Hydrogeological assessment of a deep-seated coastal landslide based on a multi-disciplinary approach (Villerville, Normandy) I 

Study area and issues

Located in the Pays d'Auge (Normandy), the Cirque des Graves is a rotationaltranslational landslide (Fig. 1) with multiple nested slip surfaces. It has an area of 47 hectares (450 m width x 1,600 m length). From top to bottom, the stratigraphy is composed by 5 layers : (i) Cenomanian chalk and glauconite; (ii) Albian clay and sands; (iii) Kimmeridgian clays & marls; (iv) Oxfordian marls; and (v) Upper-oxfordian sandstone (Fig. 3).
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We used 3 approaches with heterogeneous datasets (old and new) to set the hydrogeological mechanisms :

(1) Geomorphological and geological appraisal (i.e. boreholes and geomorphological features) (Fig 4A ) ; (2) Hydrological appraisal (i.e. physico-chemical analysis and piezometric chronicles) (Fig 4B ) ; (3) Geophysical appraisal (i.e. electrical resistivity tomography and self-potential surveys) (Fig 4C ).

The purposes of this study are :

(1) Improve the general hydrogeological knowledge on the landslide functioning ;

(2) Determine the main water paths at the slope scale ;

(3) Identify the major discharge areas of the continental groundwater (from the Plateau d'Auge). 

-SP anomaly = downward flow + SP anomaly = upward flow

(1) The main discharge from the continental GW is at the rearmost zone of the main scarp (Fig. 9);

(2) Division of the hydrogeological behaviour in three compartments :

 Eastern part : shallow waterflow in heterogeneous matrix, parallel flow (undifferentiated GW) ;  Central part: partially splitted flow between chalk and sands GW's, with permeabilities (downward flow identified) and a continental discharge throughout the year (numerous permanent springs) ;  Western part: less data but probable deeper functioning (few springs, high scarps, large chalk panels). 1982(Maquaire, 1985) ) 
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 16 Fig. 1 -A: Location of the study field in Normandy; B: Morphological sketch of the four major coastal landsides of the Pays d'Auge, between Deauville and Honfleur. 1. Border of the Plateau d'Auge; 2. Main scarp of the landslides; 3. Secondary scarp; 4. Basal scarp; 5. Bumpy morphology; 6. Solifluction lobes morphology; 7. Spot height; 8. Temporary river flow; 9. Permanent river flow; 10. Municipality boundary.
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 2 Fig. 2 -Destroyed building by the acceleration ofJanuary1982 (Maquaire, 1985) )