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Abstract: The Souss plain, located in southwestern Morocco, is characterized along its southern edge by the emergence of 
several springs - Tidsi, Tioute and Tiare springs - flowing from the Calcareous Anti-Atlas Mountains’ with low but 
constant rates despite successive drought years. This study was focused on Tidsi spring and aims to understand its 
hydrogeological functioning by determining the recharge area and underground drainage coming from Anti-Atlas 
Mountains. To reach these objectives, a remote sensed image (Landsat TM+) has been processed in order to map the 
geostructural mega-lineaments passing through the study area in order to better know the regional fracturation. Then, 
a geophysical investigation using 2D electrical resistivity tomography has been carried out to study the underground 
relationships between these mega-lineaments to assess their importance in Tidsi spring’s recharge. Satellite image 
processing shows that Anti-Atlas Georgian limestones are well fractured. The lineation follows three corridors. The 
major lineaments’ directions are in order of importance as follows: NW-SE, E-W and rarely NE-SW, respectively. 
These results were confirmed by field observations which indicate N20°, N50°, N90°, N130°, N160° lineament 
directions. Tomography pseudosections reveal the existence of two deep subvertical low-resistivity discontinuities. 
They show also the link of some lineaments with deep fractures leading to recharge of Tidsi spring. These results 
allow proposing hydrological behaviour of groundwater from Anti-Atlas Mountains which takes into account for both 
flows through subvertical faults and karstic fractures. 
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1. INTRODUCTION  

In the Middle Souss region, the three Tidsi’s springs from Anti-Atlas Mountains are considered 
as a vital resource capable of supplying drinking and irrigation water for Tidsi village (Figure 1). 
However, the hydrogeological functioning of these springs concerned the heads of Souss-Massa 
Basin Agency, those of Ministry of Energy, Mines, Water and Environment and also the non-
governmental organizations (NGO) of the region.  

Indeed these sources represent an alternative resource to the overexploitation of other aquifer 
systems such as the shallow aquifer of the Souss and also a permanent supply water recharge of this 
aquifer. The isotopic analysis (Bouchaou et al., 2008) show that the recharge area of Tidsi spring is 
located at the high elevation ranges from 800 to 1200 m.a.s.l. thus exceeding the elevation of Tidsi 
calcareous plateau which is around 500 m.a.s.l.  

Remote sensing and geophysical prospecting can be used to determine the unknown water origin 
of these springs and in future to cartography the high vulnerability perimeter of this spring’s 
(Boutaleb et al., 2009; Qarqori et al., 2009; Sirieix et al., 2014). The processing and interpretation of 
remote sensed image (Landsat TM+) will make it possible to detect the geostructural mega-
lineaments passing through Georgian limestone plateau, in order to detect the regional fracturation. 
Geophysical investigation using 2D electrical resistivity tomography will make it possible to 
specify the characteristics of deep lineaments (Dahlin, 2001; Travelletti et al., 2012).  

This aims of this study is to understand the hydrogeological functioning of Tidsi springs by 
determining the recharge area and underground drainage coming from Anti-Atlas Mountains. 
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2. STUDY AREA AND METHODS 

2.1 Study area 

The Souss Basin, whose the Tidsi region as an integral part, is located in the middle western of 
Morocco (Figures 1.a and 1.b) limited by Anti-Atlas and High Atlas mountains in the South and in 
the North, respectively, Atlantic ocean in the West and Siroua massif in the east. 

Tidsi is one of the most important rural districts in Taroudant province occupied by more than 
5000 people (Haut-Commissariat au Plan, 2014), with touristic, agricultural and artisanal 
competences. The region has a typical arid climate with an average rainfall ranging from 250 to 300 
mm/year and an annual mean temperature ranges between 14 and 18°C in the Anti-Atlas and can 
reach 20°C in the plain. 

 

Figure 1. Geographic and geologic situation of study area: (a) Overview of study area at national scale, (b) Location of 
the Souss-Massa basin and Tidsi area, (c) simplified geological map of Tidsi area and (d) field photographs of Tidsi 

springs 

From geological point of view the Tidsi area is characterised by the Plio-Quaternary sediments 
(sands, gravels, and lacustrine limestone) in the Souss plain with a Paleozoic schistose basement. 
The Anti-Atlas Mountains are characterized by Paleozoic formations (carbonate, schist and 
conglomerate) and Precambrian crystalline formations (Figure 1c). The Paleozoic formations are 
affected by hercynian deformation with a low intensity. 
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2.2 Methods 

To reach the objectives of this study, a remote sensed image (Landsat TM+) has been processed 
in order to map the geostructural mega-lineaments passing through the study area in order to better 
know the regional fracturation. The mathematical processing of the Landsat TM+ satellite image of 
the Tidsi region was performed by applying the vertical Sobel matrix by integrating mathematical 
algorithms. The 7x7 directional filters were applied in the N-S, E-W, NW-SE and NE-SW 
directions to the satellite image covering the Tidsi region. 

Then, a geophysical imaging was carried out mainly by Electrical Resistivity Tomography 
(ERT). Resistivity data were acquired by a Syscal R1 and a multi-electrode Lund system imaging 
using a Wenner array configuration of 48 electrodes and 5 m spacing, reaching a depth of about 
50 m.  

3. RESULTS AND DISCUSSIONS  

The lineaments in satellite images are characterized by rectilinear or curvilinear elements that 
can be perceived on the surface and which reflect deeper phenomena such as faults, fractures or 
geological contacts. 

 

Figure 2. Remote sensed image: (a) Raw Landsat TM+ satellite image of the Tidsi region, (b) results of mathematical 
processing of the Landsat TM+ satellite image by applying vertical Sobel matrix, (c) synthetic map of the major 
lineaments of the Tidsi region, (d) major lineaments directions frequency and (e) field photograph of limestone 

fractures. 

The results of remote sensed image (Figures 2c, 2d and 2e) indicate that the lineation follows 
three corridors. The major lineaments’ directions are in order of importance as follows: NW-SE, E-
W and rarely NE-SW, respectively. These results were confirmed by field observations which 
indicate N20°, N50°, N90°, N130°, N160° lineament directions (Figure 2e).  
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The NW-SE lineaments’ are well represented in the center of limestone plateau and in SE part of 
Tidis springs with a kilometric extension. 

The results of geophysical investigation are represented as pseudosections of measured apparent 
resistivity, calculated apparent resistivity and inverse model resistivity section (Figures 3, 4 and 5). 
Tree 2D resistivity high resolution images have been obtained allowing detecting, delineating 
important fractures and also to hydrogeological characterization of the underground relationships 
between these mega-lineaments to assess their importance in Tidsi spring’s recharging.  

 

Figure 3. The result of mathematic inversion model of profile Tidsi 1 

The 2D pseudosection of profile Tidsi 1 (Figure 3), show that the limestone mass with high 
resistivity (from 4000 ohm.m to more than 8000 ohm.m) is not lateraly continuous. This electrical 
discontinuity suggests the passage of faults draining waters that cause the low values of resistivity 
to the right of conducting anomalies. The latter are probably correspond to the passage of the 
geological faults or lineaments that drained water to the Tidsi springs. It is important to note that the 
limestone formations with high resistivity values are found mainly in east of the profile and in the 
west part the surface deposit characterized by the presence of clays and plio-quaternary formations 
caused the low resistivity which overcome these limestones. 

The Tidsi 2 tomographic profile confirms the existence of the two faults already detected in the 
first profile Tidsi1. These two faults are encountered at the respective measuring stations 250 m and 
370 m (Figure 4). The first anomaly is at the center of the line connecting the anomaly of the Tidsi1 
profile and the location of the Tidsi source. This profile confirms the hypothesis of the feeding of 
the source by the hydrogeological lineament.  

Tidsi 3 profile shows the continuity of the fault in the direction of the source (Figure 5). Indeed, 
a clearly visible conductive anomaly centered in line with the measuring station 240 m is shown and 
appears to be aligned with respect to the location of the two other conducting anomalies of the two 
previous profiles Tidsi 1 and Tidsi 2. 

The projection of the tomographic profiles on the satellite image of the Tidsi region allowed us 
to accurately locate the location of the fault that appears to be the source of the Tidsi source and to 
map it (Figure 6). 
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Figure 4. The result of mathematic inversion model of profile Tidsi 2 

 

Figure 5. The result of mathematic inversion model of profile Tidsi 3 

4. CONCLUSION  

The use of remote sensing allows determining the major lineaments’ directions, these ones are in 
order of importance as follows: NW-SE, E-W and rarely NE-SW, respectively. 

Electrical tomography has confirmed the connection of some lineaments with the deep fractures 
which are corridors of water circulation. The technique of identifying lineaments by satellite 
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imagery followed by a validation by geophysics seems adapted to study the aquifers of fractured 
limestone basement. 

 

Figure 6. (a) Projection of faults detected by ERT and its continuity on the topographical map of Ait Baha (1/100 000) 
and (b) field trip photograph fault in Tidsi springs area. 

The coupling between the different types of geological, hydrogeological, remote sensing and 
geophysical results, related to the Tidsi source region, shows that Georgian limestones are affected 
by faults that are, perhaps, transport of high altitudes water to the Tidsi area. 
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