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� Tectonic history &  Geological setting

� Seismicity

� Seismotectonics – Seismicity vs. Major  faults

STRUCTURE OF THIS LECTURE:

FROM LARGE TO SMALL SCALE FEATURES 
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Location within the Alps-Carpathians-Dinar ides system:
at the “ tr iple junction” between the Alps, Dinar ides &  PB   
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Location within the Alps-Carpathians-Dinar ides system:
at the NW tip of the Internal Dinar ides  

� INTERNAL DINARIDES: internal fold-thrust belt 
composed of tectonic units mostly der ived from the 
Neotethys Ocean &  the E par t of the Adr iatic plate
as a result of the L. Jurassic ophiolite obduction and
the Paleogene Adr ia - Tisia (Europe) collision 

� The pre-Neogene 
geological setting:
an assemblage of 
tectonic units der ived 
from the Adr iatic 
plate &  oceanic 
realm(s) of the 
Neotethys  
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� INTERNAL DINARIDES UNITS:

• largely composed of low-grade metamorphic rocks, which 
resulted from the regional dynamothermal metamorphism 
of Cretaceous age (ca. 120 – 110 Ma) ...  
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� INTERNAL DINARIDES UNITS:

• ... plus the mélange of ophiolites and associated pelagic 
sediments - relicts of an oceanic crust of the Middle 
Tr iassic to Middle Jurassic age (ca. 230 – 172 Ma)  
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� INTERNAL DINARIDES: tentative geodynamic evolution

after  Ustaszewski et al. (in press)  

after  Tomljenovi� (2002)  
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� INTERNAL DINARIDES UNITS:

• recently crop out at “ inselbergs” of N Croatia 
(e.g. Mt. Medvednica) sur rounded by sediments of the PB



9after  Safti� et al. (2004)

� Neogene – Quaternary Pannonian basin fill of N Croatia
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� a back-arc basin system 
formed by a stretching 
and thinning of the 
continental crust 
dur ing the Neogene 
times (ca. 20 – 5 Ma)   

PANNONIAN
BASIN

� PANNONIAN 
BASIN:
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� PANNONIAN BASIN: tectonic evolution

• Syn-r ift phase: extension by normal faulting
(ca. 20 – 15 Ma) – opening of numerous sub-basins

• Post-r ift phase: regional thermal subsidence 
(ca. 15 – 5 Ma) without significant faulting

• Local basin inversion: compression by folding &  reverse 
faulting (ca. 5 Ma to Recent)
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• Inversion 
in NW Croatia

after  Tomljenovi� &  Csontos (2001)
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ca. 5 Ma - Recent tectonic scenar io
Oblique collision with r ight lateral slip along PAL and DF 
simultaneous with radiate (fan-shape) inversion outward from 
the easternmost tip of PAL

ADRIA
ADRIA ROTATION:
ca. 30ëCCW rotation
since 5 Ma 
(Márton et al., 2003) after  Tomljenovi� &  Csontos (2001)
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� Zagreb area geological maps 1:100.000 

after  Šiki� et al. 1977 &  Basch 1981
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Geology of Medvednica Mt.
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after  Tomljenovi� (2002)
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Base Neogene structural map 
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Base Panonian structural map 
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Base Pliocene structural map 
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Seismicity of Croatia and surrounding region
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Seismicity of Nor thern Croatia

after  Herak et al. (in prep.)
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Seismicity of Nor thern Croatia – Fault-plane solutions

after  Herak et al. (in prep.)
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Seismicity of Zagreb and surrounding area

after  Herak et al. (in prep.)
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Seismotectonics: Seismicity vs. Major  faults / Fault zones
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Seismotectonics: Seismicity vs. Major  faults / Fault zones
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Seismotectonics of Zagreb area

after  Prelogovi� et al. (1998)
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Seismotectonics of Zagreb area

++
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Seismotectonics of Zagreb area: 
seismotectonic profiles
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Seismotectonics of Zagreb area: 
seismotectonic profiles
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Seismotectonics of Zagreb area: 
seismotectonic profiles
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Seismotectonics of Zagreb area: 
seismotectonic profiles
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Seismotectonics of Zagreb area: 
seismotectonic profiles
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Seismotectonics of Zagreb area: 
seismotectonic profiles



33

Conclusions:
� Zagreb area exper ienced quite complex geodynamic 

history related to interaction between the regional-scale, 
1st order  tectonic units;

� Zagreb lies in a flood plain of the Sava River , par tly along 
the S slope of Mt. Medvednica, both mostly composed of 
gravels, sands, silts, clays and mar ls of Neogene -
Quraternary age;

� Zagreb is located within a tectonic block bounded by the 
three Neogene active faults: the Nor th Medvednica fault 
(SE-dipping, reverse f.), the Kašina &  Sava faults, both 
NW-str iking, dextral str ike-slip faults;

� Medvednica - Zagreb area exper ienced strong seismic 
activity with epicentral intensity of VI I -VI I I  deg. MCS  
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� There is a positive correlation between ear thquake focii, 
FPS data, location and kinematics of the Nor th 
Medvednica and Kašina faults;  

� These faults are considered as the major  seismogenic 
sources in Medvednica - Zagreb area, both responsible for  
histor ic and capable to generate future ear thquakes with 
M = 6 !!!

Conclusions:


