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Location: 
Lake chad Basin, africa (shared between algeria, Libya, sudan, c.a.r, niger, nigeria, chad, and cameroon). 
(Figure 1).

Figure 1. Lake chad Basin and Landcover, africa.

Main Problem Illustrated:
what is the source of water in the Lake chad Basin? how long ago was this water recharged? how can current 
recharge to this arid basin be traced using isotopes?



Summary:
The Lake chad Basin underlies more than 2,000,000 km2 stretching across algeria, Libya, sudan, car, cameroon, 
niger, and nigeria. The annual rainfall varies from a few millimeters in the north to 350 mm in the south. due to 
the low and variable amounts of rainfall in this region, the ecosystem of the Lake chad Basin is quite delicate. as 
population increases and demands for agricultural and domestic use increase, there will be greater demands on the 
aquifers in this region to provide sources of sustainable water. for this reason, it is important to understand recharge 
into the basin. This study focuses on the use of multiple geochemical and isotopic tracers to infer important aquifer 
properties related to recharge such as recharge rates and groundwater age. Greater insight into the recharge of this 
basin can help to shape policy, agricultural practices, and domestic use of this important resource in future years.

Tracers Used:
2h, 18o, 14c, 3h, 13c, noble 
gases, major ions

Hydrogeological Setting:
The sediments of the Lake 
chad basin, a closed basin 
(with no outlet) in north-
central africa, are derived from 
the african shield and are 
typically alkaline and contain 
highly reactive silicate materials 
(Figure 2). The basin contains 
three major permeable aquifer 
units separated by confining 
clay beds, which represent lake 
bed deposition from times 
during which the lake was much larger. The Lower Zone confined aquifer is comprised of sand and clayey sand. The 
Middle Zone confined aquifer of the chad formation is comprised of fine to very coarse, uncemented sand. The 
upper Zone consists of interbedded sands and clays that underlie a majority of the Lake chad Basin region. This 
upper aquifer is considered to be unconfined. in the past twenty years, there has been a continuous lowering of the 
water table, as well as a reduction in the size of the confined aquifers. The climate of the region can be thought of as 
semi-arid with average precipitation rates (200 mm/year) that are substantially lower than the high evaporation rates 
(2,300 mm/year).

People Affected, Environmental, and Ecological Impacts:
The population of the Lake chad Basin is relatively low compared to other parts of the world; however, the rates of 
groundwater extraction still drastically exceed the groundwater recharge rates. Lake chad, itself, has diminished in 
size over 25,000 km2 since the 1960s due to overgrazing, over pumping, and overuse of river water for agriculture, 
resulting in the displacement of tens of thousands of people who once thrived on Lake chad’s shores. clearance of 
natural vegetation for agriculture has also changed the ecosystem and recharge mechanisms, and it has introduced 
new sources of salinity and pollution.

Figure 2. Geologic cross-section of the Lake chad basin, showing the upper and Middle aquifer 
zones within the chad formation, separated by confining units (clay beds).



Water Sampling and Analysis Summary:
Groundwater samples were collected at various depths and locations, allowing for targeted sampling of the three 
layers of the aquifer and different recharge pathways of the basin. in addition, samples of rainfall were taken from 
multiple meteorological stations spanning the Lake chad basin to determine the isotopic composition of modern 
precipitation. Groundwater samples were taken from screened boreholes that were up to 650m deep and were 
analyzed for various combinations of oxygen, tritium, carbon, noble gases, and elemental chemistry, depending on 
the specific goal of the study. samples were also taken from Lake chad, contributing rivers, and the surrounding 
sand dunes for analysis of groundwater recharge using chloride mass balance studies.

Results of Tracer Studies:
tritium analyses from surface 
waters in Lake chad and 
contributing lakes ranged from 
6.8 tu to 15.5 tu, in the same 
range as samples taken from 
the upper Zone of the aquifer. 
carbon stable isotope ratios 
throughout the basin had a mean 
value of -14.1‰ δ13c with only 
small fluctuations associated 
with the occasional presence of 
carbonate rocks. radioactive 
carbon (14c) concentrations were 
determined for each zone of the 
aquifer; the Middle Zone waters 
contained 2.6-6.3 pmc (percent 
modern carbon), similar to what 
was observed in the Lower Zone. 
Groundwaters from both the 
Middle and Lower Zone aquifers 
have oxygen and hydrogen isotope values that are close to or slightly higher than the Global Meteoric water Line 
but are significantly lower compared to present day groundwater found in the upper Zone (Figure 3). Lake water 
and upper Zone waters show signs of evaporation and isotopic enrichment of 5‰ δ18o , indicating recharge from 
lake water to the upper Zone. noble gases (ne, ar, kr, and Xe) were used to extrapolate a temperature at recharge 
of 22.0 +/- 1.5°c (Figure 4).

Findings and Conclusions:
Groundwater residence times were determined for each zone of the aquifer based upon radiocarbon age dating: the 
waters in the Middle Zone were found to range from 18,600 to 24,000 years old and the Lower Zone waters had 
an average age of 23,500 years old; temperature during this period of recharge was at least 6°c cooler than present 
day near-surface temperatures. during the early holocene, higher water levels existed and the upper Zone of the 
aquifer probably sustained water levels in Lake chad and its outlet, whereas at present, modern Lake chad is now 
the source for recharge to the upper Zone of the aquifer. also, the absence of groundwater after 18,000 years before 
present suggests that there was a major arid phase in which no recharge occurred. present day recharge rates are 
higher than during these arid times, as shown from studies of the chloride mass balance in the vadose zone; modern 

Figure 3. oxygen versus hydrogen isotope composition of groundwaters and surface waters 
in the Lake chad basin.  Groundwaters from the Lower and Middle Zone of the chad 
formation plot along the world Meteoric water Line, whereas shallow groundwater from the 
upper Zone is enriched in 18o due to evaporation.



recharge in the Middle and Lower Zone can be traced 
to the areas where the zones of aquifer out crop and 
are exposed in the southwest portion of the basin.

Take Home Message:
water is currently recharging into the aquifer more 
slowly than during cooler, wetter times in the past 
when Lake chad was higher. Based on the isotope 
and noble gas analyses, it was proven that the Late 
pleistocene (circa 24,000 years ago) had a much cooler 
climate, which may have led to increased precipitation 
or decreased evaporation compared to modern day. 
due to the semi-arid conditions in the present, water 
now recharges the aquifer slowly compared to earlier 
times. The region currently contains limited renewable 
groundwater resources that can be sustained through 
extended drought if used wisely, however efforts 
must be taken to protect these groundwaters from 
over-pumping and the introduction of anthropogenic 
contaminants.
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Figure 4. noble gases were used to confirm the age of the 
groundwater. it was found that recharge temperatures (around 21 c) 
were around 6-7% cooler than the present day confirming recharge 
under a different climatic regime.


