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v v 0 zen i I e k: Conceptual remarks for tectonic geomorphology by terrain modelling 
within GIS. - Geografie-Sbornik eGS, 111, 1, pp. 3-14 (2006). - The paper deals with term 
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 
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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 (Tiren, 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 
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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 (Tiren, 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 

undlrstlndlng digital terrain analysis GIS 

of~1ute --)~ ~= -t-~ fea~~e::~~~~on ~ :::~~~~~ --t--"'~ veriIIc8tion ,;; 

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 (Le. Jordan, Csillag 2001, 2003, Wood 2002, 
Vozenilek 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 geomorpbometry 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 
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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 morpho structural 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 (Le. 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 

8 



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). 

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; Dl: main depression, 81 and 82: 8-shaped expressions, F1-F4: fold features, R: ring 
structure, d: asymmetric depressions, v: volcanic features). B - Lineament density map for 
N-8 (N±100) 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. 200l). 

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 POZNAMKY K PROBLEMATICE TEKTONICKE GEOMORFOLOGIE 
RESENE MODELOV ANiM RELIEFU V PROSTREDi GIS 

Strukturni analyzy topografickych remat jsou vedle sirokeho spektra tradil!nich metod 
a analyz specializovanych geofyzikaInich, geologickych a geodetickych udaju osvMcenou 
metodou studia geomorfologie. VYvoj informacnich technologii a metod ziskavani digitaI­
nich dat zapffcinily vZrUstajici zajem 0 vyuziti digitalnich modelu terenu v oblasti tekto­
nicke geomorfologie. Metody aplikovane geoinformatiky, jako napt. daIkory prUzkum cr ge­
omorfometricke analyzy, poskytuji rychle a pomerne levne informace a doplnuji datove 
zdroje pottebne pro studium geologickych podminek. 

Digitalni tektonicka geomorfologie ptedstavuje slouceni tff komponent: strukturni geo­
logie, geomorfologie a analyzy digitalnich modelu reliefu. Tektonicka geomorfologie vyviji 
sofistikovane metody slouzici k integraci strukturni geologie a geomorfologie. Aplikaci nu­
merickych metod v geomorfologii se venuje geomorfometrie, ktera zaznamenala nejvetsi ry­
voj po odhaleni potenciaIu digitaInich modelu terenu. Presto zde existuje urcrta mezera me­
zi strukturni geologii a analyzami DMR. 

Prostorove analyzy geomorfologickych tvaru spojenych se zlomy: Prostorory vztah mezi 
jednotlirymi povrchovYmi tvary muze bYt popsan jednak statisticky, prosttednictvim pro­
stororych analyz vybranych charakteristik nebo topologicky. V pffpade statistickych ana­
lyz, neni umisreni jednotlirych tvarU reliefu zvazovano pro cele uzemi. Naph'klad, pro ana-
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lyzy rozdeleni orientace jsou pouzivany Ulliove statistiky. Pro potreby strukturni geologie 
jsou vsak dulezite i prostorove analyzy, napr. delky zlomu nebo mzeni puklin. Hustota zlo­
mu je zavisla na rozliseni a mefftku pouzitych snimku, reliefu a mocnost sedimentu. Dalsi 
pffstup k analyzam zlomu uvazuje strukturu zlomu jako sil a zabjva se jejich vzajemnjrni 
vztahy z hlediska jejich delky, Ulllu, kterj sviraji, tvaru a velikosti rozhrani, kde dochazi 
k uvolnovanf napetf. Tento pffstup je vseobecne znam jako topologicka analyza, ve ktere je 
hodnocena jak poloha, tak vzajemne vztahy mezi jednotlivjmi tvary. Protinajici se zlomy 
vymezuji bloky hornin ruznych velikosti, ktere je mozne identifikovat pomoci analyz digi­
talniho modelu reliefu. Litologicke tvary ruznych horninovjch jednotek mohou bjt take re­
prezentovany prostrednictvim digitalnich modelu terenu, coz vjznamne napomliha pH ob­
jasnovani vzajemnych geologickych I!i strukturnich vztahu. Druhotnjrn geomorfologickjrn 
indikatorem tektonickych vlivli jsou poruchy geomorfologickych povrchu, jako napr. erozni 
povrchy nebo udolni nivy, ktere vznikaji pusobenim zdvihu, poklesu I!i sklapeni povrchu. 
Typickjrn indikatorem je ffl!ni silo Jeji tvar velmi I!asto odrazi regionalni nebo lokalni tek­
tonicky system. V pffpade, ze tyto geomorfologicke znaky nejsou znamy, lze geomorfologic­
ke tvary lokalizovat pomoci tvaru, ktere sice nemaji tektonicky charakter, ale nesou url!i­
tou geologickou informaci. 

ldentifikace tvaru reliefu a ziskdvtini parametru: Pro ziskani maximalniho mnozstvi in­
formaci z digitalniho modelu terenu se pouzivaji metody sekvenl!niho modelovani. V pro­
stted} GIS se pro reseni teto problematiky implementuji vybrane komponenty digitalni tek­
tonicke geomorfologie, napr. numericka diferencialni geometrie, sifova analyza povodi, di­
gitalni geomorfometrie, zpracovane digitalni snimky, analyzy lineamentu, prostorove 
a statisticke analyzy apod. Po analyze tvaru georeliefu souvisejicich s tektonikou jsou geo­
morfologicke charakteristiky zal!leneny do matematickych modelu. Jednotlive tvary a typy 
zemskeho povrchu, reprezentovane DMR, jsou pak charakterizovany pomoci patHl!nych po­
vrchovjch analYz. Nasledna verifikace a testovani dusledkujsou provadeny v prostredi GIS 
na datech zjineho zdroje (viz obr. 1). Podobne analyzy postupuji odjednoduchych studii pro­
filu, pres analyzy tvarU georeliefu a sifove analyzy povodi, aZ ke slozitjrn interpretacim vj­
sledku, vse v nejl!asteji prosttednictvi GIS. 

Digittilni geomorfometricke analyzy: V stupem do geomorfometrickych studii jsou atribu­
ty elementarnfch (tvarove homogennich) ploch georeliefu. Vyuzivano je zejmena pet za­
kladnich parametru: nadmorska vjska, sklon, orientace ke svetovjm stranam, horizontal­
ni a vertikalni ktivost reliefu. Naptiklad, vrchol v histogramu nadmorskych vjsek, kterj 
koresponduje s ostrjrn narustem v jeho grafu kumulativnich nadmorskych vjsek, indikuje 
plochy povrch. Vrchol v histogramu orientaci nebo siroky pruh v hvezdicovitem diagramu 
ukazuji, ze velke mnozstvi pixeluje orientovano v preferovanem, tedy nami vybranem sme­
ru. Pokud tyto pixely vytvareji jednu nebo vice spojenych ploch s linearnimi hranicemi na 
svazich kopce, lze z nich odvodit tektonicky puvod. V analyze jsou dale studovany vzajem­
ne vztahy mezi promennjrni. Orientace a sklony jsou vyjadreny v pravidelnych intervalech, 
aby bylo mozne zjistit, zda naphKlad prevazuje v nekterem smeru ptikrj sklon, nebo zda se 
ph'krY sklony ve stejnem smeru spojuji do zlomove oblasti. Na zaver se vyuzivaji prostred­
ky prostorovjch statistickjch metod a techniky sifovjch analYz. Analyzy trendu, autokore­
lace a spektralni analyzy jsou uskuteeneny pro konkretni oblast nebo pro vybranou Mst za­
jmoveho uzemi. Trend muze bjt odvozen budto od vsech bodu nebo pouze od vybranych bo­
du, napr. vrcholy. Autokorelace a spektralni analyzy odhaluji obrys povrchu jako dusledek 
vrasneni I!i zlomove stavby. Vlastnosti autokorelace mohou bjt studovany i pomoci vjpol!tu 
semivariogramu. 

Zpracovtini digittilnich snimku terennich dat: Digitalni modely terenu a atributy ploch 
z nich odvozene lze zobrazit jako rastrovou vrstvu a z toho duvodu mohou bjt take zpraco­
vany pouzitim procedur pro zlepseni rozliseni. K zobrazeni diskretnich kategorii atributu 
se vytvareji rezy histogramu, coz predstavuje rozdeleni hodnot pixlu do presne vymezenych 
intervalu. K zobrazeni a analyzam dat orientace se uziva hvezdicovj diagram a kruhove 
statistiky. Oblasti se stejnjrni geometrickjrni vlastnostmi jsou nasledne zkoumany z hle­
diska rozdeleni, kontinuity, tvaru i dalsich atributu. Kontrast je transformovan do stupni­
ce sedi (pro visualni interpretaci tvaru georeliefu). Napr. nahla zmena svahu muze bjt roz­
poznanajako hrana, pokud zmena sklonu prekrol!i preddefinovany prlih. Dolni prlih, napr. 
median nebo prumer, se pouziva k redukci sumu a ke zvjrazneni oblasti se stejnjrni topo­
grafickjrni vlastnostmi. Orientace terenu vypol!tena z vyhlazeneho digitalniho modelu te­
renu muze odhalit svahy 0 urCitem sklonu se stejnou orientaci souvisejici s tektonickjrni po­
ruchami. Vrstvy jsou pak pouzivany pro analyzy prostoroveho rozdt'Heni. Metody stinova­
neho reliefu, produkujici reliefni mapy, jsou zakladem morfostrukturnich analYz. Stinovani 
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reliefu zvysuje kontrast obrazu mnohem Iepe nez pseudobarevna reprezentace. V dnesni do­
be jsou pro vytvoreni stinovaneho reliefu kombinovany barevne separovane geologicke ma­
py a obrazy dalkoveho pruzkumu zeme. Z toho je nakonec vytvoren trojrozmerny obraz za­
jmove oblasti umoZImjici studium vzajemnych vztahu mezi geologii a geomorfologii. 

Prostorove analyzy lineamentu: Lineamenty jsou definovany jako prime linearni ele­
menty viditelne na zemskem povrchu a reprezentujici urcite geologicke ci geomorfologicke 
fenomeny. V geomorfometrickych analyzach maji linearni tvary vzdy geometricky zaklad 
a reprezentuji zmeny v preryseni povrchu, jako napr. udoll nebo brazdy. V pripade digital­
nrno modelovani, jsou lineamenty chapany jako kontinualni serie pixlu 0 stejne hodnote. 
Rozdeleni a vzajemny vztah mezi liniemi jsou charakterizovany prostfednictvim delky 
a cetnosti orientaci v zajmove oblasti. 

Obr. 1 - Schema postupu urcovani a odvozovani povrchorych tvaru souvisejicich se zlomy 
a jejich tektonicka interpretace. 

Obr. 2 - Interferogram posunu povrchu souvisejicich se zemetfesenim 0 sile 7,3 Mw v ob­
lasti Landers rupture (cerven 1992) vyhotoveny pomoci radaru SAR. Kazdy pas 
predstavuje posun 0 28 mm a pobllz zlomu je videt nejmene 20 pasu (coz odpovi­
da posunu 0 560 mm). Smerem ke zlomu klesa soudrznost, patrne proto, ze gradi­
ent posunuje vetsi nez 28 mm/pixel. Vsimnete si siroke asymetricke deformace ve 
smeru rychod-zapad >75 km a nahIeho ukonceni hlavni deformace u koncu zlo­
mu. Podrobny model zdejsi deformace muze bYt vyuzit k prokazani modelu posu­
nu povrchu zpusobeneho Landers rupture (Burbank, Anderson 2001). 

Obr. 3 - Graficka dokumentace prostorove analyzy lineamentu (Jordan, Csillag 2003). Vy­
svetlivky: A - mapa lineamentu (cerne cary jsou liniove znaky digitalizovane z ob­
razu preryseni, sede mnohouhelniky zduraznuji hlavni morfologicke znaky, tluste 
svetle sede cary znazornuji zlomove linie vytazene z geologickych map, tluste tma­
ve sede cary znazornuji zlomove linie identifikovane prvnimi studiemi, hvezdicky 
znazornuji prameny a velke sipky pramenne oblasti; D1: hlavni pokles, S1 a S2: 
projevy se tvaru pismene S, F1-F4: vrasove utvary, R: prstencova struktura, d: 
asymetricke poklesy, v: sopecne utvary). B - mapa hustoty lineamentu pro linea­
menty ve smeru sever-jih (sever ±100) (svetle odstiny oznacuji vyssi hustotu). 
CaD - frekvencni a delkory ruzicory diagram lineamentu. 
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