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In most of crystalline basement areas, aquifers are stratiform and linked to old weathering 
profiles (Wyns et al., 2004; Lachassagne et al., 2001, 2006; Maréchal et al., 2003, 2004; Cho et 
al., 2003; Dewandel et al., 2006). 80 to 90 % of groundwater reserve is located in a fissured 
layer (figure 1), the deepest horizon of weathering profiles, where porosity and permeability 
result from cracks related to inflation of some minerals (biotite, pyroxenes, olivine…) during 
weathering. 

 
Figure 1. Conceptual cross-section of paleoweathering profile showing stratiform aquifer (after Wyns et al., 
2004). 

In French Massif Central, a survey is being carried out in order to establish a map of groundwa-
ter potentialities. The basement rocks, hercynian in age, are made up of granitoids, gneisses and 
micaschists. 

The first stage of the study is to attribute a note of favourability to each geological formation, 
according to rock content in inflatable minerals, using 1/250,000 scale geological map. In Lim-
ousin area, the geological formations have been classified in 6 classes, according to their ability 
to develop a thick fissured layer (table 1): 

Table1. Classification of the geological formations of Limousin areaaccording to their favourability to de-
velop a weathering aquifer. 

code Legend 

0 
Formations that are not concerned by weathering aquifers (sedimentary formations, surficial 
deposits, veins) 

1 Unfavourable (acidic volcanics, rocks without micas) 

2 Low favourability (amphibolites, muscovite-bearing granites) 

3 Favourable (2-micas granites, micaschists, leucocratic gneisses) 

4 Very favourable (biotite-bearing granites, biotite gneisses) 

5 Extremely favourable (diorites, granodiorites) 

The second stage is to identify the age of the weathering through the realisation of a map of 
palaeosurfaces, in order to predict the evolution of the porosity resulting of geological evolution 
of the region. 

Five weathering profiles, associated with palaeosurfaces, have been identified in the study area: 
an infra-Stephanian profile, an infra-Permian profile, an infra-Liassic profile, an Early Creta-
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ceous profile, and an Eocene profile. In all profiles anterior to Liassic deposits, the porosity of 
the aquifers has been sealed by crystallisation of carbonates and sulphates, due to burying 
below a thick sedimentary cover and to additive weathering (calcrete, dolocrete) prior to Lias-
sic transgression. Only Early Cretaceous and Tertiary weathering profiles are considered as 
favourable for the preservation of open porosity in the fissured layer. 

The final map (figure 2) results from crossing the favourability map (stage 1) with geomorpho-
logic map (stage 2). It gives the location of geologic formations where weathering aquifers, if 
preserved from recent erosion, have retained an open porosity up to now. 

 
Figure 2. Final map of groundwater potential for Limousin region. 

In a further stage, characterization and quantification of aquifers will be carried out in selected 
favourable zones: geometric modelling of the aquifers and water table, coupled with Proton 
Magnetic Resonance Sounding (Wyns et al., 2004; Baltassat et al., 2005), will conduct to 
groundwater reserve mapping (figure 3). These maps will be relevant for localisation of water 
reserves and for mean characteristics of aquifers (3D modelling of porosity and permeability at 
the scale of large zones (100 to 1000 km² and more), in order to better plan the management of 
groundwater and surface water. 
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Figure 3. Principle of groundwater reserve mapping using geometric modelling of aquifer coupled with 
Proton Magnetic Resonance Soundings (From Wyns et al., 2004). 

Groundwater reserve mapping has been carried out in numerous areas of western France since 
1998. An example is shown in figure 4 (Chemillé 1:50,000 map, Maine et Loire). 

 
Figure 4. Example of groundwater reserve map in micaschists (East of Nantes, France). 
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