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Content: 



STRUCTURAL GEOLOGY 

Structural geology is the three-dimenstional study of 

processes and products of deformation of sedimentary, 

magmatic and metamorphic rocks. 

The main goal of structural geology is to use tectonic 

measurements of rock anisotropy to uncover information 

about the history of rock deformation and understanding the 

regional stress field. 

Structural geology is also important for engeneering 

geology, which is concerned with the physical and 

mechanical properties of natural rocks.  

Fabrics and structures of rocks (brittle, brittle-ductile and 

ductile) such as e. g. faults, joints, folds and foliations are 

internal weaknesses of rocks which may affect the stability of 

underground depositories. 



METHODS OF STRUCTURAL RESEARCH 

Field structural mapping and microstructural analyses 

Desctiption of structures and textures including analyses of  

their temporal and space relationships  

 

Application of analytical methods in structural geology 

 

Verification of field-structures using by analytical methods  

Geophysical methods such as gravity or seismic modelling  

Remote sensing and image interpretation  

 

Processing of synthetic structural map and 3D  

sross-sections 

 



DEFORMATION: 

 

Modification of shape and original structures of rock as the 

efect of regional stress-field 
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Mezoscopic evidence of regional strain-field 

Mezoscopic structural 

observation provides 

basic information about  

 

type,  

 

character,  

 

orientation,  

 

relationships  

 

of the fabrics or 

structures. 



Micro-scale 

observation brings 

additional 

information about 

evolution of rocks 

 

Strain-rate 

 

Mechanisms of 

deformation  

 

PT condition of 

deformation 

Micro-scale evidence of regional strain-field 
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A. Non-tectonic structures originate close to the 

EarthËs surface, most likely due to gravitational forces  

 

B. Tectonic structures are related with regional stress-

field as the response to geodynamic (tectonic) 

processes  

 

 

 

 

DEFORMATIONAL STRUCTURES: 



NON-TECTONIC STRUCTURES 

Folds as a result of mud-flow 



Primary structures 

 

Primary structures are related with the origin of rocks 

 

Sedimentary bedding 

Preferred orientation of minerals in magmatic rocks 

 

Secondary (superimposed) structures  

 

Their origin is related according to regional stress-field 

 

Superimposed metamorphic foliation  

Cleavage 

 

TECTONIC STRUCTURES: 



Tectonic structures 

Compression Tension Shearing 

On the basis of different strain regimes we can 

distinguish several deformational stages: 



EXTENSIONAL REGIME - Rifting  
Tectonic model of development of Variscan root 

 

ELEVATION 

THINNING 

Extensional (transtensional structures) 

Increasing heat-flow and related HT metamorphism 

Magma orgin and ascent and emplacement  

Crustal thinning and reduction of topography 



COMPRESSIVE REGIME - Collision  

Tectonic model of development of Variscan root 

 

THICKENING 

ELEVATION 

Compressional (transpressional) structures 

Prograde metamorphism 

Magma ascent and emplacement driven by tectonic forces 

Thickening of the orogenic root syst®m 

Growth of the topography 



The origin of tectonic structures  

with respect to rheology 

Ductile structures 

Brittle-ductile structures 

Brittle structures 

depth 



Durbachite

Granulite

Steep metamorphic foliation

Steep magmatic foliation

Discordant intrusive contact

Folded intrusive contact

Durbachite

Granulite

Deformational structures as the result of regional geodynamic 

evolution of rocks emplacement processes at higher depth (more 

than 15 km) 

Folded intrusive 

contact of and 

magmatic fabric 

defined by space 

orientation of K-

feldspars 

Ductile structures 



 

Localized planar fabrics of later stages of deformation, often 

accompanied with retrograde metamorphism and partial 

recrystallization of rocks (15-10 km in depth) 

 

Shear zone with an evidence  

right-lateral kinematics (tonalite) 

Low-temperature shear structures reflecting 

thrusting kinematics (migmatite) 

Brittle-ductile structures 



Faults and joints 

Results of deformation in brittle enviroment  

 

 

 

 

Fault plane with kinematic indicators 

Extensional joints 

Brittle structures 



Primary fabrics in sedimentary rocks 

Sedimentary bedding  

Primary accumulation planar structure in 

sedimentary rocks defined by 

bedding lithology, grain-size, grain-shape 

and grain-fabrics 

Sedimentary 

structures, composition 

and character of 

material gives us 

information about:  

 

Composition of source 

material 

 

Processes and 

conditions of 

sedimentary deposition 

 

Rate of sedimentation 

and tectonic evolution 

of sedimentary basins 

 

 



Subhorizontal sedimentary bedding (beach sands) 

Normal graded bedding 

Coarse grains at the base passing 

upwards into finer grain sizes 



Matrix supported debris-flow deposits (no structure apparent) 



Current-ripple marks (fluvial sands) 

Ripples of aeolian sands 



Types of cross-bedding 



Fabrics and structures of magmatic rocks 



Types and shapes of magmatic bodies 

Planar and tabular bodies:  

Dikes, tabular plutons, lacolites 

Eliptical and irregular boides:  

stock > 10 km2  > pluton > 100 km2 > batholith 

Extrusive 

Intrusive 



Pluton / Batholith 

Batholith is a magmatic body compound of several plutons 



Lacolite 

 
Tabular body concaved upward with rigid base  

Obligated to upper (brittle) ï crustal conditions 



Lacolite 



Lopolite 

Tabular body concaved downward with rigid roof restricted to upper-crustal 

conditions 



Magmatic diapires 

Steep-sided regular magmatic body with the shape of reverse tear.  



Structural relationships between magmatic bodies  

and host rocks 

Discordant bodies 

 

 

 

 

 

Concordant boides                  

 

 

 



Pretectonic Syntectonic Posttectonic 

Structural relationships between magmatic bodies  

and host rocks 



Contacts of magmatic bodies in the geological map 

Contact / structural 

aureole 
Chilled margins 



Fabrics and structures of magmatic rocks 

LINEAR PLANAR LINEAR-PLANAR 

MAGMATIC FOLIATION 

MAGMATIC LINEATION 



Types of fabrics in magmatic rocks 



Hypersolidus fabrics 

No evidence or rare evidence for crystal-plastic deformation 



Magmatic foliation 
Porphyritic biotite granite 


