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Abstract: In the Tim Mersoï basin, located in northern Niger, the increase in uranium mining activities and the 

demographic growth of Arlit and Akokan, which are induced cities, exert strong demands on groundwater 

resources. For the past decade, the Izegouande Permian aquifer, which contributes nearly 70% of drinking 

water supply in the mining areas, is one of the most vulnerable to anthropogenic activities. The main objective 

of this paper is to deepen the hydrogeological knowledge of the Izegouande aquifer. The methodology is based 

on the exploitation of borehole data by linear interpolation, associated with the mapping of water level contour 

and hydrodynamic parameters using ArcGis software. It appears from this work that to the east of the Arlit 

fault-flexure (east-flexure compartment), the Izegouande aquifer has a finer grain size and a smaller thickness, 

leading to limited exploitation possibilities (transmissivity ranging from 1.1 x 10
-6

 to 8 x 10
-5

 m²/s). While to the 

west-flexure compartment, the coarse grading associated with a high thickness favors higher productivity 

(transmissivity ranging from 1.87 x 10
-4

 to 3.83 x 10
-3

 m²/s). The sudden variations in thickness and facies of the 

Izegouande aquifer are closely linked to the synsedimentary play of the Arlit fault-flexure during the Permian. 

The high demands on the Izegouande aquifer caused a significant drawdown in the groundwater table, leading 

to a reversal of the groundwater flow direction (generally from north to south). The Arlit fault-flexure, which is 

a major crustal accident on a regional scale, long considered to be watertight, plays the role of a structural 

drain, influencing not only the exchanges between the Eastern and the Western-flexure compartments but also 

the drawdown of the groundwater level.  

 

Keywords: Tim Mersoï basin, Arlit and Akokan, Permian aquifer, Izegouande formation, reversal of 

groundwater flow direction. 
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I. INTRODUCTİON 

The Arlit mining area, located in the Northern Niger, is an arid region with a cumulative rainfall of less 

than 150 mm per year [1]. The availability of surface water resources is highly dependent on climate change, 

which has become a major concern in recent decades [1]. In such context, groundwater is the main source of 

water supply, both for the population and mining activities [2]. In the Arlit area, the "Société minière de l'Aïr" 

(SOMAIR:SR) and the "Compagnie Minière d'Akouta" (COMINAK:CK) have been exploiting large uranium 

deposits for several decades [3 -13]. This region has important groundwater ressources [2] [7] [14] [15]. Water 

supply in the Arlit mining area was once provided by the Tarat Carboniferous aquifer [16-20]. The 

overexploitation of this aquifer, due to the development of mining activities and the resulting increase in the 

population of the induced cities, has led to a drastic drawdown of the groundwater level [16-21]. 
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In order to efficiently meet the drinking water needs of a growing population, new hydrogeological 

investigations have been carried out. The work focused on the Izegouande Permian formation [22-24]. 

Investigations on the hydrogeological characteristics of this aquifer, particularly in the western flexure, have 

given promising results regarding its productivity. It appears that the Izegouande Permian aquifer, which 

nevertheless has limited hydrogeological potential is intensively exploited (nearly 70%) for the supply of 

drinking water to the mining companies and a large part of the population of the Arlit region [22] [25 - 27]. 

However, the significant water withdrawals from this aquifer can lead, on one hand, to the depletion of the 

reserves and, on the other hand, to the degradation of the water quality. Thus, it is necessary to deepen the 

hydrogeological knowledge of this Izegouande aquifer, for rational and sustainable management of the water 

resources. It is within this framework that the present study is being carried out, the main objective of which is 

the geological and hydrodynamic characterization of the Izegouande aquifer. 

 

II. MATERIALS AND METHODS 

 

A. Presentation of the study area 

The study area is located in the desert region, in the northern part of the Tim Mersoi basin, about 250 

km northwest of Agadez. It is located between 18° and 19° 30' North latitude and 7° and 8° East longitude 

(Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location of the study area. 
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B. Methodology 

The methodological approach implemented includes two stages: 

- Processing of the borehole data by linear interpolation (Inverse Distance Weighted) using ArcGis 10.8 

software. It should be noted that the data used concern boreholes which intersect the entire Izegouande 

formation. These data have made it possible not only to determine the top and bottom of the Izegouande 

aquifer, but also to specify its geometry. 

- Mapping of water level contour and hydrodynamic parameters, using ArcGis software, made it possible to 

identify the characteristics of the Izegouande aquifer and to determine the groundwater flow direction. The 

method adopted was IDW linear interpolation. These maps were overlayed on the georeferenced and digitized 

structural map.   

 

III. RESULTS AND DİSCUSSİON 

C. Geometric characterization of the Izegouande Aquifer 

In the Tim Mersoï basin, the N-S trending fault-flexure of Arlit, a major crustal fault on a regional scale, 

delimits two compartments: an elevated east-flexure compartment (where most of the uranium deposits are 

concentrated) and a lowered west-flexure compartment (where vertical rejection can reach 500 m). In this 

basin, the N-S Arlit and N70° Tin Adrar fault systems influence the distribution of the main thickening and 

thinning zones of the various sedimentary formations, in particular the Permian Izegouande one, which is the 

focus of this study. 

1) Isobaths of Izegouande top 

Analysis of the isobaths map of the Izegouande top reveals two distinct sectors from East to West, 

located on either side of the N-S Arlit fault-flexure (Fig. 2).                                                                    

In the East flexure sector, the depths of the Izegouande top vary from 0 to 134 m, while in the western sector 

the depths are between 120 and 275 m. These variations in depths, associated with thickness variations of the 

Izegouande aquifer, on either side of the N-S Arlit fault-flexure, would be related to its normal synsedimentary 

activation during the Permian period (Fig. 3). The top of the Izegouande formation deepens towards the south, 

especially from the Tin Adrar fault (Fig. 2), and particularly in the area between the Mouron and Izegueram 

flexures (Fig. 2), where the depths of the Izegouande top exceed 40 m.  

In the Cominak sector (CK), inside a graben bounded by the N70° trending Tin Adrar fault system, the 

top of the Izegouande formation is located between 30 and 40 m (Fig. 2). Further south, in another graben 

bounded by the N70° trending Aokare fault system (Fig. 2), the top of the Izegouande formation is deeper, 

reaching 134 m (Fig. 2). These observations highlight the control of the normal activation of the N70° fault 

system during Permian sedimentation. 
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Figure 2: Isobaths map of the Izegouande top. 

 

 
 

Figure 3: NW-SE cross-section (profile AA') of the study area (the thicknesses of the Arlit, Izegouande, Téjia, 

Tamamaït, and Moradi formations are deduced from previous work). 

 

2) Isobaths of Izegouande bottom 

The isobaths of the Izegouande aquifer’s bottom (Fig. 4) show a comparable evolution to the 

Izegouande top one. Indeed, the Izegouande formation is relatively shallower to the East of the Arlit fault-

flexure, with depths varying from 10 to 254 m, than to the West, where depths range from 140 and 393 m. 

These variations in depths, observed from East to West, are linked to the normal synsedimentary activation of 

the Arlit fault-flexure, which has favored a lowering of more than 100 m of the western flexure compartment. 

The deepening of the bottom is progressive in the eastern compartment, whereas in the west it occurs 

abruptly (Figs. 3 and 7). In the western compartment, the Arlit fault-flexure and to the North of the Tin Adrar 
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fault system (Fig. 4), the depth of the Izegouande bottom is about 250 m, while to the south of the said fault 

system, the bottom depth is 300 m on average, i.e. a rejection of about 50 m (Fig. 4). 

To the East of the Arlit fault-flexure, the depth of the Izegouande bottom is less than 100 m. To the 

North of the Tin Adrar fault system, the depths reached are less than 20 m in the Somair industrial area (Figs. 

3, 5, and 7). The greatest depths (over 100 m) are observed in the Cominak (CK) sector (Fig. 8). Further South 

at the graben bounded by the Aokare fault system, the bottom of the Izegouande formation reaches depths of 

over 200 m (Figs. 4 and 5).  We also observe a depression reaching depths of 150 m between the Mouron and 

Izegueram flexures (Figs. 3 and 4). These variations could be related to the influence of structuring during the 

establishment of the Izegouande formation. 

 
Figure 4: Isobaths map of the Izegouande bottom. 

 

 
Figure 5: N-S cross-section (profile BB') of the study area (IZ: industrial zone, CK: Cominak). 
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3) Isopachs of Izegouande 

Thickness variations of the Izegouande formation in the eastern compartment cannot be discussed, as 

the Izegouande formation is outcropping. However, in the contact zone between the Tin Adrar fault system 

and the Mouron fault. The maximum thicknesses of the Izegouande formation decrease from 70 to 30 m 

particularly near the Autruche Fault (Figs. 3, 5 and 6). 

These observations highlight the presence of a dome structure (Fig. 7) between the Autruche and 

Mouron flexures, called "Autruche Dome". It should be noted that the lowest thicknesses were observed 

towards the contact zone with the Arlit fault-flexure (less than 20 m) (Figs. 3, 6, and 7).  

In the Western compartment, the thickness of the Izegouande is beyond 100 m. These observations are in 

agreement with previous works [3] [4] [19] [26] [28], showing that the Izegouande deposits are characterized 

by important thickness variations related to the synsedimentary activation of the N-S (Arlit Fault-Flexure), N30° 

(Madaouela fault) and N70° (Tin Adrar fault system) accidents. 

 
Figure 6: Isopach map of the Izegouande aquifer. 

 

 
Figure 7: West-East cross-section (profile CC’) of the study area. 

 

C  C’ 
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D. Hydrodynamic characteristics of the Izegouande aquifer 

1) Spatial repartition of the permeability coefficient 

Analysis of the permeability spatial distribution map (Fig. 8) reveals that : 

- To the South, the permeabilities are very low and vary from 1.80 x 10
-8

 to 8.44 x 10
-6

 m/s. These low values 

observed in this part could be attributed to the lithology of the aquifer associated with the low intensity of 

fracturing [11] [16] [22] [26] [31]. The lithology of the Izegouande formation is made up of feldspathic 

sandstone with carbonate cement sometimes, including lenses of mudstone. The highest permeabilities are 

found at the piezometers: AMIZ_0008_1 (6.89 x 10
-6

) and Arli _2164_1 (6.40 x 10
-6

). This can be justified by 

their location near secondary brittle faults (Fig. 8). 

To the north, permeabilities are high. The values range from 4.22 x 10
-6

 and 1.89 x 10
-5

 m/s. The highest 

values are observed in the western flexure compartment, in particular at wells IZEG1 and IZEG2, where the 

aquifer formation is mainly made up of very coarse sandstones to conglomerate sandstones [16] [22] [23] [24] 

[26]. The high permeability observes in this part is justified by the variability of the lithology of the Izegouande 

formation, combined with the density of fracturing [8] [13] [19] [26] [30] [32] [33]. This heterogeneity of 

permeability is explained by: the lateral variation of facies, the presence of discontinuous clay layers, and the 

minor tectonic accidents that have locally affected the Izegouande formation [3] [4] [5] [6] [8] [14] [15] [16] 

[18] [19] [28] [30] [32] [33]. 

 
Figure 8: Map of spatial repartition of the permeability. 
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2) Spatial repartition of the transmissivity coefficient 

The values of transmissivity determined for the Izegouande aquifer range from 1.10 x 10
-6

 to 3.82 x 10
-3

 

m²/s with an average value of 3.40 x 10
-4

 m²/s (Fig. 9). 

To the south, the transmissivities are low and homogeneous with values ranging from 1.10 x 10
-6

 to 4.24 

x 10
-4

m²/s. The lowest values are observed at the piezometers TAM980, TAMZ1, TAMZ3, Arli_3080_1, and 

ARLI_1095_2, which are located near the Arlit fault-flexure. The values range from 9.4 x 10
-5

 to 1.1 x 10
-6

 m²/s. 

The distribution of these transmissivity values is also linked to the fracture density and especially to the 

lithology of the aquifer. Sections of boreholes in this southern part have shown that the aquifer is essentially 

made up of very fine sandstones with carbonate cement, intercalated with clayey layers [16] [17] [18]. This 

explains the low productivity of the aquifer in this sector. 

In the northern part, transmissivities increase from East to West as one approaches the Arlit fault-

flexure. The values increase from 1.12 x 10
-6

 m²/s in the eastern compartment to 3.82 x 10
-3

m²/s in the 

western flexure. This increase in transmissivity in this northern part is due to the variability of certain 

geological characteristics such as the lack of mudstone lenses and specially the density of fractures. The 

highest values can be observed in the Northwest (Fig. 9) with transmissivities of 8.51 x 10
-4

 to 3.82 x 10
-3

 m²/s. 

In this region, the aquifer grain size is coarser and the sedimentation is predominantly sandstone [23] [24], the 

transmissivity is good. However, low values are observed locally in the extreme northwestern part at 

piezometer AMIZ_0013_1. 

These results show that this hydrodynamic parameter varies according to the lenticular structure of the 

Izegouande deposits and the position of the boreholes to the main structural axes. 

Thus in the east-flexure compartment, the Izegouande aquifer is not very productive. On the other hand, in 

the west-flexure compartment, it is sufficiently productive to be exploited for drinking water supply (Izeg001, 

Izeg_002, Izeg_003, and Izeg_004). 

 
Figure 9: Map of spatial repartition of the transmissivity. 
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E. Izegouande groundwater flow direction analysis 

Little information exists on the flow direction of the Izegouande water table before mining activities. A 

water-level contour map of regional flow is shown in Figure 10. It is based on data collected in 1968 [14]. Data 

only exist for the eastern compartment of the Arlit fault-flexure. In this compartment, the water table initially 

flowed from the South-Southeast to the North-Northwest, from contour line 410 m to 386 m, with a gradient 

of about 0.5‰ and significant local disturbances (Fig. 10).      

To the south, near the MALA_997 piezometer, the contour lines show a regular spacing with a parallel trend, 

reflecting a constant hydraulic gradient. The current lines are divergent, which could correspond to a recharge 

zone (Fig. 10). 

At the Arli_2064b and Arli_1120 piezometers, abrupt deformations of the induce divergent flow axes 

(Fig. 10). This divergence could be justified by the density of the fractures observed in this sector and the 

outcrop of the aquifer. These fractures could constitute structural drains that feed the water table in addition 

to the direct natural recharge in the outcropping parts [19] [30] [33]. 

In the north-northwestern part, the contour line get deformed and narrow near the Arlit fault flexure (Fig. 10). 

The current lines converge, which shows downward drainage between the Izegouande and the underlying 

Tarat nappe, via the Arlit fault flexure which then can be considered as a semi-tight boundary. 

The Izegouande water table can therefore be considered as flowing from a recharge zone located in the south 

to an evaporation zone located in the north of the study area.  

 
Figure 10: Groundwater level contour map of the Izegouande aquifer in 1968. 

 

Currently, the overall flow of the Izegouande aquifer is quite complex with anomalies observed around the 

Somaïr industrial zone (ZI) and in the vicinity of the effluent ponds (Fig. 11). The general flow is from North-

Northeast to South-Southwest towards the Cominak mine. 

To the East of the Arlit flexure, the contour lines are strongly deformed and irregularly spaced (Fig. 11). The 

contour lines converge towards the Cominak mine with water levels measured around 330 to 340 m (i.e. about 

50 m below the initial piezometric level [18]). To the East, at the outcrop and recharge areas, the Izegouande 

water table would have fallen by around 8 m. To the North, in the SOMAÏR sector, the contour lines are more 

distant and scattered, thus reflecting the drawdown of the water table in this sector. 

In the area of the factory, the contour lines form a dome structure of about 8 m in height (from 392 to 400 m), 

with divergent flow axes (Fig. 11). This dome was likely created by water infiltration from the surface. Indeed, 

from the factory, most of the water flows towards the South-Southwest. Part of this water arrives as overflow 
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on the Tamou pit (Fig. 11) and another part flows towards the Cominak mine with hydraulic gradients of 1‰ 

[18]. 

At the piezometers PI_12 and PI_13, to the Southwest of the Somaïr industrial zone, a second dome structure 

was identified in the area of the SOMAIR lagooning basins (Fig. 11). The groundwater level is around 400 m, 

whereas the regional level in the sector should be around 392 m. From the ponds, the water from Izegouande 

flows firstly to the west, towards the well of ARLI_248_3  and then to the south-southwest, towards the 

Cominak mine [18]. 

In the TAMGAK pit (Fig. 11), on the edge of the Arlit fault-flexure, the contour lines are narrow (strong 

hydraulic gradient, high water flow velocity), highlighting a depression with convergent flow axes (Fig. 11).  

On the other hand, to the Northwest of the Arlit fault-flexure, the contour lines are condensed and show a 

tendency towards convergent flows (Fig. 11). This convergence characterizes a zone of exploitation of the 

water table corresponding to the pumping by wells intended for drinking water supply. In the central part, the 

contour lines are parallel and their spacing is almost regular on both sides of the Arlit fault-flexure. These 

results show that the Arlit fault-flexure does not constitute a watertight boundary in some locations. 

 
Figure 11: Groundwater level contour map of the Izegouande aquifer in 2020. 

 

IV. CONCLUSION 

In the Arlit mining area, fracture systems, such as the N-S Arlit fault-flexure and the N70° Tin Adrar fault 

system, control the geometry of the Izegouande aquifer (thickening and thinning zones). These variations in 

thickness, concomitantly to the Permian sedimentation, lead to variations in the depth of the top and bottom 



American Journal of Sciences and Engineering Research www.iarjournals.com 

 

22 www.iarjournals.com 

 

of the Izegouande formation. The Izegouande aquifer outcrops in the northern part of the study area and 

towards the East while it deepens to the South and the Western of the Arlit fault flexure. 

The hydrodynamic parameters and their spatial distribution have shown that to the East of the Arlit 

fault-flexure, the Izegouande groundwater table has limited exploitation possibilities, due to its hydrodynamic 

characteristics. To the West, on the other hand, more interesting hydrodynamic characteristics are recorded, 

with the best ranges of values observed in the north, precisely in the northwestern part. 

The Spatio-temporal analysis of the groundwater level contour shows that the strong anthropogenic 

solicitations (water supply for the population and dewatering) had a strong impact on the dynamics of the 

Izegouande groundwater table, inducing its lowering (7.15 to 54.72 m). This lowering of the water table 

influenced a reversal of the flow direction of the Izegouande water table. The flows that were from the 

Southeast to the Northwest at the start of mining activities in the 1970s have been marked since the beginning 

of the 2000s by a reversal of the flow direction (from the Northwest to the Southeast). The Arlit fault-flexure, 

which is a major crustal fault on a regional scale, long considered to be impermeable, actually constitutes a 

semi-tight limit. It ensures the connection between East and West flexure compartments of the Izegouande 

water table. 
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