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Why is necessary 

to study dynamic 

(engineering) 

geology? 
There are known catastrophic events from the history…..  



Historical consequences: 

 

 

 

Villach (Austria), 25.1.1348 

Destroyed by strong earthquake 

I0 = IX 



Basel (Switzerland) – destroyed by strong earthquake 

18.10.1356  I0 = IX-X 



Piuro (Italy) 25.10. 1618 

 

Destroyed by large rockslide 



Komárno (Slovakia) 18.6.1763 large earthquake  I0 = VIII-IX 



Washington, USA 

Cascades Mountains 

Mt. Rainier – 4.391 a.s.l. 

Potential hazard resulted 

to complex regional 

catastrophy in 1980 

http://upload.wikimedia.org/wikipedia/commons/2/20/The_Rocky_Mountains.jpg


Mt. St. Helens, known volcane without recent known activity 



…after sudden eruption in May 1980 



Destruction is visible more than 30 years after eruption 
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TECTONIC 

MOVEMENTS 

• Mechanical movement 

of parts of the Earth´s 

crust and Upper manttle 

resulted to changes of 

geological structure as 

well as morphology of 

the Earth´surface 

 (endogenous and cosmogenic  

influences) 



Cosmogenic influences 





Major tidal influences on Earth 

Sun Moon 

Mass 2.0*1033 g 7.3*1025 g 

Distance 150,000,000 km 385,000 km 

Tidal effect 0.46 1.00 

Though much more massive than the moon, the sun is so much farther 

away that its tidal influence is less than half. 



Earth-sun-moon system: tide systematics 
Recall that the tidal bulges are identical on the sides of the Earth facing 

or opposite the moon. The same is true of the tides raised by the sun, 

except the solar tides are only ~46% as large as those of the lunar tides.  



Orbits 

• Kepler’s Laws of Planetary Motion 

 

I. The orbits of the planets are ellipses, 

with the Sun at one focus of the ellipse.  

 



Orbits 

• Kepler’s Laws of Planetary Motion 

 

II. The line joining the planet to the Sun 

sweeps out equal areas in equal times 

as the planet travels around the ellipse.  

 



Ellipticity of Earth and moon orbits 
The orbits of the moon around Earth and of the Earth around the sun are 

ellipses. The Earth-moon orbital distance varies from 375,200 to 405,800 

km, so the lunar tidal effect varies by 11.8% over a lunar month (inverse 

cube law). The Earth-sun distance varies from 148,500,000 to 

152,200,000 km, so the solar tidal effect varies by 3.7% over a year. 



Earth-moon 

system: resultant 

forces on Earth’s 

surface 
The centrifugal and 

gravitational tidal vectors are 

shown resolved over the 

Earth’s surface. The vectors 

show that water is drawn into 

the tidal bulges, reaching 

maximum bulge elevation at 

points nearest and farthest 

from the moon. The lower 

diagram shows how, in a 

simple-minded model, two 

low and two high tides are 

expected daily. 













Note!     It is not centrifugal effect!! 

 

Each mass moving in direction of longitudes 

decline to the right in the northern 

hemisphere and to the left in the southern 

hemisphere due to Earth´s rotation 
 

Earth rotation 

- Coriolis efect 

Example – river erosion 

Northern hemisphere:      south-northwards flowing rivers erode  more a western 

flanks   



Coriolis efect can demonstrated in meteorology. Above northern hemisphere low presure 

atmosphere rotated always to the left (anticlockwise) and high presure to the right 

(clockwise) 

Atmospheric low presure rotates anticlockwise above Island due to 

equilibrium between Coriolis power and atmospheric presure distribution 
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Endogenous influences 



TECTONIC MOVEMENTS 

• NEOTECTONICS 
– SINCE TERTIARY WITH CONTINUATION TO 

QUARTERNARY  

• RECENT TECTONICS 
– DURING HISTORICAL EPOCH UP TO NOWADAYS 

(about last 10 000 years – present) 

(more precisely defined by International Nuclear 
Commission) 



Selected hypotheses on tectonic movement and development 

 

 
1. Plutonic (elevated) hypothesis (Alexander Humboldt): caused by uplift of magma 

 

2. Contraction hypothesis (René Descartes): gradually cooling Earth 

 

3. Isostatic hypothesis: litosphere equilibium is affected by denudation and 

sedimentation, melting of ice etc. 

 

4. Continent drift hypothesis: in 1858 Antonio Snider noticed remarkable agreement of  

 continental forms – especially Africa and Southern America; in 1912 Alfred Wegener 

formulated hypothesis on old continent Pangea devided to Laurasia and Gondwana 

 

5. Hypothesis of mantle convection (1928 Artur Holmes) –  cause of continental drift 

 

6. Global plate tectonics 

 



Global Plate Tectonics 











Mechanism of tectonic movements 

• Conception 1 

– Sea floor spreading within rift zones and  

plate subduction 

• Conception 2 

– Vertical uplift of the Earth´s crust and very 

slow flow of rock mass from uplift center due 

to gravity 



Conception 1 

 

Sea floor spreading 







• Subdukce desky 

NAZCA 

• Subdukce 

Indoaustralské desky 





Mechanisms of tectonic movements 

global scale 

• Orogenesis 
– Collision of lithospheric plates – development of mountain 

ranges – horizontal pressure prevails 

 

• Tafrogenesis (rift development). Tafrogens are large 
tektonic grabens crossing young platfoms  

– Rift hypothesis – (mostly used) – rifts developed due to 
subsidence of rock blocks along elevation axis, so under 
horizontal extension regime 

 

– Ramp hypothesis – rifts developed in the regime of horizontal 
compression as a thrusts along so called ramp valleys. 
Graben like morphology developed by collapsandsubsidence 
of clocks along valley. 



Basic mechanisms of tectonic 

movements 

local scale 



• Large horizontal slips – regional scale 

• San 

Andreas 



• San 

Andreas 

fault 



Regional vertical movements 

-Gravitional - tectonical 

deformations 





Break 


