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INTRODUCTION 

 
The amount of time usually spent for understanding the landslide behaviour, is usually mostly devoted to the 

collection and interpretation of geological and geomechanical data solely collected on the landslide site. 

These mainly consist of geomorphological and subsurface data (geophysics and/or drill core data), whilst 

stratigraphic and structural geological data are often poor or generic. 

The investigations usually focus mainly on landslide features or concern only the landslide site (local 

analyses), and few attention is given to the regional geological context (regional analyses). The local 

analyses provide essential information, but they are not really useful for establishing relations between the 

“on-site” and “around-site” geological configurations. The regional analyses can give us knowledge of these 

relations, that are necessary even for a tentative assessment of landslide hazard conditions, based on the 

lateral extrapolation (for instance over an entire mountain slope) of the recognized geological features. This 

means that the geological analyses of landslide sites cannot regard only the “on-site” geo-mechanical 

properties of rocks and fractures, but that relatively large surrounding areas should be investigated. These 

areas should be as large enough as to allow the understanding of the basic geometrical relations among the 

main structural units and discontinuities.  

 

These understandings, that allow to define which geological elements are crucial for the geomechanical 

model and for the triggering and evolution of the landslides, can be obtained on the basis of a integrated 

methodological approach, where meso and macro data, regional model and remote data are joined. This 

approach is summarized in the flow chart (fig. 1) and it has been followed in studying IMIRILAND landslide 

sites as reported in the WP2 (Deliverable 4) final report and in the report WP7 (Deliverable 17). 
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Local structural data  

Local data refer to: 

- geometry of the discontinuities: type, number of systems, orientation, persistence, type of termination and 

cross-cutting relations (fig. 2). 

Fig. 2. Geometrical and hierarchical relations between the structural features observed at different scales in 
the Ceppo Morelli landslide (see deliverable 4). The Schmidt stereonet shows the main structural elements 
recognized near the landslide site. Legend: Sr schistosity, ZT1 shear zone, K fractures system, fs: axial 
cleavage of mesoscale folds. 

- Shape and extension of lithological and structural rock units. These must be defined, since differences of 

their lithological properties induce different mechanical behaviour of rock units. This is the case of Rosone 

landslide where white mylonitic schists seems to control the triggering of the gravitational instability (see 

deliverable 4). 

- Faults and fractures kinematics and degree of structural maturity. To each kinematic class of faults 

correspond peculiar geometric features such as thickness, type of fault rocks, persistence and subsidiary 

fracture networks. The knowledge of these features allow a better constraint in defining rock block shapes. 

 

 Local structural association  
Local data are aggregate into genetically coherent groups (structural associations1). These represent key 

elements to models the geometry of faults and fractures. This procedure leads to the identification of one (or 

more) basical shapes of rock units each one characterized by distinct cross-cutting relations of their bounding 

surfaces. This geometry can be reproduced graphically or by numerical modelling. An example of the 

application of basic rock-unit has been applied to the bedrock of Cassas landslide to infer the type of 

instability mechanism (see deliverable 4) (fig. 3).  

                                                 
1 the structural association is a “geological tool” for the correlation of the different discontinuity elements with different 
geometries, kinematic and size into genetically coherent groups (Vialon et al., 1976, Davis and Reynolds, 1996). 
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On the other hand we have to remark that the choices of geological parameters and elements for modelling of 

landslides could be done also directly without referring to basic rock-unit shapes. This is, in many cases, the 

only possibility, although we think that the characterization of basic rock-unit shape is more appropriate.  

Fig. 3 Geological cross section of Cassas landslide. Geometry and cross-cutting relationships of faults and 
fractures refers to the actual configurations observed at mesoscale in intensively deformed zones of the 
bedrock, here shown in the left corner sketch. 
 
 

Regional structural data 
The “around-site” (regional) data refer to: 

- geometry of remote sensed lineament: orientation, density distribution, statistical analysis (frequencies 

distribution and lineaments length for cumulative length and length classes). The geometrical and 

hierarchical relations of the lineament systems have to be compared with the architecture of the regional 

faults. Only when this comparison shows a good similarity, the lineament systems can be used as geological 

structures. 

The remote sensed lineaments has been usefully analysed in the Ceppo Morelli and Cassas landslide since 

good correlations have been found (see deliverable 4) (fig. 4). 

100 m 

100 m 



 6

Figure 4. Landsat and aerial photo lineaments diagrams used in Ceppo Morelli landslide. Azimuthal 
frequency, cumulative lengths (a, b and g, h ) and azimuthal frequency divided into classes of lengths are 
reported. Legend: L: length of the lineaments; f: azimuthal frequency of the lineaments.  

- Extension and style of the regional tectonic structures and amount of deformation of tectonic units have 

been analysed to recognize sectors strongly subjects to instability, since generally strongly fragmented rocks 

usually induce triggering of landslides. The landslides that have been studied in Imiriland project are in fact 

placed in regional geological setting characterised by strong tectonic deformations and mutually cross-

cutting regional faults that have implemented the gravitational instability of the landslide sites, not only in 

studied sites but also in adjoining areas.  

For example the Cassas landslide is placed near the watershed between Susa and Chisone valleys, that 

largely affected by large DRSD (deep rock slope deformation). This high concentration of instability 

phenomena is attributed to the intersection of kilometric tectonic structures well e evident also in Landsat 

image (fig. 5). 
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Fig. 5. Sketch of geological map of the Bardonecchia sheet of the geological map of Italy 1:50,000 

scale) and Landsat image of the same area with lineaments. The blue circle show the Cassas landslide on the 
geologic map and satellite image. A good geometrical similarity  can be observed between lineament 
systems and regional faults. 

 
 

 Regional structural association 
Regional geological data have been analysed to define regional structural associations in order to construct 

geological interpretations of the structural setting of landslides “around-site” areas.  

The regional structural associations can be defined directly by integration of local and regional data. 

Otherwise they can also be obtained by comparison the local data and the lineaments data. 

This is the methodology that we have used to extrapolate the fracture network that has been locally observed 

on the field, to relatively larger areas in the surroundings of the studied sites. 

This methodology have been applied on the Ceppo Morelli and Cassas landslides, where geometric and 

hierarchic relationships observed at the outcrop scale, are confirmed also by the statistical distribution and 
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geometric characteristics of the lineament systems at both regional and slope scales. This correspondence 

allows extrapolating the geometry and hierarchy of the structural elements at different scales. 

 
5. Comparison between local and regional structural association  

The local and regional structural associations have been compared to verify if they were consistent or not 

(fig. 1)  

In the case they are non-consistent, this is the need to search which among the local geological features are 

the inducing factors for instability. For example, the gravitational instability could be triggered, for example 

by individual faults, peculiar lithotypes (i. e; weakened layers), peculiar geomorphological features, or in the 

case of very mature landslide. 

In the cases where local and regional structural associations are consistent, the landslide behaviour can be 

suggested on the basis of their integration. This has the advantage of referring to different types of data and 

give the possibility of extrapolating hypotheses to broader areas. In IMIRILAND project not only different-

scales field data have been integrated, but also field and remote sensed data. We remark that this integration 

has two advantages: 

- improvement of quality and suitability of interpretations;- extrapolation of “on-site” models to the entire 

slope: for instance, the geological model of Cassas landslide could be extrapolated over wider areas, where 

different scenarios can be envisaged for risk assessment. This approach could thus be adopted by land users 

in forecasting studies. 

 

 

 

 


