






















































GUINEA-BISSAU 

Area: 36,125 km2 

Population: 860,000 (United Nations estimate, 1983) 

I, BACKGROUND 

Guinea-Bissau is situated on the west coast of Africa between Guinea 
and Senegal. In addition to its mainland territory it has the Bijagos 
archipelago which lies just offshore. The archipelago consists of 40 islands 
of which only 20 are inhabited, The country has 160 km of coastline and 
705 km of land frontier. Its maximum length is 330 km and its maximum 
width 193 km. Not counting the tidal mangrove zones, the permanent terra 
firma is estimated at 28,000 km2, 

Natural regions 

Most of the country is flat and low-lying with a wealth of marshes and 
mangrove swamps along the coast; the maximum altitude is 40 metres, To 
the south-east near the frontier with Guinea there are some small hills, a 
prolongation of the Fouta Djallon massif. Lateritic cuirasses and clay-
sand formations cover much of the surface, From the morphological standpoint 
the country can be divided into five main zones: the Boe uplands, the 
Bafata plateau, the Gabu peneplain, the transition zones (Oio and Forrea) and 
the coastal plains. 

The Boe uplands are flat-topped hills forming small plateaus separated 
by valleys which are mostly open and covered with ancient lateritic, 
ferralitic or aluminous cuirasses which produce disintegrated and conglom­
eratic laterites in the valleys. The escarpment of the Bafata plateau 
dominates the alluvial plains which are gouged by the meandering lower courses 
of the Geba and the Corubal, 

The Gabu peneplain in the north-east has a slightly undulating relief 
with gentle slopes and a loose and poorly defined hydrographic system. 

The coastal plains are broad in the west and south of the country; they 
correspond to a band of Mesozoic-Cenozoic formations. They are mostly very 
low but do have a large number of small elongated ridges, 

The transition zones in the regions in which the tidal influence is 
very small or non-existent form a link between the coastal plains and the 
Boe uplands, the Bafata plateau and the Gabu peneplain. 

Climate 

Guinea-Bissau has a wet tropical climate with two distinct seasons: a 
rainy season from April to October and a dry season from November to March. 
The rainy season is caused by the moist Atlantic winds which blow from the 
south-west and west towards the Saharan and sub-Saharan zones, The dry 
season is caused by the dry winds blowing mostly from the mainland in the 
opposite direction. 
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The country can be divided into two climatic regions: one is of the 
tropical Sudanese type with very low rainfall, wide thermal ranges and high 
humidity in the rainy season and low humidity in the dry season; the other 
is of the sub-Guinean or coastal type with higher rainfall, smaller thermal 
ranges and high humidity throughout the year. The first region corresponds 
to the western part of the country, the second to the wide coastal band. 

There is little vegetation but it is very varied: forest, rain forest 
in the wet areas, scrub savannah and mangroves, 

Surface water 

The country is crossed by large rivers which rise in Senegal or Guinea. 
It also has a number of coastal rivers; these are, from north to south, the 
Cacheu, Mansoa, Geba-Corubal, Grande de Buba, Tombali, Cumbija and Cacine, 
Even the smallest of these rivers have wide deep estuaries. They are navi­
gable and provide means of communication with the interior of the country; the 
main urban areas are situated on their banks. They are tidal as far as 100 km 
inland. Even the Geba has a tidal wave, 

There are 43 climatological stations and three stations measuring the 
flow rate: two on the Curubal and one on the Cumbija. 

The mean annual flow rate on the Corubal over a nine-year period was 
14,410 hm3(maximum 23,710 hm3; minimum 6,110 hm3), 

In 1979/80 the minimum flow was 6 m3/s and the maximum 1,100 m3/s; these 
figures indicate the wide regional variation of flow rates in the dry and 
rainy seasons. The water quality is equally varied. 

II. GEOLOGY 
Guinea-Bissau lies between the Fouta Djallon massif, of uncertain 

Paleozoic age, and the Mesozoic-Cenozoic Senegal basin. It can be roughly 
divided into t<vo geological units by a line starting in the north in the 
Pirada region and passing through Contuboel, Bambadinca and Buba before de­
viating towards Gadamel and the frontier with Guinea, Paleozoic formations 
predominate to the east of this line. 

To the west of the line most of the terrain consists of Mesozoic-Cenozoic 
sedimentary formations. These are the most important formations from the 
hydrogeological stanpoint; all the deep boreholes are found in these for­
mations. 

The ancient formations have very few outcrops, for they lie below fairly 
thick surface formations and are not very fossiliferous, They have been 
dated by analogy with similar and better-known formations in neighbouring 
countries and from samples obtained during oil-prospecting drilling operations. 

The same can be said of the Mesozoic sedimentary series, even though fewer 
data have been obtained from the oil-drilling sites. 
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The oldest formations are Cambrian and are found in the north-east, 
They lie on microgranites of the metamorphic complex, then the multi-
coloured argilites of Pirada and Canquelifa overlain by the schist-
sandstones of Cantari, which are themselves overlain by purplish feldspathic 
sandstones (Caium sandstones) of Upper Cambrian age, As a rule, the Cambrian 
formations constitute very poor aquifers. Small local aquifers can be found 
in the alteration zones and in particular in the more permeable sandstone 
zones. Drilling is difficult and the productivity low owing to the great 
lateral and vertical variations in permeability. The Cambrian formation 
is followed by the mainly sandstone Ordovician series (Gabu sandstone) 
identified at Canjufa, Sonaco, Gabu, Canjadude and Cabuca, Most of this 
series is thick and steeply inclined (up to 480), At the base of the series 
the sandstone is white and coarse-grained with some feldspar and muscovite 
crystals. It is 170 m thick. These very compact sandstone strata are overlain 
by less compact and sandier strata of considerable thickness covered by fine­
grained sandstone, quartzitic in places, which forms the top of the series, 
with thicknesses of 10 to 30 m, 

Little is known about the ground water in this formation except for the 
wells in the Canjadude region, where the compactness of the sandstone makes 
drilling difficult and unproductive. In this region.the thick alluviums of 
the Nharasse river give the best results, although the recharge is uneven 
and the yield intermittent, 

The Silurian formation is represented by the Buba sandstones of Gothlandian 
age. It has been reached by boreholes at Buba, Guilege, Gadamael and Sangonha 
and by several oil drillings, It is found in the north-east in the same areas 
as the Ordovician formations and in the south-east as well. The drillings 
carried out in this area have penetrated very compact black or carbonaceous 
schists with fine sandstone intercalations at the top and some doloritic 
layers. At Co and Safim the formations are mostly metamorphic with micaceous 
sericitic and pyritic schists interbedded with dolorite. The Silurian for­
mations in the north-east are of similar facies, with major or minor indications 
of metamorphism and with fine clay sandstones at the top forming a transition 
zone with the Lower Devonian formation, These formations are very poor 
aquifers. The positive results of the drilling at Buba and Sangonha are no 
doubt due to the collection of water in the sand-sandstone strata of the 
Maestrichtian base which overlie the Silurian sandstone in discontinuity, 

The Devonian formation occupies a vast area in the east close to the 
frontier with Guinea. It forms a large north-west/south-east syncline, The 
base consists of a sandstone series (Cusselinta sandstone) of Lower Dev-
onian age overlain by a thick schist series (Bafata schist) of Middle-Upper 
Devonian age, The Cusselinta sandstone identified in outcrops in certain 
water courses (GebR, Curubal. etr,) is mostly compact feldspathic and mica­
ceous with pink and brown tints. The Bafat~ schists are argillaceous and 
pale or pink in colour with intercalations of fine-grained quartz sandstone, 
The Devonian sandstone has been reached at a depth of 20 m during water-· 
prospecting drilling operations in the Nhabijocs plain (Bombadinca); it is much 
darker and more compact than the neighbouring altered rocks. The alteration 
zone in the schists has proved completely barren, 
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The post-Paleozoic series, i.e. the Mesozoic sediments of the Senegal 
subsidence basin, rests on the Paleozoic formation, whereas in Senegal it 
is also found above the metamorphic basement rock, Little is known in 
Guinea-Bissau about the "intercalated continental" of Senegal at the end 
of which the Mesozoic transgression occurred, but it has been identified 
at S. Domingos, Co and Safim, In the north-east it consists mainly of 
schists with some sandstone intercalations and limestone layers in places, 
In the centre of the country it occurs in clearly continental series which 
also consist of schists with intercalations of fine dandstone, The series 
is 120 m thick at Safim and 330 m at S. Domingos, 

Nothing is known of the hydrogeology of these formations owing to their 
great depth (800-1,800 m), It is assumed that the sandstones are important 
aquifers, as they are in Senegal, 

The Middle and Upper Cretaceous formation is of lagoonal or coastal 
facies, as in Senegal, and of great thickness (1 ,360 m at S, Domingos and 
600 m at Safim), The base consists of schists with some limestone­
dolomitic intercalations; it is overlain by dark shales streaked with sand 
and terminates in a thick sandy layer of Maestrichtian age. 

The !1aestrichtian formation is certainly an aquifer of major im­
portance in Guinea-Bissau. At the edge of the Paleozoic formations it 
forms a wide band of sandstone outcrops with varied granulometry and con­
taining layers of schist at the base with very fine argillaceous inter­
calations throughout the series. In the south, where it rests in dis­
continuity on the Silurian formation, the sandy layers lead to compact 
argillaceous sandstones of average or coarse granulometry. It is up to 
490 m thick in the north-west (S. Domingos) and 540 m in the west (Cangongue), 

The Eocene-Paleocene formation of more marine facies is represented 
by sandier marl-limestone formations with dolomitic intercalations. It 
forms a central strip running north to south, bounded in the south by the 
right bank of the Geba. There are occasional outcrops close to Bissau and 
the formation has been penetrated by a number of boreholes for ground­
water reconnaissance and exploitation. It is an important aquifer and is 
exploited by deep boreholes, 

The continental terminal formation is clearly lagoonal at the base and 
continental at the top; it includes the post-Eocene and Quaternary series, 
The lower formations of Oligocene age consist, from bottom to top, of fine­
grained sand-sandstone layers, mostly argillaceous with clays at the top, 
Above this is found a small limestone-mar! bank, sandy in places, of marine 
Miocene age, which is covered by more recent clays and arg~laceous sands. 

The main aquifers in this series are provided by the Oligocene sand and 
Miocene limestone strata. 

The most recent series are represented by alluviums, clays, agrillaceous 
nands, coastal dunes and cars, lateritic formations, etc. 
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Tectonics 

The topography is unvaried, and the thickness and regularity of the 
sedimentary formations indicate little tectonic activity, Series of folds 
running east/west and fault systems running north-north-east/south­
south-west have been identified on the north slope of the Bafata syncline 
which runs mainly north-west/south/east and occupies a large part of the 
east of the province. On the southern slope, however, the tectonics is 
much less marked. 

III. MAINLAND HYDROGEOLOGY 

As is the case in neighbouring countries and as the situation outlined 
above indicates, the mainland territory contains only a small number of 
geological formations providing constant and fairly extensive productive 
aquifers with relatively uniform hydrogeological characteristics. Such 
aquifers are usually found in soft sandstones and sandy or fissured lime­
stones. Continuous aquifers are rarely found in other formations. The 
granitic and quartzitic rocks are very compact and contain only low-yield 
intermittent and local aquifers of very variable permeability in the 
alteration layers. The schists are usually clogged with clay deposits. In 
these formations water is found only in the porous lateritic cuirasses 
which may overlie the rock. The physical and chemical quality of the water 
is better at depth and close to the recharge zones. 

Recharge is effected by infiltration of water migrating from the higher 
Paleozoic zones in the Mesozoic formations at their edge. Most of the 
tapped water is thought to be of fossil origin. The present recharge com­
pensates for the natural drainage of the aquifer systems, 

The isohyet map shows that the coastal zone receives the highest rain­
fall, owing to the proximity of the ocean. Along this zone the rainfall 
increases from north to south (2,600 mm/year) with the maximum at Catio­
Cacine-Bedanda, In the interior the rainfall declines to 1,500 mm/year. 

The distribution of the annual rainfall also varies according to place. 
Rain falls on 130 days in the north, on 150-160 days at the coast in the 
west, and on 170 days in the south. The average annual temperatures are 
fairly high, in the order of 26-270C; the thermal ranges are highest in the 
interior: 130C (maximum 32.80C; minimum 19.7°C); they are lower on the coast: 
Bissau 9.8oc (maximum 31.60C;). At Catio in the Bijagos archipelago the 
figures are even lower: Bubaque 7.7oc (maximum 300C; minimum 22.2°C). 

The evapotranspiration is very high and prevents any great infiltration 
of rainwater to recharge the aquifers. The transpiration is higher than the 
evaporation in the coastal zones where the rainfall is heavy and the forest 
and rain forest are found. The opposite is the case in the interior where 
savannah type vegetation predominates. 

The infiltration potential in the coastal zone is not really very great. 
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The empirical formula of L. Turc, which gives a calculated value for 
real evapotranspiration (Re) in terms of rainfall (R) and temperature (T), 
has been applied to five stations and gives the following values (mm): 

Nova Lamego 
Cati6 (south) 

R 

1 , ''OO 
2,600 

Re 

1,400 
1,600 

Rainfall infiltration 

100 
1,000 

In the country's interior, where most of the formations have low permeabil­
ity and the aquifers are small and discontinuous, the actual stocks are 
smaller than those indicated in the table above. Other factors come into 
play, such as the drainage of the aquifers towards the low-lying areas and 
the intense exploitation in the dry season, In fact, the Gabu plain is the 
part of the country least well provided with ground water. In contrast, in 
the southern part of the coastal zones the effective infiltration can reach 
levels which offset the decline in the stocks of the surface aquifers in the 
dry season. However, this infiltration is probably smaller than the calcu­
lated value. 

Furthermore, the sunshine rate is very high (62 per cent), which indicates 
that the evaporation potential of the atmosphere is independent of the 
relative humidity; it is therefore very high. 

In conclusion, the recharge of aquifers in Guinea-Bissau is favoured by 
the rainfall pattern but impeded by the topographical and geological con­
ditions (stratigraphy and lithology) and the amount of evapotranspiration. 
The recharge is generally insufficient. 

However, there are enormous stocks of fossil water in the Mesozoic­
Cenozoic formations of the Senegal basin which would not be affected in the 
short term by intense exploitation. 

In contrast, excessive exploitation of the small resources of the surface 
aquifers could lead to their complete exhaustion in the short term. 

Description of the aquifers 

The continuity of the Mesozoic-Cenozoic aquifers means that the results 
obtained at a few sites can generally be extrapolated to the full extent of 
these formations. Where ground-water resources are concerned, the country 
can be divided into two zones separated by the eastern limit of the Mesozoic­
Cenozoic Senegal basin. Continuous and extensive aquifers are found in the 
western sedimentary zone. The eastern zone, with its Paleozoic and Ancient 
series, has only local aquifers of relatively small extent and yield, It 
includes the highest areas with least rainfall and greatest evaporation. 
Accordingly, the surface aquifers dry up in the dry season. Boreholes must 
be drilled with great care and preceded by geophysical prospecting; other-
wise the risk of failure becomes very large. The fault system which had seemed 
promising, especially in the north of the Bafata syncline, proved barren, 
These faults appear, in fact, to constitute an impermeable barrier. The 
water has a moderate or low mineral content. 
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The Mesozoic-Cenozoic strata slope north-west and west and increase in 
thickness in those directions, acquiring an increasingly marked marine facies. 
The main aquifers are found in the Maestrichtian sands, the sandy-marly lime­
stones of Eocene-Paleocene age, and the fine Oligocene sands which contain some 
strata with permeable horizons - limestones, argillaceous sand, laterite - in 
Miocene and recent formations. 

Three main aquifers have been identified, from bottom to top: Maestrichtian 
aquifer (mainly sands); intermediate Oligocene-Paleocene aquifer (sand in 
the Oligocene formation and limestone in the Eocene-Paleocene); and "surface" 
aquifer(s) (argillaceous sand and laterite), usually unconfined. 

The Maestrichtian formations have been explored and exploited most 
intensively and at the shallowest depth close to the elongated zone where 
they outcrop (central and southern regions of the country) and at the sites 
of a number of deeper wells installed to obtain large yields at Bissau and 
Farim. The maximum tapping depths of 195-260 m have been achieved on the 
island of Bissau. 

The map annexed to this paper indicates the location of the boreholes and 
the specific yields (1/s/m of downdraw) and the available yields, which are 
fairly high. The productivity declines in the direction of the Silurian 
formations owing to their lesser depth and the transition from sand to 
compact sandstone. 

The attached diagrammatic map shows the isobaths of the top of the 
Maestrichtian formation and gives an idea of the depths to be drilled if 
this formation is to be exploited. This top layer deepens regularly and con­
tinuously towards the north-west and west. Towards the north-west it cannot 
be reached at less than 500 m below zero. In contrast, to the east of the 
550 m contour line running north-north-west and passing through Quinhamel, 
Binar, Binta and Dungal, it can be reached at less than 200 m, 

The Maestrichtian aquifer is for the most part confined, except at rare 
points where it outcrops. This artesian effect produces water spouts (of 
less than a metre) at only two points - Farim and Mansoa - with static water 
levels of +6m and +7m. 

Water levels above ground level are found at the majority of the other 
installations in the centre and west of the country, However, the water 
level is below ground level in the southern part of the coastal zone, 
probably owing to the lower vertical permeability of the formations and their 
consequent smaller recharge. The highest levels are found at installations 
located roughly on the Farim-Mansaba-Mansoa line, and this might indicate 
the proximity of a more favourable recharge zone in the fairly thick shallow­
lying Paleocene limestone resting on Maestrichtian sands. 

The aquifer's main direction of flow would seem to be towards the north­
west and west; this is confirmed by the chemical composition of the water. 

The Maestrichtian water has a low mineral content (less than 500 ppm 
of dry residue) in the centre of the country. In the south (Bolama) the 
water contains 1,500 ppm, the maximum allowable under WHO drinking-water 
standards. The low salinity of the Maestrichtian aquifer even close to the 
coast indicates that the influence of sea water is practically non-existent, 
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except at some points such as Bedanda (4,000 ppm of chlorides). However, the 
concentrations are low at Catio and Cufar, which have dry residues of 235 and 

'370 ppm respectively. 

Lastly, the Maestrichtian water of mainly bicarbonate and calcium sulphate 
facies can be classified as very soft to soft, except in some coastal areas. 
The sulphate content is low, except at a few points (Bolama and Sul regions). 

Some test pumping has been carried out in the Maestrichtian aquifer, 
with observation of the downdraw and recovery, in single wells or in coupled 
wells, with one serving as piezometer, 

The levels are affected by the tide close to the estuaries or ocean. 
The water must therefore be exploited with care. 

On the basis of lithological information and the permeability data obtained, 
a diagrammatic map has been prepared in which the country is divided into 
three areas fairly suitable for drilling operations: 

- Extreme south with K below lo-6 m/s in argillaceous sandstone with low 
specific yields (0.2 to 0,3 1/s/m), and high mineral content owing to the slow 
flow rate of the ground water; 

- Centre south with K of about 10-4 m/s. A more favourable elongated zone 
has been identified in this region: Buba-Empada-Cati6, This formation consists 
of fine to coarse sands. This zone is favoured by the aquifer's direction of 
flow; 

To the north of this area with K of about 10-5 m/s. 
less favourable owing to the presence of layers of clay and 

The aquifer is 
fine sand. 

The Oligocene-Eocene-Paleocene aquifer is found in white sand-sandstones, 
usually of very fine granulometry, at the base of the Oligocene formation and 
in the Eocene-Paleocene limestone-sandstone formations, which are not separated 
by any sizeable impermeable layers. Accordingly, the whole unit behaves as 
a single aquifer; this is confirmed by the static water levels and the 
chemistry of the water, 

In the north-east of the country the present installations penetrate no 
further than the shallowest Oligocene strata, which are sufficiently thick and 
productive. Elsewhere in the country they generally reach and tap the lime­
stone series. The aquifer is 316 m thick at S. Domingos and 274 m at Cagongue, 
with its top at a depth of 177 m. It ought therefore to be possible to 
exploit the Oligocene-Paleocene aquifer west of a line running through 
Cumere-Mansoa-Mansaba-Caujambari and terminating at Cuntima. To the east of 
this area the series is either of insufficient thickness or does not occur, 
Unlike the Maestrichtian aquifer, the intermediate aquifer has a low yield. 
Only the sand-sandstone Oligocene formations, when they are sufficiently thick, 
can furnish high specific and available yields; this is easily explained by 
the irregularity of the facies of the limestone series both vertically and 
laterally in comparison with the high permeability of the Oligocene sands. 
Lastly, the yields of the boreholes in the Oligocene-Eocene-Paleocene aquifer 
are sufficient for the country's needs in most of the regions. The aquifer is 
mostly continuous, of vast extent and confined. 
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The aquifer's piezometric level is deeper than that of the Maestrichtian 
aquifer, confirming that there is no communication between the two; the great 
differences in permeability at various points in the limestone are matched by 
very marked differences between the aquifers' water levels and yields. 

The highest mineral content (1,000 ppm) and the highest chloride content 
are found in the north-west coastal zone. These levels increase from south­
east to north-west but they do not reach the maximums set by WHO. The sulphate 
content is higher than in the Maestrichtian aquifer, as is the hardness of 
the water. 

In conclusion, although the intermediate aquifer is extensive and con­
tinuous, its stocks are much smaller than those of the Maestrichtian aquifer 
and it has less favourable hydrological characteristics and water of much 
poorer quality. 

The upper shallow aquifer has fairly small stocks and is subject to very 
marked annual fluctuations which are directly linked to rainfall and evapo­
transpiration, Owing to its accessibility, it is intensely exploited through­
out the country by innumerable wells of various depths - usually shallow, but 
deeper in the north-west and west where the series is thickest, This upper 
aquifer is the equivalent of the "continental terminal" aquifer of West Africa: 
it behaves in a similar manner, 

Recent sand-clay formations, usually of lateritic littoral facies and with 
small banks of Miocene limestone, are found over most of the country's central 
and western regions. The north of the country has permeable sand-clay series 
attributed to the continental Miocene-Pliocene era. Their yield is usually 
quite low and varies from place to place and season to season. The water is 
subject to pollution and is often heavily mineralized with a high iron content; 
it is very aggressive. 

IV. AQUIFER OF BISSAU ISLAND 

Bissau island, where the capital is located, is the part of the country 
for which the largest amount of ground-water data is available - a consequence 
of the large and rapidly growing requirements of the densely populated metro­
politan zone, The deep aquifers must be tapped, for the shallow-lying surface 
water is of only average or poor quality, An organized study must therefore be 
made of the depths to be reached and of the possible yields, In the past a 
large percentage of the boreholes proved barren or gave inadequate yields, 

The island is fairly flat. The coasts are low, as is most of the land, 
which has many swampy areas, There is an abundance of recent alluviums con­
sisting mainly of fine elements (silt and mud) called "bolanhas" where rice 
is grown in the traditional manner. 

The land below 10 m in altitude ("terras baixas") is flat with alluvial 
layers situated between two and five metres above sea level. Only the highest 
areas, which are never above 40 m in altitude (with an average of 20 to 25 m), 
are inhabitated. The climate is wet with two distinct seasons, 
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Geology 

The geology is known from deep-level oil ~nd w~ter drilling, The whole 
of the sedimentary series slopes to the north-west ~nd west, more steeply as 
the geological age increases. The stratigraphic chart is as follows: 

Quaternary: silt, mud, laterite formations (low land); 

Miocene: (upland cover) mainly clays and fine ~rgillaceous s~nds, with various 
amounts of laterite at the top of the series; marly and sandy limestone banks 
at the base; total thickne~s: 3 to 50 m; 

Oligocene: clay in the upper part, fine sands and argillaceous or marly sand­
stone at the base; thickness: 40 to 50 m; 

Eocene-Paleocene: sandy or compact limestones, with intercallations of sand 
and clay, and dolomitic and sandy intercalations in the lower part; thickness: 
70 to 100 m; 

Maestrichtian: less marked marine facies, The whole series consists of 
formations of fine or coarse sand with clay-marl interc~lations in the upper 
part, and intercallations of schist in the lower p~rt; thickness: 250 to 
300 m; 

Middle-Lower Cretaceous: thick schist and sand series with sandstone inter­
calations. Indications of metamorphism at the base; thickness: 400 m; 

Paleozoic: the base of the sedimentary series includes sericitic metamorphic 
schists with sandstone-quartzitic intercalations and some doloritic banks of 
Silenian age. 

Hydrogeology 

The aquifer is located under the laterite zone; it is drained by the most 
permeable strata of the "terras baixas" at an altitude of about 10 m. Its 
lower limit is the marls and clays of the Miocene base and the clays of the 
top of the Oligocene formation. The aquifer is subject to major fluctuations 
due to rainfall and evapotranspiration. It can be reached at depths of 10 to 
20 m in the "uplands". 

These formations are very heterogeneous. It is not therefore possible 
to apply rigid criteria with respect to the drilling of boreholes- except 
in the vicinity of springs, The yield of the waterpoints exploited by hand 
pumps (portable) is usually below 5m3/h. 

The Oligocene aquifer found in the sand-sandstones is mostly confined. 
It forms a single unit with the aquifer in the Eocene-Paleocene marly lime­
stones. 

This aquifer is very irregular in its yield, owing mainly to its lateral 
and vertical variations, the permeability of the formations, the thinness of 
the strata and the insufficient recharge. 
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Drilling operations are difficult owing to the very fine granulometry of 
the sands and sandstones and the aggressiveness of the water, The Oligocene 
aquifers cause blocking of the filters and rapid deterioration of the pumping 
equipment at most of the tapping sites on Bissau, 

The intermediate aquifer on the island has a static water level of four 
to six metres below sea level. The available yields rarely exceed 15 m3/h 
with large drawdowns and therefore very low specific yields, The top of the 
Oligocene formation can be reached at depths of between 30 and 60 m, and the 
most permeable layers lie at depths of 60 to 100 m, The Oligocene series 
lies above a limestone-sandstone and marl-limestone series (Eocene-
Paleocene) in which permeable layers have been identified; they are irregularly 
distributed and more favourable and abundant in the middle and upper parts 
of the series, which are less marly. 

As a rule the sandstones are very compact, but the limestones have a 
microfissure permeability; there are few fractures of any size. The marl­
limestone series includes two distinct aquifer systems separated by very 
marly strata, The upper system corresponds to the Oligocene stratum, the 
lower is fed from the Maestrichtian stratum. 

The intermediate aquifer in the Bissau region has a mineral content of 
700-1,200 ppm. The water is neutral or slightly acid, ferrous or very hard 
(40° to 70°; it is of sulphate and calcium bicarbonate facies. 

Both the increased salinity of the water and the low specific yields of 
most of the installations are due to the poor permeability of the formations. 

The Bissau installations take almost all their water from the inter­
mediate aquifer (Oligocene and part of the Eocene-Paleocene) and they dis­
charged 10 to 40 m3/h, with specific yields of around 0,1 to 0,6 1/s/m (an 
average of about 0.3 1/s/m). 

Some deeper boreholes reach the base of the Paleocene formation and 
supply better quality water, part of which comes from the underlying 
Maestrichtian stratum. This water has a higher sodium content and is more 
neutral, with a hardness of only 20 to 5°, 

The limestone aquifer is already overexploited by many uneconomical 
low-yield boreholes and it does not furnish sufficient water for Bissau, 
The underlying Maestrichtian sands must therefore be more intensively ex­
ploited, The first Maestrichtian boreholes confirm the hydrogeological 
importance of this series, which is well known in Senegal. 

The Maestrichtian aquifer is totally confined, with its top located 
in the intermediate argillaceous-marly strata of the limestone series -
thin and discontinuous layers which do not separate the aquifer. On Bissau 
the Maestrichtian aquifer is formed by sands of very varied granulometry and 
compactness. In the upper layers the clay intercalations are frequent and 
fine. The top of the series lies between 130 and 180 m below sea level. 
Boreho1es which penetrate 50 m into the sands can discharge 50 to 150 m3/h 
with a small drawdown and specific yields of five to seven 1/s/m for a six­
inch diameter hole. Larger yields could no doubt be obtained from deeper 
boreholes with larger diameters. 
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In contrast to the intermediate aquifer, the hydrostatic levels of the 
Maestrichtian aquifer are found at positive altitudes (+2m to +3m), which 
seems to indicate that the two aquifers are not in contact. The water is 
alkaline with a very low hardness (below 5° in the Bissau region) and a low 
mineral content of about 300 mg/1, which is very uniform for all the wells. 
The main recharge zone appears to lie south-east of Bissau where the series 
is close to ground level. 

All the data on the Maestrichtian aquifer seems to indicate that its 
stocks of water are considerable. However, the exploitation must be con­
trolled and efficiently managed from both the technical and the economic 
standpoint. 

The water levels are subject to periodic variations due to the movement 
of the tides. However, the chloride content of the water does not vary, 
indicating that the Maestrichtian formation is totally separated from the 
overlying series. This movement weakens and becomes more irregular towards 
the interior of the island. 

Lastly, the behaviour and characteristics of the Bissau aquifer are 
similar to those found throughout the sedimentary basin in Guinea-Bissau. 
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v. SUMMARY AND MAPS 

Pl."actical h;!drogeological resional divisions 

(Potential of aquifers) 

Hydro- llydrogeological uifer geolo- region Stage Lithology Available Total Degree of Possible uses gical area water unit flow 111ineral knowledge zone (Corresponding level (rarely) content (number of 
administrative (m) (1/s) (g/1) test holes) 
region) 

1-1-western Nz-Q sand t cont. 25-35 15-20 1-2(5} 0.1 fairly good village water supply 

Zone Cacheu, except (17) 

I east of Bigene Nt limestone cont. 50-100 25-35 1-2(5)<0.5 south good(16) village water 

and bula 
(E~W) )0.5 north supply (if Nz-Q 

aector absent) ., sand cont. 100-150 15-25 5-10 (20) <I s and N insuff. (11) fairly big consumption 
(E-J!.i} >I centre esp. irrigation. 

Pc2 limestone cont. !50 about 20 up to 20 poor (1) occasional 
(if P3 insuff,) 

West I~2-central N2-Q sand discont. 25-JS 15-20 o. 5-2 (5) 0.1-0.2 insuff, (10) village water supply 

Oio, except ., limestone SW 30~50 25-30 0.5-2 (51 0.2-1 fairly good village water supply 
extreme east; (l6) (if N2~Q absent) 
east Cacheu; ., sand cont. 50-100 15-25 1,5(15) 0.1-1 very good village water supply Biombo and 
Bissau (EYW) (Ei"W) (60) and big consumption 

Pc2 limestone COI\t, 50-150 20-35 1.5(10) 0.1-1 very good village water supply 
(E~W) (E-1-1) (65) (if upper aquifer absent) 

and fairly big COnSU(l'lp-
tion 

Kzm limestone 
sand cont. 100-200 20-35 15-25(40) o. 2-1 good, esp. towns, indust., agri. 
sandstone (EYW) (EYl-1) south(36) very big consumption) 

I-3-eastern N2-Q sand diseont. 25-35 15-20 0.5-1 0.1 poor(6) village water 

(East Oio, west 
Supply 

Bafat3) . ,. sand cont. 50-100 10.25 10. 20( 0.2 W good (17) big consump., esp • 
(EtW) (EifW) E poor irrigation 

I-4-southern NrQ sand ± cont. 20-30 15-20 o. 5-1 ~ 0.1 fairly good village water 
(60) supply 

(Quinara, Tom- Kzm sand cont, 50-100 15-30 2.5 (15) d north insuff.(l2) fairly big 
bali, extreme sandstone (E-W) >1 south consumption 
east of Bolama 

1-5 Biiagos N2-Q snnd discont. 20-35 15-20 ..;O.l poor(3) village water 
(Bolama) supply 

Zone II-I-north c. t. sand i'cont, 25-35 l.S-20 0.5-l(J)<\{1.2 fairly good village or live-
!I altel.·ite (80) stock water supply 

(Gabu, except 
Boll sector; 
Bafat1i - far Pz. Pc sandstone discont. 40-50 15-20 0.2-0.5 0,1-0,5 insuff.(40) village or live-
NE part) schist (4) stock water supply 

East II-2-south c. t. sand discont. 25-35 15-20 0.2-0.5 .:0.5 poor(4) village or live-

(South Gabu, alterite stock water supply 

south-east 
Bafatf!, east 
Quinara, north 
enst Tombali 
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