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Abstract

The paper deals with the suitability of using the morphostructural analysis of the digital relief model
(DRM) for compiling a geological map fault network focused on brittle failure of the rock mass. Attention is
paid to the description of the procedure of interpreting the individual outputs of the morphometric methods
selected. An important role in compiling the resulting network of the rock mass brittle fault failure is played by
the comparative analysis of the structural-tectonic mapping with the morpholineament network obtained by
morphostructural DRM interpretation. Unless the comparative analysis has been completed, the resulting
morpholineament network can hardly be considered a fault network of the studied area. Many relief
morpholineaments have no geological foundation. Finally, the resulting geological network is compared with the
current geological maps and a brief summary is given on the advantages or disadvantages of the
morphostructural analysis applied at compiling the fault network of the mass brittle failure. The selected area of
interest was the Moravosilesian zone of the Bohemian Massif, which is exceptional for the superposition of three
structural levels (Alpine, Variscan and Cadomian).

Abstrakt

Clanek pojednava o vhodnosti pouziti morfostrukturni analyzy digitilniho modelu reliéfu (DMR) pfi
sestavovani zlomové sité geologické mapy se zaméfenim na kiehké poruseni horninového masivu. Pozornost je
orientovana na popis postupu interpretace jednotlivych vystupti zvolenych morfometrickych metod. Vyznamnou
roli pfi sestavovani vysledné sité kiehkého zlomového poruseni horninového masivu sehrava srovnavaci analyza
terénniho strukturné tektonického mapovani s vyslednou siti morfolineamentti, ziskanych morfostrukturni
interpretaci DMR. Bez provedené srovnavaci analyzy lze jen velmi tézko povazovat vyslednou sit
morfolineamentd za zlomovou sit’ zajmové oblasti. Mnohé morfolineamenty reliéfu nemaji zadny geologicky
zaklad. Zavérem je vysledna zlomova sit’ porovnana se soucasnymi geologickymi mapami a struén¢€ jsou shrnuty
vyhody ¢i nevyhody morfostrukturni analyzy aplikované pii sestavovani zlomové sité kiechkého poruseni
masivu. Vybranou zajmovou oblasti studia byla moravskoslezska zéna Ceského masivu, ktera je vyjime¢na
superpozici tfi strukturnich pater (alpinského, variského a kadomského).
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1 INTRODUCTION

Geological structure plays a crucial role in determining a wide field of relief forms, even in areas where
exogenetic factors are regarded as the dominant ones in the landscape (Ahnert 1998; Bloom 1998; Ritter et al.
2002). Morphotectonic analysis of digital relief models (DRM) with many morphometric methods has become a
common procedure of compiling geological maps (Weibel, Heller 1991). There is, unfortunately, a divergence in
the selection of morphometric analyses, in methodical procedures (Centamore et al. 1996, Hartvich 2004, Jayko
1997, Johansson 1999, Jordan et al. 2003, Kukowski et al. 2001, etc.), and, above all, in the actual interpretation
of morpholineaments. The fact is often neglected that the morpholineament interpretation accuracy to some
extent depends on the accuracy of the DRM used. This paper tries to propose one of the possible procedures of
DRM interpretation with view to brittle tectonics study. The developed methodical procedure of interpreting
brittle failure zones of the rock mass from the digital relief model by means of a morphotectonic map set was
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created within a grant project of the Czech Republic (GACR 105/05/P545) focused on the study of the fault
failure in the Moravosilesian region. To demonstrate the methodology of morpholineament interpretation based
on DRM study, a subpart of the Moravosilesian zone was selected in the area where the Béla fault occurs in the
Nizky Jesenik Mts. region.

2 PROBLEM ANALYSIS FROM GEOLOGICAL POINT OF VIEW

The Moravosilesian studied area represents an outstanding example of interrelation of three orogeny
cycles within the European geological structure. The oldest structural level represented by Brunovistulian
constitutes a common foreland for the Variscan and Alpine structural levels. This Cadomian microcontinent
(Grygar, Vavro 1995) played an important role in the formation of the Variscan accretion wedge thrusted to the
area approximately from the NW. The Variscan structural level, represented by Rhenohercynian foredeep and
Subvariscan sediments together with Brunovistulian, forms a foreland for the Alpine structural level, constituted
by Outer Carpathian fore-deep sediments and Outer Carpathians nappes, which were generally thrusted in the
area from SE to S.

The structural-tectonic pattern of the Variscan level of the Moravosilesian region is interesting for the
lateral course of main fold-thrust structures with view to the general subequatorial trend of the Variscan orogeny.
During the Bohemian massif — Brunovistulian collision, the Moravosilesian structural flexure (orocline) of the
orogeny zone formed by gradual right-hand rotation of the Rhenohercynian and Subvariscan accretion wedge
(Grygar 1992). The dominant deformation system of internal crystalline zones of the Moravosilesian accretion
wedge is made of Variscan deformation systems of the D1 and D2 phases (Grygar 1992; Schulman, Gayer
2000). These deformations are characteristic for a very close orientation of virtually all linear systems in the NE
to NNE direction with prevailing south-eastern asymmetry. Here the D1 deformation phase corresponds to the
generally northward thrust of Variscan synmetamorphic intracrustal nappes during the dextral collision of
Variscan internids of the Bohemian massif with the Brunovistulian foreland (Schulman, Gayer 2000). This eartly
Variscan collision phase has a distinctive transgressive character. The D2 deformation zone has, approximately
from the lateral silesicum elevation zone line, a prevailing south-eastern vergency of nappe thrusts and the
corresponding fold system. The course position of structural systems of the regional deformation D2 is
influenced by the existence of inherited lateral and oblique Brunovistulian ramps in the south-eastern foreland of
the Variscan front thrust wedge. Attention in the target subpart was paid to the study of surface indications of
significant failure structures in the Sudetic direction (WNW-ESE to NW-SE), noticeable at the north-eastern
edge of the Bohemian massif. Their origin is primarily connected with the D2 and D3 phases, when there were
significant dextral strike faults occurring along regional shear zones and partial dislocations in the Sudetic
direction. This development was connected with the NW-SE maximum transpression, both of the flyschoid and
coal-bearing molasses of the Moravosilesian zone.

The main tectonic failures in the Sudetic direction involve the Béla fault, which was denoted as a deep
fault by many authors (Buday et al. 1995; Kumpera and Blazek 1987; Zeman 1989). The occurrence of
neovulcanites and springs rich in CO, in places along its course initiate frequent considerations about its deep
foundation. Periodic events of earthquake activities (Spacek et al. 2006) reveal its nontectonic activity connected
with the post-Variscan development of the area. In the Miocene period, movements of dextral character were
rejuvenated on the Sudetic and Elbe system faults. These faults underwent distinctive neoide rejuvenation during
the Alpine orogeny development, when the nappes of the Outer Carpathians were thrust to the Bohemian massif
foreland from south-east. With view to the Alpine palaeostress fields with prevailing NNW-SSE direction of the
maximum compression stress, these faults in the Outer Carpathian nappes foreland acquired a position of radial
transtension faults, conjugated with the N-S to NNE-SSW systems of the Outer Carpathian orogeny belt (Grygar,
Jelinek 2002). On this assumption, it is possible to determine the present-day geodynamic scenario for the
Moravosilesian region and kinematics of movement in the main fault zones (Fig. 1). This palaeostress field was
also found in the Devonian-Carbonian formations at the eastern edge of the Variscan accretion wedge (Grygar,
Jelinek 2003).

The Bé&la fault is a wide zone of brittle deformations of rock mass and cannot be understood as one
separate fault passing through the whole Moravosilesian region. The B¢la fault course is described and mapped
in detail in the Silesicum area, where it emerges as a south-eastern extension of the border Sudetic fault (see the
geological map of the Czech Republic M 1:500 000 — Chab et al. 2007). In the south-eastern direction,
approximately from the south, it restricts the Jesenik metabasite complex, where it subsequently splits into a
system of parallel faults extending over neovulcanites to Bruntal. Further continuation of the Béla fault in the
south-eastern direction across the Nizky Jesenik Mts. is drawn very differently by many authors (Fig. 1).
Similarly, there are differences in drawing its course under the Carpathian nappes (Buday et al. 1995). Not even
the current geological maps on the scale M 1: 50 000 clarified the problem. The Bé&la fault brittle failure course is
composed of partial faults of diverse directions. In the regional geological map on the scale M 1:500 000
(Chab et al. 2007), its course is not indicated unambiguously.
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Fig. 1: Digital relief model of wide surroundings of the south-eastern extension of the Béla fault with attached
geological map on a scale M 1:50 000. The yellow rectangle indicates the example area of interest.
Legend: 1 — earthquake epicentres registered in 1996 — 2003 (Spacek et al. 2006); 2 — springs containing CO,
(Spagek et al. 2006); 3 — fault network digitalized from the geological map M 1:50 000; 4 — significant faults
interpreted by Buday (Buday et al. 1995); 5 — significant faults digitalized from the geological map M 1:500 000
(Chab et al. 2007); 6 — significant faults interpreted by Spacek (Spacek et al. 2006).

3 PROBLEM ANALYSIS FROM METHODICAL POINT OF

The solved project tried to ascertain the character and course of significant fault structures in the Sudetic
direction in the relief of the Moravosilesian zone of the Bohemian massif on the basis of the created methodical
procedure of morphotectonic DRM analysis. The credibility of the created map of the rock mass brittle failure
depends on the accuracy of the digital model used and the methodical procedure. The interpretation notices
abrupt changes in the relief form and curvature. The more truly the model characterizes the landscape relief, the
better these discontinuities will be interpreted. The created model accuracy depends on the selection of a correct
model type, density and accuracy of input data and interpolation method. The interpolation methods for model
calculation from scattered digitalized points must take the model usage purpose into account. The suitable
interpolation method is selected on the basis of data testing in the sample area. In the territory tested, it is
necessary to perform a structural analysis, determine directional empiric semivariograms and ascertain the field
anisotropy. However, it is often impossible to perform structural analysis of a given value due to insufficient
input values. In such cases, it is more reasonable to use an isotropic model than an incorrectly determined
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anisotropic one (Stanék 1999). Practically, however, most interpreters always use the same interpolation method,
set in the program used as standard, for all data types, regardless of the structural analysis results. The selection
of suitable DRM study methods has a crucial effect on the resulting map of the zones of the rock mass brittle
failure. Using an accurate DRM and selecting a suitable method may still not guarantee an optimum result. The
interpreter’s personal opinion plays an important role here.
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Fig. 2: Scheme showing methodical procedure of interpretation of rock mass brittle failure zones.

4 METHODOLOGY

In terms of its intention, morphotectonic analysis belongs to the structural geomorphology category which
tries to solve the relation between morphostructures and surface relief features. The term “morphostructure”
denotes the structural-geological base involving both the rock lithology and current influences of old tectonics,
attitude conditions, chemical and physical properties of the rocks, jointing, etc. Morphostructures are landforms
of tectonic origin, modified with variable intensity by exogenetic processes of a certain type (Bloom 1998;
Ritter et al. 2002). They may be formed by recent as well as older tectonic movements. The study focused in this
way must notice all landforms, typical geometric characteristics (e.g., straight course of a valley, drainage
pattern and valley network oriented identically, with abrupt changes in direction, mountain ridge systems, double
ridges, etc.) which are related to their tectonic origin. Enhanced attention was therefore paid to finding regional
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tectonic conditions which help to explain the rather complex tectonic development of the whole area. It is,
nevertheless, necessary to perform the analysis carefully. Some structures only appear indirectly in the relief
(e.g., in the drainage pattern ground plan) or manifest themselves in the model similarly to tectonic failures, but
their genesis may in fact be connected with quite different relief formation processes. Without structural-tectonic
mapping, the morpholineaments found cannot therefore be directly denoted as faults.

The morphotectonic DRM analysis focused on rock mass brittle failure is able to disclose, in
confrontation with structural-geological findings, complex relations between the ground and geological pattern
of the area. Evaluation of the character and rate of impact of brittle tectonics in the current relief of the
Moravosilesian region studied necessitated finding the optimum methodical procedure for DRM study. The
selection of a particular method was based on the assumption that the method selected had to enable
interpretation of landscape elements bearing witness to the rock mass tectonic failure (Burbank, Anderson 2001;
Ganas et al. 2005; Ritter et al. 2002; Scheidegger 2004; Wilson, Gallant 2000; etc.). Fault network interpretation
by morphostructural analysis is based on visual interpretation of digital models, and on the assumption that the
model created resembles the actual relief of the area searched as much as possible. Credibility rate of the
resulting network created in this way is directly proportional to the digital model type used, accuracy of its
computation, suitability of the selected methods used, methodical procedure and, above all, to the human factor.
The human factor causes the final fault network affection by the interpreter’s personal opinion. To eliminate
errors as much as possible, a methodical procedure has been proposed, based on confrontation of results of
selected morphometric methods with the morphostructural DRM analysis, geological maps and structural-
tectonic field mapping.

The task was resolved in the ArcGIS 9.0 and Surfer 8 program environments. For complex processing of
results and performing all morphotectonic analyses, the ArcGIS program environment was selected, which is a
GIS means commonly used. The disadvantage of ArcGIS is a limited choice and setting of interpolation methods
of DRM calculation. With regard to this fact, the digital models were compiled and interpolation methods
accuracy tested in the Serfer software environment which offers a wide choice of interpolation methods and their
settings. Unfortunately, there is currently no software tool for direct transfer of the created grids from Surfer to
ArcGIS. Therefore, a grid transfer extension had to be developed so that the user was able to load a grid in
ArcGIS directly as another layer and process it further.

The ArcGIS program extensions delivered by the manufacturer do not contain all necessary ground
analyses which would solve specific tasks of the structural-tectonic and morphotectonic analysis. The software
equipment in common use enables some tasks of morphotectonic analysis to be done, but does not solve the
current structural analysis tasks. Those must be implemented by means of other software, totally independently
of the results obtained by the DRM study. Therefore, a second extension was created within the methodology,
enabling insertion of structural data into the database via the ArcGIS interface. The third module developed does
statistical processing and directional analysis of not only the structural data, but also of all layers containing line
information obtained from DRM. The graphical output contains rose diagrams (Fig. 2) indicating variable line
object orientation of a certain polygon (drainage pattern, contour plan, photolineaments, morpholineaments, etc.)
or other structural data (faults, cracks, lineation, bedding, etc.).

5 DIGITAL RELIEF MODEL ACCURACY

Accuracy of digital models depends on the input data accuracy, their density and type of the interpolation
algorithm used. DRM of the area studied were created following the data acquired by detailed intelligent
digitalization of the contour plan of topographic maps on the scale M 1:25 000 (Jelinek 2004). The accuracy of
such a DRM with a grid cell dimension of 50 m was sufficient for studies of regional concernment. The model
created allowed to find positions of significant structures on which further survey focused.

Detailed study of brittle tectonics in these partial areas necessitated creation of much more detailed
models on large scales. The model elaboration process had to highlight a large number of details emphasising the
ground discontinuities searched. Additional data were obtained by intelligent digitalization of topographic maps
on the scale M 1: 10 000. The sampling density choice takes depends on the roughness of terrain. Excess points
are already eliminated during the actual digitalization of a simple relief. The computer system load and
calculation time are thus reduced (Maguire 1991). The digitalization focused on the so-called “very important
point“(VIP). These points, indicating relief breaks (ridge, talweg, slope angle changes, tops, depression floors,
etc.) are much more important for improving the model than other source points (Weibel, Heller 1991).

The resulting digital model accuracy does not only depend on the data type used, their credibility and
density, but also on the interpolation algorithm applied. A digital relief model compilation means finding the
most suitable interpolation method which reflects the modelled surface course as truly as possible, while
minimizing the data volume. Many DRM interpolation methods are often argued about in literature
(Abramowitz, Stegun 1972; Franke 1982; Journel, Huijbregts 1978). There is, however, no universal
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interpolation algorithm suitable for all DRM applications. The resulting model quality is determined by the
spacing and accuracy of original points and suitability of the interpolation function for a certain model. The
criteria influencing a particular interpolation method selection are the degree of accuracy and rate of the
calculation influence (Yoeli 1977). By means of many other input criteria, the interpolation function may be
adjusted to the variable surface characteristic. The most suitable interpolation method was selected by the
“boomerang method” (Stanék 1999) and visual comparison of the resulting model with the topographic map.
With view to the calculation time, interpolation methods cannot be tested on the whole area model. Therefore, a
test area was chosen, including a broken relief which suddenly converts into a simple flat relief. In both ways,
the interpolation method of exponential kriging of isotropic data field was selected as the most suitable one. Data
field anisotropy cannot be used, because the resulting ground model is distorted in the anisotropic direction
(Jelinek 2004).

6 METHODICAL PROCEDURE

The task consisted in finding such relief elements which are indicative of tectonic origin of its genesis.
Qualitatively, the interpretation result can be influenced by choosing suitable methods and their combination.
Methods viewing the problematic from different angles were selected. Conclusions with higher degree of
credibility are drawn by mutual comparison of results of the analyses used. Following the study of professional
literature dealing with morphostructural analysis (Burbank, Anderson 2001; Formento-Trigilio 2002; Ganas et
al. 2005; Johansson 1999; Jordan et al. 2003; Kukowski2001; Panek 2004; Scheidegger 2001 etc.), own
experiences from previous projects (Grygar, Jelinek 2002; Jelinek, Grygar 2002; Jelinek 2004) and character of
the available data, the following methods have been selected:

1. set of morphometric methods;
e interpretation of altitude model with contour map;
e interpretation of slopes;
e interpretation of aspect;
e interpretation of the first-order directional derivative;
e interpretation of shaded relief;

2. set of directional analyses of line objects;

morpholineaments found by interpretation of the altitude;
e morpholineaments found by interpretation of the slope;
e morpholineaments found by interpretation of the aspect;
e morpholineaments found by interpretation of the first-order directional derivative of DRM,;
e morpholineaments found by interpretation of the shaded DRM;
o directional analyses of the drainage pattern;
3. structural-tectonic analysis;

4. comparative morphotectonic analysis.

The proposed DRM interpretation procedure involves work in steps which must not be omitted or
interchanged in sequence. Breach of this procedure may influence the interpreter’s opinion and reduction of
credibility of the brittle failure zones interpreted. Time plays an important role in interpretation of digital relief
models as well. If the interpreter is stressed for time, the result will probably be more affected by human factor
errors. It is much more suitable to do the interpretation in several time-independent versions. Even an
experienced interpreter is not able to create entirely the same morpholineament network by DRM interpretation
every time. These inaccuracies result from details unnoticed by the interpreter at an earlier or later model
interpretation. Therefore, it is preferable to perform the interpretation several times, with as long a time offset as
possible. The results are compared with each other and consistent lines are chosen. Credibility of lines occurring
in one of the interpretation versions only must be evaluated additionally. Still, the interpreter’s personal opinion
cannot be eliminated completely.
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The interpretation of the rock mass brittle failure was done in four phases (Fig. 2). In the first phase,
networks of line objects (morpholineaments) were created by the individual methods of morphometric DRM
analysis. Owing to the fact that every method displays different relief parameters, there is no absolute
compliance of these networks. The morpholinement directions conform in many places, but their positions do
not correspond. An exact location of the lines interpreted is not decisive in this phase of work. The
morpholineaments cannot be directly regarded as faults and their location is only informative. The suitability of
usage of individual methods in different relief types is also different. In level relief, for example, the height level
model with indicated contour plan proved excellently.

In the second work phase the resulting morpholineament networks were compared with each other. The
results acquired had to be evaluated statistically to determine dominant morpholineament directions. Directional
analysis of line objects was used and done in partial areas. Testing was done separately for partial areas selected
with respect to the morphology, lithology and geological pattern of partial areas. The obtained rose diagrams of
morpholineament directions interpreted by individual methods were compared with each other for the partial

Fig. 3: DRM with rock mass brittle failure zones interpreted by morphotectonic analysis. Legend: 1 — distinct
zones in Sudetic direction; 2 — distinct zones corresponding to fold thrusts and cleavage; 3 — distinct zones in the
W-E direction; 4 — supposed zones in Sudetic direction; 5 — supposed zones corresponding to fold thrusts and
cleavage; 6 — supposed zones in the W-E direction; 7 — significant zones of failure belt in the Béla fault.

The information obtained from the drainage pattern directional analysis and morpholineaments
interpreted were compared with the structural-tectonic analysis results. For the partial areas, it was necessary to
find out whether the morpholineament interpreted from DRM may occur in the landscape relief and whether it is
conditional on endogenetic or exogenetic processes. During the morphotectonic analysis, the interpreter must
often decide whether an interpreted lineament of a certain direction exists in the given place at all or it is a
combination of many small lineaments in two different directions. The structural-tectonic analysis results help
with this decision. Crack and fault systems, level surfaces or foliations, eventually cleavage or fold b-axes, are
evaluated separately for the individual partial areas. It is important to find out whether the morpholineament
found in a certain area is of structural origin and, if so, of which one.
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Fig. 4: DRM with various interpretations of the Béla fault course. Legend: 1- main faults digitalized from the
geological map M 1:500 000 (Chab et al. 2007); 2 — main faults interpreted by Buday (Buday et al. 1995);
3 — main faults interpreted by Spacek (Spacek et al. 2006); 4 — significant zones of the failure belt of the B&la
fault interpreted by morphotectonic analysis.

This items of information are then taken into account in the forth and final work phase, the actual
comparative morphotectonic DRM interpretation. Morpholineaments interpreted by one of the analyses only had
to be verified additionally to increase their credibility. Positions of the individual brittle failure zones were
modified by morphostructural analysis by means of spatial display methods. There are differences in location of
morpholineaments between the methods used. In the aspect map, the line is placed to the point where the slope
angle changes (in the talweg); in DRM it is located at the slope base. The found morpholineaments obtained by
morphotectonic DRM analysis may not be zones of mass brittle failure. A morpholineament occurrence may be
conditioned by selective rock erosion, boundary between two lithological units, gravitational deformation and
course of the ridge or fold b-axis, etc. In this final phase, an important role is played by knowledge of tectonic
development of the area, fault network character and spatial course of main fault zones. After all this information
has been considered, morpholineaments are reclassified into zones of mass brittle failure. Morpholineaments the
occurrence of which was not proved by the structural analysis are excluded from the resulting morpholineament
network. Brittle failure zones are further divided according to the regional structure of the area and credibility of
their existence.

7 RESULTING NETWOTK OF ZONES OF ROCK MASS BRITTLE FAILURE

The created network of rock mass brittle failure zones in the target example area covers two significant
systems. The most significant system runs in the NW-SE direction and corresponds to the joints and faults in the
Sudetic direction (Fig. 3). The important zones observed in this system are complex faults without a straight
course and level fault surface. They are often composed of more faults of similar direction and angle. These
distinct tectonic zones are not continuous. They consist of a system of parallel, echelon or pinnate faults
sporadically interconnected by transform zones of NNW-SSE direction. In such cases, it is very difficult to
determine the dominant fault. The second significant fault system runs in the NE-SW direction. These failure
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zones correspond to the bedding, cleavage and fold thrusts of unproductive Carboniferous. The continuity of
these zones is not as distinctive as that of the Sudetic direction. This finding proves the fact that the original fold-
thrust structure of the Moravosilesian region was subsequently distorted by much younger faults in the Sudetic
direction. In the south-eastern part of the studied area, these zones merge into the ENE-WSW direction, which
complies with the Odra faults course. The systems described distort the least distinctive system in the E-W
direction, which is noticeable in the south-eastern part of the studied area in particular. The south-western part of
the studied area with zones occurring in the N-S direction is very interesting. Here the system may be related to
the fold axes displacement in the NNE-SSW direction. Valleys are based here on the combination of the NNE-
SSW cleavage directions with joint zones in the WNW-ESE direction.

Fig. 5: DRM with rock mass brittle failure zones interpreted by morphotectonic analysis and faults of geological
map on the scale M 1:50 000. Legend: 1 — distinct zones in Sudetic direction; 2 — distinct zones corresponding to
fold thrusts and cleavage; 3 — distinct zones in the W-E direction; 4 — supposed zones in Sudetic direction; 5 —
supposed zones corresponding to fold thrusts and cleavage; 6 — supposed zones in the W-E direction; 7 — faults
of the geological map on the scale M 1:50 000.

The created network of brittle failure zones shows two variants of the Béla fault south-eastern
continuation. The first variant is relatively straight, but in the Oderské Vrchy Mts. region it starts to split into a
system of pinnate zones interconnected by transform zones (Fig. 3). The second variant emerges as a wide zone
of pinnate faults interconnected by transform zones from the beginning already. Comparing both the variants
with the Bé&la fault interpretations mentioned in literature (e.g., Buday et al. 1995; Spacek et al. 2006; geological
map of the Czech Republic M 1:500 000 — Chab et al. 2007), we cannot decide simply which of them is correct
(Fig. 4). Anyway, none of the variants can be drawn as a single fault zone in the NW-SE direction. Comparing
the zones interpreted with the fault network of the geological map M 1:50 000, we can find them consistent in
general outlines (Fig. 5). The Sudetic direction faults, distorting the Variscan level here, have the WNW-ESE to
NW-SE direction, and are interconnected by transform faults in the NNW-SSE direction. No distinct fault is
found here passing through the whole area of interest in the direction of the Béla fault drawn in literature.
Therefore, it is more suitable to denote the area between the two variants found as a zone of south-eastern
continuation of the Béla fault.

GeoScience Engineering Volume LIV (2008), No.3
http://gse.vsb.cz p. 1-13, ISSN 1802-5420



10

Streams formed valleys which are mostly based on two-system combinations. The Sudetic direction is the
most significant one. Nevertheless, it is very interesting that the valleys are primarily based on the N-S and
WNW-ESE direction combinations in the south-eastern part of the studied area, whereas the NW-SE and NE-
SW directions prevail in the north-eastern area. The dividing area is the Béla fault zone. The Sudetic direction
failure zones have the WNW-ESE direction to south-west of this zone, while the course is NW-SE to north-east.

The course character of the Bé&la fault corresponds to the stress field described by Grygar and
Jelinek (2002). In the Outer Carpathian nappes foreland, the B&la fault get during the Alpine orogenesis to the
position of transtension fault conjugated with N-S to NNE-SSW systems of the Outer Carpathian belt. Based on
this assumption, movement kinematics was determined in the main fault zones (Fig. 1). A dextral movement
component corresponds to the Béla fault. Then the Sudetic direction faults of the Béla fault zone correspond to
Riedl fractures in the deformation ellipsoid.

The resulting network of brittle failure zones was confronted with the geological map on the scale
M 1:50 000 (Fig. 5); in general outlines, it complies with the faults mapped. The map indicates the Sudetic fault
system, mostly in the NW-SE direction, which sporadically merges into the WNW-ESE or NNW-SSE
directions. The fault network does not reflect the overall character of brittle failure with echelon faults in the
Sudetic direction interconnected by transform zones (Fig. 5). Sporadically, the course of the brittle failure zone
interpreted fully corresponds with the fault course. However, we cannot find a fault indicated in its whole course.
Field mapping revealed faults which were not visualized by any of the morphometric methods. This primarily
applies to the areas of peneplenized relief of the Nizky Jesenik Mts. The morphotectonic analysis revealed a
number of distinctive zones not displayed in the map. This may be due to different drawing details on different
scales. This fact may also be the cause of the relatively straight course of faults drawn in geological maps,
irrespective of the ground curvature. It is necessary to realize that the fault line is an intersection curve of the
ground and the fault surface distorted in various ways. Unfortunately, the geological maps evaluated are to large
extent affected by inaccuracies caused by the scale detail or influenced by the interpreting geologist’s personal
opinion. The fault network drawn in geological maps is not determining and cannot fully be used to verify the
correctness of the failure zone network created.

8 CONCLUSIONS

The methodical procedure created, focused on finding brittle tectonics by means of DRM interpretation
by morphotectonic analysis, is an additional technique suitable for creating geological maps. Its results may be
employed both in the preliminary phases of exploration and in the final phase when the geological map is
finalized. Within the preliminary exploration, tectonic failure systems can be found out based on the DRM
interpretation. At the same time, suitable places are determined to verify the existence of interpreted faults and,
above all, character of intersection of different system faults. The author of the geological map has enough
information in the final phase of its drawing, from DRM study on small scales and the palaeostress analysis, to
determination significant faults. DRM helps to determine precise location and course of the fault intersection
curves with the relief. Observing the methodical procedure may eliminate inaccuracies in drawing the faults. The
scientist may use the morphostructural DRM analysis results to draw faults under cover deposits. The methodical
procedure was employed in the course of solving the grant project GA CR 105/06/1264 “Digital model of South
Moravia lignite coalfield — base of representative modern complex evaluation of coal deposit for future
exploitation”.
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RESUME

Vyvinuty metodicky postup interpretace zon kiehkého poruseni horninového masivu morfotektonickou
analyzou DMR byl zaméfen na studium zlomového poruseni moravskoslezské oblasti. Centrem pozornosti bylo
zjisténi charakteru a miry projevii variské tektoniky v reliéfu odkryté casti variského strukturniho patra
moravskoslezské oblasti. Pro demonstraci metodiky byla vybrana dil¢i ¢ast moravskoslezské zony, v prostoru
vyskytu bélského zlomu v oblasti Nizkého Jeseniku. Pribéh bélského zlomu je podrobné popsan a zmapovan
Vv oblasti silezika, kde vystupuje jako jihovychodni pokra¢ovani okrajového sudetského zlomu (viz geologicka
mapa CR M 1:500 000 — Chab et al. 2007). Jihovychodni pokracovani bélského zlomu pies Nizky Jesenik mnozi
autofi vykresluji znaéné odli§né (obr. 1). Stejné tak se 1i8i pfi vykreslovani jeho prubéhu pod piikrovy Karpat
(Buday et al. 1995). Jasno do problému nepfinesly ani aktualni geologické mapy méfitka M 1 : 50 000. Pribéh
kiehké zony bélského zlomu je slozen z dil¢ich zlomid odlisného sméru. Dokonce ani v nové regionalné
geologické mapé méritka M 1:500 000 (Chab et al. 2007) neni jednoznacné vykreslen jeho pribéh.

Morfotektonickd analyza DMR je schopna odhalit v konfrontaci se strukturné geologickymi poznatky
slozité vazby mezi terénem a geologickou stavbou oblasti. Posouzeni charakteru a miry projevi kiehké tektoniky
v soucasném reliéfu si vyZzadalo nalezeni nejoptimalnéjsiho metodického postupu studia DMR. Interpretace
kiehkého poruSeni horninového masivu probihala ¢tyifazoveé (obr. 2). V prvni fazi byly vytvoreny sité liniovych
objektl (morfolineamentil) jednotlivymi metodami morfometrické analyzy DMR (sklonitosti terénu, vyskovych
hladin, orientace ke svétovym stranam, stinového modelu, prvni derivace DMR). Vzhledem k faktu, Zze kazda
z metod zobrazuje jiné parametry reliéfu, neexistuje absolutni shoda téchto siti. Rozdilna je také vhodnost
pouziti jednotlivych metod v riznych typech reliéfu. V druhé fazi praci byly vzédjemné posouzeny vysledné sité
morfolineamenti. Pro urceni dominantnich smértt morfolineamentti bylo nutné ziskané vysledky statisticky
posoudit. Pouzita byla smérova analyza liniovych objektl provedend v dil¢ich oblastech. Testovani probihalo
zvlast pro dil¢i oblasti, které byly voleny s ohledem na morfologii reliéfu, litologii hornin a geologickou stavbu
dil¢ich oblasti. Ziskané rtizicové diagramy morfolineamentd interpretovanych jednotlivymi metodami byly pro
dil¢i oblasti navzajem porovnavany a nasledné konfrontovany s vysledky analyzy smért ficni sité. Ziskané
informace byly porovnany s vysledky strukturng tektonické analyzy. Ukolem bylo zjistit pro diléi oblasti, zda je
vyskyt interpretovaného morfolineamentu z DMR v reliéfu krajiny mozny a zda je podminén endogennimi nebo
exogennimi procesy. Pfi morfotektonické analyze se interpretator musi Casto rozhodovat, zda interpretovany
lineament ur¢itého sméru viibec v daném misté existuje, nebo se jedna o kombinaci mnoha drobnych lineamenti
dvou riznych sméri. Vysledky strukturné tektonické analyzy pomadhaji pifi tomto rozhodovani. Zvlast' pro
jednotlivé dil¢i oblasti se vyhodnocuji puklinové a zlomové systémy, vrstevni plochy ¢i foliace, ptipadné klivaz
nebo b-osy vrés.

K témto informacim je pak piihlizeno pii konecné ¢tvrté fazi praci, vlastni srovnavaci morfotektonické
interpretaci DMR. Morfolineamenty interpretované pouze nékterou z analyz bylo nezbytné pro zvyseni jejich
vérohodnosti dodatecn¢ ovéfit. S vyuzitim prostorovych zobrazovacich metod byly morfostrukturni analyzou
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upraveny pozice jednotlivych zén kiehkého poruseni. V této konecné fazi praci hraje vyznamnou roli znalost
tektonického vyvoje oblasti, charakteru zlomové sité a prostorového pribéhu hlavnich zlomovych zén. Po
uvazeni vSech téchto informaci se pfistoupi k reklasifikaci morfolineamenti na zény kiehkého poruseni masivu.
Z vysledné sit¢ morfolineamentli se vylouci ty morfolineamenty, jejichz vyskyt nebyl strukturni analyzou
potvrzen. Zény kiehkého poruseni se dale roztiidi v zavislosti na regionalni stavbé oblasti a vérohodnosti jejich
existence.

Vytvotena sit zon kiehkého poruSeni piikladové oblasti zobrazuje dvé varianty jihovychodniho
pokracovani bélského zlomu. Prvni varianta je zpocatku relativné ptima, ale v oblasti oderskych vrchil se zacina
rozpadat na systém spefenych zon propojenych transformnimi zénami (obr. 3). Druha varianta uz od pocatku
vystupuje jako Siroka zona spetenych zlomi propojenych transformnimi zénami. Pokud porovname ob¢ varianty
s interpretacemi bélského zlomu uvadénymi v literatufe (napt. Buday et al. 1995; Spagek et al. 2006; geologicka
mapa CR M 1:500 000 — Chab et al. 2007) nemiizeme jednoduse rozhodnout, ktera z variant je spravna (obr. 4).
V kazdém piipadé zadnou z variant nelze vykreslit jako jednu zlomovou zonu sméru SZ-JV. Porovname-li
interpretované zony se siti zloml geologické mapy M 1:50 000 zjistime (obr. 5), ze v generelnich rysech se
shoduji. Zlomy sudetského sméru porusujici zde variské patro maji smér ZSZ-VJV az SZ-JV a jsou propojeny
transformnimi zlomy sméru SSZ-JJV. Nenachazi se zde zadny vyrazny zlom prochazejici pies celou zdjmovou
oblast ve sméru vykreslovaného bélského zlomu v literatuie. Proto povazuji za vhodnéjsi oznacit oblast mezi
zjisténymi dvéma variantami za pasmo jihovychodniho pokracovani bélského zlomu. Charakter pribéhu pasma
bélského zlomu odpovida napétovému poli, které popsal Grygar s Jelinkem (2002). Bélsky zlom se dostal
v predpoli vnékarpatskych ptikrovii pfi alpinské orogenezi do pozice radidlniho transtenzniho zlomu,
konjugovaného se S-J az SSV-JJZ systémy vnékarpatského orogenniho oblouku. Na zakladé tohoto piedpokladu
byla stanovena kinematika pohybu na hlavnich zlomovych zonach (obr. 1). Bélskému zlomu odpovida dextralni
pohybova komponenta. V deforma¢nim elipsoidu potom dil¢i zlomy sudetského sméru bélského zlomového
pasma odpovidaji Rendlovym stfihdm.

Metodicky postup, zaméfeny na zjisStovani kiehké tektoniky prostfednictvim interpretace DMR
morfotektonickou analyzou, je vhodnou doplitkovou technikou pro vytvareni geologickych map. Jeji vysledky se
mohou uplatnit jak v pfedbéznych fazich prizkumu oblasti, tak i v zavérecné fazi, kdy se vytvari konecna
podoba geologické mapy. V piedbézném prizkumu lze na zakladé interpretace DMR zjistit zakladni systémy
tektonickych poruch. Zaroven se uréi vhodna mista, ve kterych se ovéfii existence interpretovanych zlomu a
pfedev8§im charakter kiizeni zlomt rdznych systémut. V zavéreéné etapé skreslovani geologické mapy ma jeji
autor dostatek informaci, ze studia DMR malych méfitek a paleonapétové analyzy, pro urceni fidicich zlomu.
Dodrzenim metodického postupu se zamezi nepfesnostem pii vykreslovani zlomi. Vysledky morfostrukturni
analyzy DMR miiZe tesitel vyuzit pfi vykresleni zloml pod pokryvnymi utvary.
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