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V-between the 300 mm and 750 mm average annual 1sonyets. This is quite a

Nt i

1. INTRODYCTION
The ground-water resaurces of the Sahelian zone. west of Sudan are outlinsd
from information derived Ifrcm existing publications and reports.

The receni drougnt (1955 - 1973) has stimulated research inte the
[}

deve;opﬂenu of reliable supgplies of ground water, but the results of much of

‘this work have not yet been published.

™

Due to the former great extent of French colonial influence in this part

of the world the vast major ty of avallable literature is in French and has

not been translated. Many references are obtainable only in Paris or in the

country concerned.

Roche et al (1970) deflne the Sanel as the seml arld to savanrab zoqel,"

restrlcted latltudlnal belt where ralnfall 1e‘ fic 1ent only uO mdwnfaln'

'pastoralism. Other autnors cons -der that the Saheﬂ extends south to the

" latitude of the Guif <_)f‘G'.1‘ir‘.ea'y and this area has been used for the purpose'

of this repoft.' Since the(@ajor;sediﬁentéfy beeinejof-the Sahel extend.porth‘
inﬁo_the‘Sahara.éheir'bordere héve'been ﬁeed to,de}ine the nofthern limit of
fhe:é;eeiﬁnder:COnsideratibﬁ. '

The fegion qefined_aone occupies the gfeete; part of th: ‘bulge' of the

_African continent.' The area is approximately 4,000 ‘km east-west by 2,500 km
o - . o U o .0 o N ' L
north-south, lying between latltuces 17°W and 23 E and between longitudes .

-_SON and 250N. The couqttles within the region are: Benln (formerly Dahomey),

Chad Gambla Ghana, Guinea, Guinea Bissau3 Ivory Coast, Liberia, Mali,
Mauritania, iger, Nigeria, Senegal, Sierra Leone and Togo. Parts of Algeria,

Cameroon, Central African Republic and Sudan are also included.

1.2 MORPHOLOGY  AND DRAINAGE

Y,

The morpholozy of the region is domlnaeed by a Jestward tllted Ter‘*ary

plateau surface which has resulted in flat-topped massifs such as Anaggar anc
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"durlng Me50201c llftln ,‘all dralnaga on this pert of Gondwanaland dau to

1.3 CLLMATE (Figure 1)

5

ibesti. a2 highest pz2aks are in the order of 1000 m in Tibesti znd Darfu

(Sudan) in the east, falling to 500 m in the Fouta Djallen.

There are three mzjcr arsas o

ey

low-lying country: the Djouf {Taoudeni)
and Chad basins and the coast of the Gulf of Guirea and Atlantic Ocean. The
basins range from 130 m fo 480 m. above sea le&el and are areas of inland
drainage for ephemeral,wadi flows. The:evare also several pergnnial streams
wﬁich flow into Lake Chad frqm the more humid south::the laréest of these is

the Chari wnich drains the Ubangi Plateau (Central African Republic). The

Djouf basin also drains to the .central Niger. Drainage systems leading fqithe

coast are perenﬁial the rmost northerly being those of the Rivers Senegal and

o~

Niger. The course of He nge* is doubtless 1nfluenced by rlver canture. 1t

i hypothealsed (B1ij, 1064) that before Afrlca broke auay from America

-Ilnterlor ba°1ns resul ting-in ‘the. northeas»erly dlrectlon of the unoer reaches

of the Niger. Afeer oeparatlo coastal drelnge bocame wore vivdrous anu cut

bacK northwards along a N\—SE fau’t zone to canture the Niger, thus dlvertlng

-its courSe towards the sea. . .. :;:,'_;,4: S T

. The climates ofv£ﬁe regiop renge froﬁ-dese;t-in ;ﬁeﬁﬂeith fhfeﬁgh ietitudinei
belts ef.seml-deserf and savannah'to tfopical.aiong‘the coast. o ;:...s V:A

'The-deseéf climate of ihe Sahara is hof and dry with occassiopdl and
uppredittaﬁie rainfall. Temperetures maj reach 549C during the day; dropﬁing

to 12°C at night. Long'term average precipifation is less than 100 mm per annum,

“and evaoot* nspiration in the order of 3,000 mm per "nnum.' In the semi-desert

(steppe) zone there is sufficient rainfall to support ocatte ed grass. 1t does

not usually exceed 500 mm annually.
In the Savannah average annual precipitation is in the order of 1,200 mm,
but there iz a distinct 3dry season between November and March. .Average annual

temperature is about 25°C with a range usually less than GOC. Bathurst (CGambia)

i1s .typical of this climate; with =2 toeal annuaal rai 1£fall of 120% mm:




J T M A Mo J g A S 0 N D
g% 23.3 23.9 24.h 2b.h 25 25.7 26.7 26.1 26.7 0.6 26.1 23.9

pmm O o} 0. 0 5-1 _73.7 276.5 497.8 25k, o 94,0 5.1 2.5

Savannah landscages are typified by scatierad trees zand tall‘grasses.

The ¢limate of the coastal tropical belt is determined by the convergencs
of hot, dry éir from theé Sahara with warm moist aif from the South Atlantic. 1In
the west there are two mon aOOﬂJl oea&s of pre01oxtaulop separated by a qhoft dryi
season, whiig in theleast there is only one peak. Annual precipitaticn can b¢

more than 4,000 mm. A&xim (Ghana) and Freetown (Sierra Leone) are examples of

different patterns'of p?ecipitation in this z¢ne: .

- Avefage Preciv. mm
'“fﬂ'q,"rprﬂ‘ - f'Aﬂ,"?M“; S S '¢f A s’ 0 N D ‘Tota

Freetown 15. 2 12.7° 27.9 137 2 37: 9 541 o 934 7 990 6 829 5 386 1 13h4. 6. ;3 o uugo
There is a‘smal#-eﬁciaVe ofAdrléf:condltiQHS_aléng éart'of-the thga-Togo coasé,
but;eiéewhéré genefal %oist,:wa;m:éoﬁditions;prevai17£h£§;g£oﬁt:the yééff-,Thé
hiéh humi&ity is occéssiénallywrelieyed'byréfy Hbt'wind$>(ﬁértmafténg) from‘the
Sahé%é;>> : o R A : .

"iPofeﬁﬁiéi:e?énét;éﬁsbirétionAis usualiy'éétimaéed by Thornthwaite's-method
(Thornthaalte, 1948) since there are few, if any,Acllmataloalcal statlons whera
Daramete;s neceséary fér Penman s (1948) meuhod are recorded.w The potential rage
increases w1th average annual temperatureA;rom north ;o soqtn,'fromv;ess thaﬁ o
l,OOO.mm in the south~t9 over 3,000 . mm in.the Sahéra.i Acfual rates of
evapbtfanépiration vary with'the amount of availasle moiséure aﬁé thué_incréase
ffo@ nqrth.to SQuth. where actual evapbtraﬁ;piratioﬁ rarely.falls velow the
potential rate. | | |

Roche et al (1976) hévé exanined thé available climatic data for the region

and conclude that droughts of similar inteﬂsity to the recent one reéur in the

order of once every SO years.

et ke et o —- — e mmmmee s am e e . . o

1

Axlm'.” 50.1 61 0 12/ 0 2.2 419. 1 533 4 154.9 53 83'8 2<'33 0 190.5 88.9 2108 - -
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;2.1' lECTONICS AUD S”RUCTURU'

2. GEOLOGY ©

-

All periods of geological history, from the Pre-Camsrian to Racent are
- o

‘represented in tnis part of Africa. o

The more arid regions have been least explored due to difficult access, and

nd

,J
fL

to the extiensive cover of sa unas which obscure the solid geology. Huch of

the orlglnal research ard maonping of results was undertaken by the colonial

powers of France, Great Britain, Por»uval and Belkum.
The broae outllne nresen»ed below is taken largely from Furoa (19€3) and from

naos at a scale of 1 : 5, OOO OOO. Further details are ava1*a01e from various

The Cranlues of West Af*lca, Unesco 1908) and from publications

-of the geoloclcal surveys ox tne constituent co"ntrles and the countrles
”mentloned above. Publlcatlons conta’nlng references to hydrogeologwcal surveys

'llsted 1n the blbllovraohy ofte contain_a substantial amount of geologlcaL

:

Vest Afrlca is part of the steble &frlcan oLate and has therefore beeﬁ
llttle dlsturbea tectonlcallj. |
The easemeet lies ae or near.the surface whereAlt has been upwarped, and
these oﬁtcroos form the nresent hlgher land.' Volcanoes have develoned Locally'
(as inAthe Tibesti sassif elohg lines of faults in these regiuus of updoming.
esedimentery basins bave formed in regions of subsidence, usually in
.tecfonic'trquﬁs beundee oy major‘feults: Tﬁey have been subject é& ﬁercyniaﬁ,
Alpine and Recent tectonic undulatien.. The locations of the major basins are
shown in Figure 2. | o
. The majbrrfracture systems ere eriented iW/l-SE and NE;SH, cﬁtting almost at
right~angies. Tbese structures heve been reactiva ted throughout the sedlnenyary
history. There are also N - S structures of Pre-Cambrian age (such as the
horse of the Air massif) thch have net affected the sedimentary cover.
the region have beea published at varoius scalss.

Many geological maps of

. . . . . R TnYela 0N
_Of those seen tne Internsational Tectonic iap of africa (UHESCO, 19006, at a

o
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_scals of 1 : 5 million gives the clearest picture of the geology and structure

cf the region. ther maps published up to 1963 are listed by Dixey (1953).

2. 2 P .LJ"‘J:.A .QRJ.AN

Thne crystalline Pre-Cambrian casement comslex crops out over almost cone

‘third of the surface alea of Hesﬁ Africa. The nos» extensive outcrops are
a wide Sand from Sierra Leone to'Nigeria, tre Cameroon'mountains'and Ubangi-
" Chari difide; the Chad-Sudanibcrder area in the east;'and iﬁ Mauritania in the
weSt; It also forms the"centrel Saharan maesifs of TlD°St1 and A naaga

in Nigefia ane'Hadjer al Hamis'(immediately south-eaot of Lake Chad) the
.Pra-Cambr1an has not been sub- d1v1ded (up to 1960). In ngerla the beserene'

compLex of vnelsses, mlca-schlsts, schlsts and ampn*bollues wnlch crops out

LI P S SR Y nau e SV e Vot 7 T, % P I R (801 vy} MW - SO S re 8 o et oo

- over half of the countrj has been 1ﬂvaded oy bauhollths .of ”Oluer Granlte

‘In the Bauch1 Plateau on: the leIt bank of t e Rlver vaer are youqeer blotlte

T A e

-and riebeckite granites. tholltes are Ch’rACferlSulC of Hadger-el Hanls.'- T

In most areas ‘hree d1v1e1015 are ge“-rallj rec0011zed Louer, Hldd1e and
Upper P;e-Cambrian. The 1ithologies of each division are'fairly consistent
- from place to place but the nomenclature is variable.
¢

2. 2 l Lower Pre- Cambvlan _-}‘ e “; Ti*i'”i ’pzujie,[.__;”__,
Tbls group is venerally known as the Suggarlan in the Sahara region, whlle

to the. soutn it is usually called the Daho meyan. In some Pre-vaﬂorlan terrains

it has not been positively identif ed, as in the 'bend' of the Nlcer,'ln Ivory

Coast and.Upper Volta.

P —

‘The rocks are predominantly schistose, consisting of gneisses, mica-schists,

1

_gquartzites, marbles and amphibolites which have all been cut and migmatised by
the Older Granites. In Togo and Benin basic intrusives are more important.

In the Ahaggar massif the Suggarian is at least 20,000 m thick. The basal

g
!
!
|

Arechchoum Series is composed of biotite and ampmoole gneisses with 1ntercala»10nu

of marble and guartzite. These form the western and eastern zonas of Ahagzar,

1 ey Y A W

outcropping widely in Tanezrouff and Adrar des Iforas. Above comes the Zgere



. Series which is richer in guartzites and martles. Intense regiocnal

all the lower units. This

riy

metamorpnism has resulied. in migmatisatien o

was followad by folding aad intrusion of graniies, the folds heing aligaed

600 km from Tanezrouft to Adrar des Iforas.

In Adrar des. Iforas the Sugzgarian avp22rs in a north-scuth horst with
. [ola)s > 3

-sudbmeridional ranges of quartzites, marbles and amphibolites associated with

foliated gneisses. The folds are symmetrical and rarely overturnad.

"The Tazizlet Series constitutes the major part of the Air massif and is

eguivalent to the Suggarian of Ahaggar, with similar rock typ2ss and

"tectonic 5istory;

- f.In western MauritaniaAthejAmséga Serieg is aiso equivélent to thg
Suggdriép éf fhe cenirai'Sahéra. A vériety pf gneiséesi.aften'ferrugiqous,-
-argpinteréalqted with miCa;schi§t$,_guartéitgs, marble; and aﬁﬁhibdiiteg.
-°They héve béen-iilled_veftical;'fblded aﬁa iﬁffﬁded'by grénités.ﬂvv- -

~In Sencgai tﬁe bahqméyan‘éeehé to se fepréseﬂted-byAihe Thiagnéf_Mica—-

schists on the right bank of the Senegal River.

-In Sierra Leone the Lower Pre-Cambrian is represented by.the 'Kasila

PR

.System'"andAby the Kambui and Sula Schists which are cut by pegmatites.

"In Guinea and south-eastern Ghana the Déhomeyén consists largely of.

granites and garnetiferous gneisses. The assemblage is intensely folded.

The Atacdora Range extends more than 1,000 km in a SSW-NNZ direction from.

hY

Jizeria.

the Accra region of Ghana, througa Togo and north-west Benin into western i

The Dahomeyan outcrops over a wide area in the centre and east of this range,,

and consists of granites, gneisses and micaschists. The gneisses are affected

by NNE-SSW folds.

The Lower Pre-Cambrian of Cameroon consists of highly tectonised

crystalline schists and Older Granites. .In the Ubungi-Chari Divide a great

variety of gneisses outcrop.
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2.2.2 Middle Pre-Cambrian

The Middle.Pre—Cambrian follews with major unconformity. In the Sahzra
it is called the Pharusian aﬁd Agjoujt while to the southh it iz known as the
stacoriin and Birrimian.  The group consisis of folded and grznifised series
in many places, the main rock types being schists, gquartziies, ana stromatolite
marbles. Metamorphisnm is less intense than in the Lower Pre-Czmbrian.

Pharusiaﬁ<depositioﬁ qf Ahaggér was accom ipanied by intense volcanic
activify so that conglomeratés, quaftzites and stromatolitic marbdles
acéum#lated-with acid voicaniqs a_thickness 6f‘15,000 m. Tﬁe seriesAhas been
météﬁorphoSéd, and folded_along.ﬁ-s axes. The:oldést.giﬁﬁitevintruéions ara
migmatitic'6; in conﬁoféént bathqlitﬁs;‘ Thére_isJarlété: géoup of discorcant

granites and finally alkaline granites’sometimesAaSsociatedJWith rhyolites as 

“at iﬂ:Zizé;. Similar condltloqs-pertalned in tqe Phuruolan oF Adlarldés Iforas,
'whéré_outéfops_#re_east>and west,qf_the Suggarian ho:st. : he_andesitic‘Ai: -
voiﬁahiésjqccﬁr'ﬁéiply‘in_the Bééalﬁl,OOQ'm;‘ ij théiﬁiz_massif ?he tiddle
Prg;Cambrian is knpwn-as the hPéqchefTenere”.S;fies;'ﬁ |
 The Akjoujf Series-of_ﬁéurifania cﬁvers a 1arge Dart-of Inchiri .- The
succe551on contalns scnlsts, marbles-and ferraglrous quartzl; es whlch ﬁayel
alsq been intfudgd_by syn;tectonic:and poSt-tectonic g:anites.- Folds are
subdued and regular. . A
:In.Senegal, light coloufed muscovite quartzites aré unccuformable‘on the
Thiégnaf Mic#éSgﬁists. They'méy be Birrimian or more fécent.

In Guinea and Sierra Tm:mﬂ a vaﬁlety of sch 1sbs and quartzltes have been

progre551vely assimilated by granlbe batholluhs. There are aliso many discordant
bauhollths., Thn series is known as the araﬂga ScH’st i‘ Sierra ieone, while
the hlddle Pre-Cambrian of Guinea has becn divided into three oy roues \19“8)
Atacbrian (Simandou and Nimba qﬁartzités); Lower Birrimian (scaists, quartzites
and arkoses of the Siguiri Basin); Upper Birrimian (schists, quértzites and
greens?onés or metamofphosed lavas).. Fold directions are generally N-Sf On

the bcrders of Guinea, Liberia and Ivory Coast is an assemblage 5,000 m thick

which hkas been little affected by granitisation.
y g :
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In the .bend of the ¥

i

' |

iger the Birrimian is represeanted by the Yatakala ,
|

Series which comprises schists, quartzites and greenstones..

Much of the surface of Ivory Coast and Uvver Volta is occuried by

concordant granite batholiths. The garnetiferous guartzites of the &tocoriasn

e -

are only present as isolated remnants in the west, while Lower Birrimian
schists and quartzites cover large areas of the major river basins. Tne ' :

Upper Bl*rlmlan comprises gre eLstones, SChlS ts and nanganiferous guarizites.

-Folds_are oriented NNE-SSY.

The Middle Pre-Cambrian cutcrops over a sixth of the surface of Ghana, and
is important for its gold, manganese and diamonds. The Lower Birrimian consists
of schists, slates, phyllites,and greywackes, whige the Upper Birrimian consists"

L of sandstones and schlsts w1th an abundance of - greenstones.. Dlos are 300 to 90°

_strlklnv NE-SW. ”he rocks have been folded metanorphosed and nartly as51mlla*ed A‘ KN

y e e gty

'by granlte bodles.‘ R iﬂpégf':}_jbff;wjfn;f{t ‘“'T?:k”f}":

In Togo ‘and Benln tne Mlddle Pre- Cambnlan is cnaracterlsed by .nlck
quartzites separated by pelitic beds. The quarizites form the ma jor relief
feature of the Atacora Range, and have been locally invaded and assimilated by ‘ |

granites.

*.In Cameroon the Middle Pre-Cambrian is represented by a number of rock
gronps which form a folded complex consistingAofvamphiboliteAschists, lavas and

.quart21tes cut by Granvte oodles.

In many areas th1ck (2, OOO m to 4,000 m) sllchtlj metamorpnosed sandstones

- and conglomerates lie on the crystalline Pre-Cambrian basement with marked

unconformity. These beds are far less extensive in outcrop than the older

-

rocks and are generally ascribed to the Upper Pre-Cambrian or less frequently to

—

the Infra-Cambrian and even latef.

gt

e,
T o

~meanT

;&
S

Such series crop out over small areas of Ahaggar, in the Timetrine massi

(West of Adrar des Iforas) and also west of Tessalit, where they are known

ceEmT

as the,Upper Paarusian or Nigritian. Similar conglomerates from the 'Crimson

Series! of ‘Ahn Ahnet. Further west in the Dorsale Reguibat detrital guartzites .o
N hat i’

and conglomerates (the Akjoujt series crop out over a large‘ vart of Inchiri




_and are iniruded by the Aftout Granites).

Further south these conglomerates are generally callad ihe Tarkwaian.

Sierra Leone, tut outcrops are

Taaia

Only a few remnants are left in Guinea and

. more sxtensive in Ivory Coast and Ghana. In dvory Coast coarse arkoses are

QLW AT mad R Kl 0o A LA
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common, waile in Ghana phyllites are also. important and the
cut by numerous acid and -basic dykes.

In Cameroon the series seems to be represented by guartzites, sandstones

and shales which are 1ntruded bJ granites. In the Ubangi-Chari divide the

20 gamart 4o ot b

Uppeg.Pre-Cambrian as represented by schists and quartzites waich are also

cut by granltes. . L 'L- . : o I -

Later mucn of norcn-west Afr1ca was covered by a ero“a ollte sea. The

uqconformlty was nar&ed by both volcanlc and glac1a1 ac;1v1tv wnlch

N Caan

contlnued throaghout the termlnal Pre—Cambrlan.

In E stern ‘Ghana, Toao and Dahomez tnls nerlod has resul ed in the

follow1ng succession (Buem Serles) from botbom co top : f‘f. :,}',- o
.l;; Shales and arkose et base‘: - , T
2. Feldspathdc sandstones elth quaruz velnlets, and con rlomera é~ at’ - S .
-3.' Calcareouo shales, llmes+ones and tlllltes‘ - -

74. Basalto, dolerxtes and some hyolltes. L l”f_ﬁ'l~fn;-3f': A B |

‘.These occupy a strip of ground 30 knm wide in the west of wne Atacora Ranae, ' ;

and pass under the Palaeozoic Voltaian sedlments,

T

Thls eroup is equlvalenc to che'Rocke11.Se es' cf Sierrz Leone, which

1

. : B
pass northward, 1nto conglomerates and feldsnechlc sandstones of aulnea, o _i
+

and to the 'Falerrian’ sandstones, shales and phtanites (In;ra Cambr;an)

of Senegal and Mauritania. The stratigraphic oosition of these is much :
X - [=2had X " ) . i

disputed, and 'Falemian' sandstones may extend into the Ordovicizan

The Palaeozo*c Voltaian sedlnencs to the west are equlvalen to the {

'Rockell Series' of Sierra Leone which pass ncr‘hward in*o conglomerates and
p D 4

feldspathic sandstones in Guinea, and then to the 'Falemian' sandstones, shales

and phtanites (2 Infra-Cambrian) of Senegal and Hauritania.

. .. . .. .




The stratigraphic position of these series is much dizputed, and the
Falemian may even extend into the Ordovician.
CGuaternary and Recent Sand-dunes (in the Sahara) and. alluviunm

re-Cambrian terrain in larges areas. The thickus

[}
4]
0

river beds) overlies the P
of river alluvium generally increase from north to south with the increzse

in run off.

2.5 CHAD BASIN A B
The Chad Basin is a structural depression crossed by two major trougns

which cut each other alnost at rlpht ancles.' Taey run M- S

~

Tibesﬁi to Caﬁeroon.: r"h-:-z Pre—Canbrwan basement crops out around mose of the
Abpr@er giQiaé_a sUrface areavofiaﬁproximately.2.335,000'km2;< The depth of
sedimehts incfeasés towards éhe:ce tre of the bas1n a tnlckn s of 550 m has
“been 1ndlcated by a seismic cA'urvey ae Fort Lamy, Cnad (Scnnelaer 19565, and -
.ever'l,BOO m in the Malducurllborehole in north- easter  Nigeria. The' |
'basement appears to. ge deepest in the v101n1ty of the chad—ﬂlver vorder.
-:Hercynian_movements caused apdoming'of the basement_around the border
.ef the basiﬁ;:'Prior_to tﬁis»thy_the norfhern areas were subjecf to_‘
sediﬁenéaeion,‘and fheseArocks.do an e#tend'farvsouéh»inéo theIBasin,
Qe&ging'ont Beloﬁ'the-Continenfai Intercalafy (Jurassic - C;eﬁaceeusj.
At the northerﬂ.margln sf the basin Cambro Ordov1c1an unqutones sone

,500 m uth& crop out 3ga inst the chsualllne rocks of Anagoar and Tibesti.

© Lo

and Bor <ou. Post-0Ordovician

4

Lhey extenu eastward to the nlateaux of Ennedi
Caledonian movements did not result in unceaformity but in a sharp change of
facies to graptoiiiic shales of the Silurian. | |

Tﬁe Silurian croés out nearer the centre of the ba51n and forms the major
vart of the Borkou plateau. Here the facies is a mottled micaceous, shalyv
sandstone which becomes increasingly shaly to the west in Ahaggar. . These
are foilowed by sahdstones and then limestones (?Devonian). Very fine grained
continental sandstones are transitional between the Devonian and Lower
Overl j

Carboniferous, and crop out over the Ennedi Plateau.

limestones of the Lower Carboniferous reach 300 m north of Bilma (in north-
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crop out over a broad area in the Qesﬁ directly overlying the Pre-Cambrizn
Lower Cénomanian sandstones follow, and thea 10 m of Upper,Cenoma:iag and
Lover Tﬁronian’limestones. In the depressed region between Ahaggar and
Tibesti the Palaeozoic rocks are.partly coversd by thése_Cretaceous éedimehts.
Marine Tﬁronian sediments'crop ouf vetween Agadem and Bilma and as far
asjfhe'northern part>of Tenere whiie'ﬁar;ne Senoniah sediments crop out ﬁear'
Bilma. Mafiné'Eocené focks:may bé'p?eéent in the same aféa; but at 6the£
localities the fefminal Cretacéous:-:Lowef Eoceng aré represented'bi

' continental beds (Galhama Séries)"of pisolific bauxite.

;1~In'the south-east of the Chéd Basin (i.e.-nbrth—weét Nigeria)'is-aj-

’cbnf%ﬁegiél sequence‘éf Focene - ?aiéeodene~agé:(Cohtinénfél;Termiﬁalf calied
.the Kerri-KerfiAForﬁ#tibn.':itjéonsisté of lbosely”éémented>sapds, grits;
‘clayéy sahdstédes,.qlays and siits yith lacustfine and deltaig sediments
Seing the moét coﬁmon, AThfs formation.was laid doWn-uﬁeoﬁfériably on the
basemqnt'comple# and dfefaceoué rocks. The seéimenéslére-generally ﬁnfolaed.
but:dbwnwaryéd under thé Chad‘Forméfion. Theyltﬁih fapidiyfyéstwards and do
not extend faf to'thé north and east.under the Chad-Formaﬁion.

Thé ﬁaj5r infillingvof the basin occured dufiﬁg the Pliocéne'and'
Pieistocene when'éands and‘clays 6f alluvial and lacustriﬁe origin'weré
depoSited during different stéges of theréncient Lake Chad. .These'

AQuaternary deposits arevknown as the Chad Formation in this basin.; In thé,
West, beds of coarse sand and gravel are well deveioped but to the east cléys
are more dominani and sandy beds ar restrictédlto well defined zones or occur
as thiﬁ.limpersistent lenses. Theré is a shallow depositionai dip from the

edges of the basin towards the Lake, in the order of 1.5 m per km where tne

&

thickening is most rapid. This dip generally follows the gentle slope of

the land's surface. The thickness of the whole formation probably exceeds

\\,
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500 m in tha centre of the basin on the Niger - Chad bordsr.

Much of the area is covered by sand-dunes underlain either by.the Chad

crmation or by silts deposited in ponds during fhe rainy season.

. L . C 2 . .
The Iulled?en Basin is approximately €00,00C kam~ in area. The geology

has not beeﬁ well syntﬁesised in ccmparison with fhe Chad Besiﬁ,obut'tne
gtrucuural and sedimentary histories are very similar.

Cambro-C doviﬂlan sandstones are of more limited extent and only crop
out over ; small'erea.in the_north—eaet,'betyeen Air and Tassili Oua I'Ahaggar.

‘1Betﬁeen the Pre-Cambrian rocks of'Adrar'éesilforas'end”tﬁenbend'of the
Niger‘~the'Geovfrough hee been continuoﬁslyAeubsiding-Sinoe the Qretaceous.
and forms e.geological linx Qitﬁ the Taoodeﬁi Basin;in fﬁe weet.

Elsewhere the crystalllne rocks whlch border the ba51n are generally
'onerlaln dlrect‘{ by the Conolnental Intercalary. exceptnln t1e Far south
where the Continental Terminal oversteps older sediments and reste directly .
on tﬁe_baeemenﬁ.- | | | | | |

The makimum determined thicknesses are:

"ﬂContipehtai IntercalaryA o '1,500.@v ]

- ?retaoeous (merine)e .A  ‘-"'“;;AﬁOQ~mA
Tertierj : o ,'f"::' .- 160 m
;Continental ferminal ,S-_:_;' ..loo:m

Ry

" The Continentél.Infercalary shales, conglomerates’and sandstones are
better knowo in fhis'region due to tﬁeir more extensive oﬁtcrop. The shales
anq iime tones of the Tertiary are more extensive than the equivalent‘
areraceous Kerri-Kerri Formaﬁion~offthe Chad 3asin, but are absent in the
west. The Continental Terminai (Gwandu Formation) consists of similar
heterogeneous sediments as the Chad Formation, and may be clayey throughout.
It is less exuen51ve than the Continental erﬂlnal in the Chad Basin.

Dips are very gentle towards the centre of the basin. Gutcrops of

pre-Continental Terminal formations give rise to a plateau and scarp




o
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topography. Along the line of the Yadi Azcyak there is a sharp increase in
the depth of sediments due to a2 local syncline which follows the form of the
basement.

dunes overlie much of the northern sart of the basin, and a2lluvium

2]
;5
[o}
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underlies the wadi valleys and that of the River Niger. These Suaternary

Recent superficial deposits are similar to those of the Chad Basin.

This vast cuvette is.one of the 1arve5u syncllnes in the vorld (more tqan

1,200 km in diameter). In the north-east it is continuous with the Saoura-

Basid_of'Algéria, and in the east with the Iullemeden Basin. Zlseuhere it is

bound by the Pre-Cambrian basement complex.

: a c(le ) '
In. ohe northof lnfra-Cambrlan and Dalae0201c sedlmorts overlooxs tHe*

‘:Dorsale Reguibat-l'The Cliff,rises to 600 m_in the wést and‘then_takes a

southerly direction, formiag the western limit of the Palaeozoic plateaux of

Amsaga and “agant. _Here the Succession consists of Infra-Cambrian shales, ~

" sandstones and l1mestones a few metres to 15 m thick. The tillite which

. marks the base of ﬁhé Cambrian is 40 m thick in places, and followed by ove*'

ldb m ,of Camorlsn'lihsstonos, sandstones ano shales. 'ThelOrdovician
sandstones'are'ﬁpftOSEOO m’ﬁhlck;land are overlsln oy 20 to 50 m of Siluriaz
shales and 20 to Bblﬁ of De%oﬁ*an limestones and saodsEoneso

‘:?ofthe soutﬁ, the Palaeozoic beds rise to the edge of the plateau
overlooklng the Aoukol and éhe Baodiagara'plateau oh-fﬁe righf‘bank of the
river Niger.

..Thé Aouker is an erosion'winoow ocoupyiné the‘sooth—ﬁest of tﬁe Taoucdeni
Basio. flere a'deprsssion in the>Infra—éambrién and. Camprian sedimentis is

Covered mainly by deposits of the Continental Terminal, some 30 = of clayey-

‘sandy sediments, and overlying sand dunes.

The Paleaozoic formations are all cut by numerous dolerite dykes, and

the Cambrian in the south-east Aouker is intruded by a large dolerite laccolitn

(the Kaarta region).
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is definzd from the vwest bank of the Tiiemsi valley wn*cb Tuns nerin-scuth

iter Hercynian movemenis, -so

v
)

The sea retreated from the ceniral Sahara
that Visean limestones continue upward in to a series of sandstones hnd

ooy

m
o
}—.J

gysiferous clays 150 m thick. These are -olto:ca unconinrma

{

sandstones of the Continental ﬂntercalary. The post—?alaeozcic succession

-

adjacent to Adrar des. Iforas. Here the Continental Intercalery directly

overlies the Pre-Cambrian basement, Upper Cretaceous limestones are dverlaiﬁ

by a few metres of Palaeocene -sands and claye{ Tfénsgfessive Lower Zocene

limestones and marls pess upwerd into phespheti beds. These are followed by ~

the Continentai Termihal; Which reeches a maximum of 55 mn thickAat-cﬁtcrop. :
In the west of the basin flaggy san*stones of the Contirental T‘err"m 1

di rectly ovetlles the Contlnental Intercala*y.

- The sedlmentary series dlo g ntly to. tne centre of the basin, excepnt

the far west where the Palae201c formatlons are ?oldea end in tne region of

Tlmbuctoo wner: the strata have been locatly 1qverted. ‘

Much (f the area north of the Rlver nget is’ covered by sand dunee and

.has been llttl° explored. The L05511 del ta. of the nger covers the eaatern part

E S

of Aou&er and a w1de belt of alluv1um dﬁOQSlb“d bj *he river abuts against the

Pre—Cambfian'of Unper Volta in the soutn.A

2.6 ' FERLO BASIN
basement whlch crops out in the east.

In tne eastern.part of the ba51n, the top of the basement dips 4est\*“
at about0 25 while in the west 1t falls more rapidly, at an angle of about 30.
to a denth of h 000 m off the coast of Hauritania; In the Trarea area there
is a structural high oriented NNE which brings the Pre-Cambrian within
150 m of the surface near Lake Rkiz. |

The earliest known sediments to be depOSitea on the basement are sands
and cleys of Jufassic-Cretaceous age. They are overlain by Teftiary

Sediments which show a facies change from littoral sands at the junction

The sedlnento oP thls coaotaT baswn are t“ansvre551ve over the Pre-Cambrian




with the basement, through limestonses to argillaceous marls in the west where

- -

they are 255 m thick at idinin (Roussell, 1968z). These series are overiapd ad

e

,34

erminal devosits of hoceqe - Pliocene age wnich consist of

)

by Contirenta
sandstones and sands with a variable clay content in sast i
more ihan 300 m thick at Pori-Etienne in ihe wesi. Thase are 30 m thick at
Aleg in geheral the clay content increases westwards.

The pre-Quaternafy strata dip gentiy seaward‘ahd>thicken“in the saoe
direction. They have not been-stfonglyvfoloed or faulted and the straoture
of the Easin is felatively'simple; Details of the suceession are only,;noﬁn
locally since outcrops are rare except in the oenecal va1le

The Quaternarj consists of large NE—"W dune chalns (20 o - - 30 m h1cq) in.

cenural and norehern haurleanla, with 1n+erdane nol ows underl in by c1 ays -

wnlcn are usually less than 3 h thlc&._ Near t e coast, olo beaeh depos"uo oo

whlrh may be snelly, are 1nterca1ated w1th the sands.'ln Senegal 40 m of tnese
"deUOs ts ovewl,e marls and clays (Debulsson, 1070) ?.-?i: :pat:QiTif
"ll the maJor river valleys are underlaﬁn by Quaternary an d'Recehﬁ-

alluv1um, whlcn is usually f1ne and 511c1.

2. 7 NTGLR - BENUE VAL EY
In the north -east this sedlmen*arJ ba51n is contlnuous w’th the Chad
Bas1n, in the soueb 1t w1dens out 1nto the nger delua, elsehnere it is-

surfounded by the Pre—Cambrian basement which intersects'the_coase’near the

Cameroon border 1n the east and con*lnenuaL and maﬂlne sedlue1es of Cretaceous

age. The continental deposits consist largelyiof heterogeneous sandstones
and are errlain'Ey the.harine aed esfoarine Shales. Oﬁl? in the Benue ‘-',.'- i
valley are the-series noticeably folded: late Cretaceous movements reso ted in . ' »1
long, narrow folds, and faultinv has affected the entire seguence. o ,'.. '_
The basal Bima Sandstone of the Upper Benue is exposed in wide tracts :
- . _ . . !
adjacent to the basement outcrops and in the cores of the major anticlines
where it can be as thick as 3,000 m. It is continuous with thne Continentai
iﬁtercalary of the Chad Basin, and is overlain in the north oy the Kerri-Kerri
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and Chad Formations.

The Biaa-S&ndstones is in places overlain by sandy
magnesian limestores of Cenomanian - Turonian age wnich in turn are followed
sy Uprer: Cretaceous shales..

Imredla:ely south-east of the confluence of the Viger and Zenue ;ivers

is a plateau of Late Cretgceous to Palaeocene sedimants which dip gently Lo

tre south-west. 65 m of Upper Coal lMeasures are sezparated I rom a similar .

‘thickness of Lower Cozl leasures by 500 m of the 'False-Bedded Sandstcne'.

s

The Coa’ Leasures consist of siltstones, sa .GS on=zs, clays and thin seams of
coal;_ The False;Bedded Sandstone is a series of heterogeneoué, poorIV-cémentedA
sandstones: fhese méy be equivalght fo‘the Nupe Sandstone, which is.the major
infiliing_of the Niger vélley above tﬁé-éohfiuénce'With tﬁe Bedue:~ |
';Ail;of thesé éedimgnts,are diachronoﬁs, heterogeneous and s@bject to
iatefél facies'chahgés: they are fherefore péorl& corfel#tédﬁfrom piace to:;;
place but in general oncome more arglllaceous fPOWInortnwast fo.séﬁthéast

in the Nloer vailé{Aand from nort beast to southweut in the Benu° vallev.' Du-’

-Preez and Barber (1965) dlscuss tne variations of llthology in more detall,

Durlng uhe Palaeocene up to 1, OOO m of 'oraﬂlnl;e al shales (the Imo
Snales) were dep051ted in parts of souunern Nigeria. Thlc series unuanxormably
overlles the Cretaceous sedemlnts to the north and crons out agalnst the Pre- -

Cambrian basemeht as far as the western border of Togo.- Here it forms an

E-Y band 50 km to 100 km wide between the basement and Post-Eocene continental

2

depésifs._ Tﬁis strip extends eastward:to thé River.ﬁiger and_;hen takeé a
south;eaStgrly-direction to iniefsect tﬁe coast near the Camerobﬁ'border.

: The continental qut-Eocene borders the'cbastAto 120 km west of Togo
wnere the Lower.Pre-Cambrién focks intersect the coastline; Tnese sands, clays
and g;avels underlie the bulge of the Nile Delta and extend ia a narrow belt
eastwzrds to Cameroon. |
The Imo Shales and Post-Eocene sediments s éip gently seawards.

dlecd

All £23%d plains of the major rivers are underlain by Guaternary alluvium

which also forms the ouperf1c1al deposits of the Higer delua.
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2.8 I ECR SEDIHMENTARY RASINS
- These include th= Gondo Plain of the bend of the Niger, the Voltaian

REasin of Gnana and Inexiensive basins alcng the south cos

1 aa
Gondo Plain:
- This is a closed basin in scuthern Mali, souin of the bend ol the iHiger.

-

It is bound on the west by tne Palaeozoic plateau of Bandiagzara, and on the
north, east and south by the crystalline basement. Shales, dolerites and

sandstones of the Continental Terminal are the main sediments.

D)

’ © The Voltaian Basin occupies about L4O% of the area of Gnzna, where a downwarp

of the basement is filled with thick continental and marine deposits of Devonian

age. " These shales, mudstones and consolidated sandstones are flat or gently
4 alpplng excent at th= eas*ern contact Wluh the Pre-Camorlan wnere the lower
. . nart is gently ;olded.
- ’ ; k T
Coasta1 Ba51ns. -
_A belt of sediments extenhds from Fresco, in the west of Ivory Coast into
western Ghana. ’
- ' Seawardfdipping sandy'limestones and fine sands of Maes 1cnc1a1 agv are
1 overlain by (°) Eocene marls and Contlnental Ternlnal sando a;d cla ays. The
- . . . . . :
Quaternary cover 00ﬂ51sts of lacustrl'lD den051ts of heteroéenaous sando and
1 . . .
§ coastal dunes. '
. . . In the Accra region of Ghana,’Accraian and Sekondian Formations of
A Devonian age, and the Amisian From atlon of Jurassic age form a block-faulted
rovince. The Accraian includes sandstones, grits and shales; the Sekondian
consists mainly of sandstone and shale. The Amisian consists. of poorly sorted,
. . ,' . ) . R o .
B semi-consclidated sandstones and shales in down-faulted bolcks ouicropping
y fear the mouth of the Ochi (Amisa) River. The coastal basin of south-east
= Ghana nas been discussed in the section on the Benue-Niger valleys
o
h
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3. HEYDRCGEOLOGY

South of the Sahara itraditional wells are up to 1 metre in diameter and

rarely deeper than twe meires delow the water téble. In dry yeafs these
wells are insufficien:i for vastoral needs anc migration soutnwards increases
pressure on grazing and water resources. Since the semi-aric savannah zonz
has a @arginal vegetation and climate, it is most affectéd by climatic change.
Hence the intensification of hydfogeologicél inﬁesiigations‘since the most
reéent drought. Many of thése investigations havé been financed by foreiga
aid. _

In the more ﬁﬁmid.sbuth, surfacé water 1is s;fficient'in Quantity for
most needs ﬁut péllﬁtioﬁ (e.g;lfrom'mine.dréinage), a hiéh silt ¢6ﬁtén£,'énd

seasonal shortages during the dry season make groundwater preferable in

many areas. The vast areas of basement outcrop, with their inkerent

difficulties in prospection for groundwater, have hindered development. S

- . The availability of hydroiogidal'data'(that is requisite for establishing

a water balance) is discussed by Rodier (1963, a). 'Discharge'data'fof many

of the rivers is available in "Annuaire Hydrologique de la France d'Outre

Mer" which is held in IGS library. Most of the hydrogeological literature
contains the relevant climatic and hydrologic information used to calculate
recharge to thejaquifer$.

A comparison of yields frum various geological formations in different

regions is shown in Table 1.

3.1 THE PRE-CAMBRIAN

3.1.1'.Hydrégeology and Ground;WhEer Cccufende

The crystalline rocks and metémorphoéed sedimenté of the Pre-Cambrian
may pr&vide local aquifers where they have become suffiéiently vermeable,
-by fracturing or weathering, toryield vater to wells. Fracturéd rocks
usually provide higﬁer yields than basins ot alteration but the lattgr are

more predictable. Plote (1968) discusses the availability of groundwater
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'altered zone has ra"ely surv 1ved to ‘more tnan a few metres. In ‘the more

- 19 -

in fhe Pre-Cambrian terrain of the Sahara, with parti;ular rererence o

the weathering of different rock types in Mauritania. Biscaldi (e.g. 1968)
discusses the same topic for those varts of YWest Africa with a more tropical
élimate.

It has been established that granites and, to a Iesser extent, gneisses
are the most deeply weathered due to the alteration of-feidspars under warm
humid aaaditions. This process can increase the porosity from lp - 3% to.as
much as 35%, as in noffhernANigeria (Aaseez; 1972). The ﬁost permeable
horizon ia that of the-Shatte:ed.b ed rock together with the overlying
la&er of sand-siaed particles. Higher up the profile argillaaeous material
becpmés<ﬁore.doﬁinaqt but relict *“actures and other structures maf 1ncrea$e
the.permeability. . v B
:Innarid.areas s@ch'ﬁeafﬁéring was mostueffective'dﬁfiné_thé waré, humid®

ciihate.Of'the Tertiary period.:'sincé fhén érosioa has béen:?atensg_and t&e
humrid south thls zone can be as much as 73 metrns thick 'Banrerman, 1975 buu
aquifers are usually lo"allsed and di scoatinuoas with low transmissity'
values due'td a high clay content.

‘Eihée'raiaéa'rocks“aré'geaerally more resistant fa_weatharing than
coarse;-gfained tfpas.A hocks which wereborigiaallj argillaceaus:suéh as
schists weather to impermeable slays and rarely sﬁpply ground water except
Whére_taef are well fissured. In general JOlnts are better deve‘opnd in
granites ana quart21tes than in the’ gne’saes migmatites aqd scnists. Rocks
in valleyS.a;e usually more itractured and more deeply-weathered. Shaftered
quartzite Qelns and weafhered mlﬂaaeous quaruzltes and basic dykes may act
as conduils for groundwat°r and provide relatlvaly hlchbyaelds. An
indication of the order of yields obtainable in different areas for
difterfet rock types is shown in Table 1C.

Yields are also depandent on tne amount of recharge, and water supplies

are less dependable in the north. In the Sahara the majority of wells are
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seasonal, but recharge may occur in some years (in the order of 1 in 10J) -

even where the average rainfall is 50 ma (e.g. Fort-Gourard, Mauritaniaj;

Roussell, 1968a). Recharge in arié and semi-arid regions is dependent on
- S =) 3

suriace flecw cenceatrated in the wadis. The most favourabnle conditions

for storage of gzroundwater exist in fractured and altersd granites
9 o .

11}

underlying the confluence of different wadis.

‘Roussell (l968a).vives a fairly oetailed account of the'availability
of groundwater 1n the basement rocks of the western Sahara (“auritania)
The region of Incniri has been investigated in most detai : here the
fissured alteration zone of gpeenstones provides the water supply for the -
copper-mining'town of Akjoojt.-'Roussell qﬁotes'a transhis sivity Qalue*of
600 m3/d/m add a porOsity of L% below the oonfluenoe of-wadis, where the'

water—table 1s found at a minimum depth 01 6 m.

. Very llbtle literature has been locatea on th e throceolo of the :V
baseneat complex in tne ,est of the Sahara, rut s1m11ar con51de*ations as;
thosn for Mauritania can be applied in mcst areas._' |
Further south nost detail is available for Ghaaa and~Nigeria;A The
most densely populated narts of Ghana are uﬁderlain oy Dre-Camvrian rocks
and oy granites. Gill kl969) conpares the success rate and y1elds from .
boreholesland wells in the.various rock types. He found- that y’elds of
up to éhx lO—Z.l/sec ape apailable even from slates phyllites and scnlsts'
of the Lower- Birrimlan where these are strongly foliated and 301nted. In‘
general the Middie Pre—bambrian (Birrlmian) granites and gne‘55°s have the
greatest potential for reliable water supplies. Gill concludes that small

b 1/sec to 6 5 x lO 3 1/sec) are available in nOSt

supplies (1.3 x 10~
areas from.earefully siteo boreholes. Despite Gill's optimistic approach,
mofe recent publications (e.g. Bannerman, 1975; Aseez, 1972) have emphasised
the difficulty of boaehole siting without specialised personnel and the

. o . . .
trend nowv seems to be towards development of surface water supplies.

In Nigeria, springs from the base of the weathered zone are

frequent and their density and discharge indicate the amcunt of groundwater

v
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N available from these discoantinuous pockets.

- Due to the localised nature.of the weathered manile; recharge is also

m
I_O

only local, and may be limited. by the presence c?

)

largely been eroded in the more arid north).
- In Ivery Coast a small experimental catchaeat in Birrimian granites and
- migmatites has been relatlvely intensely studies (e.g.. 13‘o*»kasx=»w1r'z and

A Y

Margat 1958). Guerin- Villeaubriel (1962) gives details of tbe water supply

for 5 towns from the weathered zone of granites. Here it is estimated that

leéVing 600 mn for run—off'and infiltration. Determination of %he depth of
alteratlon and the water-table is often ‘carried out with sur?ace geophysical
technlques. Electrlcal re51st1v1ty methods are olten 1i mlted due to h-gqu

reslstlve hard pans or laterite developments near the sur‘ace.' In these

- - ‘cases shallow selsnlc fefractlon is of more value (Blscald l968c). jlhe
low-sucoess rate of boreholesvlo:ﬁiveria has been-attributed.to_the_laok;
of persoqnel tralned ‘to-use these’ technlques (Ayoade, 1975) :George (l963)
11lustrates the different modes 01 occurence of hard pans in relation‘to the~
; depth of’altetation. He uses reconstructlons of the. oalaeotooovraphj to .
predlct zones of deepest Weatherlng and most T°el:|.ab‘1e recharve. His
examnles areAmalnly ta&en from tﬁe Blrrlmlan chaln in Upper VoltaAi
(e.g. Flgure 3)-
Blscaldl (1907) has preoared a ‘hydro—eoloslca1 map of the crysualllne
rocks of much of the region at a scale of 1:2 mllllon. He uses m=2an snnual
- isohyets and geological bounderies_to delineate hydrogeoloéicel prcvinces;
fThe‘thickness of allﬁviel deposits along river valleys generally lncteases
with rainfall from north to south. .In the zone where most rivers are seasooal
there is almost always groundwater at or near the surface of river beds
throughout theAdry seasoo in alluvial deposits and weathered bed rock
(e.g. in north-central Nigerla, MeCurry,'l973)f Further north alluviuam
s thinrer, recharge less, and only temporary acuifers exist.in yadis and

sand dunes. In the Sahara they are exploited by 'ogols'. In the Dorsale

some 900 mm of the annual precipitation of 1500 ma is lost by evapotranspiration
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Regzaibat ‘'of Mauritania yields from ogols in sand dunes above the -‘e-uaﬂor1a1

are rarely more than .08 1/sec even just after rainfall {Roussel, 195%a)..

3. l 2 Groundwater Cheamisiry and Quality

Dissolved sclids are generally low (less: than 400 me/1) but increase with
aridity:'in the Sahara groundwater is cnly fresh for\g few months after
recharge. Hogf analyées are avgilablé ffom the weathered ioné of granite;,i
and dissolvéd'silica uéually accountsvfor half'of dissolved solids, as in
Bauchi, northern Nigeria (Schréeter, 1974); BiéarSOnate is the other
dominant ion_iﬁ most samples.. Iron and magnesium are often ngoh iron is
often found in concentratlons greater than .3 mg/l which creates nroblems of
prec1p1tat10n and sualnln | A hardness of over 100 mg/l“o¢ten-*ound out

most of thlS is temporary haraness. Tne ph 1s usually aqldlc,'becoming

1ncrea51ngly alkaline with depth: invthe north.part_of Ivory Ceoast the avarage

pH of’water qum.wélls.is 5.5,'whiie'from_borehoiéS*it is ?.1“($ardy. 1569).
3.2 THE CHAD BASIN

Glschler (1907) glves a summary of . the 1nvolve1ent of va*lous

organlsatlons in thls area. Prlor to 1964 0. R S T 0. M. cove*ed the h}drologlcal'

g°ophy51ca1 and pedologlcal aspects of research wn11e B.R. G M. daalt w1th
the geology and grounq water in Chad, Cameroon agd.Eastern Niger. In Nigeria
most Qf tﬁ§ Qérk Qas ca;riéd out by fhg Geolpgicél Survey_of'Nigeria.

Iﬁ'l964 the Chad Basin Commission was.set up énd tﬂesé orcanisations-nbw
work in conJunctlon with U‘ ESCO. Slnce then UHHS”O has bcenlca*rylns oﬁt the
fore sophlstlcated-proaec»s of establlshlng An elec»;ical_analogue model and
both stable and unstable isotope analysis. Since most ofttheisurface
drainage.is pefennial, regular water éupplies must be takeh froﬁ the ground.

perficial aquifers provide for most of the pastoral needs but the Chad
Tormation constitutes the most importént aquifer of the basin.
Most of the literature ig English is for north—eaStern'Nigeria,.and

therefore most detail is available for this area. Although UHZSCO has
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sublisned the results of work for the whole basin (UNESCO, 1869) this is not

O]

yailable at present. Since then several articles have appeared in English
n specialised aspectis of the-hydrogeology {(e.g. Arad and Kafri, 1G75) using

the data provided by UNDP/FAO.

3.2.1 Hydrogeology and Groundwater Occurence.
Sandstenes of the Palaeozoic plateaux in the north of the basin give

vlelds as high as 65 1/s from fissured zones. There is hydraulic continuity

with the Kufra Basin of Libya and groundwater from these series may contribute-

little to the water balance of the Chad Basin (Schneider, 1966).
The Continental Intercalary is. arg*llacecus over: much of the basin. and
has therexore llttle pouent*al as an aqulfer.’ In the south theﬂCretaceous

sediments of the Upper Benue valley extend 1nto the Chad Ba51n. Their

propertles are dlSvHSS‘d in sectlon 3 6. Thlo series. only ’o*ms an- 1mporca¢t S

aqulfer north and west of Goure (nger)'where tne Cnad Format ion lo very th;r.
the'grlts; sards and CLays of. the Eocene Keff’—he;ri Fefmat>- (1Q.

north eastern Vlgerla) groundwater‘mainly occurs under water;taele‘w |
conditione.- Occasional elay lenses may éive rise to'confined‘eoneifiohe in .
some areas, and conflned water probably oceurs. under the Cﬁad ~er§aueoﬁ.'
This aqulferAls of low permeablllty due to the prese nce ef.lnueeeeltlal.clays.
but 1n most areas the waeer-taole is acce551ble to hand—dug wells (Du Preez |
mad Barber, 1065) In many ‘areas. the weteretable has risen_censiderably since
the 1930'5 due to avaedreaee of efanséira£ion and increased-runoff ane' “
recharge f:oh'sfreeme following deforestatien.‘ . | B

The aqdifers'of the Chad'?orﬁation have been investigated over a small
area.of the basin: in the eieinity of Lake Chad andﬂeo the south-west in
Nigeria. .ﬁuch of eﬁe literature which discusses groundwafer in tee Chad Basin
is limited to.theIChed Formation (e.g. Miller et al,”1968). In.gorth eastefn
Nigeria there are ofteﬁ three aquifers each confined or'semi-confined by
clayey horizohs, and referfed te as the Upper, Middle and Lower Pressure

Zone aquifers. However, these aquifers are not discrete, nor necessarily

continuous due to the heterogeneous nature of the deposits. The diagram in
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Du Preez and Barber (1665, Fig 19) shows the lateral variation ir facies, with
the sandy horizons of thz three 'zones' belng 1ndls inguishable nearer the
western limit of deposition.

The La“er Zone acuifer has not besn proven to extend far from the

e

Hdaiduguri borehole whare it was: located. It may consist of a lim ted»lens
of san d wltn no recnarae except by compa“tlon of surrou.rmnru7 clays.

Tne Middle Zone aquller is more exu°n51ve, with' an anteslan head of
30 m above surfaee at Lake Chad. It extends.over at least ?,OOO Square miles.
and_is now being ekplolfed in north western Nigeria to provide watering points
every 12 km.

Artes1an sunplles are obtainable from nermeable sands up to 600 m

;hlcx hjlng between 190 m (1n the’ west) and 380 m (1n the east) nelow

surface, and yzelds range -rom .Oo l/sec to 25 l/sec. The plezo tet ric surface

falls towards Lake Cbad any rechargells nresumaaly from tne soutn and west'
where th re 1s h&draullc contlnulty WIuh sand lenses hlgner up »nedsueses lo:.'
The Upp .Dressurehaqulfer rs the most.wldely ut llsed. it Fonta ns a,:
nhreatlc dater~table and also seﬂl-conf1n°d water under claj 1ntera’at1ons;
It has been exp101ted for many years by hand- dug wells in snrface depressions.A
Recharge is ﬂalnlv from tne soutn; from rivers Ilow1ng northwarc to LaAe uhad.
There 1s some ev1dence of recnarge from tne area of the leestl ma351f in the
noruh (Arad and Katrl, 1975) but there is little information available nerth
of the latitude of Lake Chad. _Highest'yields are obfained‘in'thejwest4where

clean sands and gravels are common; in the east there may be no lenses

sufficiently permeable to give bbrehole supplies.

Alnost the entlre surface of the basin is overlain by fixed dunes separatea'

by hollows which contain up to 3 m of silts. Where the dunes are underlain
by the less permeable deposits of the Chad Formation they may contain a
saturated zone np to 10 m thick. North of Massakory, the Erg Kanem forms

an important unconfined aquifer.
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3.2.2 Groundwater Chemistry

The water in the Palaeozoic sandstones. in. ihe: north of tne'basin.has a
TDS content of less than 250 ng/l which with the n-ah vlvld s mentioned
above indicates significant recharge in these upland areas. The dominant
ioas are HCOB, Ca and Na.

Little is known about the quality of water in the Continental Tntercalary
but ‘in-Niger the oonp051tion should be similar to tnat in the Iullemesden
Basin (section 3.3.2), possibly with higher concentrations due- to the more

argillaceous facies. In northwestern Nigeria the water from the Benue sancstione

underlying the Kerri-Kerri and Cnad Formations nrobably has a similar ccmpositlon

to that in the Benue va’ley (section 3 6 2)

The Kerri—Kerri formation contawns water 01 low salinity of tne Va, Ca,

HFOB tjpe. o 4 - ::5; o }';\b': :;L» aff,;;_.-j,;’;:_pgxi i¢7f;‘r '.TA{'

The ouality of groundwater 1n the Chad Pormatlon is everywne e oood; 'Inj'

the ph eatic aquifers, the soutnern and soutn western 1ntake areas are
characterised by fresn, calc1um blcarbonate waters botn fron direct infi:tration
and from rivers. Down-dip the comp051t10n evolves to a sodium tjp elther,

Na&COj or Na504 and the pH becomes sllghtly acidic but concentratlons are

generally less than 250 mo/l only reachlng 3 OCO ng/l in areas o-

.evapora+1ve d1scha we._ The conflned (Middle Zone) aquifer is cnaracterised by:'

a predominance of Na. Salinlties in north western Vicerla are 1n tne range

of 190 to l 060 mg/l. Free carbon leYlde is alway* present in wells due to
DPressure release and tbe waters are sligntly ac1d1c. Temperatures are high

(Du -Preez and Barber, 1965), and iron and manganese concentrations are often

high.
Corrossion of well lininés oy slightl& aeidicvwaters and sil> ng up of

wells creates'problems in maintaining yields. In.Bornu Province, Nigeria, R

Plastic‘linings are now being used in wells tapping the Middle Zone aguifer.
Waters from the snperfici 21 aquifers are good quality for a few months

.

after the end of the ralny season, but then the quality deteriorates as

evaporation vrogresses.
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3 IULLZMEDEN BASIN
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1 Hydrogeology and Groundwater Occurence:

W7}

The Iullemeden ZEasin includes eastern Mali aﬁd western liiger. For this
}eport the western boundary is Aaken as the southerly extensicoa of Adrar des
Iioras as in Saad>(l969). Cther authors (e.g. Anderson *rd Ogilbee, 197})
include a stri§ west 6f4the Adrar; About one teneﬁ of.fhe basin lies in

ne north western ngerla‘ﬁhere it. has been most fuily investigated_and is
““osn as the Soxote Basrn. | |
There are three major aqﬁifers:'_y the Contineﬁtal Intercalarv, the.
Uéper Cretaceous and Continental.Terminal. A‘l thes° COHSIS» of heteroeeneous
contmenta1 d°p051ts w1th a varlable c’ay conten The marlne lertiery

@epos1ts are 1mpermeable excep* where 1*mes+ones are: well de" lo ed as in »He

Kalambalna Formatlon of north western vaer’a.’ The two major acuwcTudes '7 

- . -

are: Cenonanlan - Turonlan shales whlch overlle t ne Contwnenual Interca]aFy,

)

nd clays above the Upper Cretaceous aqulfer.; Clay beds w1th11 the Q{JCP
aqulfers may also g*ve rlse o conflned cosdlrlons. The relaulodshlp of the
various aquifers and aquicludes can be seen in Du ?reez_and Barber (1965,:
e 13)ﬂ' . . R e

éhe Continental . Intercalary p0581b1y prorldes'theAsost *mrortant aqulfer
due to 1ts'exten51ve outcrop. East of longltudn 6° #O E the facies is nore
*'glllaceous and llttle groundwater is avallable. yest of thﬂs lon 1£.de |
sandy faeies are better developed'and in hydraulic continuity with each other
%9 that spec1f1c ylelds are always greater than(.2 l/sec/h, rangrng upward to
2 1/sec/m (e.g. east of Adrar des Iforas) Transmissivities in the Sokoto
area range from 4.5 to 980 m3/d/h. .There is recharge'at.ouécrop around. the
“50le of the basin, greatest amoﬁnts Being available'from tnhe south where
Fainfall js highest.llIn the north of the basin recharge enlj occurs ddring
°°ﬂCEntreted surface;runoff. The plezometrlc head falls toward the centre of
*he basin and.there are. indications of some flow eastward into the Chad Basin

(3aad, 1959).

Artesian pressures are probable in the valley floors of e.g. the Sokoto
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River, but the aquifer has not been well explored towards the centre of the
basin due to its greatsr depth and the presence of overlying aquifers.
Ciutcroons of contlnental Joper Cretacecus =edlnen s ars more limited in

area than those of the Continental Intercalary, and the amoun: of recharge is

therefore lower. Ariesian conditiions have been oro ‘ed in the West of the basin

in the Gulf of Gao, and an economically imoortant aguifer exists in the Rima

-Group of norih western Nigeria: -Clay beds 1n the lea Groun practically

dlsaopear doxn d1p from outcrop.ln Sokoto Prov1nce and the sandy teds beccne
thicker and ooarser grained. 1Artesian conditions are widespread along vallej
floots and the tranemiSsivity has teen'estinated-at about 67O.m3/d/m (Andereon
and Ogllboe, 1973) |

Above 18 m. of claJ (Dange rornatlon) is a shallow percheu aqul;er in

_Eocene 11mestones (Kalambalna Formatlon) Thls SUSLalnS nany sprlnvs and dug

wells 1n outcrop in north western ngerla and <outhern nger, but is larvelj

i

The oxer_ylng Contlnental Tetmlnal‘depo51ta ere reletlvely thln Vand:'
are 11m1ted to the south and south west of the oaaln.l‘In the western part
of the be51n the contlnental Termlnal is genenally less. then lOO-m tnlck of
whlch only 40m is permeable (Saad 1969) : Spec111c ylelds are rarelj greater
than .2 l/sec/m.A Further west, in Niger, spec1f1c jle’ds -reach 2 l/sec/h due
to the greater development of permeab e facies. The basal sands are under
arte51an pressure ovel much of north western ngerla.' Altho ugh .+h*e aquifer
nas long been explolted in eastern'nall, there are few well records and the
hydrooeology is not well known (Saad 1969). |

The main source of reoharge is fromArainfall in the south.. The
Kalembeina Formation also contributes an unkaown volume. There is hydraulio
Contlnuity with the River Niger but any reoharge from tnis soufce,is-probably
returned by base;floy downstream. There is also significant recharge from
the south pert of Adrar des Ifcras to the Gulf of Gao region.

Quaternary aqulfero consist of river dllu rium and of fixed sand dunes of

limited extent. There is con51derable potential for unvelopﬂ_"t of unconfined
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3.4 TAOUDENI BASIN

groundwater from the ailuvium of thne Rlvers Niger and Sokoto and frcm other

large river valleys.

3.3.2 Groundwater Chemistry
Water from the aquilfer of the Continental Intercalary gen=ralily has a

T.D.S. of less than 700 mg/l. The pH can be as low as 5.1 and this acidic

: water type is charac erised by a dominance of SOu. Concentrations in the

Upper Cretaceous aquifer are more variable, from 4% mg/1 in the Rima Group

to 3,000 mg/1 east of Adrar des Iforas. The pH range is from 6.0 to 8.1,

. and Ca, HCO~ and SO& ions'are'generally dominant. '

The Kalambalna rormatlon is characterlsed by hard, alrallne waters of
Ca, HCO3 type w1th a pH ranging from 7 2 to 8 3.,

Water fron the Cont1nenta1 Termlnal denoslts 1s more varled 1n

'.'comn051tlon, the most common belng a Ca, Mg, HCO3 tyne. and an Na, PC03 typb
;'at down dlp. The UH varles from 6 6 to 7 7<and T D S. is generarly 1ess than' o

’n7oo mo/l..

" In all these format*ons tne iron content tends to be Hlsn. the h ghest

‘ recorded values in north western ngerla are 32 n'g/1 1n water. from the

Contlnental Interqgalre and 14 mg/l from the Uoper Cretaceous.’ These

-Awaters are there;ore often corr0551ve, partlcularj where - a hlgh 1ron content

l'A1s comblued wlth a low pH.

'The river alluvium'generully contains water with'a T.D. S less than
150 mg/l wnlch is soft except where it is adJacent to llmestone.

‘Anderson and Ogl‘bee (19?)) discuss the cnenvstry of ground water in

 the Sokoto area in more detail.

3.4.1 Hydrogeology and Groundwater Occurence
‘The Palaeozoic and Infra-Cambrian plateaux crop out widely in the north,
west and south of the basin. They cover much greater areas than equivalent

sediments in the other sedimentary basins and have therefcre bdeen more
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AT from quart21t1c 6rdov101an sandstones glve ylelds of up to .5 1/sec in

tnoroughly explored for groundwater than in other areas. By conirast, the mor

recent deposits of the centre of the basin have been relatively littie

Ny
i

explored 2xcept in the south, adjacent to the _ger River: to tne ncrth the
Sahara desert inhibits settlement, water requirements, arnd hence investigation
idto watar supply apart‘from that.already in use by the desert nonads.

Rousael (19o8a) discusses the hydrog logy of the Palaeozoic and Infra-
Cambrlad nlateanx of Maurltanla in some detail. Flssu ed zcnes in quartzitic

sandstones and dolomite horizons provide the best zelds especially where-

they are in contact with alluvial aquifers. ‘These levels are well-developed

-

and falr Y contlnuous in the plaueaux abutting again st the'Dorsale Recuibat

and ydelds up to 1. 4 1/sec are obtained. “urther west and sonuh flsuu*ed

zbnes and dolomlte horlzons are more locallsea but prec1p1uat101 and recbarse

are greater, and alluv1al deposlts are more extedsave. ‘In Tagant springs

~flssured syncllnal zones. In the‘Aouker Hoch altered pelites give a phrea 1,.
- aquifer which is only exploitable-locally at low yields. - Similar lcw yields:

. are obtainable from dolerite intrusions in the south west. - In the south east’

a plateau of Continental Intercalary sediments overlooks the Acuker. This .
series may contain several aquifers where it is thickest: in the lara trench
it reaches 400 m and contains two'principle'aquifers. This series has been

llttle explored in the east where it is much thln“-r than 1;slcounterpart

in the Iullemeden Basin. Although it is most likely that these sands{
.sandstones and clays are continuous beneath the basin, the changes of facies

and therefore their potential as an aquifer(s) is unknown.

'The‘Upper,Cretaceous overlying the Continental Intercalary. alcng Adrar

des Iforas in the eastern part of the basin is only 100 m thick (compared

to 400 n in the Iullemeden basin) but permeabilities have been estimated at

about 20 m?/d/m, Saad (1959) estimates recharge to this part of the aquifer

at 38 mil m” per annum. The facies here consists -almost wholly of limestores,

marls, clays and shales. In the west of the basin this marine facies seems

to be absent (i.e. it is not mentioned in the literature), and tke Continental

Lernlnal dirsctly overlies the Continental. Iw»ercaLary.

Pt oo




bmpatd

brwscmd

bt bsd ed

b i

[ - boemred

b 4

In the Aouker Hodh. sands of the Continental Terminal -are thicker taan

50 m, but. the water-table is between 1O m and LO m below surface. Basament

by

er - so that it is discontinous. Rougsel.

(20

nighs divide this phreatic agu

-

{1958a) does not mention the Continental Terminal 1n the rest of the basin:

Us]

resumably it is too thin: to be of °lg“1 icance. This series. is- better kanown .
in the east of the basin wnere Saad (1969) estimates that'reeharge-to the
outcrop is in the.order of 433 x 103 m3 per annum. .

The f0551l de1 ta of the Nloer also consists of deposits of the_Continental
Terminal which are permeable througnout. Recharge’ from annual inumdation by
the river is estimated at 7 mil m3‘§er'annum out yields near the riner are-
disappointine (Balfour,'1973)”and surface water is more often usad.

Alluv1al aqulzers are 1mportant in wadls-ln the Palae0201c ann Infra~
Camor*an plateaux., In the west '1n-the Adrar, alluv1um 1s 10 n thlck, w1th
a Qater—tatle rarely greater than 3.m below surface and up to 3 m seasonal
flnotuation._’lne wadi va]leys usually form alserles of unconnected ba51ns. {
Fhrther:soutn-ln the Tagnat barrages have 1ncreased yleLds by lO—told at the
end. of the dry season. Alluv1um along the Rlver Niger can be productive;
ylelds of 7 /éec are obtainable.

Lenses of fresh water may accunulate-ln sand-dunes where there 1s an

lmpermeable base, but to these supplies are often temporary and become sal*ne

soom after the end of the wet season.

3l4.2d_Gronndwater'Chemistry ‘ . “\-s'.ifiA{.i L LLA R

-In'the‘north, groundwater from the Palaeozoic/lnfra-Camorian dolonite
horizons has'a T.D.S. of up to 7,000 ng/l. Further south, w"tero are much
fresner due to increased recharge. in the Ordov101an sandsto nes of Tagant
the T.D.S. is usually less than 200 mg/1.

The Continental Intercalary aquifer contains fresh water wWwherever it is
exploited._ The T.D.S. content in the east of tne basin is generally less.
than 700 mg/l. 1In the Dahr Mema, the ratio of C1:50, is .5 while that of

Ca:Na is 1. The Cretaceous aquifer to the west of Adrar .des Iforas contains
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water with a T.D.S. content between 2,C00 and 5’000,m8/1 which limits its
usefulness. Similar concentrations are fouad in the Continental Tarminal of

basin, but the water becomes fresher o the south

o
o]
[}
cr
o 3
o

tne eastern part

:

where there i1s greatoest recharge from Adrar des Iforas and direcil

§-4
.4

; from
rainfall. Tne dominant ions are SOQ, Ca and Na.

.~ In the superficial aquifers the degree of mineralisatiorn is largely
&epehdent on the rate of evaporationr in sand ounes in -the north, ground

water may be potable for a short period only after rainfail. Salirnities

usually decrease with depth.

3.5'_' 'FERLO BASIN

5 1 Hydrogeolo ahd Groundﬁater Oocurence;.

The Jurass1c-Cretaceous sandstones are only 1mportan‘ as an aquwfer e

(tne Maestrlcn*lap aqu1f°r) south of the Rlver Senegal.‘ Ln thls area tne

v

‘serles is 250 m “to 300 m thlck and top lles between lOO m and 400 m:

below surface. The tr ansm1551v1tv ranges from 16 m3/d/ﬁ to 3 500 m3/d/m
dependlng on the daj conuent but rellaole ylelds in the order of #“ 1/s°c

are usually obtalnable (Audlbert 1966) Storage coefficient is in the

.

'o“der of 10"l+ and uhere is arte81an flow from boreholes 1n many areas. The

hydraullc gradient varies between 1:10, 000 and l 25 000 , falling from’

south east to north west. Audibert'considers that there is probébly no

rechargefto this aquifer and that any movement of ground water is due to

upward leakage.

The sandsto es and limestones of Eocene age form good aguifers in some
areas, and are often in hydraulic continuity with groundwater in the

heterogeneous sandy clayey deposits of the Continental Terminal: In anticlines

.

the regional water table 1s usually in Eocene strata, while in syﬂcl-u es it
is in the Coqtinen;al Terminal.

North of the River Senegal, the Continental Terminal is most widely
used for water suppiy. Frod north to south, the areas of Tiresiaim,

Bennichab and Trarza have been investigated, but the degre¢ of hydrauli
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continuity vetween the different regions has rnot yet been determined. South
east of Trarze the Zoc=ne limestones and sandstones becomz more important in

the regicn o 1 ‘the Eocene- strata are

‘utilised more than to ihe north.

The Eocene limestones are karstified, at least in- tne region of Sebikotane
(D gallier, 1962), and yields are therefore even less predictable than ir the
Contlnental Termlnal. :Yieids from the Centihental Terminal are aboat 3 l/sec
for a drawdown of 1 to 2 m ih most areas (Eicuard, 1962), but ciogging with
fines reduces yields with time. Also,yields decrease westward with increasing
clay'content. Theviimestones'may-be~confinedﬂbetween thich marls, and_semif_

conllned or conflned co1d1t10ns may be presenu in the Cont-nental ermlnal

_due to 1nterca1ated clays.

Degalller (1962) present many we11 logs for the Contlnenta’ Term_nal
d Eocene for the area between 15°N and the Rlver Senegal. 'He also illustrateS‘
tne pleaometrlc surface whlch is bar 1n-shapea, 1nd1cat1ng evanorat’ve dlsenarge.>

Duevto the shallow d1p oL”sedlﬂents>1n the east the aqulrers are dry alg cent
to the basement outerop in a band 20 km to 25 km w1de.> The water-tabTe ma&vbe
as lew as_hO-m:below surface.in-parts of‘waurltanla, and altho JOh water—iev'e1
rise'inﬂthe west near the coast, salihe intrusion»li >s development.

The main sources ofArecharee are frOﬂ'“aﬂnfall 1n the soutn and south;
east and from-the Rlver Seneual wnlch forms. a major d1v1de in the water-table.
In the north‘the only recharge rossible is from concentrated flow in tne
wadis. | “

The Quaternary alluvium of the major rivers forms relatively poor aguifers.

which are recharged by the rivers during the wet season, and discharge water to the

L

rivers during the dry season. Th

<

ne alluv1un is usual;y in thrau11c continuity
with the aquifers of the Continental Terminal and Eocene. River alluvium.
makes a significant centribution to the water suppiy of the kaedi region in the
Senegal Valle& at the confluence of the Gorgelrand Savalel.

Near the coast, fresh water is only available during the rainy season in

shallow lenses above the saline water interface. Aloag the coast of Senegal,
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-j~consolidated sand dunes and shelly teacih deposits overlie marls and

Their transmissivities range from 12 m?/d/m to 73 m3/4/m. with.
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Debuisson and’ Moussu, 195 6).

The Quaternary sand dunes both at the coast and inland, zre exploited

~: 'ogols' during the rainy season.

resh water for the

e

Due to the dlfflcul ty in Obb&lﬂ;? -ufficient
~sre densely populated coastal region, de~salina£ion plants have been buiit
at Nouakohott (the -a ital of Haurifania) to ‘supnlement supolies from the
acuifers further inland. In the Sebikotaoe region of.Senegal, water from

the 1 Waestrlchtlan aqulfer is belng art111c1all, “ecbarced to the moc=1°'

iimestones in order to control uhe p051t*on of the salwne-wauer 11t°r*ace. .
3.5.2 Groundwater Chemistry and Quality

The quallty of groundwater in the Maestrlcntlan aguifer of Senec iis’

generally "sa 1>fa”troy” (Audlbert 1966) but the saTlnlty 1ncr°ases
.northward into Maur1tan1a. Audlbert olsthgulshes'uwo chenlcal grouos-or
oundwater in- tﬂe Maesorlchtran >wnere T.D.S. 15 less taan or ecual to
1,000 mg/1, C937 Cc1L > SOy, Ca > Na, where T.D. S. is greater than 1, OOO *10/1
c1>'co-3$ S0y, Na Ca. ' | o o

In the Eocene and'Contihental Terminal' T.D.S.-is in the range 200 rg/l

L0 600 mg/l but tends to be. higher in older wells, procablj aue to the comoactlon

of clays; in the south, recharée'from rivers and rainfall results in lower:
concentrations,AarounAZSO ag/i‘to ISO‘mg/l, which iacrease northyard and
away from toe riVers; Degallier (1962)>oist;nguishes groundwater recharged
9y rainfall from that from rivers"oy the ratio.of'SOu‘to C1. Recharge from
rainfall is oharacberised'by SO%;<:C1, waile for rivervrecharge; SOQ:> Ci.
nlere there is direct recharge to Eocene limestones (aS'ia the,Linguere
Togion where the annual rainfall is 518vmm) Na'<:C1awhereas where the
groundwater in the limestones is from the Continental Terminal Na:> Ci. The
“1jor components of the T.D.S. are usually Ca and HCOz ions.

In the north where evaporation from the water table is most effective,

Conzentrations may reach 1,000 mg/l at the surface as in the region of Idinmi.
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tere Semi-confined water lower down in the Continental Terminazl) is of better
Her -

suality (300 mg/1). The major ions in the water are Na. and Cl orobably due o
u‘u y -~ . i 3 " &

'(1

evious marine invasions (Depagne, 1967).
Near the coast, deveaiopment of these aquifers is Limifed by saline water
at depth since there is hydraulic continuity with the Quaternary deposits..
Ih the Quaternaryv of the ooast, the water tapped by ogoie and shallow
Qe115'reaches concentrations greater than },006 mz/1 oy the endiofVMarch
and so becomes.unéotable. Similarly water held in- wadi alluvium‘and sand .
dunes in the interior rapidlyvbecomes ealine with evaporation ahd in-the-

direction of flow.

3.6 NIGER-BENUE VALLEY
3;6.1A‘Hydrogeologj énd'Groohdwater Occurencéhf

The magor reierence located for the northern par ,of this area is.by

Du Preez and Barber (i965) In ihe unner Behue (east of longitude_9°E) and

S -

the basal Bima Sandouone is cvery where an 1mpo tant aq ife r, but its permeability . -

is often.10d due to 11tersu1tial clays der*ved Fro” decomposed f dsoars. Vields.
are 1n the range of 3 l/sec to 6 l/sec under coniinea conditioqs,'wnich may
be due to 1nfra—formationa1 or overiying shales and cleys._ N

| The overlying formations are more variable in liuhology; butvtehd to be
more arenaceous to the north=and east. They may form severla aou1¢ers each
separated by shales and clays which result in corfinement down—dvn from oﬁtcrop,
so that sub-arteSian conditions are comhon. The main source of recharge for
these aquifers is.by'infiltration“of precipitation at outcrOp;'eno they'are ali )
effluent to the rivers. o | |

West of longitude 9°E the sediments become rapidly more shaly and only

negligible yields have so far been obtained except in the Idah-inkva Plateau
where the Falsebedded Sandstone forms a good aquifer. . lere fhe depth of the
pPlezometric ehrface variee from 60 to 170 m below surface. ﬂumerous springs
mark the junction of the sendstones with the Lower Coal heasures on the

€scarpment bordering the plateau. There are also. springs within the Lower
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Coal Measures at the top of coal seams. Discharges may exceed 780 1/sec.

In the Niger walley the Nupe Sandstone. is. very fine. grained and therefore

of low vermeabiliiy. .Average yields to wells are: scmewhat lower than irn the

]
-
{1
}-~
[o7
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Upper Benue, deing around 2 1/sec. In the west, coastal region,

=

averaging % 1/sec are obtained from the continental deposits, limesto

5
o
...‘
o]

the Eocene and Palaeccene and from the underlying Cretaceous sands. Thnese

iposits are too thin on the coast of Ghana and Togo to be intensely

developed. Erdelyi (1965) suggests that deepvdrilling to these aguifers may

solve the problen of water.supply to the sand bars off the Volta 3el£a, whera

"they would be thicker. The UN has been studying groundwater resources of

Tcgo, but it is not known whéther the results have been pudlished.

The main aqulfer of the coast in’ the Contln ‘tal.Tefminal, which has

fi varlabTe spec1;1c capac1t1es ’2 4 l/sec/h) In the nger Delta ‘h ter:

taole may be as much as 20 m bplow surxace, w1th a fluctuatlon of only 2 m,

being highest from'Decembe¢ to March (Ja*d Ashcroxt and Parxman, 1974)

No lltarature has been locaued on the 1rnortance of groundva.e. in

river alluvium.

3 6 2 G*oundwauer Cneﬂlstry and QLallty

Most of the’ 1nformat10n pvesented belcw is from Du Preez and Barbor (1955)- .

Groundwater in the sandstone formations of the upner Benue valley generally

"has a T.D.S; in the fange 184 mg/1l to 496 mg/l. The waiers‘sre donimantly of Ca

HCOB-fyps with little or no sulphats..:The-pH varies betwesn 6.lfand_7.2. Iron
concentrations may- be high buﬁ-ofherwise these are good.quality drinking waters.
Indusfrial nse is limitéd.bj nigh”hardnoss,'aikslinity and iron concentrations.
Further downstreém in the more.argillaceous &eposits concentrations of ions,
particnlarly of SOy, are higher. In this region there are locaily saline

(Na C1) waters.with T.D.S. of 9,000 ppm whose origin is not understood. The
§E§lg format;ons of.tne npper Benue yield water Witn HCOE'and 50, as the major
anions while Ca and Na are éhe dominant cations. The 50, content is due to

the presence of gypsum, but T.D.S. is generally less thénEBOO ppm.
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 khbwn Whethéf the resuIts have been publiéhedL-

The chemistry of groundwater from the Nupe Sandst valley
is very similar o that from the Bilma Sandstone of t Vaters

from the False bedded Sandstone have low concentrations of dissolved solids,
the dominant ion being HCOB.
Little information nas been located on the composition of groundwater

+

from the Eocene limestones, but in the Continental Terminal of the coast
and Parkman, 1974).
Saline intrusion along the coast is limited by the seaward dip of the

sediments. Overlying clays tend to exclude saline water from the Continental

Terminal aquifer, but connate water of high salinity is found in some regions.

Saline intrusion into the Quaternary aquifers is a problem -along the whole .
: A , . 0L 8

coastline, and at the end of the dry season the groundwater is too saline -

for human cdnéumption up to 35;kﬁ ffém thé.sea.

3.7 MINOR SEDIMENTARY BASINS

The Gondo Basin

The wells of this area have beén'revieyed by"UNDP} but it is.not yet

?hé'antinentél fermiﬁai aquifer is reéha;éedASy;runoffAffom the
Béndiagara plateau and PrefCémbrian outcf@pé'wh{ch;surfound:th-'bééehent{
and to a ieéser éxtentrbyAdiréét ihfiltfétioh.’ The water-table falls:froh
‘the édgé of:the basiﬁ_to aidepth of'30 mto 50 m bélo?lsurfaée in the |
centre (Baifour; 1973). Yieldé are variable dug_to.the heterogeneous ngture

of the deposits, and are often disappointing.

Voltaian Basin

- The Palaeozoic sediments of this basin are generally well consolidated,
and only permeable in the plains area near tne Sene River and in a long
belt between Kete-Krachi and Sang, wherc the sandstones, quartzites and

arkoses are well-jointed and produce permeable weathering products.

and Niger Delta the pH is always low, generallj less than 6.5 (Ward, Ashcroft
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23sive gandstones which crop cut in the western and southern

ith widely-spaced, opn2n joints which result in many
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There is littls availatie gronnd water from the central part of tne
sasin due to‘the‘predominance of shales. No exploratory boring deep agquifers
haa been carried out at the time of Gill's (1969) ;nveetigation.

In thevnorthern parg of the basin the perneability-is higner but..

£

ven il these

<3

salt beds result in a ?.D,S..generallv over 1,000 mgfl.
arkosie:sandstones extend under-the.shales‘in the_centre of the basin the:

water is‘exnected to Beisaline. Vallej alluv1um in. the reglon nel | he R
greatest potentlal for obtalnlng groundvater suoplies from_indueed recnargee.:r
COnStrHCthPAOf the Volta dam haa, however, resul‘ d tn fioodingAef lar ge-

areas,¢

Coastal Basins R

In the~coastal basin of Ivory CoastAand'western Ghana boreholes are Ce T i

N I e v

lotated in. the upper lOO ‘m of unconsolldate coarsn sands of the Upper

Cretaceous to Lower Tertlary age._ Ylelds fronm )1 ooreholes in Gbana ‘ el

TR T

are 3 5 l/sec on average. Glll (1909) c0151ders t ese values lbw for

-

-

the nature of the sed i ents, and that better borehole constructlon snould

e YR

subetantially increase yields. However, the'effect of-increased abstractien
on saline intrusion'has notAyet been investigated. At orosent (1969) chlorid
Concentratlons are in the range of 10 to 25 mg/l contributing to a2 low T.D.S5.
of bO mg/l on average. The hydrogeologj of that par ofv he baeln lying in

Ivory Coast is discussed in some detail by (Gu rln-Jllleaubrlel 1962) The

Palaeozoic sediments of the Accra region have been little explored. Tney - . A
are genera j well consolidated but reasonable yields can bpe expectea Wwhere

boreholes intersect major fissures. Cbnsidering the history of faulting,

Jointing should also be extensive. It seems however, that toreholes have t
not been located using structural guides. Yields from the Sekondian sandstones -

and shales are 1 1/zec in the region of Takoradi.
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Hydregsologie de lar Region Marsa.
Nouvakchott (MAURITANTA)

Unpub. Report. D.I.ML.G..

L'Eau dans 1'Ouest Mauritanien et le
J . RPN 4
Bas-Senegal.

Arch. S.G.P.M., Dakar

E ) sy s .'/ . .
Rapport sur les Possibilites' d'Alimentation

en Eau de 1a Ville de Bouaks (IVORY cbésfi." o
Arch. S.C.P.M., A.0.F., Dakar. -
.AEtﬁde Préliminéire pour u# Eéuipemew£ .
”ﬁyd;guiiqﬁg.'AH§dh“dccidént;le, .- . .
' :SﬁSdiyision d'Aoun ei Aﬁrquss{'(MA&RITANIA);;; 

© B.U.R.G.E.A.P.. Unpub. Report No' 216.

Un Exenple d'Application de 1a Méthode -

CARSON-LAPLACE pour~1}E£ude des Rélation$;g~f'
' entré Nappe ef Riviére?Analysesvaes

‘ Vgriatiqns du"Nivéau du Chari sur la Napée;
-'ae'la Dépressiqn Tcha&iénne..

" B.R.G.M. Men No 76 pp 53 - 89.

(1G6S).

Sondagés de Fort—Gburéﬁd. Etat des Etudes
du 20 Jan 1959 (MAURITANTA).
'B.U.R.G.E.A.P. Unpub. Report No 255.
Compte Rendu de Toﬁrnes et In?entaire des
Points d'Eaﬁ dans le Hank, le Zemmour Blanc,
.et le Yetti.

Serv. Hydraulique, Rep. Islamique de

Mauritanie, Unpub. Report.
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20URGUET, L.
"BREMOND, R.:

BREUSSE, J.J.

BRUNET MORET, Y.

19562

1963

1965
" 1966

Programme d'Hydraulique Pastorale et

Villaoceodise en Assaba et dans. le Hodh.
p=]

Unpub. Report.

Phes i e iy 2 - o Uy
EBtude Hydroggologigue du Sud Ist du Hodh

Orientale. (MAURITANIA).

Fin Provrammé d'Equinement Pastorale et
V111ageo1seﬂdaqs le Sud-hst 'auritauien.
B.U.B.G.E.A.P. Unpub. Report No 38?

Synthése de:ogeolqgiqge et‘Amenaggment'

Hydraulique"du Sud Est Mauritanien.

' B.U.R.G.E.A. P. : '

- Les Analysas d'Eau des Forages du Senegal

, Uf.et Essa1 d'Lnterpretatlon Geologlcue.

1948.

- 1952

- 1954

1959

Arch. Dir. Tvavaux Dxbllques, Sanéoa

| La Praspection'Electrique Appllquee aux

Reche"ches Hy ologiqués dans la'Présqu'Tle

de Dagar;_ (St J’GAL)

Int. Geol Coqg. Lopdon, C. R. 18

J.Sectlon D pp 16 - 25

La Prospection Electrlque Anplzouee aux

Recherrhes Fydrologlques dans la P*esqu A¢e“

du Cap Vert (SENEGAL),

- Bull. Dir. Mines, A.O.F. No 10 pp 83 - 91.

5 Années de Prospection Eiectrique en Afrique

duANdrd pou# dé$ Recheréhes'Hydrologi§ues.
C. R. 19th .Int. Geol. Cong. (Algiers)
-Section 9 pp 191 - 209.

Rapport sur les Résultats de la Campagne
Hydrogeologique dans le Brakna et le Tagant.

(MAURITANIA} Unpub. Report O.R.S.T.0.M.
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pES ETUDES. hY

CLARKE, F.E.

COLE .

C.G.G.

‘:to'

1955

1959

1948,

- 59 -

4limentation en Ezu d= Nouakchott et

Fort-Btienne. Rapport sur: les Recherches et

ces deux villes. (MAURITANIA).

Arch.. Bur. Coord. Etudes. Hydraul, Dakar.

Prellmlna y Suudy of Water-iWell. Corros-ou.

Chad Ba51n;.Nigeria.

- U.S.G.S. Onen— le Report. -
Report contalnlnv all prev1ous QJdroceologlcal

and gnophy51ﬂal data on area of Bouch; .

Rallway Staglon, noruhern ngeria.

" Geol.3urv.- hlgev‘a. Unnub Qenor;.f

1961
1966 .

1951

1951

1952

1955

v,

Hydrologlcal and hydroaeoloclcal Blb1lovra ni s of

Benin (Dahomey)
nger, Seneoal; Upper Volta.
(French, ? I. G s. )

Recherches d:'Eau: par Prcqnect&oq GAOphvquue

- dens 1la Reg*on d° Port Coppolanl.

Unpub Report.

Etude par Prospection Géophysique cdans les.

Régions de Rufisque, Sébilcotane. (SENEGAL)

(?Unpub. Report).

- Etudes'Hydrogéologidues par Prospection
_ Electrlque du Senegal et en Basse Maurlganle.

Arch. -Serv. Fed. de 1'Hydraulique. A.O.F., Dakar.

Etude Hydrologique par Prospection Electrique-

et Sels"uct.0 dans la Plaine du Gondo (MALI)

d, Ivory uaast Maurlta 1a;

o
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1957a

19570

-

- 50 -

i

Etudes par Prospection El trosismiques sur
ItATimentation de Bouke-Yamoussouks-Bsoumi-
N*Douci-Dalea: (IVORY CCAST).

Arch. Serv. de 1'Hydraulicue, Dakar.

Reconnzissances Hyddrologiguss et Structurales.

par Sondages Electriques .au Senegal, en
Mauritanie et en Casamance.

Unpuk. Report. Arca. D.F.M.G., A.0.F., Dalcars

. ’ '. H.A ’ ' .
Complément d'Stude par Prospection

Electrique dans le Detroit Soudanais (MALI)

Etude devl'Aftout, de Boutilimit et de la

"~ . - Limite de la Néppe du Trafza.<

 (MAURITANIA).

'1A1957c

1958

1959

1962a

- 1962b

Mauritanie et en Casamance.

Etude par Prospection Eléctriqus et Sismique

.”ideAlaARégion unndam¥Nemé¢ﬁara (MALI)

-Uﬁpub. Reﬁort.

Reconnaissances Hydrologigues et Structurales
par Sondages-ElecfriQues»du Senegal,. en’:
Etude Hydrogéologique par Prospection
Electrique ‘et’Sismique dans la Rééion de

Port-Etienne (MAURITANIA).

~ Unpub. Report.

Essai de Prospection Elecirique dans la

- Region d'Aioun el Afrouss.

Unpub. Report. (MAURITANIA).
Etude par Prospection Gébphysique de la
Region de Sbeyat (MAURITANIA)

Unpub. Report.
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COOPER, W.G.G.

'OATES, F.

McGREGOR, D.P.

. CORNET, A.

1963a

‘ l96#a”

_. 196#b“.

1_1964c  '
© 1965

1931N-.

-~

- / -
" Btude par Prospection Geophysique dans

1'Cued. Seg: {MAURITANIA).
Unpub. Heport:
Ttude var Sondages Electriques des Cordoas

Dunaires. é2 Malika, 22 au.29 Nov.1963.

.(s ENEGAL) .

Etude par Prospé%tion Geophysique des .
?ossibilities Hydrauliques dz- 1la Region

de Nouakchnott. (MAURITANIA).

"Unpub. Rénort.

tude Hydrove01001cue par Prosnecylon

' ~E1ectr1que a Port- Etlenne (MAUQITAVIA)
»Unpub Renort.' o s

Atude par Sondaces Electrlques dans Ta ReslonAiA"

"Idini (MAURTTAHIA)

Etude d'une Inva51on Sa1ee Provoquee a Ma11<a5

‘._(Seneaal) Nov 1964; Juin-Aout 1965

Renort on Wate* Supplv of the Coastal Area

of the Eastern Province of:the Gold anst_-: ,

{1'Colony (GHANA)

1957

1958

1960

Dept. of Geol. Su”vey. Repo*t No 27

Les Ressources Aqulferes du Saha;a.

v Ind. Trav. Outre Mer, Parls, Seme an

_No 43 pp 369 - 374.

" Les Ressources en Eau.du Hoggar (ALGERIA)

Ind. Trav. Outre Mer, Paris Geme an
No 59 pp 623 - 627.
L'Eau de Tanezrouft (ALGERIA)

Bull. Liais. Sahara, V1 No 38 pp 198 - 200.
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cOURBIS,

COUTURE, R.

DEBUISSON, 4.

<0

kS

‘1951

troduction a‘l'Hydrogéblcgie Saharienne.
Rev. Geogr. Phys. Geol. Dynamique. (NIGER).
V6. No: I oy 5 - 72
Les Dunes et Les Eaux Souterraines du
Sahara..-
C. R. Soc. Geogr. Paris, pp 114 - 110,
”

Compte- Rendu au Suget des Poss10111 e

d Allmenter'en uau,la4V1ll,de Bouake

- . (IVORY COAST).

1953

. Jﬁ1955 -

2966

*’Arch. $.G.P. M., A.O.F., DaPar. 'jf”*"

‘Arch. S.G.P.M., A.0.F., Dakar.

Cémpte-Ren&u sur les Possibilites

- d'Allmentatlon en Eau Souterralnes de la -

"Vllle de Sassandra (IVORY COAST)

:Analjseideé Facteurs Rébisant‘lés'Contééts

Eaux Douces-Eaux Salees aans les Saoles

u~de la Presqu ile du Cap-Vert (Dakar)
(campagne 1964) Mlse en place du dispositif

>:d'observatwon et etude’des fluctua;lons eﬁ. |

1équ1110re naturel (SENEGAL). o

B.R.G.M., Dakar.

AAnélysé des Facteurs Régissant l;é Confécts
Eaux Douéestaux Salees dans ies Sagleé dé 1a
Presqufglg dﬁ Cap-Ver? (bakar, Sénpgal)

‘(ée campagne 1965)

B.R.G.M., Dakar.
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- 63 -

Etudé Expé}imentale du Processus d'Intrusion
°rovoch°e des Eaux Salées dans la Na avte
Cotiere Malika (Sénagal). Observaticns
sur 1'Stat de 1'2quilibre caux douces-eaux
‘saldes apras l'a;rst.de l'exploitation
1965 - 1966. |
Recherche des Modalités dFExploitation.d’une-
>Nappe Catféfe.par 1'Etude Experimentale du‘3
?rocéssus'd'Intrusion'P:ovoquée deé Baux

b d
Salees. . -

- C.I.E.H., Abiajan, Jan 1967.

Hydrogeolog‘e do la Nappe Maestrlch+1eune .

 :_du Senegal._

DEBUISSON, J. 1%7a
—_— R 1957»
DEGALLIER, R. ~ - - = 1954

L 01955
___“ S 19550 - -
‘*;-_f——-f—_; L 195¢

- 1960
L
_ - 1961a

' Unpub. Report D F M. G., Daker.-

' mtude hydrogeoloclque Conplenentalre daﬁé
“la Re0101 de Se01kotane (SENEGAL).

' Report, D.F. I.G., Dakar.'

Ranarques sur les Reoultats du vaelleme“t de'

s la Reg1on de Bennichab. -

Unpub. Report, D.F.M.G.,_Dakar..
-Questions Actuelies d;Hyd;ogébldgie:en
Afrique Occidentale et Méthodes d'Etudes.
B.R.G.M,, Dakar Note No 5.

~Les Flucyuatlons de l1la Nappe de Seblxétann
de 1955 a 1950 (SEMEGAL) |
Unpub. Report, B.R.G. M., Dakar.

Normes Proposees pour l'Etablissement de

" la Carte Hydrogéblogique en Afrique Occidentale.

Doc. C.I.E.H.




DEGALLIER, R.

DEGALLIER, J.
GOUZES, R.

DEGALLIER, J.

GUER IV—VILLLAUBRIEL, G.

DEGALLIZR, R.
PLOTE, H.

DELAMY, F..

DELI}'Y’ J.” R

DEPAGHNE, J.

f19$8‘

1961%

© 1960

4 Alimentation en Eau de Dakar. ZEvolution

de la Nappe de Sebikotame au cours-du.ﬁcis:
oé Mov. 1661, et Sty des-des:diagramﬁess
d'analyses d'eau.

Repor. B.R.G.¥., Dakar.

Nappe de Sébikotane et les Pluies de 1960

- Report B.R.G.M.

- 1957

Note sur les Etudes Hydroggologiques

Arenes Grar 1t1qu°s.’

- Unpub Reoort D. F.x.G., Daxar.
Les Recnercheo d'Eau en Arenes G anitiques'.

" ‘sous Ciimat Troplcal.

o ALI H. .iem No 2 (Llege) pp 150 - 159.

1966

' —1956A

1960

1663a

.1963b

~ .

Prospectlon E‘ectro-nawnethue Aeroportee a

¢1a necherch° de l'Eau en Region Sanar‘enna,
:‘a Subutratum Cristallln.?"l':

' A ILH. Mem Mo 3 (Madrld)

Mission HydroveolOOLe des Raglons a
Suostratuw Schlsteux (Cote d'Lv01re)

Rapport de Fin de M1551on.

Report B R.G. M., Dakar.

Rapport sur une Campagne de Sondages de:,
Reconnalssanco pour 1'Allmentaulon en Eau
de Fort Gourard (MAURITANIA)Q"

Notice Hydrogéologique dehla Feuille de
Tijigja- (HAURITAWLA) :
Unpub. Report B.R.G. h.

Exp101tat10n et Interpretatlon des Mesures

Piesome:triques dans le Sud-Cuest HYauritanien.

Evolution des Nappes d'Atar et Akjoujt.

" Sep. 1961. (MAURITANIA).
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T D’EDPAGNE’ J e

DEPT. RURAL
WATER SUPPLY -
DEPT. RURAL

dATER D"VLLO°1EVT

DROPSY, U.

DUROZOY, G.

1963¢

1964k

- 1965

1965¢

051/

1952
1952/
1953
1957/
1958
1943

1960

Alimentation en Eau de Nouakchott Recnerches
de Ressources Nouvelles. (MAURITANIA)
B;R;sz;ﬁ D&KL, 6382, Dakam |

Unpub. Réport.

AYimentztion en: Eau de: Noualkchott. - -
Reconnaissance Hydrog geologique aaés la Regiox
-d'Idini, Jan - June 1964. '
B.R.G.M., D.A-K., 54420, Dakar.

TUnpub. Reporﬁ..

'As above, Nov - Dec 1964',.

B.R.G.M., D A.;.,=65A11 Dakar. AR

".Unoub. Renort.

Etude de la Forage de Tran51t10n entre les. -

'-Eaux Douces et les Eaux Saumatres our;1

. Bo¢dure de Ta Nanpe d'Id1n1 (MAURLTANIA)

' B. R G. N., D.A.K., 65A12, Dakar.

Unpub Renort.

'Entfe Hassiel Bagra et Idini (MAURTTANIA) '

Annual Report Ac"ra (GHANA)

Annual Report, Accra (GHANA)

Etude Granulomé%rique sur Quelques Sables

de Mauritanie.

'Bull. Soc. Fr. Miner. V66 Nos 1 - 6 pp 251 - 263.

Hydrogéblogie du Cambro-Ordovicien des Tassilis

Oua 'N' Ahaggaf.
Publ. Serv. Carte Geol. Algerie.

Bull. Ho 28 pp 45 - 59.

Etude de la Zone de’ Lran51t10n maa Doucn—Salee~'
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ZLOUJARD, P, 1922 La. Nappe Pareatique de Terouane Atar. -
Unpub: Regort D.F.M.GL.
— . 192? Repertoire des Puits et Sondages d’fAkjoujt

et der sa. Peripherie. (MAURITANIA).

) Unpub. Report D.F.M.G.
—_— . o 1927 tude d'Akjoujt par Sondage des RéseaQX'
Aquifére de:lg Region d'Akjoujt-.
. —_ . -~ . 1951 ' Rapport .Géologique des Sondages de ﬁé@heréhes7
d'Eau du-Triangle,Aleg-Podor-Kaedi (MAURIT&NIA)
‘,Unnuﬁ. Reﬁoft D.F.M.G., -Dakar. R
';"—"“‘-f-'. - :;,-frl :{1954 : Contrlbutlon a l'Ltude Hydroenologlque de
- '31 Inchlrl (MAURITANIA)- .
- _‘Lf: .—‘ -  ';:  ‘4g';1;}f‘ﬁf3=;Unpuo. Repory, D. F. M G. Dakér.A- .

'f'f"‘f‘-— . ':~1"'}:'111957a 'fContribution a tude de la Nappe des uresA'
| de T1rers1oun (MnURImAVIA) |
‘D.F.M.G., Dakar, Bull. 20 pé 93 - 107.
. R _  f' ' '3 77';,19575' posgibilitéé Aauiféres‘de Roéhés-Veftesa
en Zone Arlde (Akgou;»-daurltanle) |
4Terres et Eaux, Alger, No 29, Supplement
| : Sc1ent1;1que No 9 pp9 - 12. _ l
—_— | "‘-'-”19570 Rechercnes d'Eau dans les Formatlons Recentes
de 1'Inchiri (MAURITANIA).
"“D.F.M;G., Dakar, Bull. 20 pp 113 - 130.
'7ff_-_““ A -» -1957d : Sondages de Récherches d'Eaﬁ dans la Region
| d'Hassi el Bagra (MAURTTANTA) .
Unpub. Repor:i, D.F.M.G., Dakar.
— . 1964  Etude Hydrogéologique de 1'Ouest Seguilil

D.F.M.G. "~




SLOUARD, P. . 1957
SCUGY, J.
TORKASIEWICX, J. 1967 -
s
: MARGAT, J.
~ F.A.0. 1963
: ' S 196t
7 e T e e
e f,196ub
. G
GANIERE, G. 21964/
i3 ABADIE, J. 1965
v
GAUTIER, ? 1953
GEORGE, B. 1962

ijv

. Basin.

. 1'Ennedi & 31/3/6k4.

Nappe en Réceau des Calcaires de l'Eocens du
Sine-Saloun.
Mem: No. &

AT Hay,

0P 27 — 34 .
L'Esu dans 1'Cuest Mauritanien
Unpub.. Report

Etude de 1'Alimentatioan de la Nappé d'Eau

Souterraine dans le Bassin de Korhogo.

 (IVORY COAST)
" Report. B.R.G.M.

" Annual Reports on Hydrologic Observations

in .Sokoto Valley Project, Northern Nigeria.

~ U.N. Spec. Fknd. .

'Study on Well Ooservatlons in the Rzna-SoKoto

(NIGERIA).

~ U.N. Spec. Fund. -

- AL ) . R -
1. Enquete hvdrogeoloclnue et Préparation de

1'Imp1antat10n dee Sonaaoes de Deconnalsaances

dans le Sud de l'Ennedl, le Batha, le Kapka,

l'Ouadda1 au cours de le semestre 1963.

_2,_Etat d'Avancement des Travaux de Foncage

de.Puits Effectues par les Militaires dans..

(CHAD) .

'B.R-G.M.

~La Ceoloole et les Problﬂﬂﬁa de 1l'Eau

en Algerie.

19th Ipt. Geol..Congr. Aléiers-,
Etude.HyAréééblogique des Cercles de Hounde
et Boromo (IVORY COAST).

C.G.G., Paris, Report No 408k2.
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GHANA GEOL. SURVEY

CIRARD y G.

CHAURET, A.

GIRARD, G.
TOUCHEBEUF. P.

u?U"TTu, dJ.

GOUZES, R.

G0UZES, R.

DzpaGnE, J.

1961

1945

1963

. 1961

: mtude Hydro oloolque des “ormatlons

- 00 ~

Hydrogeological Map of Ghana, Accra.

Etude de Ruissellement. sur le Bassin Versant.
o ~NT T . —~

de~£orhcgo-(ugpe drIvoire). Rasultals

de la campagne 1963.

C.I.E.q., Unpud. Repori.

'Btude de Ruissellement sur le Bassin Versant

de Korhogo (Cote d'Ivoire). Resultats de la
:Campagne ?

0. R S.T. O.A., Unpub Report.

Sedlmentalres de 1a Reclon d'ngﬂl

“':J_(MAURITANIA)

l»j->M I.F.E. RMAL

'%'ﬂ '1962a

1962

Etude derogeologﬁque de 1’A“rlere Pays de

,-Kaedl (MAUQITANIA)

Unpub. Report B R G. M., D. A K., 62A93

_ Etude Hydrog oloclque des Sources du Lagant

":et de l'Assuba (MAUQITANIA)

'_Ti1962
‘f(?1956)

1967

1567

Unpuo. Report B.R. G M.

efEtude Hydroceolog*que des Palmerales de

1'Adrar (MAURITANIA)

. Unpub erorb. B-R.G. n., D A K. 60A

(°62)

‘Resultats de la Campagne de Recherches

. “d'Azraq ; Apparaitre.

Unpub. Report. B.R.G.M. R
Raéport de Synthese Exploitant et Interpretaht
les Mesures Pé}iodiques de Niveaux
P1ezometrvcueo, effectues entre iMai 1950 et

Juni l9oh dans le Sud Ouest Naurltanla.

Unpub. Report. B.R.G.M., D.A.X. 67A.

-,
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GUERIN-VILLEAUBRIEL, G.

HAVARD, J.J.

HUBERT, H.

1965

1357

1968

1953a

Reconnaissance Hydrog gsologique de la Happe

. de Bennichab.

B.R.G.M., D.AK. 55i6.
Unpub. Report

H

Introduction a la Reconnaissance. Hydroiogigus

Tin

du Bassin Cccidental du Niger (Ran“O“t Pin
de Campagne 1955 - 56)
D.F.M.C., Dakar.

Les Eaux Souterrainnes de la Réﬁublique du

‘nger.

Report B.R. G.M.‘ 68ABIOSNIA.

Allmentatlon en Eau>de:ia.Ville de Sassandra

'f(IVORr COAST) o "j-;

'{-Arch S.G.P. M., A 0. F., Daka"

1953b .

1954

st
3 (IVORY COAST)

pre 1939

pre 1939

:Hydroveologle de Bouake (TVORY COAST) -~

" Arch. S.G.P.M., A. o.-., Da\ar.’

Hydro eologle en Cote d'Iv01re

(Campagne 1753 - 1954)

_Arch S. G P..., A 0. F., Dakar.‘

Hydrognologle d'1531a—Cercle de Daloa

_ Arch. S. G.-.W., A O F., Daxa*.

Programme d'Equipement Hydraulique dans le

Hodh et 1'Assaba (MAURITANIA).

Unpub. Report ?B.U.R.G.E.A.P.

Eaux Superficielles et Eaux Souterraines au
Séhégal.
Ann. Pnys. Ge?., France d'Outre Mer No 6.

As above

Bull. Serves des Mines de 1'A.0.F.
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SUNTING TECHNICAL

SSRVICES LTD

JACON, d.

JAQUET, F.

Lo d

LVKYIIS M.

JOULIA, F.

BATES, D.A.

JUNNER, N.R.

HIRST, T.

JUNNER, N.R.

JUNNER, N.R. -

JAMES, W.T. -

XARPOFF, R.

‘IXOINE, 4.

1566

1938

1956

Jebel Marra Investigations.

Report con Phase. 9 Studies.. (SUDAN)

Resultats ?fovi*iores de la Canmpagne
HydrogéSIogfquevda:Guidimak&p

Unpub. Report. 0.R.S.T.0.1,

Les Grandea Li gﬁ de 1l'Hydrologie Mauritanienne.
Serv. Mines, A.0.F., Dakar, Bull.. No 7 pp_&i--lo.

v N ~—y o
Les Sources Thermales a Gallo-Kads SEN&GAL).

C Chronique Outre Mer No 27 :»'5l.

1965
1::219§5.

1946

1947

1952

1949
- 1950

Hydrogébldgie des Regions a 1'Cuest et au’

‘Sua de 1 A1r. (N ER)' )
‘" Report. B.R. C.M., D.A. K.; 6541 6"‘”'- |
-.Report on Geology and dyarolooj of th° Coas»al .
:<Area east of the Akwepln1 Range. (GnAuA)g_
' Cold Coast Gaol.'sﬁrv; Mem.. No»?;‘
'The Geology and Hydralagy of theAvoltaian7Basiﬁil'
" Gold Coast Geol. Surv.. Mem. No 3. o o

_Chemlcal Analjbes of Gold Ccast Dor*ks, Ores

and Mlnerals w1th Appendlx on Mlneral Analyses

of Gold Coast Waters by J.S, Dunn.

'Gold Coast Geol. Surv. Bull. No 15.

Observatlods Prellmlnalres sur 1'Hydro olqgie

du Bas Sahara.

C. R. 19th Int. Geol. Cong. (Algiers)

" Section 8 pp 201 - 231.

Rappert Fin de Campagne Stratigraphie et Petrographi el

Hydrogeologie du Soudan Oriental,

Tabankord-Ouest (MALI).
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ZSCHEXED, J.G.

KUCHARSXA, J.

LAMBERT, R.
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L LE LONG, F.
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.
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LEHOINE, J.
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1358

1962

1935

1937 .
-';~; Unpub Reporu. Serv. Mlnes, A. O'*'.; 
1938
'_;195Q
1961

' if Unpub. Repqrt.'

1963

1957a

~ Report. B.R.G;M.

La Source Hinerale d'Igouloulof (Niger).'

Comite d'Etudes Hist. et Sci. d'A.O.F.
S Port-Etiennef(V URITAVIA)
"vde la Colonle du Vlger._ . j 4,'. S : g __.‘ o

_Serv. Mines, A -0.F., Dakar, Bull. No 1 D 31 = 45

3 (MAURITANIA).

_ Unpub. Report..B.U.R.G.E.A.P. ‘R.267.

a la Suite d'une Recoqna ssance Hju"oceologlqne

£ 4

Geologic-Hydrogeologic Ressarch in the
Arid and Seai-arid Zones of the Western
Sudan, Part 7. (SHDaN).

Es;ai d'Interpretation des Fluctuations de

PRI : X el

A s o~ - %
la: Nappe Aguifere de Sebikotane. (SENECAL).

Arch. Serv. Hydraulique, Dakar.
Bull. Mo 19 pp 237 - 2b2. ek
Le Problime de 1'Alimentation en Zau de

Contrlbutlon a la Connalsaance Hydrolog qLa --r“” 5

Etuda HydroveOLonlque du. S_d Est de~l Affcle.

Etude Hydrogaologlque du Hodn Central et S -;:.,. _&

Orlental (MAU?ILAN¢A)
Nouvelles Connees sur les 'Nappes d'Arenes'

de Centre-Yord Dahomey (BENIN).

Report C.I.E.H., Paris.

Eaux Séuterraines’et Ameﬁagement Hydrauligue
du Hodh_(MAURITANIA)‘ o : , "

Unpub. Report B.U.R.G.E.A.P. R. 300
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LEMOINE, J.

LERMUZEAUX, A.

MAGNAN, M.

MAILLARY, J.C. -

MALLARI, B.M.:

HARCHAND, J.

1957k

1961

1962

1958

1960

- 72 -

Etude Hydrﬁgéblogique pour l'Alimeﬁtation en
Eau d'Atar. (MAURITANIA).

Unpub.. Report. B.U.R.G.E.i.P. R. 22%.
Etuce Hydrogéblogique Complementaire pour
I"Adduction en Eau d'Atar {(MAURITANIN).
Unpub. Report, B.U.R.G.E.A.P.

Les Eaux Souteraines de la Region d;Akjoujt“

(MAURITANTA).

- Unpub. Report. B.U.R.G.E.A.P. R. 298

Hydrologle de la Subd1v151on de K1$fa.

' quub Report B.U. R.G.E.A.P. R. 2h1.

_1 Etude Hydroofbloglque de 1'& ffole et de-
'Ala Reglon de Tamourt. :‘A."

1‘Unpub. Renort B u. R. G. E.A. P. R. 269.

Rappbrt Coﬁcérnanf‘leANiveliem=ht de la

Nappe d°s Calcalreu Eocenes Sltue° a 1'Est

e Boutlllnl (MAURITANTA).

1964

11969

1953.

1953

Carte Hydrogeologique de Reconnaisance de

- laVCSte d'Ivoire._

~ Unpub. Repbrt. B.R.G.M.

Preliminary Study of Geology and Groundwatgr

of Ghana.

Ghana Water and Sewerage Corp. Admin. Report.

Complement d'Etudes daﬁs la Regioﬁ de
Sebikotane-Pout (SENEGAL)

C;G.G. ”

Rapport de lé Fin de Campagne en Mauritaﬁie
(Hodh). |

Unpub. Report. D.F.M.G.
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MARTIN, A.

MOUS3U, H.

- MATHIEZ, 'J.B.

HOUT, G.

' MENCHIKOFF, N.

" MERMILLOD, J.

1965

1967

1939
1942

1960

1963a

-;‘Quaternalre. (SgNEGAL).
ffMem. de 1'A .;.H.‘,(Ankara).

1966

L4

Etude de 1'Oued Scguilil pour 1’Alimentation

en Eau d'Akjoujt.

Sebikotane (SIYZCGAL).

Report B.R.G.M., Dakar.

- Essai. de Suralimentation de la Nappe des

Calcaires de Sebikotane par la Création d'une

Retenue (SENZGAL).
~ Men. de 1'A.I.H. (Hanover).
'_RéEharge A;tificielle de la.Nappe de

Seblkotane par Creaulon d'Uue Vala ossile-

‘Préspeculon Geoohy51oue et Revnercuv 2'Eau
;;lsouterraine; Lxenples d'Anpllcatlons en
".Afrlque 0cc1de1talp

-:tC'I'E'Hﬁ’ Parls.

:,~c?I.G.s.)""

. La’ Problem° de 1'Eau dans Lannzroaft (ALGERIA/'

C. R. Ac. Soc. Paris V¢O9 pp 5+4 - 546.

"Un Sondaga dans le Tanezrouft (ALGVRIA)

C R. Ac. Soc. Paris V?l> ho 8 pp 379 - 380.
Note Pre11ana1re sur la Nanpe Lreathue du’
Bassin du Logone en amont de Tai (CHAD).

Dir. Mines et Geoi. Brazaville.

-, 3 . - H . 7 .
- Note Preliminaire sur la Nappe Phreatique de la

Partie Nord du Bassin de 1'Aouk-Salamat (CHAD)

Report B.R.G.M. LAM63A1
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‘MOUSSU,. H.
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Supplement & la HNete Preliminaire sur la
. ’L' . “r
. Nappe. Pnreatique de- la Partie Nord du
Bassin dar 1%Ak cuk-3alamat, Zone Montagmeuse

et de Piedmont du Bahr—Azoum. (CHAD) .

Report B.R.G.M.. LaAMG3akL.

‘ L
Note Justificative des HHodifications Apportees

" au Programme des Forages de Reconnaissance

. - Hydrogeologigue. F.E.D.O.M., lleme Tranche-

MERMILLOD, J. 1963b
1964a
.. 1964
'j:: — :5'135;'tii95“¢,1
e Y 1985

- I

TROMPETTE, R.
1966
NANCY, F. . 1957

- (CHAD).

Report B.R.G.M. ‘ LAMGLB3

Note d'Infofmatioh Hydrogeologiques. sur les

‘a:ZRdﬁtes du Betail..  (CHAD).
" Report B.R.G.M. LAMGLBL

o . e o .
Note Generale sur les Concl ions G=o1og1ques ,

; et- Hydrogeologlcd°s de 1a ?bservns de Lakugma; l

?(CAAD).

Report B.R. .P.' M6435A

--Carte Hyaro eologlque ds Recounalssance
-  au 1: 500 000. - Feullle Aouk - salamat (CHAD)

) Not1ce mxpllcatlve, B.R G.H.

,Not;ce uxpllcatlve de la Carte-Hydroge6lbgiqué
‘fau 1:200,000, Chinguette (MAURITANIA).
- B.R.G.M.  T
'Notlce Expllcaulve de la Carte qydroge ogique
;au l 200,000, Tarouane (MAURTTANIA).

'B.R.G.M., Dakar.

4
Compte Rendu d'Activite de la Brigade

d'Inventaire des Ressources Hydrauliques

(Aouker, MAURITANIA).

Unpub. Report, Serv. Hydrauligue.
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NANCY, F

NATHAT u\' CONSQORTIUM

0.R.S5.T.0.M.

-

OGILBEE, W. -

ANDERSON, H.R.

..

PALAUSI, G.

PALCC, H.

1953

1957
e Arch. O.R S T.O-M., Mln. de la France d'Outre—

1962

2965

N Explorétopy Drilling for Groundwater im .
1954
1957
. 1958

1962

.“Sé%ikotane, Campagns 1952 (SENEGAL) .

:J. Arch1jIr§yaux Publiques, Dakars. L

Compte Rendu de ia Brigade d'Inventaire
deg Ressources Hydrauliques dans: le.
Trarza (MAURITANTA).

Unpub. Repor:t. Serw. Hydrauliques.
Water Resources: Develspment in Gaana

Min of Firance and Econ. Plannlng,

General Report.

Etudes Hydrclogiques des Petits Bassins

‘Versants G'A.O0.F..

L Mer,'Parls. _'i;"'

"Etudes Hydrologigue des Bassins Versantsrdéﬁ"

~ Western Solecto Province, Nigeria.

U.5.G.S., Open-file Report.

Sondages de Qeconﬂalssanc et d Hydrogeologle

"du Detr01t Soudana1s (MAL )

Prospecblon Hydrogeologlque en Vue de

1'Alimentation en Eau de 1'Aerodrome

: (Base Arienne de Tessalit) (MALI).

"Progrémme d'Hydraulique Pastorale dans le

Cercle de Tombouctou et Avis du Service

Geologique. (MALI).

. Carte Hydrogeologique du»BaSSin Sud-Ouest

Maurltanlen au 1:500,C000 et Notice uxolﬂcatlve{

B.R.G.H., Unpub. Report.
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1965

19602
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A- - - . - » -
Enquete hydrogeologlque dans la Region Nord-

Est. de Batha, -Ghara et. Guaddai (CHAD)..

Unpub. Réport;'B.R;G:M;, LaMALAY

Reconnaissance Hydrogéblogiqu du Niger Orientszle.
Report: Fin: de Travaux. 1950 - 1S53

Report B.R.G.M., D.A.K. 64 All.

"Reconnaissance Hyd”ooeoloslﬂua des Cercles

deaBoussg.et de Ouagadougcu.

. C.I.E.H., B.R.C.M.

Carte Hydro ologlque au 1‘200 000 de la-

- _Re01on du T1fercha1. (WAURIT NIA).

U BLR.G.M.
i Unpub. Répcrt-. :' ?*15 ;:

' Etude des roraees de Rnchn“che d'ngundg Cﬁoum

| l.(MAURITANIA)

‘1960c-f

"B.R.G.M., Dakar.

" Unpub. Report. . -

TbufnéésfHydroge;logiques dans 1'Amsaga. '

(MAURITANIA).

" B:R.G.M., Dakar.

1962

‘__Unpub. Report.

_ Resultaus Q une Campagne de Sondagns sur le .

Flanc Sud de Cedla d'Idjil. (MAURITANLA).

© B.R.G.M., D.A.K. 6246

. Unpub: Report.

1964

1970

Carte Hydrogéologique du Tiris Occiéentalé
au 1:200,000 (MAURITANTIA).

B.R.G.M., D.A.X. 62436

Unpub. Repdft.

Hydrogéologie de 1'Ouaddai (CHAD).

Rap. de Synthese, MNotice Explicative, B.R.G.M.




; POPOJ, A.° 1965 Rapporf sur les frévaux dydrogeologiques dans
g- la Pariie Nord-Est. de laz Republique. du Mali
5. A
T et fectues par la. SONAREH. VYol I.
PRUNET, J- 1949/ Hydrogéblogie et Captagé des Taux Souterraines
. | 1952 en. Cote: d'Ivoire. - B
_ Dir. Mines, A.0.F., Dakar, Bull. Mo 11 pp 55 - 115.
é" PﬁTULLAz, J. et‘al. | 1962, . Alimentation en Eau de Port-Etienne Etudes |
| " Hydrogéologiguss dés:HappeS’du Tirefsioum;
- - 7 (MAURTITANIA). | |
! 3 ._A_n3A_ A: - :  : Uhpub; Réport; B.R.G.M., €3 48 Dak%r.
if _ : : S ._R A : . T o
-%:. RADIER; H.. ‘:. ~:f} 1‘ ,=1§52 h Cpnngiéséncé H&drogéolqgique du-Soﬁdan":'
% ) A orién_'tal' (MALI).
} REICHELT, R. : = o 1962 ',_'Gé’élogie et Hydrboéolééie aé la Bprdu“re Sud-
%.ﬂ e - iiESt du:Géurma; (NTGER) . | iﬁ_ A
£l '  4if?l:j“f  . _}';: O :“ Unpub Report 'B.R. G M., D A.& 62 429
f 2ZHAUD, L; .j . A’ z'~l9S? _' Etude par Sondages.des Reseaux Aquiferes de
ﬁ, | | - ‘ié=Ré§ioﬁ d;Akaujt;-les:Baésihs des: Cuads.
;é- , :Tbﬁati,xkemﬁéhe et Tabrinkout.
3' " Unpub. Report. D.F. M G. -
FICHE, M. _419-6'0 ‘, "Hvdrolocue du Ma551f de 1’ A“fole (MAURITANIA)
. N .‘ ’:Unpab Report 0.R. S T 0.HM.
5 ——  _,1962‘AA Etude Hydrdlogiqqe du Lao et'du Toro )
" (MAURITANIA). | o |
} ”Unpub. Report. O.R.S.TaO.M:
~EL, Ph, | 196Qa Evol@fion des Nappes d'Akjoujtet Atar.
"Unpub. Report, Bureau Hydrogéblogique,
_ . HMauritainie.
T 21954b Hydréggologie du Tagant et de 1'Acuker du Hodh.
~ Synthese des Etudes au 1/1/1S61. |
Unpub. ﬁeport, Bur. Hydrégéblogique, Mauritanie.
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1964d

1956

1967a

©1967%b

1928

 Alluviale 2 Kaedi.

ANappe du Ba551n a’AkJoumt.

: Unpub. Reporu.

- 78 -

Forages d'Exéloitation et Essai dé:Nappes
dans: 12 Bassin aval Amder {itar)..

Unoub. Report, 3Bur. Hydrogéologicus, Mauritanie.
Géologie =t Hydrogeologie des Plateaux du

Dhar de. Nema.

Unpub. Report, Bur. Hydrogéblogique, Mauritanie.
Guide des-Eaux Soute?raines de Mauritaniéé

. ; e 5 - N « s 3 '.
Unpub. Report, Bur. Hydrogéologigue, Mauritanie.

iy sm T2 ' :
.Note sur les Possibilitiés de la Nappe

L d

: A n 0, R R
Unpub. Report, Bur. Hydrogeologique, Mauritanie.

Etude par Forage du Secteur Central de la -

(MAURITANIA).

'_Efude HydrogSBlogiaue'du Sud du Mali.
”‘D1r. de l‘Hvdraullque et de l'unergle. Bamako. =

Les Eaux Souuerralnns dans les: ierrltOI“es

'ijdu Sud.

1929

19664

19666

“‘Coﬁgres de l'Ea

JCarte Hydrogeologique de

u, Algiers.'
Hydrogeolocle, Hydraulique et Thernodjnamlque

Arte551enne du Sahara Orlental.

C R. Ac. Soc. Parls, Vi88 op 709 - 511.

Reconnaissance

au 1:500,000. Feuilles Mas et Fort-Lamy. (CHAD).

 Notices Explicatives, B.R.G.M.

Relations entre le Lac Tchad et la Nappe
Phreatique.
A.I.H.S. (Garda) pn 70 pp 122 - 131.

(I.G.S.)
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SCHNEIDER, J.L.

_ S.A.S.I.F.

" SERVICE HYDRAULIGUE

' SOULE DE LAFONT

SWAINE, D.J.

SCHNEIDZR, J.L.

TESSIER, F.

.1953a

1563

1570

1954

1966

: oL ,
Carte Eydrogeologique d= Reconnaissance

au. 1:500,000 - Fauiller Pays Ras. - Largequ.

Rapport de Synthese, Notice Explicative. (CHEAD)..

B.R.G.M.
Notice Explicative de la Carte "vdroreo’oh-rue
aw 1:1,500,000 de la République du Tchad.
B.R.G.M. | B '

Reconnawssance d'nau a iaﬂoussour(o.

_Arch. Serv. de L'Hydraul. de la Cite d'Ivoire,

Abidjan.

Sondacea de Rnconnalscance Hydr oveologlcue .

- dans le Temourt en Naage (ML\URTTANIA)
- 4fUnpub. Report.. ;_ {?}}1:“
. 1966°

Etude de l'Oued Seguelll (MAURLTAVIA)

' 'u.Unpub Report Serv. Hydraul1 ue.

1953

Compbe Rendu sur l'dydrogeologle.ae Bondoukou

' (IVORY COA.S.L)

. 195%

?pre

Arch. S.G.P. H., A o. F., Dafa;..

4_Compte Rendu sur l'Hydrogeolovle d’ Abengourou
.(IVORY COAST)
.AArch. S.G.P.M., A.0.F., Dakar.

Compte Rendu sur l'Nydrooeologle d'Aonvolllkrou.

: ».'(Ivoqz COAST).

1973

1950

_Arch. S.G.P.H., A.O0.F., Dakar.

The Geochemistry of Underground Water.

(2 pages on Chad Basin in I.G.S., b.f.)

Problemes HydrogéBlogiques dans le Territoire
de Niger.

These, Marseilles.
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;% . TIRAT, M. 1963/ Contribution a 1'Etude Hydrcgéclogique du
. 1954  Continental Terminal (MALI).
.3 BL.R.G.H. NIAGHAY

F TORRENT, H. 1964 Etudes Géologiqus et Hydrogéologique dans

le Mayo-Kebbi (CHAD).

_B.R.G.M. LAM 64AS

P

1965‘ Carte Hydrogéﬁlogique de Reconnaissance

lau liSO0,000. Ferille Moundou. Notice

?E. ) Ekplicative‘et Rgpport ae Synth%se;(CHAD). L
: " B.R.G.M. IAM 64 A10
¥ SN oo : o ;
._f ' 1966. Carté Hydrogéblpgique de Reconnaissance
%z  . 'éu l:SQ0,000. Feuii}e angqf; Noﬁice
‘%“ . i j'ﬁxplicatiQé (Ciap). |
%{’ " TORRENT, H. - '-:V»ix:51966 .  Imp1antatioﬁ de 165 §ui£s.déns>ieé Préfécﬁﬁreéy
o4 ’ P}{iLLiRART; A. - du Chari-Baquimi,‘dg‘saithél‘,. Ad".Ogéddai ;et' |
43 | dé Biltiné; . - “
é‘ » B.R.égu. 1AM 66 A2
TROMPET&E, R..> 1 1~ A:i962 | Etudes Géo;ogique et Hydfogé@logiqﬁé de 1'Adrar
3 | | - - . dé Mﬁuritanie (Cgmpaéne‘léél - l§62’;' o
'B.R.G.M., Dakar, 62 AbS :
'A Unpubﬁiéeport.-
- '-1964 | Sondages de Reconnaiséahce aans le.éassin aQal'
2 _ Amdre (MAURITANIA).
- : 'r; - - B.R.G.M., Unpub. Réport;
; ' 1966 . Les Grandes Lignes Ae.l'ﬁydrogéblogié de.lé
‘ Serie? Infracambrienne en.Adfar de Mauritanie.
Etude de la Nappe d'Atar.
ReportiLab. Geo. Fak, Dakar, No 18.
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J.N.D.P./F.A.0.

U.N.E.S.C.O0. *

U.S.G.S.

' VILLEMUR, J.R.

1969

1975

fy{k

957

Unpub. Report. D.FM.G. -

Etude»Géglogique:etARecherches d'Zaux:
SputerraineS'dans;le:Sahel»

Land and Water Resources Survey in the;

Jebel Marra Arem: Final Report. (SUDAN/+2CHAR).
Study of Water Resources'igvthe Chad Basin.

U.N.E.S.C.0./U.N.D.P. Special Fund Project.

Application of ERTS Producis in a Range- of"

Water Management Problems, Sahelian Zone.

(Mali, Upper_Vblta, Niger).

Open-file Report 75 - 499.

. /-'. —\ . '-,.
Apercu Hydrogeologique du Bassin de Taoudeni.
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