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1 ntrod uction 

The Lake Chad Basin is located in the central part of 
Northern Africa and occupies an area of about 2 300 
000 km2 (Fig. 1 ). lt is an extended plain mostly cov
ered by medium to fine-grained sands with heights 
that vary between 180 and 380 metres above mean 
sea level (mamsl) in the centre that rise up to 3,000 
mamsl ta the borders. 

The basin is characterized by two different land
scapes subdivided by the 14°N parallel: sand dunes 
and the absence of surface water sources are typi
cal for the northern part (Kanem region), while the 
south is richly watered by two main rivers that dis
charge in the lake. They are the Chari-Logone that 
supplies about 95 percent of the annual volume of 
water that reaches the lake and the Komadugu
Yobe that provides about 3 percent of the annual 
inflow into the lake (Fig. 1 ). The precipitation over 
the lake surface completes the remaining 2 percent. 

Within the basin there are very important and 
well-known swamp ragions: the Yaérés in the ex
treme north of Cameroon, the Lake Chad itself, 
Lake Fitri, the Massénya and the Salamat to the 
south and southeast of the Lake Chad respectively, 
and the Komadugu-Yobe to the north-east of Nige
ria (shaded areas in Fig. 1 ). 

Cllmatlcally the basin is characterized by three 
dlfferent zones: hyper-arid to arid in the north, semi
arid in the centre and subtropical in the south. Mean 
annual rainfall varies from less than 50 mm in the 
north to above 1000 mm in the south. High tem
peratures throughout the year, very low humldity ex
cept during the rainy season from June to August, 
intense solar radiation and strong winds lead to a 
high annual potential evapotranspiration of around 
2,200 mm (Carmouze 1976). 
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Geology and Hydrogeology of 
the Basin 

Most of the Lake Chad Basin is covered by Quater
nary sands (Fig. 2) of different depositional origins. 
The dunes in the northern part of the basin are the 
effect of an aeolic deposition. Fluviatile, lacustrine 
and deltaic depositions in the south result in alter
nating sequences of thin layers of sand and clay 
that produce malnly clayey soils. These Quaternary 
sands actas an unconfined to semi confined aquifer 
with low hydraulic conductivity, especially vertical, 
due to the sequences of sand and clay in the south. 
Furthermore, due toits flatness and low gradient (in 
average 0.0005), the horizontal flow is very slow. 

At a depth of some 75 metres appears a thick 
clay layer of some 280 m of Upper Pliocene age. 
This layer is almost impermeable and separates 
the Quaternary sands above from the Lower Plio
cene sand and sandstone aquifer below and gives 
place to a widespread artesianism, especially in the 
central part of the basin. The Lower Pliocene has 
a thickness of 30 m and ls undertaln by the sand
stones of the Continental Terminal (CT) of Tertiary 
age with a thickness of some 150 m. According to 
Eberschweiler (1993), bath the Lower Pliocene and 
the CT have similar good hydrogeological proper
ties and comparable water chemistry, therefore they 
can be considered as one aquifer. The deepest aq
uifer is expected ta be the sandstone of the Conti
nental Hamadien (Cretaceous), but it has not been 
studied yet and its extension and hydrogeological 
properties are almost unknown. Granitic rocks of 
the basement build the basis of the basin. 
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Figure 1. Location of the 
Lake Chad Basin. 

Groundwater Recharge Investigations 

Although the an nuai renewal is very important to the 
water balance, it is almost unknown both ln quan
tity and distribution. Based on calibration results of 
a numerical model, Boronina et al 2007 estimate 
mean annual recharge figures in the ranges of 1 to 
4 mm for the dunes of the Kanem region and 0.3 
to 1 mm for the riverbeds and swamp areas in the 
south. 

To investigate more about groundwater recharge 
distribution, measurements were performed in the 
frame of a regional BMZ/LCBC project, especially 
concerning the Quaternary aquifer in the Chad Re
public. Measurements include groundwater level 
and water quality in 443 water points, oxygen-18 
and deuterium concentrations in 383 boreholes and 
tritium in 54 wells. 

Results and Discussion 

Groundwater contours 
The water levels were used to elaborate a ground
water contour map (Fig. 3) that allows determining 
flow directions. The map indicates groundwater flow 
from the Massénya swamp toward north, from the 
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Logone River and the Yaéré swamp towards the 
Lake Chad, and from the Lake Chad itself towards 
the east-south-east. Further, groundwater flows 
from the Kanem region towards the south-east. 

Considering that the higher groundwater con
tours are the result of surface water or precipitation 
percolation lnto the aquifer, recharge is caused by 
the Massénya swamp, the Logone River, and the 
Yaéré swamp, but the Chari River appears to be 
disconnected with the aquifer. Further, the Lake 
Chad seems to leak into the aquifer towards the 
east-south-east. Sorne sort of recharge should also 
take place in the Kanem region, due to direct perco
lation of precipitation through the aeolic sands. 

504 Concentration 
The sulfate concentration in groundwater ls pre
sented in Figure 4. The map shows sulfate concen
trations of less than 5 mg/I in the southern part of 
the study area. lt is assumed that these low sulfate 
concentrations are the result of percolation of sur
face water, especially considering that surface wa
ter in the region contains less than 1 mg/I of sulfate. 
ln other words, the Massénya and Yaéré swamps 
as well as the Logone River appear to recharge the 
aquifer, confirming the results of the contour map. 



Figure 2. Geology of the Lake Chad Basin. 

However and contradicting the results of the con
tour map, here the Chari River seems to contribute 
to the renewal of the Quaternary aquifer. 

The Kanem region to the north of the Lake 
shows higher sulfate concentrations that could be 
the result of renewal from precipitation, but from an 
aider period. Therefore, groundwater has had time 
to absorb sulfate from the underground. 

The elevated sulfate concentration of ground
water to the SE of the Lake Chad indicates that, if 
leakage from the lake water at less than 1 mg/I of 
sulfate takes place, groundwater flow velocity must 
be very slow. The residence time is than very large 
giving groundwater time to absorb sulfate from the 
underground. 
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Due to the prevailing elevate temperatures, the sur
face water (lakes, rivers and swamps} experlence 
hlgh evaporatlon rates that concern mainly the light 
oxygen isotopes leavlng behlnd the heavy isotopes. 
Therefore, if groundwater is recharged by surface 
water, it will be characterized by heavy oxygen iso
topes. 

The mapping of 180 (Fig. 5) shows "heavy" 
~roundwater as the result of renewal along the 
Logone River and the Yaéré swamp, and under 
the Massénya swamp, confirmlng the findings from 
above. The Chari Rivers seems to be dlsconnected 
from the Quaternary aquifer. lt also shows heavy 
180 isotopes under the Lake Chad that could be 
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Figure 3. Map for groundwater surface. The arrows indicate water flow direction. 

explained by direct infiltration of lake water. Fur
ther, heavy groundwater appears also to the east
south-east of the lake confirming the findlngs from 
above. 

If the Kanem region gets recharge, it is due to 
direct percolation of precipitation during downpours. 
Groundwater in the area shows values of 180 close 
to -4 that are typical for heavy precipltation rates 
in the area. However, long-term precipitation data 
does not show large amounts of precipitation in 

the area slnce the beginning of the ?Oies. Thus, re
charge must be rather old, what explalns the rela
tively high sulfate concentration found in the area. 

Conclusions and Recommandations 
The general conclusions of the study can be sum
marized as follows: 
• The Quaternary aquifer receives recharge from 

different sources, at least in the Chadian part. 
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Figure 4. Contours of sulfate concentrations in groundwater for the Quaternary aquifer in the Chad Repub
lic. The arrows indicate flow directions. 

Sources of recharge are the Yaéré and Massén
ya swamps as well as the Logone River, but the 
Chari River seems to be disconnected from the 
aquifer. 

• The Lake Chad leaks directly into the aquifer and 
water is "lost" towards the east-south-east at a 
very low flow velocity. 

• Recharge ln the Kanem region is relatively old. 
lt was caused by direct percolation of downpours 
that took place before the ?Oies. 

As a result of the study it is highly recommended 
that the swamps in the area as well as the Logone 
River be protected concerning retention capacity 
and water quality, as they are the main source of 
recharge for the Quaternary aquifer. 
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Figure 5. Map of oxygen-18. The arrows indicate flow directions. 
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