The criterion for selection of the exploitation area was 
ample structure mining records and existence of 
underground structural maps. For the following areas 
ZH - East and ZH - South, maps from seven mining 
levels ranging from 50 to 80 m below the surface were 

2. GEOLOGICAL BACKGROUND 

The Zlaté Hory ore district belongs to the 
Variscan orogenic system located on eastern margin 
of the Bohemian Massif, so-called Moravian-Silesian 
zone. The ore district is situated in the volcano-
sedimentary complex of strongly deformed and 
metamorphosed Devonian rocks belonging to the 
Vrbno Group, which is a cover unit of the Desná 
Group (Grygar and Kalenda, 1992). Both units belong 
to the eastern part of Silesicum. The core of the Desná 
Group comprises medium-grade to partly magmatic 
biotitic-rich banded gneiss, ophthalmitic to stromatitic 
migmatites and numerous amphibolite bodies 
(Schulmann and Gayer, 2000). The Devonian cover, 
the Vrbno Group, consists of quartzites, micaschists 
and metavolcanic rocks (Fig. 1). The eastern and 
northern parts of the Devonian cover are formed by 
basal quartzites, metaconglomerates, metapelites, 
marbles and acid to basic metavolcanic rocks 
(Schulmann and Gayer, 2000). The Vrbno Group 
emerges  on  western  flank  of the area of interest 
(Fig. 1).  

Grygar and Kalenda (1992) describe the 
structural-tectonic   pattern   of   the   ore  district as 
a complex composite anticline with imbricated 
overlapping evolution. The anticlinorium axis passes 
through the center of the Zlaté Hory ore district and is 
arched from SSE in the south to NW-WNW in the 
northern area. The composite anticline is westward 
overturned and becomes a simple anticline in the SSE 
direction (Grygar, 1987). In the east, the Vrbno Group 
is detached by westward vagrancy Andělská hora 
thrust (see Fig. 1) from flysch sequences of Lower-
Carboniferous formation of Andělská hora (Grygar, 
1987). Along the northern border of the district, the 
crystalline rocks of Vrbno formation are covered by 
massive formations of quaternary, fluvioglacial 
sediments (Večeřa, 1999).  

The complex Silesicum tectonic structure is 
linked to the Variscan polyphase oblisque collision of 
Brunovistulian and Lugicum. During this collision 
Silesicum nappes moved over the Devonian synriftic 
basin (Schulmann and Gayer, 2000). The 
characteristic deformation system of the Silesicum 
crystalline complex and its Devonian rocks cover 
(Vrbno formation) is the Variscan deformation phases 
D2 and D3 (Schulmann and Gayer, 2000). The most 
evident distinction between these two systems is best 
observed in the Vrbno area, especially in the structure 
of Zlaté Hory district (Grygar, 2001). A very tight 
similarity all linear systems in direction from ENE up 
to NNE with major south-east asymmetry is specific 
to these deformations (Grygar, 1992). According to 
Rambousek et al. (2004), these deformation are linked 
to the origin of folds F2 (Orel, 1975), faulted overfolds 
and shear fractures. The overfolds are abrupt on east 
of Vrbno formation, flatter towards to west and 
converge to flatbed nappe (Grygar, 1992). The Grygar 
and Vavro (1995) interpret this feature as a result of 
dextral transpressive kinematics overlapping 
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Fig. 2 Sketch showing the methodology of morpholineaments interpretation using selected morphometric 
methods and structural analysis. 
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Fig. 3 Digital elevation model of wider surrounding of the Zlaté Hory ore district with rose diagrams. 
Legend: 1 - rose diagram of joints; 2 - rose diagram of faults; 3 - exploitation areas; 4 - polygon's border 
of individually analyzed sub-regions by SA ; 5 - area processed in detail by MSA. 

In order to evaluate the mutual resemblance 
between the morpholineaments network and the 
network of faults identified in mines, specialized 
software called SROV_TEKT* created by the authors 
was used (a detailed description of the functions of 
this software, including the possibility downloading 
can be found at http://geologie.vsb.cz/VaV). This soft-
ware compared the individual interpreted morpho-
lineaments with the set of all faults. All morpholinea-
ments and faults were numbered. An area of asses-
sment (buffer) was assigned to each fault. Considering 
the accuracy of the faults network in the tested 
exploitation areas, the buffer width was set to 20 m. 

available. The studied maps at the scale of 1:500 
display very detailed information. An emphasis within 
the comparative analysis was placed on dislocations 
which have been correlated for the same level but in 
different mining works. These important dislocations 
were vertically correlated on the base of structural 
records within the individual levels. A dense network 
of spatially dispersed structural data allowed us to 
display the significant faults reaching up to the surface 
(Fig. 4). Given the scale of the mine maps and 
structural records (analyzed faults dip), the 
approximated deviation of particular faults identified 
on the surface lies in the interval of 10 – 20 m. 

* The software SROV_TEKT can be used to determine the validity of morpholineaments network created by any
methodology. 
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Table 1 Table of similarity of individual morpholineaments extending into fault buffer. Example of fault No. 20.

Fault: No. 20      Lenght: 1102 m     Azimuth: 24°         

Morpholineaments In-buffer 

No. LM 
Azimuth 
(average) 

Azimuth 
deviation 

LMB LMB/LM 
Average 
distance 

LMB/FL 

  [m] [°] [°] [m] [%] [m] [%] 

7 1444 23 0 840 58 2 76 

9 130 87 64 17 13 3 3 

10 261 83 59 15 6 3 2 

11 65 85 61 42 64 3 7 

24 555 23 1 345 62 4 54 

accuracy of contours on the topographic maps of scale 
1:25 000. For the exploitation areas, it was necessary 
to make more precise models (grid 10 x 10 m). 
Therefore the inputs were supplemented by points 
from topographic maps of scale 1:10 000. Sampling 
was carried out with regard to the interpolation 
method used for the computing of model (Jelínek et 
al., 2009). The selection of the interpolation method 
was accomplished by using the method of cross 
validation. The procedure of appropriateness testing of 
interpolation methods followed the rules established 
by Staněk et al. (2008). The impact of anisotropy on 
the relief modeling is detailed in the work by Jelínek 
(2004). The complied DEM displays a large amount 
of morphological details, which highlight terrain 
discontinuities.  

Interpretation of morpholineaments was 
executed in three phases (Fig. 2). In the first phase, the 
networks of linear objects (morpholineaments) were 
created based on interpretation of the models inferred 
from individual DEM morphometric methods (models 
of terrain slope, terrain aspect, first directional 
derivative, gradient operator and combination of 
altitude and shaded relief). The morpholineaments 
were interpreted by a qualified estimate. The 
minimum  length  of  morpholineament  was set at 
400 m (in selected sub-areas at 200 m). For 
identification of morpholineaments procedures 
defined by Demek (1987) were used. These 
procedures were applied especially when analyzing 
the model of altitude and model of shaded relief. 
When analyzing the models of terrain aspect, gradient 
operator and terrain slope linear interface between 
different classes of values (Jayko, 1997) were 
searched. For the analysis of the slope these classes 
were defined by Ahnert (1998), Bloom (1998) and 
Demek (1987). The model of directional derivatives 
was interpreted according to the principles that were 
determined by Jordan (2003). Due to the fact that each 
method reflects different relief parameter, there is no 
absolute consensus of created networks. In many 

Next, we examined how many morpholineaments 
extended into the area of assessment. For each 
morpholineament the following was then computed:
the length (LM), the average azimuth (weighted 
against the lengths of each segment), the mean 
azimuth morpholineament deviation from the average 
fault azimuth, length of the morpholineament in buffer 
(LMB), the overall percentage of the morpho-
lineament length in the buffer, the average distance 
from the actual fault and the percentage of the 
morphological lineament length in the buffer relative 
to the fault length (FL). This information is tabled for 
each fault in Table 1, which also lists all particular 
morpholineaments extending to the buffer. The most 
fault-consistent morpholineament was automatically 
marked on the basis of its maximal in-buffer length. In 
the selection of the most consistent morpholineament, 
an emphasis was placed on the average azimuth 
deviation, the average distance from the fault and 
especially on the morphological lineament in-buffer 
length. Because some morpholineaments were 
common to more faults due to the denser faults 
network, it was necessary to qualify the selected 
morpholineaments visually as well. The visual 
interpretation was aimed at assessing the azimuth 
deviation and average distance. 

Chosen morpholineaments were grouped into 
one table together with their identified parameters 
(Table 2). Next, the final evaluation of exactitude of 
the whole morpholineaments network was carried out, 
based on the average percentage length of covering all 
the fault buffers by morpholineaments. 
 
3.1. ANALYSIS OF MORPHOLINEAMENTS 

The morphostructural analysis was carried out in 
wider surroundings of the exploitation area sections: 
Zlaté Hory - West, Zlaté Hory - Hornické skály, Zlaté 
Hory - South and Zlaté Hory - East (Fig. 1). The DEM 
for this region was created with grid resolution 
25 x 25 m and based on DMU25 database. The 
accuracy  of the input data corresponds to the 
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Fig. 4 Digital elevation model (shaded relief) of the area of interest with resulting morpholineaments network
created by this methodology see Fig. 2.  
Legend: 1 - morpholineaments; 2 –confirmed faults; 3 – exploitation areas; 4 - municipalities . 

Fig. 4 Digital elevation model (shaded relief) of the area of interest with resulting morpholineaments network
created by this methodology see Fig. 2.  
Legend: 1 - morpholineaments; 2 - confirmed faults; 3 - exploitation areas; 4 - municipalities. 

networks and the spatial progression of the main fault 
zones. Therefore, those inferred morpholineaments 
whose presence was not confirmed by structural 
analysis of brittle failure in bedrock massif were 
excluded. 

 
3.2. STRUCTURAL ANALYSIS OF THE ZLATÉ HORY 

ORE DISTRICT 

The structural analysis (SA) of the study area 
was mainly focused on brittle deformation of the 
bedrock such as faults and joint systems. The results 
are primarily based on the data from field mapping 
and mining database of structural measurements. 
Accordingly with the lithological, structural and 
geomorphologic similarities, the region was divided 
into sub-regions. Faults and joints rosette diagrams 
were created especially for these sub-regions (Fig. 3). 

places, the directions of identified morpholineaments 
correspond to each other, but their exact placement is 
not identical. In the second  phase  morpholineaments 
interpreted by just a single method were verified. 

During the third phase, the morpholineaments 
acquired by using different methods were compared 
with the results of structural analysis. The task was to 
determine whether each of the interpreted 
morpholineament, is possible to be supported by 
found direction of some brittle failure. For every 
proven morpholineament it was then necessary to 
determine whether its presence in the landscape relief 
is subject to endogenous or exogenous processes, i.e. 
whether it is a fault or joint zone sculpted by selective 
erosion or lithological interface. This study requires 
the advanced knowledge of regional tectonic and 
morphological evolution, the nature of the fault 
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together with the system NNW-SSE (Fig. 3). On the 
other hand, the rose diagrams of faults place this 
system mostly on the fourth place of occurrence. 
Schulmann and Gayer (2000) classify these faults as 
dextral shear zones. The fact, they are strike slip faults 
confirm the inclination of these faults, varying around 
90º. According to Grygar (2001), it is a paired element 
of the conjugated dislocation system oriented towards 
N-S. Shear zones oriented NW-SE are dominant there 
where majority of tension was released. Faults and 
joint systems oriented NNW-SSE and N-S are 
tensional dislocations generated within parallel shear 
zones of the dominant system (NW-SE).  The mining 
maps function as evidence (see concept of on-surface 
fault courses created from mining maps Fig. 4). The 
course of these faults (N-S) is mostly interrupted by 
faults oriented NE-SW. The opinion of Grygar (2001) 
on the conjugated system is supported by higher 
occurrence of tensional dislocations in both 
conjugated directions (NNW-SSE and N-S) seen on 
rose diagrams of joint systems and lower occurrence 
of NW-SE oriented faults seen on rose diagrams of 
faults. 

The dominant system oriented NW-SE (so-called 
Sudeten direction) combined with conjugated 
tensional dislocations creates areas of weakness of the 
rock massif. These areas are engaged by drainage 
network. Earlier morphotectonic studies of the entire 
Moravian-Silesian region (Jelínek, 2008) show that 
the majority of NW-SE oriented valleys are 
interconnected by morpholineaments corresponding to 
brittle tectonics oriented N-S and NNW-SSE. Grygar 
and Jelínek (2003) associate their actual geodynamic 
significance with Miocene dextral movement 
rejuvenation on the faults of Sudeten and Elbe system. 
As a result of thrusting nappe of the Outer Carpathian 
over the foreland of the Bohemian Massif from the 
south-east, these faults underwent a significant neoid 
rejuvenation. From the perspective of dynamics of 
Alpine stress field, with maximum compressive stress 
oriented NNW-SSE, these faults came in the Outer-
Carpathian foreland sheets into position of radial 
transtensional faults, conjugated with N-S systems of 
the Outer-Carpathian arc orogeny (Grygar, 
Jelínek, 2003).   

The last and least manifested system in 
morphology is the system of the E-W direction. 
According to Rambousek, et al. (2004) this direction 
is associated to final stage of Variscan deformation 
and is represented by the joint systems with dominant 
jointing oriented E-W. This, however, contradicts the 
results of the structural analysis. Rose diagrams of 
joint systems show minimal occurrence in this 
direction (Fig. 3). Nevertheless, in the rose diagrams 
of faults this direction is ranked on the second place 
by occurrence (Fig. 3). On mining maps these faults 
interconnect the faults oriented NE-SW (Fig. 4). 
These could be the tensional faults arisen at the same 
time as dextral shear zones in the NE-SW direction. 
However, convincing evidence is scarce. 

All the structural data were compiled within the 
software system called RUZDIA, which was created 
by the authors (a detailed description of the functions 
of this software, including the download link can be 
found at http://geologie.vsb.cz/VaV). This system 
depicts structural analyses results directly into the 
chosen coordinate system of the map output. 
Simultaneously, it enables to distinguish the rosette 
diagrams accordingly to their degree of credibility. 
The degree of credibility was established for joint 
systems for number of measurements between 1-50
(black rosette diagrams net – lowest credibility), 51-
100 (medium gray – medium credibility) and 101 or 
more (light gray – highest credibility).  In the case of 
faults,  the  degree  of  credibility was established to 
1-20, 21-50 and more than 51 measurements. 

The credibility issue of the diagrams of the faults 
appeared in the northern sub-regions only, where the 
number of records dropped down to 50. The reason 
for this fact was a small incidence of the faults within 
the investigated outcrops. Moreover, many faults were 
not characterized with sufficient reliability. The strike
or the sense of movement on the fault was not often 
indicated at all. For these reasons the paleostress
analysis was not carried out, since it would not show 
sufficiently accurate results. 
 
4. STRUCTURAL INTERPRETATION OF 

MORPHOLINEAMENTS 

The inferred morpholineaments network exhibits 
the major direction NE-SW. The morpholineaments of 
this direction cut through the morpholineaments of 
other directions. The rose diagrams of joint systems 
and faults support this fact its existence (Fig. 3). 
There,  it  has  appeared  as  statistically the second 
and  the third  most  important maximum. Schulmann 
a Gayer (2000) consider the origin of this brittle 
failures system as from final phase of Variscan 
orogeny. In this phase of orogeny, the major 
compressive stress was placed in the direction NNW-
SSE. Under the brittle-ductile state, the uplift of the 
area formed, the youngest fold system with cleavage 
oriented NE-SW (Grygar, 1992). This cleavage 
direction is also confirmed by rose diagrams of joint 
systems, which are difficult to be distinguished from 
cleavage in the field, especially on quartzite outcrops.
Schulmann and Gayer (2000) consider the formation 
of dextral shear zones oriented NE-SW as a result of 
this orogeny. Also rose diagrams of joint systems 
(Fig. 3 - second-rated maximum), and the faults 
observed in mines (Fig. 4) show the NE-SW direction 
as an important one. The dip of these faults varies 
around 90º. 

During the same phase (D3) of Variscan orogeny, 
within the same compressive stress, the brittle 
deformation orientation NW-SE was created 
(Schulmann and Gayer, 2000). The second most 
important system of morpholineaments corresponds to 
these brittle deformations. Rose diagrams of joint 
systems show this direction as the most dominant, 
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Table 2 Summary of similarity results of individual morpholineaments with documented faults. 

Faults Morpholineaments 

No. Length 
Azimuth 
(average) 

No. Length 
Azimuth 
(average) 

Azimuth 
deviation 

LMB LMB/LM LMB/FL

  [m] [°]   [m] [°] [°] [m] [%] [%] 

D
is

tr
ic

ts
 

1-ZH 430 34 1-HS 1842 30 4 430 23 100 

6-ZH 360 29 3-HS 555 28 1 333 60 93 

8-ZH 274 65 2-HS 367 65 0 274 74 100 

14-ZH 163 48 5-HS 150 48 0 146 97 90 H
or

ni
ck

é 
sk

ál
y 

13-W 367 45 1-M 2491 46 1 367 15 100 

2-W 225 41 3-M 1403 38 3 140 10 62 Z
H

 -
 

W
es

t 

13 802 23 5 1273 23 0 667 52 83 

20 1102 23 7 1444 23 0 840 58 76 

24 1192 26 8 1071 27 1 510 48 43 

32 148 87 9 130 87 0 120 93 81 

7 198 83 10 261 83 0 106 40 53 

44 65 85 11 65 85 0 65 100 100 

18 779 26 12 929 25 1 614 66 79 

62 156 74 14 140 74 0 140 100 89 

34 771 32 15 1099 31 1 472 43 61 

52 601 48 16 737 49 1 461 62 77 

58 695 25 18 856 25 0 695 81 100 

9 770 26 19 1005 26 0 770 77 100 

28 877 30 20 1431 29 1 877 61 100 

51 72 66 25 267 64 2 66 25 92 

40 163 72 26 260 71 1 163 63 100 

3 229 78 31 187 78 0 126 67 55 

Z
la

té
 H

or
y 

- 
E

as
t a

nd
 S

ou
th

 
        Average 83  

 

exploitation  areas,  the  average  value  is 83 % 
(Table 2). This result depends on the buffer width 
setting and on the accuracy of the generated 
morpholineaments network.  

As we can see from Figure 5, the best 
concordance of both networks is between directional 
lines oriented from NE-SW and N-S up to NNW-SSE 
(see Fig. 5). Fault course of the N-S direction is 
interrupted by the direction of NE-SW, which is much 
numerous. The NW-SE direction is manifested mainly 
in the exploitation areas of ZH - West and ZH -
Hornické skály. 

The accuracy of the created morpholineaments 
network depends on the chosen morphometric 
methods of MSA and the DEM accuracy and scale. 
The used MSA methodology has been created and 
verified (Jelínek and Grygar, 2002; Jelínek et al., 
2009; Jelínek et al., 2011) especially for the purpose 
of identification of brittle failure of the rock massif. 
Within compilation of the methodology and selection 

5. RESULTS AND DISCUSSION 

The verification of the similarity of the inferred 
morpholineaments network with documented faults 
was carried out in all the exploitation areas mentioned 
above. By using the created procedure, the 
morpholineaments belong to the buffer zone of some 
of the documented fault, were searched. Twenty two 
concordant morpholineaments that fit the criterion of 
20 m buffer width were identified in total (Table 2). 
The selected numerical procedure for evaluation of the 
validity of morpholineaments network (Table 2) was 
based on percentage ratio of morpholineaments length 
inside the buffer of given fault to the total length of 
the fault. For individual morpholineaments, the value 
of this parameter ranges from 43 to 100 %. The 
highest validity is showed in the area ZH-Hornické 
skály. There were found 4 morpholineaments with the 
match (ratio LMB / FL) higher than 90 %. In the ZH-
East and South, 9 out of 16 matching over 80 % were 
found, 5 of these of 100 % concordance. In all of the 
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Fig. 5 Shaded relief map of exploitation areas with graphical depicting the similarity of morpholineaments and 
geologically verified faults in mines.  
Legend: 1 – geologically verified fault; 2 – fault buffer containing a morpholineament; 3 –
morphological lineament. 

compiled on the basis of the MSA from DEM with 
accuracy corresponding to the topographic maps of 
the 1:10 000 scale. It is obvious that mining maps 
show much more faults than we can identify in the 
DEM of smaller scale by MSA. 

If we choose a methodology for evaluation of 
validity of morpholineaments network based on 
percentage of the length of morpholineaments 
matching with the fault buffers, the resulting validity 
is less than 60 %. If we compared the ratio of 

of suitable morphometric methods the lithological 
character of the study area was taken into account. An 
attention in the DEM interpretation phase was focused 
primarily on surface curvature changes. 

The chosen validity evaluation methodology of 
morpholineaments network takes into account 
different detailed features of the two compared 
networks. The geologically documented fault network 
was compiled on the basis of mining maps of the 
1:500 scale. The morpholineaments network was 
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