










































MAP 11. GABON - GEOLOGICAL SKETCH 
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GABON 

Area: 26 7, 600 km2 
Population: 1.2 million (1983) 

I. BACKGROUND 

Gabon is crossed in its centre by the equator and has a coastline of about 800 km 
in the west on the Gulf of Guinea. The country is fairly flat and 85 % of its area 
is covered with the great equatorial forest. Seventy-five per cent of the country is 
comprised by the basin of the Ogooue River and it has the following geographic units: 

The plains and plateaus of the coastal basin with a few peaks rising to 240 m; 
this basin widens from the south (30 km) as far as the latitude of Port Gentil 
(250 km), and then narrows to the north (50 km at the level of Cocobeach); 

Inland, running NW-SE, the massifs of Mayombe (820), Chaillu (980 m) and 
Ndjote (909 m) and the Cristal mountains (800 m); 

The crystalline plateaus of the north-east (450 to 650 m) dominated by Mt. 

Belinga and Mt. Boka Boka (1,000 m); 

In the south-east, the Bateke plateaus (550 to 800 m); 

The lower river plains of the Nyanga and the NgouniBi 

The Booue and Franceville basins (Haut-Ogooue). 

Climate 

The climate is of the equatorial wet tropical type, with annual rainfall 
declining from a maximum of 3, 000 to 3, 200 mm in the north-west (Libreville region) 
towards the east and the south-east in a number of depressions, the plains of the 

Ogooue and the Nyanga ( 1, 400 to 1, 600 mm). 

The monthly maximums occur from September to mid-Decernber and from mid-February 
to May. These two rainy seasons are separated by a long dry season (June-September) 
and a short dry season (December-February). There is an average of 130 to 140 rainy 
days a year, with a maximum of 225 days in the Cristal mountains and a minimum of 
69 days at Booue. The relative humidity is usually above 80 % in all seasons. 
Evaporation measured in a pan averages 1,000 mm a year. Temperatures are high 

the year, with averages of 20 oc to 28 oc, declining from the north 
the east and south. The annual thermal ranges are small: 2 oc to 4 oc. 

Hydrography, hydrology and surface water 

Gabon's hydrographic network has 77 units: 64 watercourses, 1 deltaJ 3 estuaries 

bays, 5 lakes and 4 lagoons. 

The main river, the Ogooue, drains 72 % of the country (as ¥7ell as 22,000 km
2 

in 
Cameroon and Congo). It is 1,000 km long. It rises in Congo at an altitude of 850 m 

the Bateke plateaus. Its main tributaries are the Ivindo, which drains the 
section of the country, and the Ngounie. The river is navigable below 

otl, which is 250 km above the delta. 
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The country's second river, the Nyanga, is 600 km long. 

There are also several coastal rivers) including the Mbei and the Komo, flowing 
into the vast estuary of the Gabon River which gave the country its name. 

The rivers have numerous rapids in their upper courses. The country has a 
considerable hydroelectric potential. 

January 
February 
March 

April 
May 
June 

July 
August 
September 

October 
November 
December 

Table 1 

Annual rainfall (mm) at three pluviometric stations in Gabon 

Bitam: 24 years 
Min. Max. Av. 

0 
7 

57 

46 
99 
46 

0 
3 

43 

105 
84 
17 

116 
15 2 
336 

353 
460 
240 

122 
122 

'444 

431 
386 
136 

58 
79 

196 

200 
280 
143 

(20) 
(50) 
243 

268 
235 

74 

Libreville: 21 years 
Min. Max. Av. 

76 
132 
203 

207 
9 
0 

0 
0 
3 

92 
247 
84 

5 23 
411 
670 

545 
510 
125 

4 
41 

244 

649 
799 
643 

250 
271 
436 

376 
260 

10 

2 
(10) 
123 

370 
523 
364 

Franceville: 24 years 
Min. Max, Av. 

54 315 
99 316 
58 466 

98 326 
69 33 6 

0 122 

0 "' 77 
0 59 
7 195 

118 444 
149 368 
103 3 23 

184 
207 
262 

212 
202 
(20) 

(2) 
(20) 
101 

281 
258 

(180) 

The table shows the approximate average monthly rainfall for 21 or 24 years 
(1947-1950 to 1970-1971), illustrating the ti<O rainy seasons, with maximums in spring 
and autumn, separated by the summer and winter dry seasons. 

Rainfall varies in step with latitude; for the flow patterns of the watercourses 
this means a low-water season in winter in the north and in summer in the south. 

Taken as a whole, the flow patterns of the rivers are extremely regular if the 
mean interannual flow (Qm) - which is obtained by establishing successively the 
monthly mean of the daily values, the annual mean of the 12 monthly values, and the 
interannual mean of the annual values since the establishment of the measuring 
stations -with the mean annual peak flow (Qe), which is obtained fr?m the annual 
peak flow, i.e. the highest daily value in the year, and the mean of all the annual 
peak flows available for a given station. 
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The results for Gabon's 24 stations are: 

Qm < 2 Qe at 6 stations = 25 % ) 
2.01 < Qm < 4 Qe at 15 stations = 62.5 % ) 87.5 % 
4.01 < Qm <10 Qe at 3 stations = 12.5 % ) 

It is remarkable that the peak flow is less than 10 times the minimum flow at 
three-quarters of the stations, and less than 20 times at nine-tenths of them. 

Gabon's hydrographic network is as a whole very well developed, with high 
permanent flows in all seasons. The navigable watercourses are used as a means of 
travel and transport of goods, in particular timber, and they have many sites 
suitable for the construction of dams for the production of hydroelectric power. 

The following table gives some information about the main dams built and planned. 

Name of 
installation 

Tchimbelt§ 

Kinguelt§ 

Petit Poubara 

Grand Poubara 

Fougamou 

River 

MbtH 

Mbei 

Ogooue 

Ogooue 

Ngounie 

Characteristics of Gabon's main dams 

Slope of 
dam 

+ 539 

Collection 
capacity 
(106m3) 

220 

At stream level 

+ 390 Low 

+ 432 2,080 

+ 86 4,800 

Operational 
flow 
(m3/s) Status 

35 Built 

60 Built 

108 Built 

198 Under construction 

645 Planned 

In addition to the five installations described above 1 there are many sites which 
can be developed after further feasibility studies: nine sites on the Ogooue or its 
tributaries, from upstream to downstream: Abouka on the Mpassa, Lebombi on the 
Lebombi, Mafouta and Liboka on the Ogooue, Akieni and Angouma on the Lekoni, Lifouta 
and Souka on the Ogooue, and Booue on the Ogooue. 

There are four possible sites on the Ivindo: Koungue, Mingouli 1 Kouata-Mango and 
Tsengue Leledi. 

There are five closely-spaced sites exploitable from the Tchimbele dam. 

II. GEOLOGY 

Geological introduction 

Gabon has three large geological systems: 

The crystalline and cristallophyllian basement rock which constitutes the 
North-Gabon massif, the Chaillu massif and the Mayombe range. The North-Gabon 
massif contains important iron deposits. The Mayombe range is 450 km long and 

- 99 -



30 km wide. It contains migmatites, granitogneiss, quartzites, micaschists 
and complex metamorphic seriesi 

The Precambrian sedimentary cover with, from bottom to top: 

- The Francevillian system in the south-east, which includes five formations 
containing deposits of detritic uranium (conglomerates, sandstones, pelites, 
with jaspers and pyroclastic products); the Ogooue system in the centre 
contains volcano-sedimentary and metamorphic formations, and the Mayombian 
system in the south-west contains conglomerates~ arkoses, quartzites and 
carbonated schists; 

- The middle series at the eastern edge of the Mayombe range also contains 
arkoses, quartzitic and carbonated rocks, schists and various detritic 
rocks; the upper series in the Nyanga synclinorium contains tillites, 
schists, sandstones, conglomerates of glacial origin, and schist-limestone 
and schist-sandstone serles; 

The sedimentary cover ·with formations dating from the Paleozoic to the Neogene 
and Quaternary. It is divided into two systems: 

- The coastal sedimentary basin divided into two by the Lambarene crystalline 
horst deposited in the Lower Cretaceous, i.e. the interior synclinal basin 
(area- 200 x 60 km; thickness- 3,500 m), ~<ith fluvio-lacustral and 
lagoonal continental formations: sand-sandstones~ marls, clays, shales, 
conglomerates of Upper Paleozoic to Middle Cretaceous age, and the Atlantic 
or western basin (area- 500 x 15 to 200 km; thickness- 8,000 m), with 
marine deposits of Cretaceous to Quaternary age (carbonated ~andstone, 
argillite and detritic deposits); 

- The Bateke plateaus in the south-east at the edge of the Congo Basin, 
consisting of Tertiary continental sandstones and sands resting in 
discontinuity on the Francevillian formations. 

The Quaternary and Recent formations include inter alia coastal sand belts and 
fluviatile alluviums. 

General description of the aquifers 

The large geologic systems are distributed roughly as follows: 

Atlantic coastal basin 
Bateke plateaus 
Upper Precambrian 
Middle Precambrian 
Lower Precambrian 

50,000 km 2 

12,000 km2 

29,000 km 2 

32,000 km2 

145,000 km 2 

Vast ground-water aquifers cover about one-third of the country, including most 
of the formations of the first three systems listed above. 

The other two-thirds contains only small isolated aquifers in the granitic rocks 
of the Lower Precambrian and in the metamorphized and schistose rocks of the Middle 
Precambrian. 
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The masses of hard rock are generally altered in their upper strata. The 
thickness of the alteration layer varies: it can be up to 30 m in the limestone 
series and perhaps much higher in the granitic areas. Many of these mostly laterites 
strata contain ground-water aquifers which feed the many perennial springs, which 
usually have a very small discharge in the dry season. These water resources have a 
very low mineral content and they are of very great economic importance, for they are 
preferred to surface water as a means of supply by rural dwellers. 

However, the laterite strata have poor permeability owing to their often high 
clay content. Furthermore, they deliver to their outlets water with a high sediment 
charge. They are therefore not being exploited under the current village 
water-supply programme. Preference is given to the non-altered strata owing to their 
more favourable properties and their limited vulnerability to recharge variation. It 
is possible to drill in the hard, schistose or granitic rocks with down-the-hole 
hammers driven by compressed air. 

The essential parts of the data currently available on each of the aquifers will 
be found below. The information may be of regional or only local significance, 
depending on the number of boreholes drilled. 

Much fuller data are to be obtained in 1985 with the completion of the first 
stage of 510 boreholes - distributed throughout the country - under the village 

water-supply programme. 

Coastal sedimentary basin 

The coastal sedimentary basin is the part of the country where the geology is 
best known, thanks to oil exploration works. The total thickness of the sedimentary 
deposits is in excess of 5

1
000 m; it is perhaps above 10,000 m in the coUtinental 

plateau. 

Quaternary 

The coastal sand belts contain an aquifer recharged by direct infiltration of 
rainwater, resting in density equilibrium on the salt water or on an impermeable 
substratum. The aquifer is 25 m thick at Port Gentil. The sands have good 
permeability as far as Port Gentil, and at Mayumba the boreholes have yields in the 
order of 2 m3 /h per metre of drawdown. The transmissivity ranges from 6 x 10-

4 
to 

3. x to-3 m2/s at Port Gentil. It is estimated at 4 x 10-3 m2/s at Mayumba, where a 
drawdown of 2.9 m was recorded on the completion of pumping at 9.5 m

3
/h 

(3.3 m3/h.m. ). 

The water has a small mineral content (50 to 250 mg/1). The facies range from 
,.~a•~ium bicarbonate to mixtures of calcium bicarbonate and calcium and sodium 

ride. Owing to the conditions which formed the belts (abundant vegetation in the 
1 trenches), the water has a high iron content (often 20 to 35 mg/1) and is 

in organic matter; the frequent clogging of filters has affected the 
FJ'Y"ccitation of the aquifer at Port Gentil. Despite a production of 8,000 m

3
/day 

1974), no intrusion of salt water has been observed. 

The Mayumba aquifer is more vulnerable owing to the narrowness of the sand belt. 

Pliocene to Upper Miocene series 

''Cirques'' series Akosso (Pliocene) and N'Tchengue (Upper Miocene) 
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In the Mayumba region a number of village boreholes tap the Pliocene sand strata 
located at depths of 6 to 40 m. The specific discharges are between 0.75 and 
3.5 m3 /h.m. The water is very sweet and of calcium bicarbonate facies. 

Middle Miocene to Paleocene series 

Alewana series: M'Bega and Mandorove (Miocene) 

Mandji series: Animba and Ozouri 2 (Eocene) 
Ozouri 1 and Ikando (Paleocene) 

The formations have a predominantly argillaceous facies and their hydraulic 
potential is therefore very low. 

Maestrichtian to Upper Aptian series 

Komadji series (Maestrichtian to Senonian): Ewongue to Anguille 

This series includes argillaceous sandstones, clays and compact calcareous 
sandstones. The three boreholes (70-73 m) drilled at Cap Esterias indicated very 
poor permeability of the aquifer (with yields of 1 to 4 m3/h for drawdowns of 20 to 
25 m); the transmissivity is in the order of lo-5 m2/s. Despite the proximity to the 
sea, the water is of good chemical quality, with a dry residue below 300 mg/1. 

The limestones can be karstified and thus of particular interest for 
exploitation: a karst has been identified, for example, at the edge of Akwango bay. 

Sibang and Azile series (Turonian) 

The formations consist of limestones~ marls and argillaceous sandstones with 
fairly low permeability. The series has been identified to a depth of over 500 m 
under Libreville. The maximum operating yield is 50 m3/h (for filter lengths in 
excess of 55 m) with drawdowns of over 40 m. The transmissivity is in the order of 
Io- 4 m2/s. The storage coefficients are estimated at Io-3 at depths down to about 
200 m and at 3 x lo- 4 at depths from 200 to 400 m. The water is sodium carbonate 
with sodium bicarbonate and sulphate. The dry residue increases with depth: 200 to 
300 mg/1 for water tapped at depths down to 150 m, then 450 to 700 mg/1 at greater 
depths. The sulphate content increases in the deep strata owing to penetration of 
the roof of the Cenomanian red series which contains large quantities of gypsum. The 
mineral content can exceed 5 g/1. 

The water of the lower Sibang series has a high fluoride content (up to 1.2 mg/1) 
owing to the presence of phosphated strata. 

Red series and Cap Lopez series (Cenomanian) 

The facies are generally marly to sandy-marly. The lagoonal strata can have a 
high gypsum content. As a general rule, the formations appear unsuitable for 
ground-water exploitation. This is certainly true in the south in the Sette Cawa 
region, where the formations are impermeable (three boreholes from 49 to 71 m). 

Madiela series (Upper Albian to Upper Aptian) 

Here the drilling has identified: an upper system, with sands, marls, dolomites 
and possibly gypsum) a middle system, with sandstones, limestones and dolomites; and 
a lower system, with limestones. 
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Two boreholes drilled near Ntoum indicate the probability of poor to average 
permeability: 

The Donguila borehole, 108 m deep, penetrated sandstone dolomites with very 
little fissuration, for pumping at 37 m3 /h caused a drawdcwn of 7.9 m, i.e. 
0.34 m3/h.m.; the transmissivity is estimated at 7 x m-5 m2 /s; 

The banana plantation borehole (G 11) was halted at 70 m after penetrating 
marls and calcareous sandstones; the characteristics are similar to those of 
the Donguila borehole: 0.3 m3 /h and to-4 m2/s approximately. 

The water has a dry residue of 325 to 450 mg/1; the facies is calcium carbonate. 

To the north-east (Ntoum) and north-west (Nkoltang) of the latter borehole there 
are outcrops of older strata consisting of limestones with much more permeable 
karstic features. 

Permeable strata are also found in the dolomitic formations in the south of the 
country in the Gamba anticline, south of Lake Ndogo. 

Upper Aptian to Neocomian series 

The system of the so-called Cocobeach formations is marly and thus of low 
permeability. Only one stratum - the Gamba sand-sandstone series - is of real 
hydrogeological interest; it is located north of Ntoum. 

Vembo Shales 

The upper Cocobeach series - Vembo Shales: Ezanga - has been identified to a 
depth of 109 m near the town of Cocobeach. The borehole had a yield of 0.2 m3 /h, 
demonstrating the very poor permeability of the strata. 

Gamba series 

Several stratigraphic m1n1ng research and reconnaissance holes have 5.ndicated, 
north of Ntoum beneath 26 to 44 m of Vembo Shales, a sand-sandstone series 175 m 
thick. The water is artesian in the topographically low sectors. The 
solar-programme borehole drilled at Akok taps only the upper 8 m of the series. 
Pumping at a rate of 8 m3/h caused a drawdown of 18 m, i.e. 0.4 m3/h.m. The water 
has a mineral content of 150 to 200 mg/1. The facies is calcium and magnesium 
bicarbonate. 

Remboue series 

Outcrops of this predominantly marl series are found north-west and south-west of 
Bifoun. Research must be carried out in the intercalated sandstone banks. 

Kango series 

This series outcrops extensively from the sector north-west of Kango almost as 
far as Lambarene. The marly deposits can be considered semi-impermeable. 
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Terminal Jurassic to Permian series 

Ndombo series 

This series outcrops north-east of Ntoum in the form of hills containing a 
permeable sand-sandstone system with abundant recharge from rainwater infiltration 
which feeds the rivers in the dry season with a specific discharge of over 
10 l/s/km2. 

A borehole 49 m deep, intended to supply Cocobeach, penetrated a series of 
fine-grained sandstone bonded below 25 m. The sprin~s originate in conglomeratic 
strata or fracture zones. Pumping at a rate of 20 m /h caused a drawdown of 21.4 m, 
i.e. 0.9 m3/h.m. The transmissivity is estimated at 2 x lo-4 m2/s. The water has a 
mineral content of about 200 mg/1. The facies is calcium bicarbonate. 

South-east of Cocobeach, the sandstone aquifer runs south-west and becomes 
confined under the Vembo Shales. Its pressure is transmittedt despite considerable 
tectonic fracturation 1 to the Gamba sandstone aquifer, explaining the latter 1 s 
artesian ism. 

The Ndombo aquifer itself can also be artesian in the low areas of the plain. 
This is the case of the Ndouaniang borehole drilled through 60 m of Kango clays. The 
head was 6 to 7 m above ground lev.,l. The water has a lm• mineral content (about 
70 mg/1); it is calcium bicarbonate and fairly acid (pH 6.0). The Ndombo aquifer has 
a considerable potential. However, in order to reach optimal productivity, the 
boreholes must be fairly deep, so as to penetrate one of the conglomeratic strata and 
a sufficient number of fissures. 

Mvone series 

This series has two lithological systems: 

Marly semi-impermeable deposits, and 

Coarse crumbly conglomeratic sandstones 1 where hydrogeological research is 
still to be carried out. 

Agaoula series 

This series consists of a sandstone-mar! system ,.,hich probably has very poor 
permeability. 

Bateke plateaus 

The Bateke plateaus series extends over Gabon, Congo and Zaire and consists of 
soft sandstones with clay intercalations. This permeable system constitutes a vast 
reservoir with a large recharge from rainfall: the effective infiltration is above 
90 cm in an average year. The aquifer is drained by rivers which flow in deep-sided 
valleys. Their lo"'.:water flo"' indicates high rates of ground-water flow of up to 25 
to 30 l/s/km2. 

The first borehole in this series in Gabon (G 17) was drilled near Lakoni. It 
was lOO m deep and penetrated medium sands (0.2 to 0.5 mm) in the first 70 m. 
Tapped at between 50 and 70 m, these sands have a transmissivity close to 8 x 
lo-4 m2/s. Pumping at a rate of 11 m3/h caused a drawdown of 16 m, i.e. 0. 7 m3/h.m. 
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The water in this series has a very low mineral content, with a dry residue of 
about 40 mg/l and high acidity (pH 5). 

Several boreholes drilled under the village water-supply programme had higher 
permeabilities, and half of them had specific discharges in excess of 10 m3 /h.m. 

Upper Precambrian 

Mpioka series 

These formations form the core of the Nyanga syncline and include schists, 
sandstone schists, and argillites with intercalations kno'(lm as the schist-sandstone 
series and constituting a porous reservoir of regional extent; the springs are 
perennial but of low discharge. The permeability of the schistose strata depends on 
their degree of fissuration. It is generally fairly low. The best yields are 
obtained in the fractured sandstone aquifers. 

The 17 village boreholes installed in Nyanga province can be classified as 
follows by specific discharge (m3/h.m.): 

Schists 

Sands tones (and 
schist-sandstones) 

< 0. 1 

4 

0.1 to 0.5 

7 

1 

0.5 to 1 1 to 3.4 

boreholes 

1 4 boreholes 

The water has a very small to moderate mineral content (50 to 200 mg/1); the 
facies is calcium bicarbonate or a mixture of calcium and sodium bicarbollate. It is 
very acid (pH 5.5 to 6). 

The Noya series, which outcrops to the east of the Agoula series and extends into 
Equatorial Guinea, has the same schist-sandstone facies as the Mpioka series. 

Schist-limestone series 

This series appears in the plain within the circumference of the Nyanga syncline 
and extends into Congo. It consists of carbonated rocks (limestones 1 dolomites, 
marls) with frequent karstic phenomena: disappearance of watercourse and sinkholes 
and resurgences. The rivers generally run NW-SE with NE-SW deviations. The 
lateritic cover can be up to 30 m thick. These surface layers must be fully lined in 
order to prevent intrusion of argillaceous ~·later. Most of the formations have 
average to high permeability. 

The 20 boreholes drilled in Nyanga province have been classified as follows by 
specific discharge (m3/h.m.): 

< 0.5 0.5 to 1 .l to 5 5 to 10 10 to 24 

3 3 8 3 3 

The boreholes installed in Ngounie province have given similar results. 
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The highest yields are obtained from fractures, as demonstrated at Mandji (G 15) 
where a fissured zone about 2 m deep provides a yield of 32 m3/h for a drawdown of 
1.0. The water has a relatively high mineral content with a dry residue between 200 
and 400 mg/1; the facies is calcium bicarbonate, with pH of 7 to 7.5. 

Louila and Bouenza series 

These series outcrop at the two edges of the schist-limestone series: the Louila 
series on the west edge, and the Bouenza series in the Lebamba region. They include 
sandstones and quartzitic sandstones, schists and argillites 1 and intermediate rocks. 
No borehole has been drilled here. 

The permeability varies with the facies, as in the case of the schist-sandstone 
series, 

The Middle 
and sub-systems 
sedimentation. 
and dolomites. 

Middle Precambrian: "Francevillian" 

Precambrian is known in Gabon as the "Francevillian 11
; several systems 

have been identified here, showing the complexity of the 
The main units consists of pelites, ampelites 1 sandstones, jaspers 

A number of village boreholes have been drilled in Haut-Ogooue province; 29 of 
them are in the Francevillian strata and have demonstrated its poor general 
permeability; they are classified as follows by specific discharge (m3/h.m.). 

< 0.05 0.05 to 0.1 0.1 to 0.5 0. 5 to l. 4 

Pelites-ampelites 3 6 2 2 13 boreholes 

Sands tones 4 3 7 14 boreholes 

Dolomites 1 1 2 boreholes 

7 9 10 3 

The highest yields come from zones of contact between pelites and ampelites and 
from fractured dolomites. 

The water with the highest mineral content (about 300 mg/1) and calcium 
bicarbonate facies is found in the dolomitic strata. 

The pelites and sandstones generally yield water with a very low mineral content 
(under 80 mg/1), also of calcium bicarbonate facies, sometimes mixed with magnesium 
bicarbonate. The acidity is high. 

The Francevillian sandstone formations of Ogooue-Lolo province are the location 
of eight boreholes with the following specific discharges (m3/h.m.): 

> 0.05 0.05 to 0.1 0.1 to 0.5 0.5 to 0.7 

2 3 1 2 boreholes 

The dry residue is below 250 mg/1. 
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Lower Precambrian 

Crystallophyllian formations 

A positive 70-metre borehole was drilled in a quartz vein of the Ndjote schists, 
which as a whole probably yield little or no \<later. 

Crystalline formations 

These formations consist mainly of granites in the broad sense with very low 
permeability, in particular in Haut-OgoouA, where 13 boreholes, although sited on the 
basis of electrical data have a specific discharge below 0.17 m3/h.m.: 

< 0.01 0.01 to 0.05 0.05 to 0.1 0 . .l to 0. 17 

5 5 1 2 boreholes 

The results from seven boreholes in Ogooue-Lolo sited systematically in anomalies 
indicated by electrical prospecting have proved much more favourable} for all the 
installations discharge between 0.11 and 0.9 m3/h.m.: 

0.1 to 0.5 0.5 to 0.9 

5 2 boreholes 

The most productive borehole has been tested at 18m3/h. 

The water has a relatively high mineral content} with a dry residue~between 170 
and 550 mg/1. Several boreholes have been drilled in another granitic zone, near 
Mitzic, with positive results. It seems hat because of the difficulty of 
interpreting aerial photographs owing to the vegetation cover and the lateritic crust 
(which is often in excess of tens of metres thick), the only practicable methodology 
for the location of boreholes is constant separation traverse. It will perhaps be 
possible in the long term to establish correlations between the productivity of the 
boreholes and certain morphological and tectonic features (fractures in the basement 

rock, thickness of the alterites). 

Physical and chemical properties of the water 

The table below indicates the results of the analysis of water samples from 
boreholes, wells or springs in 29 cases out of 30 in Gabon. The other analysis was 

of river water. 

These analyses, which extend over about 20 years, were made by several 
laboratories at Libreville or Dakar or in France. Some of them are incomplete and 
the final reports show that the salinity of the water can change depending on the 
duration of the pumping preceding the sampling. Despite these defects, which are 
common in series of analyses, the results do furnish useful information. 

Almost a third of the analyses indicate a very small total mineral content; i.e. 

belo~1 100 mg/1. 

In contrast, five analyses indicate an average mineral content of 350 to 
900 mg/l; these are analyses (Nos. 4 to 8) of the water of five deep boreholes at 
Libreville. A further 10 boreholes at Libreville give the following results: 
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Low mineral content of the calcium-bicarbonate type of the water of the 
shallow boreholes: F1, F2, F3 and F9; 

Average mineral content of the sodium-bicarbonate-sulphate type of the water 
of the deepest boreholes, F4, FS, F6, F7 and Sobraga; 

Average mineral content of the sodium-chloride type of the RIVERA borehole, in 
which the bicarbonate content is similar to that of the other nine samples 
(unique in this sector). 

Most of this ground water has a much higher salt content than the surface water 
currently used. 

The exploitation of the ground water, the physical, chemical and bacteriological 
properties of which are almost without exception better than those of the surface 
water, could be continued over many decades without fear of depleting the stocks, 
which will be largely renewed by the enormous annual rainwater recharge. 

III. EXPLOITATION OF THE GROUND WATER 

The ground water is exploited mainly to supply urban areas, industries and 
villages. It has been intensively exploited since 1948. 

The first Libreville boreholes were drilled in 1954. Apart from this town, Port 
Gentil and a few other centres, water supplies were traditionally taken from rivers, 
despite the cost of the installations and the operating costs of the treatment 
plants. 

It was only a few years ago that the authorities began to consider the 
possibility of supplying places with ground water. 

Urban supplies 

Libreville 

The first three boreholes (F1, F2 and F3) were drilled at Libreville in 1954, in 
the Petit Paris district. They were 122 to 154 m deep and tapped the Sibang 
limestone series, which consists of marls, limestones and crumbly sandstones of poor 
permeability: pumping at 25 to 46 m3/h caused drawdowns of 17 to 42 m; the specific 
discharges varied from 0.9 to 1.5 m3/h.m. and the water was of average mineral 
content (dry residue of 210 to 280 mg/1). 

In view of the increasing requirements, three other deeper boreholes (450 to 
500 m) (F4, FS and F6) were drilled in 1960-1961 in the Gros Bouquet district. The 
deep water had a high mineral content (2.5 to 6.2 g/1) owing to contact with the 
Senomanian red series which encloses the evaporites. The water was therefore tapped 
from the lower Sibang series. Drawoffs of 25 to 50 m3/h cause drawdowns of 47 to 
61 m, i.e. bigger than those of the upper series; the specific discharges are 0.5 to 
1 m3/h.m. 

The water, 'dth a dry residue of 470 to 680 mg/1, has a higher mineral content 
than the water of the first aquifer. As a result of corrosion problems, the filters 
of boreholes Fl, F2 and F3 were replaced in July 1960. A new installation (F7) came 
into service in 1965. 
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Boreholes F1 and F2 had to be abandoned in 1966; they were replaced by boreholes 
F8 and F9, of similar depths and in the same location, 

In view of the low output of the installations and the increased demand, the SEEG 
decided to tap the water of the Nzeme, 40 km east of Libreville, with a first stage 
of 10,000 m3/day, This stage was implemented in two phases, Almost as soon as they 
came on line the installations were barely sufficient to meet the consumption, which 
was 10,000 m3/day at the end of October 1969, as against 6,100 m3/day in August 1967, 

The lm•T-water flow of the Nzeme w·as then increased by diverting the waters of the 
Assango, 

The exploitation of the Libreville boreholes was then gradually discontinued, 

At 
8, 7 %, 
(Ntoum 

present (1983) the capital's consumption is increasing by an annual average of 
At the end of 1982 it was around 50,000 m3/day, and the present install~tions 

IV) will have reached their limit in 1986 with an output of 68,000 m3 /day, 

A new project (Ntoum V) has been launched to provide an additional 50,000 m3/day, 
which should meet the demand for seven to eight years, 

The requirement could be 175,000 m3/day by the year 2000, In these 
circumstances> all possibilities of mobilizing water resources must be considered, 
including the resources of the aquifers in the Ntoum region: Madiela (limestone 
facies) and the Gamba and Ndombo series, The first action for this study was taken 
in 1979, In the sand-sandstone aquifers, the boreholes must be sufficiently deep to 
traverse the largest possible number of favourable strata (conglomeratic banks and 
fissured zones), 

Port Gentil 

Between 1951 and 1967 the population of Port Gentil increased from 9,500 to 
27,000 and its annual water consumption from 350,000 to 1,500,000 m3 , 

In 1968 the forecasts of population growth and water needs up to the year 2000 
were as follows ("strong hypothesis"): 

Domestic water consumption (m3/day) 

Industrial water consumption (m3 /day) 

water consumption: C (m3/day) 

production: P ~ C x 1.17 (m3/day) 

Requirement in dry season: 
P x 1.15 (m3/day) 

1970 

32,500 

3' 750 

1' 270 

5,020 

5,900 

6,800 
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1980 

52,000 

7,500 

2,800 

10,200 

11' 900 

13,700 

1990 2000 

76,000 108,000 

12,500 20,000 

4,500 6,000 

17,000 26,000 

19,800 30,000 

22,900 35,000 



The r1s1ng consumption 1 due in particular to the increased petroleum activities, 
prompted the planners to think in the short term of pumping river water from an arm 
of the Ogooue, 35 km from Port Gentil at Mondorobe. 

The pumping station is now (1983) in operation, and the capacity of the 500 mm 
delivery pipe will have to be doubled in 1984-1985. Up to 1978-1979, Port Gentil 
took its water from the aquifer of the Quaternary sands by means of a series of small 
installations: 

a) 105 wells, 6 to 7 m deep, laid out in five rows. In each row the wells are 
120 m apart and have slotted liners at depths of 2.25- 3.75 m (below sea level) 
surrounded by a filter block 0.80 m in diameter. The slotted liners are attached to 
a main suction line discharging into a central wet box. In 1987 the 105 wells 
delivered and average of 3,650 m3/year, i.e. 35 m3/day = 0.4 1/s per well; 

b) Eight boreholes 25 to 30 m deep. These holes are set every 500 m in two 
parallel lines 350 m apart; each delivers 500 to 800m3/day, i.e. about 5,000 m3/day 
in all; 

c) 22 boreholes 15 to 20 m deep, drilled in 1975-1976. They are 120 to 130 m 
apart and deliver a total of 5,000 to 6,000 m3/day. 

The water from these wells and boreholes has remained very sweet and the problem 
of renewal of the resource has never arisen. Studies on this topic concluded, on the 
basis of the average annual rainfall of 2,000 mm, that the recharge was 1,100 to 
1,200 mm and that it did not fall below 750 mm even in very dry years, i.e. 2 mm/day 
or 2,000 m3/day per kmz. Infiltration over an area of 3 to 4 km2 in 1970, and about 
15 km2 by the year 2000, would thus make good the drawoffs. The main~ problem of 
exploitation was the high concentration of iron in the water, producing clogging with 
hydroxide deposits which are very difficult to eliminate, so that the wells and 
boreholes have to be replaced periodically with similar installations. A decision 
therefore had to be taken to abandon the exploitation of ground water at Port Gentil 
and turn to river water. 

Rural s~plies 

Most of the main interior centres take their supplies from surface water. The 
SEEG is thus responsible for the water supply at Akieni, Bitam, Franceville, 
Koulamoutou, Lambarene, Lekoni, Makokou, Moanda, Mouila, Mounana 1 Ndende, Ndjote, 
Okondja, Oyem and Tchibanga. In most cases the water is taken from rivers; in the 
case of Mouila, Ndende and Tchibanga, it is in fact ground water which is being 
tapped, for the pumps are installed in resurgences of the karstic systems of the 
schist-limestone series. The treatment plants are expensive and the operating 
constraints often heavy. 

But there is no other solution if the large requirements are to be satisfied in 
regions where the aquifers have a low yield. 

The exploitation of ground water is usually more economical, for except in 
special cases the treatment of the water is confined to chlorination. This is why 
the SEEG decided to evaluate the possibilities of the ground-water aquifers. 
In 1~91, and more so in 1982, many centres were studied by means of the electrical 
resistivity method: Boumango, Cocobeach, Foulenzem, Iboundji, Lebamba, Mabanda, 
Malinga, Mandji, Mayumba, Medouneu, Mekambo, Minvoul 1 Mitzic, Moabi, Moyabi, Ndindi, 
Ngouoni, Omboue, Onga, Ovan and Pana. 
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Positive exploitation boreholes have been drilled, notably at Cocobeach, Mandji, 
Mayumba, Moabi and Omboue. 

Various water-SUPI?l.Y projects 

Several studies have been made since 1980, concerning: utilization of ground 
water for certain purposes, usually industrial, in particular to supply the 
11 stations of the T.~ansgabon Raill<ay between Owendo and Booue (one borehole was 
drilled at Ndjote); the implementation of the drilling programme and the installation 
of solar pumps; the exploitation of mineral water (Lekoni); and the development of 
agro-industrial complexes (Ntoum banana plantationt Hevegab hevea plant~tions, Ndende 
ranch). 

Village supply, village water-supply programme 

Gabon's rural water-supply programme began in 1976-1977 with a field survey 
covering 712 villages throughout the country. Files were established for 560 of 
these villages, containing social and economic data, a range of information about the 
water resources and needs, and proposals for ground-water research and exploitation 
activities; the boreholes were to be equipped with hand-operated pumps. 

The location studies, using interpretation of aerial photographs and geophysical 
prospecting by the resistivity method, began in June 1981. The programme of works to 
equip 330 villages with 510 boreholes in four years was begun in February 1982. 

The first sage of the works lasted about 10 months up to December 1982. With two 
drilling rigs in use, the following installations were completed: 

Province of Nyanga: 52 boreholes, of which 46 are usable, to supply~O villages; 

Province of Haut-Ogooue: 47 boreholes, of which 41 are usable for 27 villages; 

Province of Ogooul Maritime (Gamba): 8 boreholes, 2 usable: 

Province of Ogooui-Lolo: 27 boreholes, mostly in granites, of which 18 are 
usable; 

Province of Ngounie: 43 usable boreholes. 

The second stage of the works was carried out in 1983-1984 in the following 
provinces: 

Ngounil: 100 boreholes drilled, 80 equipped, 53 villages supplied; 

Ogooue-Lolo: 38 boreholes drilled, 27 equipped, 20 villages supplied; 

Ogooue-Ivindo: 64 boreholes drilled, 60 equipped,_±! villages supplied; 

Total: 202 167 114 

IV. CONCLUSION 

In the immediate future and in the longer term, the development of Gabon's ground 
water is certainly a possibility for supplying towns, villages, industries and 
various enterprises; this is because the cost is moderate in comparison with the cost 
of using surface water and also because the ground water is of good quality. 
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A survey of the water resources of the whole country was made under the village 
water-supply programme; the amount of these resources varies greatly from sector to 
sector, depending in particular on the geological conditions. Over most of the 
country boreholes have relatively low yields but sufficient to meet the modest needs 
of the villages, which usually have no more than 200 to 300 inhabitants. The ground 
water generally has a low mineral content and is suitable for human consumption if 
tapped at depth. At shallow depths the ground water often has a high iron content 
and unpleasant colour and taste. 

The hydrogeological studies have so far been carried out by foreign companies or 
bodies, with variable results and usually fairly high costs. The Water Department is 
theoretically responsible for hydrogeological studies and research, including 
inventories, but in fact it has no technical unit or even a specialist assigned to 
this work. The only Gabonese engineer) a hydrogeologist, has a managerial post in 
the Ministry of Energy and Water Resources. 

However, there is a plan to restructure and expand the hydrology service, within 
the framework of this Ministry's Water Department; it will have a ground-water 
office, responsible in particular for inventories, documentation, hydrogeological 
supervision of water-drilling works, and some reconnaissance operations, with a view 
to preparing and making use of the ground-water studies and works entrusted to 
private companies or other bodies, such as the Interafrican Committee for Hydraulic 
Studies. 

This hydrogeological unit will also have to concern itself with protection of the 
quality of the ground water, which is threatened by pollution by industrial 
- especially mining - and municipal waste water and by fertilizers and pesticides. 
Increasing importance will have to be attached to this work in futu~ years owing to 
the increasing industrialization, especially in the areas of mining and 
petrochemicals. 
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