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Geochemical ,behavior of aluminum in saline acid sulfate 
soils of lower Casamance (Senegal): agricultural 

consequences for the rehabilitation of rice culture 
f 
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Introduction. High cbncentrations of dissolved aluminum have been found in acid sulfate soil 
waters, especially in watersheds equipped with an anti-salt dam (1,2). A toxic hazard is assumed to 
be effective against fauna (3) and vegetation, especially rice culture. In acid aquatic environment, the 
solubilities of gibbsite and kaolinite control the aluminum concentration (4). During the dry season, 
the oxidation of pyrite has produced sulfuric acid in soils and the dominant anion is sulfate. The 
aqueous geochemistq of aluminum is significantly modified in the presence of sulfate. Other 
minerals than gibbsite p d  kaolinite are stable in acid sulfate waters (5). 

Materials and Methods. The soils of the Djiguinobm valley are highly acid and saline with a wide 
range of salinity. The$ are clayed and the dominant clay mineral is kaolinite. They are submerged 
during the rainy season from june to October, and the surface water has evaporated during the dry 
season from novemberito may. Saline efflorescences and ground waters are sampled in merent parts 
of the valley. The suGace waters sampling is carried out at the anti-salt dam when the sluices are 
opened during the rainy season. The activities of water components were calculated using the PC- 
Wateq modeL 
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, Efflomcences obsenied during the dry season form differents types of aluminum (alunogen) and- 
ferrous (rozenite) sulfates which are borderhg on the valley. Both theses minerals are associated with 
mixed aluminum sulfates such as halotrichite, pickeringite and apjohnite. In the central part of the 

l .  vaIley where soil water is more concentrated, another aluminum sulfate, the tammgite or the sodium 
alum, has been found and is associated with gypsum, halite and magnesium sulfates such as 
starkeyite or hexahydrite. Jarosite can @pitate in this a m i  under favorable redox conditions. 

The sulfate activity of surface waters and wund waters is fairly constant and is set at 10-2 mol L-1. 
The pH is also relatively constant and is ranged from 3 to 4. The waters are undersaturated with 
respect to alunogen (figure 1). They are saturated with respect to the mineral proposed by Van 
Bnxmen (6) and assumed to be the jurbanite (5) except the ground waters from the upper part of the 
valley (figure 2). No mineralogical argument has enhanced the existence of a basic aluminum sulfate 
with a stoichiometric formula AlOHSO, and an amorphous form is considered (5) The recent Criticisin 
about the conventional stability diagram controuing this hydroxy sulfate need a reappraisal to explah 
the duminun regulation with a precipitationdissolution process (7). 

The specific localization of aluminum sulfates on the barder of the valley and the particular pattern of 
the efflorescences in relation with the distribution of surfaœ soil paqicles agree with the adsorption 
properties of soil colloids. In extrem acid conditions, the suifate adsorption is increased with . 
positively charged surfaces of clay particles and aluminum is under an exchgngeable form. The 
sorption phenomena is interpretable as a precipitation mction which is catalyzed by smFacexeactions 
(5). The formation of the aluminum sulfates is assumed to be carried out when the water is highly 
rich in sulfates and when there are local acidic reactions such as the oxidation of ferrous iron which 
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releases protons in the soil solution. The fuatipn of protons on the exchange complex mobilize 
cations which can combine with sulfates and forq minerals during the concentration phase. 
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Conclusion. The important sources of alumin4 in Casamance acid aquatic environment is now 
showed. The dilution of acid waters during the rainy season improves the mobilization of aluminum 
with the other ions and the de" of their concentration in soils- The desease of salinity and acidity 
in the upper layer of soil is required and sufficient to rice c u l m .  If the water management is well- 
adapted to the growth of the plant, the rehabilitation of degraded lands can be induced in such 
conditions (8,9). The improvement of soil fertility (lime, phosphates and/or organic matter) must be 
associated with the water management so as to sustain the rice culture. The economic aspect must be 
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