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Presentation Notes
Schematic sketch map showing the main neotectonic features of C. Europe. Red dots - epicentres instrumentally located EQ from EuroMed Catalogue - 12yr, far from perfect but good enough to show two main domains in this area – tectonically unstable Alpine Europe, formed largely in Tertiary (end of main phase in our region 20-17Ma yrs ago) and still evolving; and nominally stable Variscan Europe formed largely in Paleozoic more than 300 Ma ago. Barbed line marks the main boundary (frontal thrust). But as we see, the  foreland of Alpine orogen is also seismogenic at some places – these coincide with rift grabens, anorog. Basalts (rift system which started somewhere in Paleogene), partly with uplifted block of Variscan crust – massifs. 



Regional Seismicity 
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Presentation Notes
BM (light grey) and its close neighbourhood. CR, Austria, Vienna, 2 NPPs Temelin ETE, Dukovany EDU. Dots – eqs from compiled regional/national seismic catalogues – blue macroseismic, black – instrumental. Main seismic zone in Alpine domain – Mur-Muerz-Leitha in E Alps, continuing via Vienna basin to Slovakia – corresponds to important wrench fault along which the alpine crustal domains slip sinistrally with respect to the Variscan block at a rate of cca 0.5mm/y – moderate eqs e.g. I8-9.
Whole alpine domain and perhaps its subcrop produce moderate eqs with max I9, incl. 1 event. in the CR.
In the BM – 2 main domains with increased seismicity – NE part and W part – both with max intensity 7 or 7-8.

Very low seismicity near NPPs – slightly increased number of epicentres is already a result of our detailed local monitoring.



Historical seismicity 

• IMSK ≈ 7°: 1562 Klodsko, 
1786 Těšín, 1901 Hronov 

• IMSK ≈ 6°: 1931 Opava 

• IMSK ≈ 5.5° / M3.8  
1986 near Šumperk  
(14 felt earthquakes during 
3 months – Nový Kostel 
type swarm?) 

Dresden 

Brno 

Macroseismic effects of Hronov 1901 I=7° event 
100 km 

KSP, Sep10 1986 



 Regionally anomalous present-day seismicity 
and 
Historical records of moderate earthquakes  

 Regionally anomalous geology 
and 
Geological indications for increase of activity in Pleistocene 

 
→ QUESTIONS: 

 Why is there increased activity?  
 Can we expect some stronger earthquake to occur? 

Motivation for detailed monitoring 



• developing since mid 1990s 

• large seismically active area  
to be covered: >20000 km2 inner 
perimeter  

• today:  
◦ infrastructure of 4 institutions,  

all in CzechGeo/EPOS 
◦ Inner perimeter: 9 ½ stations of 

MONET (mostly short period) 
◦ Outer perimeter ~8 BB stations 

(mostly continuous recording and real-
time transmission) 

• data processed at IPE MU Brno 
 

Monitoring infrastructure 
MONET and other stations 

- short period 
- broadband 



Present-day Seismicity 

• 1996-2015 Catalogue:  

~3300 registered events 
~1400 located events 
 

• After major upgrades of network: 

◦ 200-300 recorded events/year 
◦ 100-200 located events/year 

 

• Magnitudes are low: 

◦ Inner perimeter: Mmax: 1.2 - 2.5 
◦ Outer perimeter: Mmax = 3.3  

 

   

Magnitudes 
1998-2015 

Annual frequency 
1996-2015 

IPE-Network evolution 
1998-2015 

located 
recorded 



• Cross-correlation analysis 
  

→ Ca. ¾ of recorded events 
are duplets or multiplets of 
other earthquakes (closely 
co-located foci) 

 
→ variable dynamics of 
multiplet recurrence, e.g.  
2.5-hour microswarm of 
100 weak events or  
~12-year sequence of 
repeated rupturing 

Present-day Seismicity 

Interevent 
times 



Example of a microswarm 



• Cross-correlation analysis  

→ relocation:  

Typical relative location 
error prior to relocation 
<700 m 

→ b-values: 

b=1 for whole catalogue 

b≈0.8-1.2 for individual  
multiplet families 

Completeness: close to 
M=0 within inner perimeter 

Present-day Seismicity Relative location errors 

b-values 



• Pliocene and Pleistocene  
basaltic eruptions – 
youngest 0.8-1.0 Ma (K-Ar) 

• >80 carbonated min. springs  

•  Teplice: CO2 flux up to 500 t/y 

Present-day Seismicity 
Coincidence with (post-) magmatic 
activity 



• part of Paratethys in Miocene 

• largest accumulation of Plio-
Quaternary sediments in the 
region 

• superposed onto Carpathian 
deformation front and foreland 
basin 

• in a close contact with and 
roughly perpendicular to the 
Vienna Basin 

 

Upper Morava Basin 
System (UMBS) 



Fault Zone controlling 
subsidence in UMBS 

• Haná fault zone with long and 
complex slip history 

• >2 km Paleozoic sediment missing 
here due to pre-Miocene uplift and 
erosion 

20km 
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The negative gravity anomaly colocated with the basin nicely shows the individual troughs but as a whole it reflects the mass deficit in the bedrock - reduced or missing paleozoic sediments forming a cover of the crystalline basement. (several km of pz missing). Basin has developed on faults with long and complex slip history 





• 300+ m of Pliocene sediment in 
narrow grabens (mostly lacustrine) 

• up to 60 m of Pleistocene (Elsterian) 
sediments in narrow grabens 
(fluvial/lacustrine) 

20km 

 

• coincidence of epicentres with 
major faults at NE margin and other 
parts of basin 

• rare focal mechanisms indicating 
dip-slips, and dextral strike slip on 
steep, N-S to NW-SE striking faults 

• superposed onto Carpathian 
deformation front and foreland basin 

• pronounced morphology: flat relief 
200-400 m lower than the adjacent 
uplands 

Young basin subsidence 
UMBS 
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Presentation Notes
An interesting feature from geological pow is the system of sedimentary basins called the UMBS, superposed onto the front of Carp. fold and thrust belt and the foreland basin 
The basins are filled mainly with fluvial and lacustrine sediments of Pliocene age, locally reaching more than 300m thickness, filling narrow troughs. Up to 60m thick accumulations of Lower Pleistocene gravels indicate an active subsidence in Quaternary in some parts of the basin.
The negative gravity anomaly colocated with the basin nicely shows the individual troughs but as a whole it reflects the mass deficit in the bedrock - reduced or missing paleozoic sediments forming a cover of the crystalline basement. (several km of pz missing). Basin has developed on faults with long and complex slip history 





Tectonic summary  
(Late Cenozoic and present) 
• rhomb-shaped region with well 
defined WNW-ESE to NW-SE 
boundaries 
• regional-scale coincidence of 
seismicity and CO2 flux 
• focal mechanisms: dip-slips, and 
dextral strike slip on steep, N-S to 
NW-SE striking faults 
• indication of local permutations 
of σ1 and σ2 

→ transfer zone with extensional 
(transtensional) domains 
 
• similar mechanism for both the 
Plio-Pleistocene basin system and 
present-day situation?  
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Presentation Notes
Few M≥2 events produced relatively well constrained focal mechanisms indicating mostly dip-slips and dextral strike slip on steep, N-Sto NW-SE striking faults.
 tectonic model. 
NNW-SSE to NW-SE  clusters of epicentres near-parallel to the known tectonic structures 




Quaternary faulting 
Seismic section across NE margin of the UMB 
• Holešov fault – ~60° dip, ~300 m apparent vert. throw  

since L. Badenian; min. 20 m post-Early Saalian (240 ka) throw  

Field data by Geofyzika 1972; reprocessed by M. Novotný in Dvořáková et al. 1998; reinterpreted by Špaček 



Pre-historic seismicity? Trenching at the Kosíř Fault 

A

B

SW 

SW 

NE 

NE 
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At this place the scarp was no doubt modelled mainly by differential erosion at fault with mainly Tertiary slip. Nicely seen in resistivity profile.
First trench opened at the bottom of the slope in Sept, I want to show you the first results and preliminary interpretation.



CEL-R2 STAR-R1 



Example of a trench on the active fault 

paleosol 
12104-11771 cal BP (14C) 

loam 
11.2±0.42 ka (OSL) 

loess 
17.1±1.7 ka (OSL) 

loess/loess loam 
60.0 ±4.1 ka (OSL) loess 

22.3±1.3 ka (OSL) 
loess 
22.6±1.3 ka (OSL) 

1x1m grid 

SW 

NE 
• youngest fault: ~1.6 m slip between ~17-11 ka 
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Presentation Notes
upper part of main faulted segment of the profile exposed to the top of bedrock, at the footwall block the bedrock is creep deformed which may indicate slow relaxation of the tectonically controlled slope, anomalous loam, paleosol holocene/uppermost pleistocene. Datings not available yet, but the age of upper loess assumed to correspond to last glaciation by analogy with other localities.



Late Quaternary slip at Kosíř Fault 
Conclusions based on 3 trenches + boreholes 
 
 

• Oblique normal fault with minimum slip of 15 m in the last ~60 ka  

• Last slip within 11-17 ka, prior to formation of Holocene soil 

• Surprisingly large slip rate ~0.1-0.3 mm/a in this late phase 

• Surface faulting related to earthquakes not ruled out 

• No slip in Holocene 

• To date unknown regional extent of faulting 



● Whole-crustal (whole-lithospheric) faulting: relations between 
seismicity, (post)magmatic activity and subsidence  

● Weak seismicity as the only source of data on present-day 
deformation in the seismogenic crustal levels 

● Detailed monitoring by CzechGeo/EPOS infrastructure 
→ Location of active fault zones 
→ Focal mechanisms and stress 
→ Understanding tectonic regime 
→ Trenching on active faults 
→ Inputs for SHA 

Summary and perspective 
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The End. Thank You! 
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