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Introduction and study area
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Picha (1996)

Alpine–Carpathian orogenic system of Europe

Late Cretaceous to Paleogene Flysch Belt



Introduction and study area
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Paleo-earthquake 

Paleo-earthquake & 
Co-seismic landslides?

Paleo-landslide

Motivation and novelty

Can we establish characteristic of earthquakes that triggered landslides? 

What are the typical feature of earthquake-induced and rainfall-triggered landslide, respectively?



Main work

Experiment 

Numerical 
simulation

Field 
investigation 
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Field investigation

5

Depleted landslides and associated fault? 

Post-terrain of paleo-landslide

Lidečko

344/71

341/75

Bedding: Sandstone/Claystone



Field investigation
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Depleted landslides and associated fault? 

Papradno



Field investigation
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Depleted landslides and associated fault? 

dewatering structure



Field investigation
Landslide sediment
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Sandstone

Under-dip toppling? 
Bedding: 155/770

Slope face

Slope face
(Medvedia Skala)

Field investigation
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Toppling relate to Earthquake?

Toppling

Underdip Toppling

?

Field investigation

(Medvedia Skala)
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Assumption toppling by Seismic acceleration 

KHs =
𝒃.sin α+𝒉.cos α

𝒉.𝑠𝑖𝑛 α−𝒃.c𝑜𝑠 α
, aHs = KHs.g
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Hypothesis of toppling evolution
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Sampling

Sandstone Claystone

Sandstone

25mm 50mm
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Experiment-rotary shear test
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Soil & Rock mechanics lab



Experiment-rotary shear test
Sandstone

15



Experiment-rotary shear test
Claystone

0.75

0.076

0.22

Steady-state

1st peak 

Weakening 

2nd peak

Strengthening

0.74

0.48

0.37Steady-state

Strengthening

Weakening 

2nd peak

1st peak 

16



Numerical modeling 

• Using PFC3D software 

wall
ball

Friction coefficient 

Ball-ball
Wall-ball

Set up model:  
μp: initial condition
μs: runout distance

seismic
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Future work

• Do experiment rotary-shear testing

• Continuous using PFC3D for simulation

• Incorporation to other data to answer the characters of paleo-
earthquakes and co-seismic landslides.
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