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of digital tectonic geomorphology as an integration of structural geology, geomorphology
and digital terrain analysis. The author extends traditional set of methods for tectonic
geomorphological research and gives general conceptual remarks for methods of tectonic
geomorphology developed for the integration of tectonic geomorphology into GIS based on
digital terrain modelling. The emphasis is given on selected problems: morphological
features associated with fractures, feature recognition and parameter extraction, digital
geomorphometry analysis, digital image processing of terrain data and spatial analysis of
lineaments. The paper gives fundamental topics for understanding instead of particular
algorithms and procedures.
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Introduction

In addition to various methods and sophisticated geophysical, geological and
geodetic data handling a structural analysis of topographic features is well-
established field of study in modern geomorphology, and aerial photographs
and remotely sensed images have long been used within its approaches.
Recent developments in information technology and digital elevation data
acquisition have resulted mainly in an increasing interest in digital terrain
modelling for tectonic geomorphology. Methods of surface investigation such
as remote sensing and morphological analysis provide fast and relatively
cheap information, complementary to traditional field geological research in
order to study subsurface geology. Morphological analysis of topographic
features, in particular lineaments, has long been applied in structural and
tectonic studies (Hobbs 1912), and has become a fundamental tool in tectonic
analyses using aerial (stereo-)photographs and other remotely sensed imagery
(Siegal, Gillespie 1980; Drury 1987; Salvi 1995; Woldai et al. 2000). Although
the interpretation of surface morphology in terms of geological structures is
commonly applied (Fabbri 1984; Prost 1994; Keller, Pinter 1996; VoZenilek et
al. 2001) there are relatively enough examples of GIS implementation in such
studies, and there are only few case studies involving the consistent
application of available digital methods for tectonic geomorphology.

Review of literature on digital morphotectonic analysis shows that large
variety of methods (and their combinations) has been used, such as shaded



relief models together with remotely sensed images, three-dimensional view

with image drape, digital cross-sections, slope, aspect and curvature maps,

DEM histograms, and trend and spectral analysis. The most important

limitations in general are that:

— most of the studies use a single method (or only a few methods) for surface
feature recognition and description

— all of the studies are at the regional scale, although landform observations
are at the local scale

— most of the studies use visual methods of feature (mostly lineament)
extraction

— there are very few cases involving the analysis and extraction of landforms
specific to tectonic structures

— most of the methods can be applied to neotectonic landforms only

— there is a lack of rigorous study of the relationship between tectonic
processes, secondary geological processes, and their representation in
DEMs.

Digital tectonic geomorphology

Systematic digital tectonic geomorphology analysis is limited by the lack of
such studies in literature, and the non-uniform description and use of
relevant digital methods in different fields of the Earth Sciences. Essentially
identical methods are often used in these different fields with different names
and for different purposes that makes their adoption to digital tectonic
geomorphology difficult. GIS software can easily perform most of the analyses
but some procedures may be very difficult to implement. Many digital
analyses require the use of an integrated system of many analytical and
software tools based on principal topics of interoperability.

Digital tectonic geomorphology is the integration of three components
(Jordan, Csillag 2001, 2003): structural geology, geomorphology and digital
terrain analysis. Tectonic geomorphology has developed sophisticated
methods for the integration of structural geology and geomorphology. The
application of numerical methods in geomorphology has led to the field of
geomorphometry, which has developed rapidly since the availability of digital
terrain data. There is, however, a gap between structural geology and digital
terrain analysis.

The basic geometric properties which characterise the terrain surface at
a point are elevation, properties of the gradient vector: its magnitude defining
slope, and its direction angle defining terrain aspect, surface curvature,
convexity and surface-specific points and lines, i.e. local maxima (peaks),
minima (pits), saddle points (passes), inflection points, slope-breaks, ridge
and valley lines. The relationship of local geometric attributes and tectonic
structures such as relationship between slope-breaks and fractures is often
straightforward (Siegal, Gillespie 1980; Drury 1987; Prost 1994; Salvi 1995).

In contrast to local geometric analysis, general geomorphology also studies
the statistical and spatial characteristics and relationships of point attributes
(Evans 1972, 1980). Relationships between point attributes were used by
Evans (1980) to further characterise the terrain. For example, the elevation-
average slope curve and the cumulative percentage area-elevation curve
(‘hypsometric curve’) can be used to study slope conditions. By fitting a trend
surface to the studied area or its parts, the overall tilt due to tectonic activity
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can be studied (Doomkamp 1972; Fraser et al. 1995; Guth 1997).
Autocorrelation, spectral, wavelet and variogram analysis can reveal
anisotropy and periodicity present in the digital elevation model. Both

features often result from tectonic control on terrain morphology (Harrison,
Lo 1996).

Morphological features associated with fractures

Structural discontinuities in rocks most often result in linear
morphological features along the intersection of fracture plane and land
surface. Linear morphological expressions of fractures include mainly linear
valleys, linear ridgelines and linear slope-breaks. The main geometric
characteristics of a single line are orientation, length (continuity) and line
curvature. Linear fracture traces are most obvious in the case of high-dip
faults of normal, reverse and strike-slip type whilst thrust faults tend to
appear irregular in topography (Prost 1994; Drury 1997; Goldsworthy,
Jackson 2000). Intersection of topographic surface and fold structures can
also result in linear and planar features depending on the geometry and
orientation of the folds with respect to the erosion surface (Ramsay, Huber
1987).

Planar features such as uniform hillsides also develop along fractures.
Geometry of planar surfaces is described by uniform aspect and high and
constant slope values. Shape and extent are also important characteristics.
Large elongated areas with linear boundaries can be associated with faults.
The measure of curvature is important in case of complex curving fracture
surfaces.

Specific geomorphological features forming along faults are diverse.
Asymmetric geometry of slopes across valley and ridgeline axes, as measured
by uniform slope angle differences, can result from tectonic influences on the
morphology. Characteristic landforms, such as depressions, pressure bulges
or tilt of flats are commonly seen in fault zones. Depressions and bulges are
geometric locations of local elevation minima and maxima, respectively.
Characteristic shape and slope conditions describe their geometry (Keller,
Pinter 1996). Tilt of flats result in uniform surface gradients.

Most of the above morphological features, such as linear valleys,
asymmetric slopes and depressions may be caused by secondary processes or
can be associated with lithology. For example, wind erosion may create linear
patterns; planar surfaces, linear valleys and ridges and asymmetric slopes
are often associated with bedding; and linear morphological features may
arise from lithological contacts between different rock types.

The spatial relationships among fractures can be described either
statistically by a spatial frequency analysis of the above characteristics or
topologically in statistical analysis, location of individual features is not
considered within the studied population. For example, angular statistics
(rose diagrams) are used for analysis of orientation distribution in the study
area. Spatial statistics of fault length and intersection densities are
important in structural geology, too. Note also that the density number of
lineaments is sensitive to the scale and resolution of the used imagery, relief
and thickness of soil cover (Tirén, Beckholmen 1992). Another approach in
many fracture analysis considers fracture populations as networks, and
focuses on their pattern of intersection in terms of lengths, angle and



frequencies, mutual dislocations and shape and size of fracture-bounded
areas, from which the stress field can be quantified (Ramsay, Huber 1987).
This approach is commonly known as topological analysis, where the location
and relationships of individual features are considered. Intersecting
lineaments define rock blocks of various scales identifiable by digital terrain
analysis (Tirén, Beckholmen 1992), an important feature of, for example,
shear zone regimes (Sylvester 1988).

Lithological structures within rock units may also be represented by DEM
and their description might help clarifying geological and structural
relationships, but these features can also obscure tectonic structures.
Secondary geomorphological indicators of tectonic influence are dislocations
of geomorphic surfaces, such as erosional surfaces and alluvial plains, and
these surfaces are the result of uplift, subsidence or tilting. Fluvial networks
are the most common indicators: the drainage network pattern often reflects
the regional or even the local tectonic framework (Deffontaines, Chorowicz
1991). In the absence of further morphological evidence, these morphological
features can be distinguished from features of non-tectonic origin with the use
of geological information. Geological data from various sources, such as
geological maps, geophysical data, remotely sensed images and field
measurements also have to be incorporated in the GIS database.

Feature recognition and parameter extraction

In order to maximise the tectonic geomorphology information obtained
from a DEM, a sequential modelling scheme can be created and applied. The
design of the modelling scheme has been based on the following
considerations (Jordan, Csillag 2001):

— the objective is the quantitative geometric characterization of landforms
— the objective is providing reproducible outputs

— analysis proceeds from simple to the more complex analysis

— outputs from modelling steps are controlled by input data and parameters
— the procedure integrates a wide-range of available methods

— multi-source information is integrated in the database

— digital terrain analysis is implemented in GIS environment.

Analysis of multi-source data mostly use GIS techniques. Figure 1
illustrates the procedure of recognition and extraction of fault-related
landforms and their tectonic interpretation. Based on the study of landforms
related to faults, geomorphological characteristics are translated into
mathematical and numerical algorithms. Topographic features represented
by DEM of test areas are extracted and characterised by digital terrain
analysis. Verification of structural implications uses other data sources in
GIS. The development and application of numerical methods in GIS are

digital terrain analysis

- feature recognision é description and
1  andextraction characterisation

Fig. 1 — Scheme of the procedure of recognition and extraction of fault-related landforms
and their tectonic interpretation
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discussed in various papers (i.e. Jordan, Csillag 2001, 2003, Wood 2002,
VozZenilek 2002).

The components of digital tectonic geomorphology implemented with GIS

are:

— numerical differential geometry

— digital drainage network analysis

— digital geomorphometry

— digital image processing

— lineament extraction and analysis

— spatial and statistical analysis and

— DEM-specific digital methods such as shaded relief models, digital cross-
sections and 3D surface modelling.

The analysis within digital tectonic geomorphology proceeds from simple
univariate elevation studies, through differential geometric surface analysis
and drainage network analysis, to the multivariate interpretation of results
using GIS technology. Reproducibility of morphological analysis is achieved
by the application of numerical data processing algorithms. Each modelling
module has a set of defined input parameters. Subsequent steps are based on
output of previous terrain models. Prior to the spatial analysis of each terrain
attribute, its histogram is studied for systematic error and statistical
properties such as multi-modality. Histograms are interpreted in terms of
morphometry and used for classification of terrain data. Image stretching for
enhancement of visual interpretation is also based on histograms.

Digital geomorphometry analysis

Elevation and derivatives of altitude, called point attributes, form the
bases for geomorphometric study of landscape (Evans 1972). The five basic
parameters calculated are elevation, slope, aspect, profile and tangential
curvatures (Evans 1980). For example, a peak in the elevation histogram that
corresponds to a sharp increase in its cumulative graph indicates a flat
planation surface. A peak in the aspect frequency histogram or a large petal
in the rose diagram shows that a larger number of pixels has aspect in
a preferred orientation. Where these pixels form one or more connected areas
on hillsides with linear boundaries, a tectonic origin can be inferred.

Next in the analysis, bivariate and multivariate relationships between
variables (derivatives and moments) can be studied. Slopes and aspects can
be plotted in stereonet to study if steep slopes have preferred orientations, as
steep slopes with the same orientation may be associated with faulting.

Finally, terrain ‘texture’ is conveniently studied by means of spatial
statistical methods and network analysis techniques. Trend analysis,
autocorrelation and spectral analysis are carried out for the entire area or
specific parts of the area (e.g. basins only). The trend surface is fitted to all
data points or to surface specific points, such as peaks or valley lines, to
estimate regional dips, as the tilt of an area is often related to tectonic
movements.

Autocorrelation, spectral and wavelet analyses reveal lineation
(anisotropy) and periodicity of a landscape due to faulting or folding. The
autocorrelation property can also be studied by calculating semivariograms in
different directions (Curran 1988). Problems emerge from the fact that
valleys often curve and there are confluences down-valley and that ridge



height and spacing may vary (Evans 1972). In order to overcome the problem
of converging ridges of alternating height, analysis can be limited to valley
lines only. Then valley lines are defined by the digital drainage network
identification method.

Digital image processing of terrain data

DEM and each terrain attribute map derived by digital terrain analysis can
be viewed as raster images and hence be processed using digital image
processing procedures to increasing the apparent distinction between
features in the scene (Sauter et al. 1989; Fabbri 1984; Woldai, Bayasgalan
1999). Point operations of histogram slicing and contrast stretching have
basically two applications. Slicing of an image histogram by dividing pixel
values into specified intervals can been used to display discrete categories of
elevation, slope, aspect and other terrain attributes (Lillesand, Kiefer 1994).
Aspect data can been displayed and analysed by means of rose diagrams and
circular statistics (Wells 1999; Baas 2000). Areas of uniform geometric
attribute are then examined for area distribution, continuity and shape
whilst contrast stretching was performed on grey-level images to enhance
visual interpretations of the terrain models (Lillesand, Kiefer 1994).

Spatial operations of gradient filters are processed by local operators of
gradient filters which can be applied only to terrain data and not to grey-scale
images in order to preserve the original geometric information in terrain
models. In this way, edges (valleys, ridges and slope-breaks) are extracted on
geometric bases. For example, slope-breaks can be recognised as edges if
change in slope in the gradient direction (profile curvature) exceeded
a predefined threshold. Low-pass filters such as median and average filters
are used to reduce noise and emphasise areas of similar topographic
attributes. For example, aspects calculated from a smoothed DEM could
reveal a hill slope of uniform aspect related to faulting (VoZenilek et al. 2001).
The enhanced images were then used for analysis of shape, spatial
distribution and for interactive lineament extraction.

Hill shading methods producing relief maps are unusual to DEM images
and are fundamental for morphostructural analysis (Simpson, Anders 1992).
Hill shading increases the contrast of very subtle intensity variations of an
image, much more than contouring or pseudo-colour representation do (Drury
1987). Onorati et al. (1992) used multi-image operation of false colour
composites (i.e. RGB colour components) in morphotectonic studies to
simultaneously analyse three DEMs. In their study colour separated
geological maps and remotely sensed images were combined with a shaded
relief map. These in turn were draped on the three-dimensional view of the
study areas to enable the study of the relationship between geology and
morphology.

Spatial analysis of lineaments

Lineaments are defined as straight linear elements visible at the Earth’s
surface and which are the representations of geological and/or
geomorphological phenomena (Clark, Wilson 1994). In geomorphometric
analysis, a linear feature can have geometric origin only and represent
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Fig. 2 — Radar SAR interferogram of ground displacement associated with the Landers Mw
7.3 earthquake (June 1992). Each fringe represents 28 mm of displacement and at least 20
fringes are visible near the fault (equal to 560 mm of displacement). Coherence is lost as
the ground rupture is approached, probably because the displacement gradient is greater
than 28 mm/pixel. Note the broad, asymmetric deformation in an east-west direction
covering >75 km and the abrupt termination of major deformation near the ends of the
fault. The detailed deformation patterns seen here can be used to constrain models of
surface displacement due to the Landers rupture (Burbank, Anderson 2001).
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a change in terrain elevation, such as a valley or ridgeline, slope-break or
inflex line. In terms of digital modelling, a lineament is a continuous series of
pixels having similar terrain values (Koike et al. 1998, Krcho 1983, 1990).
Each line can be characterised by length and orientation. Distribution and
relationships among lines are described by length and orientation frequencies
calculated for the entire area or a sub-area. Then lineament intersection
density, total length per area and frequency per area can been analysed. Two
lineament extraction procedures are frequently applied:
— an automatic procedure using digital drainage extraction to identify valley
and ridgelines
— interactive lineament interpretation of terrain models.
Wavelet analysis is used to identify and measure periodicity and location of
lineament zones.
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Fig. 2 — Graphic documentation for spatial analysis of lineaments (Jordan, Csillag 2003).
Explanation: A — Lineament map (black lines are line features digitised from elevation
images, grey polygons emphasise major morphological feature, thick light-grey lines show
fracture lines extracted from geological maps, thick dark-grey lines show fracture lines
recognised by early studies, asterisks represent springs and large arrows show zones of
springs; D1: main depression, S1 and S2: S-shaped expressions, F1-F4: fold features, R: ring
structure, d: asymmetric depressions, v: volcanic features). B — Lineament density map for
N-S (N+10°) lineaments (light tones indicate higher densities). C and D — Frequency and
length rose diagram of lineaments.

Conclusions

To study basic geometry of faults and associated morphological features is
going to be commonly used methods of tectonic geomorphology. Also
topographic parameters necessary to recognise and characterise them can be
easily identified. Numerical methods to extract specific parameters are now
developed and can be applied within GIS environment.

Digital terrain analysis gives reproducible results and provides
quantitative landform description. It allows geomorphologists reproducibility
as an improvement to traditional morphological analysis and visual image
interpretation. Quantitative geometric characterisation of landforms based
on DEM analysis is an advantage if compared to digital processing of
remotely sensed images or analysis of grey-scale terrain images (Vozenilek et
al. 2001).

Evan’s (1972, 1980) general geomorphometric method has been developed
for all GIS packages and then adopted to digital tectonic geomorphology. So
now the five basic geometric attributes (elevation, slope, aspect, profile and
tangential curvatures) can be complemented with the automatic extraction of
surface specific points and ridge and valley lines (VoZenilek 2002). Evan’s
univariate and bivariate methodology is also extended with texture (spatial)
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analysis methods such as trend, autocorrelation, wavelet, variogram and
spectral analysis and network analysis.

Digital image processing techniques of spatial operations and histogram
manipulations can be integrated in the GIS procedure and applied at almost
all stages of digital tectonic geomorphology analysis.

A method for the extraction of high-density drainage and ridgeline
extraction can be used to create an artificial DEM to overcome problems of
periodicity analyses using original topographic data. The advantage of digital
drainage extraction over traditional lineament extraction methods is that
identified.
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Shrnuti

KONCEPCNI PQZNAMKY K PROBLEMATICE TEKTONICKE GEOMORFOLOGIE
RESENE MODELOVANIM RELIEFU V PROSTREDI GIS

Strukturni analyzy topografickych témat jsou vedle 8irokého spektra tradiénich metod
a analyz specializovanych geofyzikalnich, geologickych a geodetickych ddaji osvédéenou
metodou studia geomorfologie. Vyvoj informaénich technologii a metod ziskdvani digit4l-
nich dat zap¥i€inily vzrastajici zajem o vyuziti digitdlnich modeld terénu v oblasti tekto-
nické geomorfologie. Metody aplikované geoinformatiky, jako nap¥. dalkovy prizkum é&i ge-
omorfometrické analyzy, poskytuji rychlé a pomérné levné informace a dopliuji datové
zdroje potfebné pro studium geologickych podminek.

Digitalni tektonickd geomorfologie pifedstavuje slouceni tii komponent: strukturni geo-
logie, geomorfologie a analyzy digitdlnich modelt reliéfu. Tektonick4a geomorfologie vyviji
sofistikované metody slouZici k integraci strukturni geologie a geomorfologie. Aplikaci nu-
merickych metod v geomorfologii se vénuje geomorfometrie, kterd zaznamenala nejvétsi vy-
voj po odhaleni potencidlu digitdlnich modelud terénu. Piesto zde existuje uréit4 mezera me-
zi strukturni geologii a analyzami DMR.

Prostorové analyzy geomorfologickych tvari spojenych se zlomy: Prostorovy vztah mezi
jednotlivymi povrchovymi tvary muiZe byt popsédn jednak statisticky, prostfednictvim pro-
storovych analyz vybranych charakteristik nebo topologicky. V p¥ipadé statistickych ana-
lyz, neni umisténi jednotlivych tvara reliéfu zvaZovano pro celé izemi. Napiiklad, pro ana-
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lyzy rozdéleni orientace jsou pouZivdny thlové statistiky. Pro potfeby strukturni geologie
jsou viak dutlezité i prostorové analyzy, napt¥. délky zlomi nebo k¥iZeni puklin. Hustota zlo-
mu je zavisla na rozliSeni a mé¥itku pouZitych snimku, reliéfu a mocnost sedimentd. Dalsi
pFistup k analyzdm zlomu uvaZuje strukturu zlomu jako sit a zabyva se jejich vzdjemnymi
vztahy z hlediska jejich délky, dhlu, ktery sviraji, tvaru a velikosti rozhrani, kde doch4zi
k uvoliiovani napéti. Tento p¥istup je vieobecné zndm jako topologick4 analyza, ve které je
hodnocena jak poloha, tak vzdjemné vztahy mezi jednotlivymi tvary. Protinajici se zlomy
vymezuji bloky hornin rdznych velikosti, které je mozné identifikovat pomoci analyz digi-
talniho modelu reliéfu. Litologické tvary rtiznych horninovych jednotek mohou byt také re-
prezentovany prostiednictvim digitdlnich modelt terénu, coz vyznamné napomaha p¥i ob-
jasnovani vzdjemnych geologickych & strukturnich vztahti. Druhotnym geomorfologickym
indikatorem tektonickych vlivi jsou poruchy geomorfologickych povrchd, jako nap¥. erozni
povrchy nebo ddolni nivy, které vznikaji ptisobenim zdvihu, poklesu & skldpéni povrchu.
Typickym indik4torem je ¥i¢ni sif. Jeji tvar velmi éasto odrazi regiondlni nebo lokdlni tek-
tonicky systém. V p¥ipadé, Ze tyto geomorfologické znaky nejsou znamy, 1ze geomorfologic-
ké tvary lokalizovat pomoci tvard, které sice nemaji tektonicky charakter, ale nesou uréi-
tou geologickou informaci.

Identifikace tvari reliéfu a ziskdvdni parametrii: Pro ziskdni maximalniho mnoZstvi in-
formaci z digitdlnfho modelu terénu se pouZivaji metody sekvenéniho modelovéni. V pro-
stf¥edi GIS se pro feSeni této problematiky implementuji vybrané komponenty digit4lni tek-
tonické geomorfologie, nap¥. numericka diferencidlni geometrie, sitovd analyza povodi, di-
gitdlni geomorfometrie, zpracované digitdlni snimky, analyzy lineament{i, prostorové
a statistické analyzy apod. Po analyze tvara georeliéfu souvisejicich s tektonikou jsou geo-
morfologické charakteristiky za¢lenény do matematickych modeld. Jednotlivé tvary a typy
zemského povrchu, reprezentované DMR, jsou pak charakterizovany pomoci pat¥iénych po-
vrchovych analyz. Ndsledna verifikace a testovani disledki jsou provadény v prostiedi GIS
na datech z jiného zdroje (viz obr. 1). Podobné analyzy postupuji od jednoduchych studif pro-
fil, pfes analyzy tvard georeliéfu a sitové analyzy povodi, aZ ke sloZitym interpretacim vy-
sledkd, v8e v nejéastéji prostiednictvi GIS.

Digitdlni geomorfometrické analyzy: Vstupem do geomorfometrickych studii jsou atribu-
ty elementarnich (tvarové homogennich) ploch georeliéfu. VyuZivdno je zejména pét za-
kladnich parametri: nadmotska vyska, sklon, orientace ke svétovym strandm, horizontdl-
ni a vertikdlni k¥ivost reliéfu. Nap#iklad, vrchol v histogramu nadmotskych vysek, ktery
koresponduje s ostrym narastem v jeho grafu kumulativnich nadmo¥skych vysek, indikuje
plochy povrch. Vrchol v histogramu orientaci nebo $iroky pruh v hvézdicovitém diagramu
ukazuji, Ze velké mnozstvi pixeld je orientovdno v preferovaném, tedy ndmi vybraném smé-
ru. Pokud tyto pixely vytvéfeji jednu nebo vice spojenych ploch s linedrnimi hranicemi na
svazich kopce, 1ze z nich odvodit tektonicky ptivod. V analyze jsou ddle studovany vzdjem-
né vztahy mezi proménnymi. Orientace a sklony jsou vyjadfeny v pravidelnych intervalech,
aby bylo moZné zjistit, zda nap¥iklad pfevazuje v nékterém sméru p¥ikry sklon, nebo zda se
piikry sklony ve stejném sméru spojuji do zlomové oblasti. Na zavér se vyuZivaji prostfed-
ky prostorovych statistickych metod a techniky sitovych analyz. Analyzy trendu, autokore-
lace a spektralni analyzy jsou uskuteénény pro konkrétni oblast nebo pro vybranou édst z4-
jmového izemi. Trend miZe byt odvozen budto od viech bodt nebo pouze od vybranych bo-
di, nap¥. vrcholy. Autokorelace a spektrélni analyzy odhaluji obrys povrchu jako dasledek
vrasnéni & zlomové stavby. Vlastnosti autokorelace mohou byt studovany i pomoci vypoétt
semivariogramu.

Zpracovdni digitdlnich snimki terénnich dat: Digitalni modely terénu a atributy ploch
z nich odvozené lze zobrazit jako rastrovou vrstvu a z toho didvodu mohou byt také zpraco-
védny pouZitim procedur pro zlepSeni rozlieni. K zobrazeni diskrétnich kategorii atributt
se vytvarteji fezy histogramu, coz pfedstavuje rozdéleni hodnot pixli do pfesné vymezenych
intervala. K zobrazeni a analyzam dat orientace se uZiva hvézdicovy diagram a kruhové
statistiky. Oblasti se stejnymi geometrickymi vlastnostmi jsou ndsledné zkoumény z hle-
diska rozdéleni, kontinuity, tvaru i dalgich atributd. Kontrast je transformovan do stupni-
ce Sedi (pro visudlni interpretaci tvart georeliéfu). Nap¥. ndhl4 zména svahu miZe byt roz-
pozndna jako hrana, pokud zména sklonu piekroéi pfeddefinovany prah. Dolni prdh, nap¥.
medidn nebo primér, se pouZiva k redukci Sumu a ke zvyraznéni oblasti se stejnymi topo-
grafickymi vlastnostmi. Orientace terénu vypoétena z vyhlazeného digitdalniho modelu te-
rénu muze odhalit svahy o uré¢itém sklonu se stejnou orientaci souvisejici s tektonickymi po-
ruchami. Vrstvy jsou pak pouZivdny pro analyzy prostorového rozdéleni. Metody stinova-
ného reliéfu, produkujici reliéfni mapy, jsou zdkladem morfostrukturnich analyz. Stinovani
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reliéfu zvySuje kontrast obrazu mnohem lépe nez pseudobarevna reprezentace. V dnesni do-
bé jsou pro vytvoreni stinovaného reliéfu kombinovdny barevné separované geologické ma-
py a obrazy dédlkového priizkumu zemé. Z toho je nakonec vytvoien trojrozmérny obraz za-
jmové oblasti umoziujici studium vzajemnych vztahd mezi geologii a geomorfologii.

Prostorové analyzy lineamentii: Lineamenty jsou definovany jako p¥imé linearni ele-
menty viditelné na zemském povrchu a reprezentujici uréité geologické éi geomorfologické
fenomény. V geomorfometrickych analyzach maji linedrni tvary vidy geometricky zaklad
a reprezentuji zmény v pfevyseni povrchu, jako nap¥. idoli nebo brazdy. V pfipadé digital-
niho modelovani, jsou lineamenty chdpany jako kontinudlni série pixli o stejné hodnoté.
Rozdéleni a vzdjemny vztah mezi liniemi jsou charakterizovdny prostfednictvim délky
a Cetnosti orientaci v zdjmové oblasti.

Obr. 1 — Schéma postupu uréovani a odvozovani povrchovych tvart souvisejicich se zlomy
a jejich tektonickd interpretace.

Obr. 2 — Interferogram posunt povrchu souvisejicich se zemétiesenim o sile 7,3 Mw v ob-
lasti Landers rupture (¢erven 1992) vyhotoveny pomoci radaru SAR. Kazdy pas
piedstavuje posun o 28 mm a pobliZ zlomu je vidét nejméné 20 pasa (coz odpovi-
d4 posunu o0 560 mm). Smérem ke zlomu kles4 soudrznost, patrné proto, Ze gradi-
ent posunu je vétsi nez 28 mm/pixel. VSimnéte si Siroké asymetrické deformace ve
sméru vychod—zapad >75 km a ndhlého ukonéeni hlavni deformace u koncu zlo-
mu. Podrobny model zdejsi deformace miiZze byt vyuZzit k prokdzani modelt posu-
nu povrchu zptisobeného Landers rupture (Burbank, Anderson 2001).

Obr. 3 — Graficka dokumentace prostorové analyzy lineamentu (Jordan, Csillag 2003). Vy-
svétlivky: A — mapa lineamenti (¢erné éary jsou liniové znaky digitalizované z ob-
razl prevyseni, Sedé mnohoihelniky zddraziuji hlavni morfologické znaky, tlusté
svétle Sedé ¢ary znazortiuji zlomové linie vytaZzené z geologickych map, tlusté tma-
vé 3edé ¢ary zndzortiuji zlomové linie identifikované prvnimi studiemi, hvézdic¢ky
znazortiuji prameny a velké Sipky pramenné oblasti; D1: hlavni pokles, S1 a S2:
projevy se tvaru pismene S, F1-F4: vrasové tutvary, R: prstencova struktura, d:
asymetrické poklesy, v: sopeéné dtvary). B — mapa hustoty lineamentt pro linea-
menty ve sméru sever-jih (sever +10°) (svétlé odstiny oznacuji vyssi hustotu).
C a D - frekvenéni a délkovy riazicovy diagram lineamenti.
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