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ENVIRONMENTAL ISOTOPES AND GROUNDWATLER
RECHARGE OF THE BASEMENT ROCK AQUIFERS OF THE JO&
PLATEAU AND THE SURROUNDING PLAINS (NIGERIA)

M. MBONU, Y. TRAVI, B. BLAVOUX et M. DANIEL
Leboratoire d'Hydrogéologie , Avignon

The study area forms a part of the Niger-Nigerian Precambrian Basement Complex,
oo intruded in the Jos Plateau region by a suite of granitic rocks (the Younger Granites) during
: the Jurassic as well as by volcanics ranging in age from Tertiary to Recent.

Stable and radioactive isotopes were studied in precipitation and in groundwater (150
analysises) on the Jos Plateau (1 200 m) and the surrounding plains (350-700 m) with a wiew
to a better understanding of the aquifer systems of the cristalline Basement.

Oxygen 18 and Deuterium contents examined on 7 pluviometrics stations show a
progressive depletion in heavy isotopes from the beginning of the rainy season (in April) to

mid(_ilc? of the season (in August). A significant 180 altitude gradient is observed in
precipitation between the stations on the plateau and the one on the plain (fig.1).
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Figure 1. Cl- and 180 values (weighted means) v.s. precipitation qepth and altitude at
the stations of Heipang, Federal Secretariat, Gindiri, Longkat and Jos
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into consideration : twice as

Isotope altitude gradient varies with the period taken N he rains collected over the

important in the rains collected in August (weighted average) as
period of May to September (fig.2).
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Figure 2. 180 values v.s. altitude for precipitation water : a) May to August 1989 ; b)
August 1989.  (LON: Longkat ; GIN : Gindiri ; FED : Federal Secretariat : UJ -
Jos University).

In the carly rainy season precipitations the variation in isotopic-altitude gradient seems
to be affected by the spatial rainfall irregularity and the effect of evaporation. The high
gradient recorded in August reflect essentially the "amount effect” of the abundant
precipitations of this month. Such observations have been previously realised in Ghana (Akiti,
1980).

The local meteoric water line on the 2H - 180 diagramm (52H = 7.8 §180) + 10,6) is
close to the global mezeoric water line (82H = 8 5130 + 10) (fig.3).
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Figure 3. 6 2H - 180 rglaﬁonship (monthly values) for precipitation sampies of 1988
and 1989 rainy seasons on the Jos Plateau and the surrounding plains,

ig



__But, if we except the April and May values the data points representing monthly
precipitations cluster, with a slope 8, above the world meteoric water line (fig.4). This result
ﬁg‘éfgi;ms observations carried out near Yola, Garkida (Onugba, 1990) and He-Ife (Loehnert,

“H%o vs SMOW
8
<

9 2H= 8,369 180 + 14,0 (r=0,99)

120 -100 .8,0 -6,0 4,0 22,0 0.0 2,0
3 180%0 vs SMOW

Figure 4. & 2H v.s. 180 for monthly precipitation samples collected during the rainy -
seasons 1988 and 1989 between June and September.

During the 1988 and 1989 rainy seasons, tritium content values of monthly
precipitation samples varied from 8 UT to 16 UT and appear to be similar to values (= 10UT)
measured these last years © West Africa (BRGM- Aquater, 1986 ; Loehnert, 1988 ; Travi,
1988 ; Onugba, 1990).

GROUNDWATER RECHARGE

In groundwater 82H - 180 relationship (slope 8) underline the absence of the

evaporated rains of April and May in the recharge of the aquifers. Most of the 5 2H and § 130
values lie above the general meteoric water line according to the monthly (Jurc to
September) values of precipitation, but 180 contents are clearly upper in groundwater an in
isotopically depleted rains of the month of August. Furthermore isotope gradient is viiy poor.

Then it appears that groundwater recharge is principally assumed by the uncvaporated
rains of the months of June and July. The rain of the month of August on encountcring a more
or less saturated soil zone contribute probably rather to overland flow and only sparingly to
groundwater recharge.

On the basis of tritium and carbone 14 results (tab.1), two groups of groundwater are
distinguished : "old" groundwater (tritium absent, 14C < 100 % pmc) anid recent groundwater
(presence of tritium, 14C > 100 % pmc). Water mixing does occur in varying proportions and
it is probable that this takes often place along the borehole during pumping and not in the
aquifer, Such results have been previously obtained in Nigeria (Onugba 1990) and in Niger
(Ousmane gt al,, 1984).

The reserve formed by the "old" groundwater in the studied region is not yer fully
defined.
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Tableau 1. 3H, 180, 13C and '4C values for some groundwater samples in the Jos
Plateau and the surrounding plains.
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