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Introduction 

Survey was performed on 

the northern slopes of 

Babia Góra, where large 

deep-seated landslides 

have shaped the vast 

majority of the area and 

created one of the most 

complex landslide relief in 

the Outher Western 

Carpathians (Fig. 1). 

 

Results 

Babia Góra range (1725 m a.s.l.) is the highest massif in the Outer 

Western Carpathians. According to previous research the striking 

morphology of the Babia Góra massif resulted mainly from multi-

phased mass movement activity, which was strongly controlled by 

geological structure, as well as re-shaping by periglacial and 

glacial processes under cold climatic conditions. Extensive 

landslide tongues were previously known to exist on the steep 

northern slope of Babia Góra under a dense forest and dwarf-pine 

cover, however  their  spatial extent and a diagnostic morphologic 

features of landslides were largely undetected up to now. 

High resolution DEM based on LiDAR allows for the first time to 

quantifying interpretation of terrain in sub meter scale, thus 

making a unique perspective for detailed identification of 

landforms and their spatial patterns in the Babia Góra range.  

 

Aim: A detailed interpretation of morphology of northern Babia 

Góra slopes based on LiDAR data analysis, field mapping, Schmidt 

hammer relative age dating and sedimentological analysis in order 

to justify or disprove older geomorphological findings 

Babia Góra from Mt. Cyl (1517 m)  

 

• GIS analysses combined with geomorphological mapping and Schmidt-hammer dating carried out at the northern slopes of Babia 

Góra range enable us to distinguished several morphological complexes of different age 

• Glaciofluvial cones are the oldest landforms in the study area (R-value 27-29), and form two distinct morphological levels built 

with gravels: Sulowa Cyrhel level (70 m, Middle Pleistocene) and Słonowy level (20 m, Late Pleistocene), well-rounded clasts 

indicate active transport of sediments 

• Spatial organisation of gravelly sediments suggest local glaciation of the highest parts of Babia Góra massif in the Mt. Diablak and 

Mt. Cyl area 

• Acumulation of gravels was repalced by intense gravitational slope deformations (mudflows, landslides, rock avalanches), which 

could be linked with intense melting of permafrost and paraglacial processes 

• The oldest landslides built with muddy and debris material were distinguished in down slope area (R-value 30-35), the younger 

generation (R-values 39) represent cataclasmic and sub-cataclasmic rock slope failures (sensu Jarman 2006), built with open-work 

debris 

• In contrast to previous research, no evidence of single giant rock slump on the northern slope was detected 

• The youngest debris accumulation represent debris flows and active landslides sediments 

• Application of Schmidt hammer in Babia Gora range confirms the relative-dating potential of this method 

 

Methods 

 

The uper part of Babia Góra massif is build with resistant Magura 

sandstone formation (Upper Eocene/Oligocene)  

• GIS analyses: Topographic Position Index (TPI) was used to 

automatically classified the landscape into Slope Position Classes 

and 10 distinct Landscape Classes (Weiss, 2000), as the first 

aproximation of morphologicala characteristics 

 

• Geomorphological mapping was carried out using 1: 5 000 base 

map retrived from LiDAR data 

 

• Schmidt hammer relative age dating were performed along 3 

vertical transects with BN-type Schmidt hammer at 18 sites, 150 

impacts were recorded at each site. Variuos type of landforms were 

studied including: glaciofluvial cones, landslide tongues, slump 

fissures, debris flows and aluvia. Only the largest (0.5-1 m), stable, 

dry and near-horizontal boulders were tested (Fig.2) 

 

 

 

Fig. 1 Location of the study area 

Fig.2 BN-type Schmidt  

Hammer at site B-2  

• Sedimentological analysis: 

 

• Clast-shape and roundness analysis 

were used for 50 clasts on each of 6 

localities including aluvial, glacio-fluvial 

and mud flow sediments 

 

• 4-16 cm b-axis fraction were measured 

 

• Tri plot diagrams (Sneed and Folk, 

1958), C40 and RA (Benn and Ballantyne 

1994) indexes were calculated 

 

• Granulometric analysses (dry sieving for 

> 2 mm and lasser diffraction for < 2 mm 

fraction were used for matrix sediemnts 

(in progess) 

Fig. 3 Outcrop of 

glaciofluvial sediments 

Fig. 4.Classification of slope classes Fig. 5.Classification of landforms 

Fig. 6. Geomorphological map of  

the northern slopes of Babia Góra Mt. 

GIS and field analysis revealed the evidence of 

deep-seated gravitational slope failures, 

including: sackungs, translational slides 

(cataclasmic and sub-cataclasmic), large rock 

slumps and flow-like features (mud flow 

tongues), which cover the vast majority of Babia 

Góra slopes. 

 

Large areas of northern Babia Góra forelands are 

covered by glacio-fluvial gravels, which are 

partially covered by landslide deposits.  

 

Glaciofluvial sediments built two distinct cones 

(Markowy and Słonowy cones), which pass 

directly into the Würmian terrace (20 m high). 

 

The remnants of the older glaciofluvial cone 

deposits (Riss ?), were discovered near Sulowa 

Cyrhel area. 

 

Mud flows sediments 

Loamy sediments of mud flows (site 1) 

Glaciofluvial sediments (Würm and pre-Würm) 
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2 Outcrop of Würmian  

gravels at site 3 
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Outcrop of pre-Würmian  

gravels at site 4 
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Landslide sediments 

Fig. 8 Spatial distribution of landforms at  the Sokolica projected on the DEM  Fig. 8 Spatial distribution of landforms at  the Diablak area 

Two generations of glaciofluvial levels were distinguished (20 m and 70 m) 

Rock slump deposits at site B-3 

Two generation of individual 

landslide complexes were  

distinguished  

Fig. 7. Mean R-values with 95% confidence intervals for the 

Schmidt hammer measurement sites at Babia Góra mountain 


