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INTRODUCTION ■ : ■ . . *

1.- The .JCA "■'idsion to the Islamic Republic of Mauritania, of vhich

the following is the report,:.wad sent," following the recommendations

of the Ba?:.^KC conference, *ith the ob-je.ctvof-placing the-Tiepublic on

the same footing as other 'rest African Countries in regard to

investigations into its comparative advantages as a site for an

integrated iron and steel industry serving tlie ;;hole sub-region and

for other industrial possibilities.

:;ae mission fas composed of Mr, ohukri (Regional Advisor on

Geology) Head of the mission, ;,r. Z. A<upnic (Natural ^sources

Division, Energy) and /ir. J, Jtrakos (industry Division, Mechanical

metallurgy) jho visited the Republic from 11 to.. 25 of January 1965 =

The;y ,fere jo. jud by vr. B-ba K-iase (Director of the DCA Sub-Regional Office

in Niamey) from the 14th to l8th of January and oj ;.'lr. L.3. Denis,

Director of oteel, rinistry of Industry, France, from the 15th to

19th of January, The mission subsequently left for Guinea.

The terms of reference of the mission '.fere as

i) To investigate the comparative advantages in

raga_d to access to ra-; materials, markets

and other facilities, of sites in Jauritania for

the location of in integrated iron and steel

forks serving the sub-region.

ii) To investigate the ra-7 materials and other

resources available for the production of,

basic chemicals and fertilizers.

iii) To undertake appropriate studies on the

possibilities of the utilization of gypsum

reserves for the cement industry of the sub-

region.
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iv) To prepare an inventory of engineering

v) To investigate tiie possibility of

establishing appropriate facilities

.'. . . .. for procesBxng and preserving (refrigeration)

l-.l ,r iaeat and fish products for exyort.

vi) To undertake appropriate .tudxes on the

possibilities of establishing industrial

plants for the production/of leather and

leather goods.■

vii) To advise on general economic development

problems

viii) To advise on technical assistance programmes.

Of te?,,ara6raPh 5 ^1 ^e the subject of a rePcrt hv a separate-

mi.,ion and va-.r.phs 6 and 7 -11 he dealt nth in reports to*,

prepared for tha "est ,frican Conference- to he held x* *.*»* -

■DeoeL.ber.

3 0. th, ,ay.to 1.^. the three per.^nt -nbers of the tea,
, - ^ - ,. Th-v Had * fruitful briefing *ith /assrs. .-axcel

and nth hx^ ^soci-^ ■a'

the T,B staff in Dakar.

Th» tea, vxsxtad the U^rsity .of .aKar, which is an i^ortant

lntre of learns and xncludea in the Faulty of ocience -en
4

on, and *th Professor 3ougv, Professor of Oeolo.v, ,ho worked
Z d U tiU -,. out res^rch work

on,

^Zritania for ^ vears and U otiU
thorc with hio student--;-



5. Professor Sougy 'as very helpful in outlining his work and

Prof33sor Ka.-idon showed the team the Institute .of Physical

Meteorology.run by.the Faculty of science, which is specially

engaged in solar energy and its application. A small pump that

■rorka .rith the use of thij energy xzid. producing some 10 L je

was demonstrated to the team. The "work of Professor Llaasofc and his

collaborators on the use of the same energy in'th-a production of

electric pofer ns also explained and a machine under construction

was shown.-. Mr. '-"asson is optimistic of the results of his fork and

raised the ^ue^tion of enlarging the Centre at Dakar, instead of

creating a ne:r one at Niamey He plans to subrit a' request for

financial assistance, to..the Technical Assistance Board or Special

Fund for the enlargement of the Dakar -entre.

6. . The members of the team hid also vary interesting discussions'

'ith ?r. J. F. Agassiz, the \a,naGer of the o^oial Fund project for

the appraisal of mineral resources of Senegal.

7= In I.ri.j . the xaaj, tfas received and had discussions, a^ong

others, with the folio fine officials, arranged in alphabetical order

Dr. Ba Bocar Alpha, > inister of Economic affairs,

Posts and Telecommunications.

Mr. Philips B?*stid, -lining- engineer of the ".Jociete des

Mines de Fer de iiauritanie1' (i'.IFZRf'A)

Mr. Y. T3ar.biers Geologist,. Department of lines

Mr. fromanaref, Chief, statistical Department

Mr. Brenier, Director of Plan

Mr. A. BruneiIs, Chief, Department of : ines,

.who ;ras. to accompany us during our stay

Mr..; Cornu, Techical idviser to the Ministry of 'forks

Mr. Jean Depagne, Ingenieur Geologue BROK.

Mr. Hair.ouni, Conmissaire general du Han & la Presidence ' "
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Mr. Janvier, Ministry of Torks .- ■

Mr. Mkhaitirat,.- Director at the Department.- of" -Economic

Affairs, rinistry of Economic, Industrial & Social

Affairs "

S&r-. Harbe Koktar, Cohsefller econorcique et financier

; du President de la Republique " " .

Mr. Mouragnes, Relation exterieur, IVIIFERllA

Mr. Richardson, General Manager of luI

:>;Tr= Hou^sel, Ministry of Public "forks,

-■ . Chief of Akjoujt, and the Chief accountant

for the Republic.

His Excellency the.Finister, Dr..Alpha invited the team

for a farewell party "at his home on the evg- of our departure

8. The ne .bers of the mission visited the iron-ore deposits at Fort

Gouraud, the copper deposits near Ikjoujt, the gypsum of Sebkha de

Ndrhamcha, II. J. of Nouakchott, the harbour of Port Utienne and the

new wharf under construction .it Nouakchott. ;U1 transportation

facilities Tere arranged by the Government except for the visit to

Fort Gouraud, which was arranged by MIF-RIiA.

9 - Unfortunately not all the technical reports -rere made available

r

..to the members of the team in I.R.K. Again> because of inadequacy

of transportation facilities, and of shortage of time, the team had

no chance to visit many of the interesting exposures such"as the

■newly discovered chrorr,ite and beryl deposits in the Precambrian north

of Akjoujt or the phosphatic deposits at Cive near the River in the

south. Because of all these factors, it was not possible to have a

coriplete' first hand picture of the potentialities of the mineral

resources of the country.

10. otatistical data concerning the infrastructure of th.e.-I .R;e..

is given in the Bulletin jtati'sti^ue et "conomique, a quarterly

publication, of which the first number appeared early in 1964. This is
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published by the .iervice de la .otatistique, B. F= 24O, Nouakchott

and the x^oject is financed "by the French Fon&s d'Aide et de Cooperation

(FAC). The area of the I.R.M-: is about 1.1 million square kilometers

with a population of some 850,000 inhabitants. The most important

industry:is the mining of the rich iron ore of Fort-Gburaud, jhich

makes a large and increasing contribution to the GjMF.

11. Tlu? report begins with a concise resume of the geology of the

1.2.". a and the accompanied mineralization wrhich is important for

any future appraisal of the mineral resources of the country. This

is followed by an account in some detail of the mineral resources

already exploited or about to be exploited and future prospects.

Again as underground water is an important resource for the I.R.M.,

which is an arid desert in its northern part, a summary of these

underground water resources is also given. The next section deals

with .energy resources and with electricity and ■water .supplies which

.are .often closely connected- The question of an integrated iron

and steel, industry is then discussed followed by a short account of

other industrial possibility os>

II . GEOLOGY:

1$. The oldest rocks in Wauritania belong to the laddie Precambrian

(Birrimian), the so called Anasaga - Ghallaman series and associated

migmatitas (old granites). These forn: the greater part of the

Precarr.brian occurrences at Tasiast, Tijirit, Air&aga, Tiria, Ghallaman

and Chegga-(from west to east) and are shown as ?(c) on the International

Geological map recently published. The series is represented in its

greater part by gneisses? calco-magnesian gneisses, quartzofeldspathie

gneisses and hypersthene gneisses , and by mica schists, -quartsit<58

S.nd othertr.,. All are severely migmatized and old calc-alkaline

syntectonic granites..are widely spread. Charnockites are also present.



E/CN.H/INH/54

famous Fort -Gouraud iron mineralisation- is present ;Cn these.;

Birrimian quartzites.. The sarly Precambrian (Dahomeyan) seems to be

absent. ■ Haughton-"(1963); hofeve-r. described both the" Amsaga-

Ghallaman series -and the Simandou and 1 ount Nimba series under the t

Dahomeyan. The latter is also considered as Dahomeyaii P(D) in the ■

International Geological map., There as the former- in spite of the fact

that it contains analogous banded iron stones, is considered as.

Birrindan. P(c) . The attribution of both series to one age is more

plausible.

13. The Amsaga-Ghallaman series Is" followed'by the Upper Precambrian,

the series of Aguelt Uebkha and of Aioun-Abd el Malek, shown as p(B)

on the International Geological map. These are formed of arkoses,

arkosic sands and various schists. The erystalline rocks of Middle and

Upper Precambrian age are cut by more recent post tectonic calco-

alkaline granites, considered as zdgmatized areas by others. They

'are also rarely cut by alkaline gr-mites, aegyrihe and riebeckite bearing,

which recall the riebeckite granites of binder in Niger.

14. The Amsaga-Ghallaman^the Ague It- Kebkha j,nd J^ioun Abdel Kalek

series and associated grardtee occur in the Northern part of the I.R.M.

They form-the ccr j ■ of the ^glab-Hfitti structural high elongated'.

in an 38E-I$1 direction- separating .the structural lows of the .Tindouf-

Rio de Oro basin in the north from the Taoudenni basin in the south, one

of the biggest synclinoriuir.s of the rorld.

15. According to-some authors the Akjoujt series, "a-cries plissees

interraediaires", belong to the Later Preoambrian, showri-'ob the inter

national Geological map as P('A)* ■ This- series occurs in the western part -

of the I.R.I*, and is elongated roughly, in a N-3 direction, towards Bakel

and extends .farther south into; Guine-a-"-and ■ioaarrbique where it bifurcates.

It is strongly folded .and is covered, in the east by- Palaeoaoic formations

of the Adrar Plateau and ^appears" to the west,- under more recent

sediments. The Akjoujt-aeries is separated by a discordance and a.:... ■

conglomerate, .and in places by a th.rus.tv from the AiEsaga series.in the

north.- It forma the-greater part of Inchiri and Aftout.and has-a
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total thickness of several thousand metres of various para schists and

of quartzites with some greenstones. The copper deposit of.Pen

Moghrein (Ak^oujt) is related to this series. The Akjoujt series

is thrust over the Selibaby K'Bout "granite", which forms a tectonic

window of basement rocks.

Lately (aee Gougy 1964) the validity of a Precambrian age

of the Akjoujt series and its formation of a part of the African

Precambrian shield has been questioned. an early paleozoic age

including the "Infracambrian" of French literature, which is regarded

as earliest Paleozoic by some, has been demonstrated for at least-

the "Falemian", the ¥-3 non metamorphic sediments forming the

eastern boundary of the slightly metamorphosed .Jc.-joujt series.

The nearly flat lying or slightly dipping Paleozoic sediments .

in the east, representing a foreland structure,aTe folded towards the

tfest into an orogenic IT-S belt thrust' eastwardly on the basement rocks

and forming three zones. These are from east to west- Homoclinal

Paleozoic sediments, folded zone; and metamorphic folded zone. The

thrusts (Giraudon and .iougy I963 and Sars & ;5ougy I964) are marked-by

mylonites and the orogenic belt extending north-south is named

Mauritanide by Sougy and is considered to belong to a Hercynian movement.

ftareelin (1964) rocognis3d three phases in the folding, thrusting and

metamorphic history of :the Akjoujt region.

In this ca.^e granites, which some authors have considered as

intrusive in the Birrindan, -rould be considered aa Paleozoic- Syenites

intrude. *.nto the Akjoujt series in Tamkarkat gave abnormal radiometric

figures and fluorspar va3 recorded in the::i0

16. ■■■■In-the \msaga region, 3arrere; (1961, 62, 63) described important

KE-3ff faults that extend for over I40 kn and gave evidence of the : =

presence of important basic and ultrabasic intrusion, in-which appreciable;

chromite deposits vere recorded. Pegmatites carrying beryl and

radiometric anomalies were also recorded in the same region. Gold; copper

and molybdenum are recorded to be present in minor intrusions in a country

of basement crystalline rocks in the Id corner of I.R.IT.



v It is .difficult 7rith our present knowledge to.assign.these .

mineralizations to a -particular age. It is .vary possible that these

mineralizations, though present In crystalline basement -.rocks are du& .to

a much later mineralisation related to that of the Akjoujt series.

On the other hand .some of the ore minerals reported In ^r%as covered

"by the Akjoujt series could possibly "be related to the _,ql-de_r Arnasaga. .

series, which appears as tectonic windows in the ..Utjoujt series. The

exact chronological status of these mineral deposits" sSouTa"'T5e"~Ieft

open fox* the present. .

17.-...- '■The.: Paleozoic in I.it.M. extends fror the InfrarCaa,hrian to the

!Tamurian-Tlestphalian of the Carboniferous. It occurs %n the Taoudenni.

basin forming the cliffs of Hank, the plateaux of Adrar and Tagant,

the Aouker, ^saaba, Afolle, area HE of Zemmour and a±_3etjuiet.-.el-Hamra

between the' Rib de Oro and Algerian borders. The Paleozorc of Adrar ■

"has a maximum thickness of 1000 meters.

X8. Thelnfra-Cambrian bounds .the -southern edge, of the Yetti: high-. ■■

and the eastern boundary of the Amsaga series. It .also forms the core,

of .iffole* It is formed of basal complex, of the sandstone of Hank, .of

stromatolithic limestones of Atar and of an upper series of argillaceous

and'sandy sediments of Affole. It is limited at :i'ts top by- t&s-Cambrian

trana6rs33ion and more particularly by a glaciation marked by a ti-Mi-^e.

The sediments at affole dip-gently towards the NE and form- a gigantic

fault-outlier, (butte temoin, klippe). Mention has already been mad&; of

the analogy of the '7Falemian series" in the west ,*ith the Paleoaoic- -

rocks to the east. This suggests a north-south trough,' in the -Akjouot-

Bakel area,"which began developing on a true Precambrian biseme'nt during

early Paleozoic, .times, and in which deposition continued into carboniferous

time (see later).. , . . _.. _ .r.i "■■

19. The Cambrian overlies unconformably the Precambrian in tHe north

ne,ar the borders of Algeria'and of uio de Oro^in the extreme ^north-west

of i'.R.IT." in the ,,emmour. It also overlies unconformably the Infra-
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Cara"brian aouth of Hank- It passes from Hank through .-idrar to surround

the eastern edge of the Akjoujt series, its probable metamorphic

counterpart. It also forms the aouker and Hodh. It id formed of

shales (shales of Hodh), of the dolomites of Assaba and of

sandstones, siltstones- and conglomerates. It is followed conformably

by marine Ordovician.

20. The Ordovician follows in a regular fashion the Cambrian.- It -

extends from Erg checht south of Hank to Ouadane and Ching-uetti (Adrar)

and bends to form the plateau of Tagant and the tectonic window of

A.ssa"ba. .; It is represented by a. sandy facies that bears Lingulae (the. .

sandstones of Chinguetti, of Oujeft and of 31i).

21. The Silurian is represented by graptolitic shales south of1

Adraijand by limestones, besides shales and gypseous and ochrous beds, on

the northern flank of the Yetti high at Seguiet el Hamra and the Zemmour.

The beds at Zemmour contain Monograptus, Gardiola, Rhynchonella,

Orthociratids and Grinoids. ^here is evidence of a minor di^conformity

between, the Silurian and the Ordovician, related, to the Caledonian

orogency*

22. The^ Devonian is veil represented on the southern flank bf the

Tindouf basin at the two last mentioned localities and south of the

Adrar at H'el MetIan and at Krat- It is represented by both limestones

and sandstones with Jpirifers and Brachiopods and belongs to the Lorer,

Middle and Upper Devonian. The fauna is poor in reef-building forms and

the sediments are considered to be formed in shallow waters, in which

currents and tides ./ere unfavourable for the construction of reefs.

23. The Carboniferous i^ijpresent a^ ^he far north eastern part

of I.R.M. overlying the Devonian. It ranges from Touroaisian to Visean

to Namurian-Westphalian. Carboniferous sediments also form the core of

the Taoudenni basin and could very possibly contain coal deposits. The

main folds involve the Carboniferous and are therefore not earlier than

Hercynianc In post Hercynian tiu,e, westward downwarp of the north-south

Akjoujt-Bakel area, previously described, resulted in the accumulation of

a substantial thickness of Jurassic, Cretaceous and more recent sediments
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along tbib COaotaT' ^gi

24'-." The'Precar'brian and I -1« bzoio formation of u;-,ny parts of

I.E.KA8"th038 of rail' and Guinea,are invaded by important basic sills and

dykes. The dx.ct age of these is not known but they are undoubtedly

post Carboniferous as" they cut the -thole Paleozoic' section of the

Taoudenni basin and are pre-Continental Intercalate (jurassic-

Cretaceou-s) as thej never intrude these more recent sediruents,

I« sooms tftat %h*y could "bo of Triassic ago.

25. The- Continental Intercalaire^ so called In Ksrchei formation,

.hereafter referred to as 01*. is the continental equivalent of the

Cretaceous. It uncomfortably overlies the Paleozoic formations, of "the

southern flank und«T the Taoudenni basin. Rocks belonging to the same

age are concealed under the Continental Terminal (Tertiary) cover of

■.the coastal basin. No evidence is known of the occurrence, of marine

Cretaceous beds in the valley of the ,endgal -.raver in outcrop. However,

Maestriehti jn. deposits are known in subsurface,, These form a basin in

the Eaeidi region. The I ^estrichtian transgression is folloi-xed by a

calmer period with the deposition of chemical sediir.ents before the

Lutetian.txansgression.

26. Both Mar_ine Tertiary and the equivalent Continental Terminal,

the so callad Bacikounou fon.atioa^ (hereafter referred to as CT) are

represented in I,RM. by marine riddle Eocene (L.-rer Lutetian) limestones,

dolomites, clays and sands, vrhich cover unconforraatly.iotii.. the,.jvkjbujt

and the Ai:.sage series and are covered by trie CT and farther east by red

sand dunes and Inchirian marine ^uatorn^ry deposits, The . ^uritania-

oenegai "ocene gulf a^pe-rs to extend up the valley of the ienegal

River as' far o\ot as the region of Bakel. Tiio Eocene transgression

has"surpassed that of the il.ie.stricb.tian The ssediments dip towards the

vtlantic increasing in thickness and changing their facies froir sands

' to" clays,'limestones and dolomites in the same direction- It is T<rith

these Lutetian beds that phosphatic deposits occur at Cive near Kaeidi,
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Subsequent to Upper Lutetian times the sea retreated and continental

argillaceous sandstones were deposited* It is due to this uplift that

the CT replaced marine sediments. The rio-Pliocene 'and Villafranchian

- are represented by continental deposits. , !.-;.;.

27* Later during the ^uat^x-nary marine transgression took place

along the coast during the Tyrrhenian and Flandrian stages to form

important calcareous sandstones in the north and sandy clays in the

south.

Recent and ancient salinas (sibkhas) are present in the

more recent sediments from Jhich salt is exploited. Gypsum has been

also exploited for a short interval from one of them, the sebkha de

UVBrahamcha. The beach deposits are formed in places of black sands

■tfith ilmenite.
■x/t.^r..

28. It is in the coastal basin and offshore as well as in the

Taoudenni basin- and in the north eastern extremity of the country (on

the southern flank of the Tindouf "basin) that oil possibilities . . SXist

It is also in ths,ya sediments that lie the highest possibilities for

underground ;ater It i3 to be noted that vast areas of the country are

completely masked hj recent dunes :ind by otner superficial deposits,

thus concealing ^ny mineral deposits that ~ould be present. The

important magnetic and radiometric anomalies at Aguilal Faye, south

of Akjoujt, are completely covered by sand dunes and "ere only discovered

by airborne surveying.

Ill

29. I.RJN came into the picture of ir-ineral producing countries,

occupying a leading place amongst the high-grade iron ore producers

of the world, with an annual production from Fort Gouraud amounting

to 4.9 million tons during I964. There is little doubt that minerals

will make an increasing contribution to the I.R.i:. in the future as

the Akjoujt copper deposits are on the threshold of exploitation and

as other mineral resources are under appraisal* In the following lines

a resume of the Fort Gouraud iron deposits and of the Akjoujt copper
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deposit i,i giv.n, followed by a summary of whit has boon achieved with

regard to the search for other mineral deposits that nood further

appraisal. . . .

A' Deposits at present undar exploitation or about to be exploited '

The Iron ores of Fort Gouraud? ' : ■ ■

30. The- story of tho opening of the iron ore" "doposits near Port Gouraud

illustrates well tho tim. la^ that often occurs between discoveryand

development of an or- deposit. The existence of a "mountain of iron" ''

was noted at the beginning of tho century in 1912 and was confirmed by

the geologists of the Services des lanes of Dakar in 1935. In I949

Bethlehem Steal Company made an appraisal of tho deposit. This was '

followed by x new survey-in 1951 carried out by a Franco-Anglo-Cmedian

mission. In February 1952 a company was formed (the Societe des Mines

do For de Mauritania (/iferma) to proceed rith the"'development" of" thT~

deposit. A decree.No. 2?3 dvtod 20 October 1958 granted a-conccssion " "

covering 325 Km to the company. Liw No.59-061 of 10 Janu ,ry 1959

made tho permit valid for 30 years. It ,ras in i960 that preparations

woro finill-y begun- The Kifors'i shares are owned 60 per cent" by

French interest .{.among vhich aro the Buro mi do ^echerches Geologique's' jt

Hinicres (.BBGK) 22.5 per cent and Societe Ketallurgi^u.. Francaise,

(USINOB),. 28 pop cnt , 20 por cent by the British Iron and Steel

Corporation, (BISC) Ore, Ltd. 15 por cent by tho Italian Finanziaria "

Siderurgioa ("FIN3XDER"), and 5 per cent by German groups, including

several stool companies. The Government acquired 5 per cant of the

shxres from the shareholders in proportion to their invested

capital. A U.3.$66 million lo.an from the TJorld Bank sparked

implementation of tho preparatory work. Extraction- started in 1962,

when- 785,000 tons, were stock piled. The U. 3.Bureau of Mines" gw«5"-the

annual production as 295,000 long tons in 196I and 984,000:in 1962.

The first train transportation of tho ore to rort-.etionno took place in

June 1963 aid in thyt year about 1,300,000 tons were exported. The

4.9 million tons produced in I964 were above the planned -target, and

the tirg:-,t of 6 million after I966 may be reached at an earlier date.
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31. Tho present capital of thj company is 13-3 nilli ird CF/U

The capital cost of the operation is estimated to "bo 45 milliard CFA,

some U. J. #200 million. Lost of tho out±ut of tho mine is covered by

long-term, agreements vrith tho iron and steel industries of France,

Britain, Italy and Germany.

Th.o Government rectives a 50 per cent share of not profit plus

duties on tho exported ore. amounting to between 6 and 9P^r cunt of the FOB

price (6 per cent for annual exportation of up .to 4«5 million tons,

7 par cont from 4*5 - 5 millions., 8 per cent from 5-5-5 millions md 9

per cent over 5*5 millions). The Government, on the other hand,

paid for many of the development schemes of the industry such as the

go arch for underground water resources for Port-Dtienne.

Geology and Reserve5 =

32. Mention hw already been made of tho fact that iron ores aro

present in the oldest rocks of I.R.fc. of Saddle ProCambrian (Birrimi in)

ago and ..ro comparable to other Frecambri in iron ore deposits of

Africa of the Lake 3uperior typo. Tho ore occurs at Kedira d'Idjil

(Fort Gour aid) s 350 Km from the Atlantic go .vjt in a straight line and

675 Km by rail to Port-jJtionnu. The Kedi'i d'Idjil forma a conspicuous ■

relief reaching 920 m in lui^ht -vnd dominates a pi lin of in average

height of 300 ra. It uxtends in an T^ direction for about 26 Km and has

a triangular shape with its shortest, 12 Km long base,-'-at the 6 xst ;nd

its apex in the west forming n.ount F'Dorik. The plain is forced of

different gneisses that ch mgo into micaschists ind q.uirtzites at the

border of Kedia. Kedia itsulf is formed of two m lin structural units!

a ferriferous synclincrium to the north and north east and a syncline

of breccias to the south*, These two units are separated by a faulted

anticline of F'Derik - Achouil (Destombesj map 4) • The metaraorphic

ro&ks and the itabirites are steeply tilted, striking mainly e v-jt and

west. Kedia D'Idjil is bounded to- tho south by the subhorizontal beds

of the Infracarr.brian. A.t Its western margin at F'Derik the flanks of

the mountain are covered by alluvial deposits, the'pebbles of which

arc made of nearly pure hematite ready to be mined.
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2
33- About fifty outcrops.of the ore cover- ani-ire^.-of 900,000 m ,

in which nine groups of important; or<s/ bodies" of '-almost pure hematite

interbedded with bindod hematite quartzites -.ro present= Of these rich

ore bodies(three ar-j the moat important1: Tazadit in the cast, F'Derik

in the west and Souo33i in the middle. Only two of the-ss are exploited at

present. Tazadit is said to contain,90 million tons and F'Dcrik 45 -r.illion

tons of high grade ore av^riging 64-5 P^r c-jnt Fe, 0.04 por cent <\n,

and 0.03 per cent P, 0.0025 P&^ cent 3 and 1-5 pjj? cent 3i. ..Tiifi.-lar'e

body was hit at :. level below 400 m at Tiaidit and it about the 300 m

level it F'.Derick by inclined drillings Tiio bottom of rthc oi-o was not

reached at. the two pi ices and the bodies seem to extend downiv.ard .to

appreciably unknown depths. At the time of our visit-to Rouessa an

extensive test drilling progr uinne, on a grid pattern \fith, lines 20 m

apart, was concluded. The thickness of the.ore wis found to be

100 m at a depth of 300 m. . The oatimated rasorvo is given to be

over that of Tazadit and the exploitation of tho Rouessabod^ is expected

to take place, shortly. The estimated 200-250 million tons of high grade

ore said to be available within the main ore bodies se^m to be a

a conservative estimate. Besides these high grade ores, 8,000

million tons of 40 per cent ore are estimated to be included in the

poorer ores of banded hemj.titj quartz

34- Three types of oro'cn bo distinguished^

a) A hirdj, com^;ct, fine-grained type, missive or finely

banded, steel blue in colour^ ;nd nitli 1 specific grivity

of 4» 5- This ore contains rr.oi*« thm 66 p.r cent Fe md lo

thin 2.5 per cont SiO2. It is a "st^el mineral"?

■■ -.^FjPerife. or;;,rl3coij:.Qprti3;ists o*f this 'typo of ore =

b) A soft md friable type "'-which rupr^sonts the "skeleton"

of 1 banded hematite Ctuartzite in which the silica bands

have been leached out and the high grade bands reduced

to biscuits, a friction of in inch thick, of nearly

pure hematite. The specific grivity is 3*6. It is

suitable for high furnaces.
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c) A medium-fcard lumpy ore, generally associated with '

type "&". The grain size is coarser than in type"a"

andit is mOre porous and friable. The specific

gravity is around 4* Tazadit ore body consists

of these last t-ro types, ifhich contain 64 to 65 per cent

Fe and 4 -per cent 5iO?.

Mining;

35- The open cast mining at Tazadit is carried out in a series

of horizontal cuts 10-12 m high fro;r, the high levels downwards.

Under-ground mining is expected later. The jails of the forced pit

slope at an average angle of 45°. It ia estimated that for every 5 "Ions

of ore, 8 tons of waste and 2 tons of rdxed ore (i.e. ore with less than6C

■p^r cent Fe) has to be disposed of. The mixed ore is at present

stocked for future dry treatment 0 Cutting is carried out by ten

Crawl masters which drill blast holes 150 mn in diameter and

blasting is carried out b;y nitrate explosives. Also six Crawl

IR and twenty seven l-Iontabert drillers and seven DR 365 and twenty

eight DR 600 compressors are used for cutting. Haulage of the

products of blastings for crushing at the mine, is carried out.., by

one diesel driven, two electric (150B)- and three electric driven

(190B) - Bucyrus ^rie mechanical shovels, {2.5 cy, 6 cy and-8' cy

respectively) assisted by 3 diesel T-arion 93M - mechanical shovel

2.5 cy and by caterpillar bulldozers. The ore is then transported by-

eight Kenworth 275, by three aveiling Barfort 8T and by three

Koehring 13T trucks.

36. The ore (typeb & £ with 30pj£r pari.ani 26 px'oa± of 'fines below 10 mm

respectively and the rest is lumpy) passes through an Allis Chambers

superior model 54-74? 1&00 T/h gyratory crusher, situated at the margin

of the pit. The products, crushed to - 200 mm are conveyed at 1200 T/h

by a Koch/oarre belt conveyor 1400 m long and 1.20 m. wide for stacking

at the rail ray station. The belt passes underground through a tunnel
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and the operation is remotely controlled at an observation unit

installed near the crusher. The stacking is carried out. "by a Koch/

3arre "1800 T/h double tfing stacker. The difference in elevation

between crusher and stacker i3 190 m. An automatic sampling equipment

permits the supervision of the Fe and Si content of the ore. The ore

is'reclaimed from the stock pile by a4-4O T Lauchhammer 2500 T/h

shovel wheeled (8 shovels 66.0 litres each) at the same rate and

conveyed to train wagons- A Koch-Sarre 3000 T/h haulage unit loads

simultaneously two wagons each of a 75 T capacity. A new city, Zouerate,

2
was founded on the plain north of Tazadit on an area of 460,000 m .

Diesel-electric generators are used to supply the town with light

and the mine with power.

Transportation from Fort Gouraud to Port Etiennes

37. TJie railway passes through a tunnel cut through the cliffs of

Choum (1890 m long), and on. the sand 4unes of Aaafel and of Akchar.

The company possesses fifteen CC diesel 126 T locomotives 2,500 cv,

six BB diesel 68 T locomotives85O cv, twelve 100 T wagons for ballast

51m capacity, five hundred and ninety 100 T wagons for ore, 34 m

capacity and thirty three 96 T wagons for water tanks 700 h/l capacity.

k train is composed,' at one time, of 3 diesel locomotives (2,500 cv each),

135 .jagons for ore, several flat wagons for various items and tanks for

water and gas-Oil. The train has a total length of 1570 m and an empty

weight of 4000 f and carries 10,000 tons of ore. It runs at a speed

of 40 Km/h when loaded,'and at 48 Km/h when empty and thus it takes about

16.5 hours to run from the.mine to the port. The company is confronted wife

the serious problem of the rapid wearing out of the rails, a few

kilometers away from the mines.

38. At Port"Stienne an automatic rotary train dumper unloads the ore

(about 200 wagons/day) into a 300 T bin to a 4000 T/h belt conveyor,

1.60m wide, with a speed of 3 m/seo- Stacking is carried out by a 340 T

stacker with an arm 45 m. long having a speed of 13-50 P©r mm when loaded.

The stock pile is 23 m high, 650 m long and the base of its triangular

section is 58 m. The capacity of stock, in two piles, amounts to some
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1,600,000 T. The ore is reclaimed by a 410 T shovel whe«U LMG,

(*?5Q0 T/h). wnich .is 20" m h^-h and possesses a power of 600 cv, and by

a shovsl 8 07 mounted on a 190 Bs long range Caterpillar,.(.1250 T/h).

Some 15,000 tons of ore are stacked per day. The ore is then conveyed

to the grinding unit by feeding belts. The operation of- the grinding

plant can be so regulated as to produce the grain sizes required

for the market. The whole operation is automatically controlled and
registered 0:1 a panel.

The -200 mm ore passes through a primar/and a secondary milling

■machine-.. The ground.material is screened to the following grain

.sizes in mm, 0-10, 10-20, 20-75 and 75-200. Seven different qualities

are distributed to the clients^ five fromTazadit ore (TVA 0-200,

TVB 0-75, T2A 75-200, TZB 10-75 and TZF 0-10) and two from F'Derik ore

(SPA 75 ;-. 200.and.FPB 1O-75). The ore. is. then transported by a

.convey, r to a 1000 T regulating hopper. The ore is automatically

.sampled in a nearby sampling unit that takes 50T/h sample. A 3000

T/h belt (1.4Q m vide and a. velocity o.f 3 m /sec) conveys the ore to the

■: vessels, where a 217 T loading tower loads them at the same rate

of 3000 T/h, It traverses 145 m along the length of the quay at a

speed of 24 m per minute and carries abocn 20.50 m long, adjustable

16 m horizontally and 10.50 m vertically. Ultimately the loading

capacity will be increased. The harbour situated some 12 km south

of P?rt-3tienne;can receive 65,000. tdw carriers along its 245

m long and 19.5a m wide platform in water 12.50 m deep-. Minor

■dredging will allow 100,^00 tdw vessels to be-loaded. The quay is

connected to the shore by a pier 425 m long. At Port-Stienne "there is a

well equipped workshop.engaged in various maintenance work. The

electric power station (with eight Mirrlees of 1000 Kw each with a

possible extension to twelve) supplies the monthly consumption of

850,000 Kw for.the plants and the newly built city of Cansado.
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The copper deposits of Akjoujt;

History;

39. Those important copper-gold deposits are located approximately

4 Km vest of the village of Akjoujt* near Guclb Foghrein, about 280 Km

by road NK of Nouakchott and some 350 Km ,3'? of Port-Eticnne. The site

is at longitude 14° 25' * and latitude 19° 451 N. It is accessible by

road along the excellent Nouakchott-Akjoujt road. Akjoujt is also served

by Air Afri^ue and by postal and telegraphic services. The existence of

copper was noted in 1931 and the discovery of copper slag in the

neighbourhood indicated ancient exploitation of..-the ore. It was only

in 1946, however, thit a geologist at the Service des Mines, took

samples, which wore analysed nd gave interceding results. An

exploration permit (B) in the n-ame of the Government of French *cst

Africa was given in 1947 and was renewed in 1949• As the results of

investigations carried out xcx-o encouraging "Syndicat dc l'Inchiri"

was formed in 1950 b* the Federation of French West Africa, the

Territory of Mauritania and the Bureau Ilinior do la France d'outre-Mer

to investigate further the proporty. " Diamond drilling of 2800 m on -a

grid of 100 m apart, the .sinking of a 100 m shaft, studies on the

dressing of the or,, and on finding water in sufficient quantities were

carried out. Later in 1953 tho Syndicat was succeeded by the Societe

dos Mines de Cuivro de lUurit-anie (Micuma) . This latter company

carried out a moro exhaustive programme of drilling 17,000 m. on a 50 m

grid, of driving 2000 m of adits, and was vctivoly engaged in developing

methods of concentration, from the year it was founded to 1959-

Micuma was able to vorify tho prosonoo of appxeciablo amounts of copper

ore containing gold but was confronted with difficulties of extracting

the copper from its oxide ores. In 1963 Mr. Walter Surra, on behalf of

Mr. L. Lindaley of Canada, ^ont to I.R.F. to explore the mineral

possibilities of the country, when the Akjoujt copper deposit was

brought to his notice. Later exhaustive feasibility studios were

carried out, in the same year, that resulted in a report entitled
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"Review and Evaluation of Akjoujt. Copper-Gold. Deposits for Horthfield

Mines Inc." by Tfatts, Griffis & McOuat Ltd., Canadian Bochtel" Ltd.,

G. G. Freeman and G. Ho Gibbs. The possibility of exploiting the ore

with profit was confirmed, especially as the recovery of copper from

oxide or silicate ores has been'proved feasible, and the Lindgloy

_ group submitted through the Northfield Mines Inc. the possibility of

exploiting the ore to the I-R.K. authorities.

Negotiations went on between the authorities concerned and a

now. company Socuma (a reconstruction of Micuma) was formed,, The

American and Canadian group holds 55 per cent of the capital, the

Manritanian Government 25 per cent and French financial interests; including

the BRGM 20 per cent. Further on site studies for proving adequate water

resources, for process testing and improvement and for project testing,

engineering and design were carried out by the Government and by Socuma.

Socuma started, while the team was in I.R.M., the prelimnary steps for

exploitation*

Geology and Reserves:

40. The ore is present as previously mentioned in the Akjoujt

series'of the Mauritanido orogenic belt. It occurs in a prominent

hill that consists essentially of iron oxide minerals carrying copper

and"gold and forming t, "hat" overlying sulphide ores. The oxide

ore is i-"zoned" deposit, 500 m. long, 50 m thick, dipping at

35 , and forming a hill which rises 80 m above the surrounding flat

desert. It is about 100m in vertical depth with negligible waste

capping or covor* The metal content increases with depth and appears

to consist of two^or throe bands paralleling the footwall schist

contact, separated by sub-or,. Beneath this oxido capping- and at a

depth of 30 to 40 m below the surrounding plain irregular lenticular

bodies of disseminated sulphides have boen proven to have a maximum

thickness of 100 m and a lateral extent of 440 by 700m, most of

.which could be mined by open-pit, Thu bodies are" slightly elongated
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in i north-c:3t to aouth-^st direction and dip to the iouth-wost -t about

20°. Th~ dip flattens with depth to nearly horizont a at a vortical

dopth'of 200" m below the surface. Th^ down-dip limit has not y^t

boon' fully determined.

41. Thu oxide pro is irregularly porous to compact, friable to

hard, and consists chiefly of iron minerals hematite, limonito and.

mjfin.jtiio, the latt.r being residual Although several copper min.nls,

including malachite and, atacamite .ar. visible,-,, most of the. copper v-ilucs

are tied up in tho limonite-hemititc oxides. The sulphide ore..in the

surface dumps consists of a dark gray carbonate with associ itud

-inthophylits and sulphides in the forn, of' pyrrhotite and chalcopyrito.

■Magneiito'-is a prominent gague mineral and is said to constitute 30

•per cent of the- sulphide ore.

" .- ■■••: ■ ' - Reserves" are estimated as1 followss-

Oxide orus: ......

7,180,000 metric tons assaying 2.85 por c^nt Cu with

4 gr'o'f Au/T - ■ ■ ■

Open pit sulphide ores;

16,150,000 metric tons assaying K70 per cent Cu ^rith

1 gr of Au/t

■ ■ Underground sulphide ores:

6,375,000 metric tons assaying 1.67 ' p^r.-Cont Cu with 1

gr of Au/t

Tho ore carrios a so silvor, thj imount of ^hicirTs^nbT'Known to

the mission.- Th; .Tisto-6o or. ratio in the oxides is 0-4 to:l, whereas

it is 2 to 1 in the sulphides.

Proposed mining: . .

42. The cap "is ideal for low-cost s^lactivo open-pit- mining. In the

sulphide ore opon-pit mining is economic a to x de^th of 160 "m bolfcw thu

surf ice, after Thich tho ■ rctu lining ore can bo extracted underground '

by-means of longwall rutro-.t- mining, -rith 1 belt of conveyor up the

footwall of opon-pit exc?,vati.pn. \
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It is proposed to mill oxide ore at a rate of 3000 tons per ■

day for 350 days per year or 1,050,000 tons per year for seven years.

Sulphide ore will be milled at 4000 tons per day or 1,.400,000 tons per

year for 12 years by open pit and a further four years by underground

mining. Additional underground ore may be developed. The total presently

indicates*; operating life on this basis is therefore at least 23 years.

A higher rate of sulphide mining may be economically indicated by further

study.

Mining operations -fill be confined to two shifts of eight hours

each per day, five days per week, with sufficient stockpiling of crushed

ore for continuous milling. Conventional open-pit mining' is planned,

using 10 m benches, 20° off-vertical percussion blast-holeis, 100 mm

diameter and 13 m long, with 3-5 m burden, 4 m spacing, and 6.5 m

steel charge, 2-J- cubic yard diesel shovels and 30-ton diesel trucks.

Haul roads wili So Spar cent 'against fie lead 'and-lBper am^fiHh the loa d. forking
wall slopes will be 22° qn^ fNM»i ™ + trQ-n „ Ac0 -, -, • ,^

and imdi pit walls 45 , including a 16 m

haul road. Ammonium-nitrate .rill be used for primary blasting.

Hand- held pluggers and dynamite are recommended for secondary blasting.

Portable compressors and portable flood-lighting plants will be used to

eliminate pipe-lines and power lines around the pit.

Ore Treatment;

43- Although the recovery of copper and gold is more, difficult

from the oxide ores, the latter will be mined before the sulphide ores as

they are much higher in grade. The proposed processing plant is designed

to "treat 3000 metric tons of copper oxide ore per day. The "Salt-Coke

Segregation" process, one-stage method, will be us-ed to reduce-the copper

oxt-tes to metallic copper, which is then recovered by conventional

flotation. The segregation process treats an oxidized or mixed oxide -

sulphide copper ore with a halide salt and a carbonaceous material,

such as coke or coal at 750° C to 85O°c, to produce fine metallio

copper.
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' ■ ■ In.1962, -a small-tonnage of ore from the oxidised zone was

shipped1 to" the U.S.Bureau of Mines Experimental Station in Tuscon,

Arizona for■segregation tests, using the "one stagd>" indiroct-firod

furnace technique. The 6 inch furnace was used, followed by flotation

in a continuous pilot plant operation. Tho pilot" plant run on the

Akjoujt ore gave.copper recovery of 91 to 93 P«r cont and rougher

flotation concentrates of 45 to-5Q P=>r cent. The-.cleaned concentrates

ran over 60 per cent Cu,

The present treatment plant, owing to-.exposure to sandblasts,

seems to he.unusable and each individual item was under inspection when

the team was ..there. It includes crushing, conveying, milling, roasting

and flotation facilities to handle two tons of oxide oru per hour.

■:'44'»J' '^"t i's proposed thats-1 ■ ■

■ .:-.. a) ■ Ore'■■is to be delivered "by trucks from the pit to a 50 ton

surge.bin and jaw crusher, whore it is reduced to minus

15G .Tim 5 . . . . -

b) crusher product is-bolt :oonvQyo:d-to a 6,000 ton storage

pile for tunnel draw5, -. ■ ,. :■., ... . _-

c) ore is conveyed from storage pile to a, 1.9 foot Aerofall

mill and crushed to1 minus -2.'36 ram:; -

d) '■ crushed ore is then conveyed to' a '3,500 ton fine ore storage

bin* An extension of this bin provides storage for 300 tons

of salt and 325 "tons of coke or coal5

d) crushed oru is thon convoyed to a 3?5OO ton ore storage bin.

;: An extension.of this bin provides, storage for 300 tons

■ . .:: of salt and 325:tons o.f' coke or . cdal 5 ■

■-. e) ^the'.orc,. together with 1 per cent salt and 1*5 P^r cent coko,

::■■ ■■.-■■ " -la oo-nvcyed from the bin to a.rotating mixing-tube and then

to furnace "surge-bine by means o:f convoyors. "Prom the surge

bins, the ore is fed to twclvo.rindiroct-fired furnaces. The

surge, bins ahead of the furn^ce.s act as..an atmosphere seal,

that is;, a column of ore is .always maintained .above, the

screw feoderss
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f) the hot segregated material is then transferred to "Baker"

type water coolers *ith seals at the discharge end of the

. furnaces and at the feed end of the coolers to prevent

introduction of atmosphere. The ore discharges from the

coolers at atout 95°C5

g) the ore discharge from the cooler is conveyed to a 5c>-ton

surge bin by means of bucket elevators and a "hot" belt

conveyor?

h) the calcined material is then evenly fed to four conical

ballmills for fine grinding to minus 0.15 mm. Classifi

cation is done by cyclones in closed circuit with the

ball mills;'

i) the overflow from the cyclones is taken to a conditioner

and then to a pulp distributor for even distribution to

three banks of flotation cells im parallel;

j) the rougher concentrate is taken to one bank of cleaner

,. cells. Both the cleaner t aildigr and the scavenger concentrate

are returned to the ball mill for regrind?

tho

k) /final concentrate is pumped to the filter with the filter

coke being belt conveyed to a stockpile for loader pickup;

the

1) /tailings are pumped to a thickner and then to a pond at 50 per
OOnt solids.

The operation of the plant results in the generation of over one

million tons of tailing per year and requires the construction of a

tailing disposal area that Jill be serviceable for fifteen years. It

is planned, owing to high cost of water in the area, that water be

reclaimed from the tailings pond and returned to the plant.

45* A 12 inch pipeli&s will be constructed for a distance of 120

Km to transport the water. re-^uired( 6000 m3/<iay) for the plant from

Benichab. It is planned that a 0.61 m wide belt conveyor with 15 m boom
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conveyor at an v/,ra^s rato "of 200 tons per hour d.oliv.,ro or

frciu th. storx^c-Ghod to fcl. ship's holds. A 4/000 ton v._.ds~1 is to b .,

loaded in twenty four hour£5 = "

Th-o total capital iriv-.stm^nf for development of :;hw mine is esti

mated at 10,000 million C?A -id the ka;;.rit ariian Government vrill r.^riVw

total benefits amounting to 300 million CFA* Tn^ Government has

already proved th... p.'.3o:ioe of ;?„cL-^unt0 ^vj-jrv^s of 'n.v^r for tho

itlli ■:„+■ Akjoiij■'.:«. ...

46. A g^olcsical m-ip 0:1 % seal- of 1:2,000,000 is ^viil-bl.. (sh^.jt ITo.

7 of 9 shoots of a Guolo^icTii n.ap of 7^,3z Africa rovisud. by BRGK) .

Anotlior n::o, on ^ acalo of 1j 1 s00C?0G0s "-nd fin^nci ulj backed by ?AC

is in courau of publication* Tllo ^stimat.^.-. of its coot aro giv^n

?,s 23-7 million CFA-■ U^ny parts of tii^ country^ vritli special inturcat

for tho scorch.for unior^round1 ■-■r-.tl;r -.nd for mirwi-.il rosourco^^

;^rj mapped on larger scales sue:: ^-3 1 1;2OG3OOO map of thu counxry

bounded by latitudo 19^ inc. 20 ¥ and iongitudo. 13 -nd 15 ''N "-nd

l:50?000 mrvpa.of 3"vrr^r-^ in thu ^iiiiGag-u oyst^matic airborne goopliy-vic^l.

r3urv^ys of ■trio ikjoujt sori^s joi-o included in the four-year plan 1963-66.

About 45 ? 000 Km"" in th,, southern part have boon proposed to Fondfi

Europeon d^ Dev^loppom^nt d' Outro-Kfor1 ( FEDOtl) - Tk t ot -il co,?.; of -tii^.jo

survjYo :.Tas o;::timatud at 247= 3 million CFA- Both magnetic and radioing 1 ric

methods i-zoru us_; d by CGG daring t h oir survey -\long; northeast to south:To-": t

lino.3 of flight 2 Km apart ? and ri. spacing of 1 Km "as used, at int,.r-^sting

localities" T&, reinterpretv.tion of th^ previous survey of the Akjoujt

area, .carried out by Craeiius proved the presence of four m,agnetic

anomalies that could be du^ to^'th^ prosonoc- of copper =, vrhoro^.G th^

survey' carried out bv CGG sho^ed tho pruaoiic- 01 tarent,y 'uight m-'.gr

anon.ali jg 'of appreciable import :nct-» jJight out of t h^yo ai'e a"Ltribiri.

to thj prus-nco of chronites in a country of anorthosit ee s sorp^nti-ie

and amphibolites v.rhero :^s four others could bo attributed a priori to

pr^Goncu of magnetite bearing quart sites - Tito anomalies ar_ conn :c;jo
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with thj syenite body zf Soun :g ■, in which "h .t.i" of iron with fluorsp ir

■^.nd g'-l^n.i uro known to ~xist- At Aguil it-P-iyc two mom-ilies, which

ire exceptionally import-nt vith regvrd to th.ir extension ,nd intensity,

■ tro covered by.dun._s under which the CT is pr-^-nt. ^ goochomic il

3urvoy c irriod out in F-bruir^ 1964 by the .Service dos Kinos ot do 1>.

Goolo^-io of I.R.k- g ivo 'bnorrr. illy high figures for v jr-.dium, copper

.vnd chrome =t the a^rao locality. Tho iuoining of the retaining ibnor-

militiua is not yet known owing to our pro3ant meigre knowledge of their

geological dotting. 3or;,e of the monrilioa detected "ire investigated

en the ground, but such :n investigation doeo not cov^r .T,t_.proa£;n± ill

of them.

It is interesting to remark th\t soniv of the known deposits were

not detected by. the -^eri ^1 survey.

Thj so irch for oil entailed guologicil, photogeologicil, soiamic

md aeror,1. ignotic surveys of th^ concession ireas mentioned under

petroleum in the present report. Agiin p^rtd of the country wore

r '.diometric illy surveyed from the lir -nd electric methods rere us-jd

during the search for ■■■rit-r in some places such is -it Bou-L inouxr. In

the following lin_3 our knowledge of tlu. at itu3 md future prospect

of minoril occurrences, not oxploitod till thj present, is given.

Iron; ■ ■ ■ -

47- Booidoa tho Fort Gour.iud deposits the following occurrences ire

known■

■1) A percdt wria granted to BRGM in I96I to so irch for iron ~md

related subctmccG in 1 squire the side of which is 5 Km long

in the Glcit it-31-Kh/idor nc-M1 Akjoujt. The BRGM spent over

40 million CFA md the work comprised digging pits md tost

drillings Some 18 million tons of iron of , tenor of 52-53

per -cent, 0.13 P-r cent F md 0.9 p.r cent Mn wore determined.

The mineralized surf ice 1 lyerc h .ve thicknesses of 10 to 20 m.

Thesj oro bodies ire ^ssociitcd with lensos of carbon itito

c^d in precambri.m
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schists and quartzites. Its exploitation is not contemplated

for the present.. .

b) Iron deposits also occur in the region of Ynk. These were

'" discovered by Renaud about 1953- They are some 150 Km $E

of Aleg and are represented on the 1;-1,000,000 map by the

three hillocks of Gouararate, Nbuamis and Ynk. They form 80-100

Km2 and are differentiated from the surrounding country of

quartzites and sands by their reddish brown ferruginous

colour. It may turn to be a window of Precambrian age in the

Akjoujt series. The ore is formed of a bank of debris of

hematitic quartzite with a tenor of 50-55"per c«t ironQaid oirar- 150

million tons are estimated. This is probably the surface

expression of a mineralized zone in depth.

If this turns out to b'e of-i-mpoTt-anco- t-he i:ron oould be

: transported along a 285 Km road to be built from the,.deposits

to Boghe the nearest fluvial port.

c) The copper deposits of Guelb Moghrein could yield about

-■■■'■ ; 10 million tons of magnetite concentrate averaging 67 to gg pcr

, ■'..■ oent as a by-procluet from the treatment of the oxide and

sulphide ores. ;. . ,

Copper:

48. Besides the possibility of the extension of the Guelb Foghrein

deposit, i^atveief described the area of Akjoujt as a copper province and

indeed indications of copper have been found in a zone over 60 Km in

length and about 30 Km in width. The ir6n deposits at El Khader in the

neighbourhood of Akjoujt, previously described, could very possibly

contain copper in depth* Again copper mineralization is.recorded in the

iron deposits south of Yank, to the: north of Bakel* attd further popper

possibilities are not exhausted.

.Again copper is recorded in some late granite porphyries, of uncertain

age, cutting the crystalline basement in the north eastern part of the
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country. It is still to be proved if this occurrence is related to

the Akjoujt mineralization or belongs to an older one. The "Bureau

d-Investissement en Afri^ue" spent 62 million CFA in l961-62 searching

for copper, tin, wolfram, molybdemum and related substances in"a permit/"of

25 Km in this part of the country. A geophysical survey and a drilling
programme was carried out.

Molybdenum :

49. Molybdenum was recorded by the same Bureau in the same permit,

associated with pyrite in pegmatites in close contact with granodiorites.

It is reported that exploitation of these minor intrusions is not

envisaged ^^fhe mineral deposits are dispersed in this part of the country.

Radio-active minerals?

.50. The Commissariat a l'Energie Atcmique (CEi) holds two permits

covering the Amsaga-Tiris-Jemmour region which were renewed for five years

from 4 Jay 1964. The prospecting lease includes "searching for lithium

besides uranium and thorium. The C.GA spent 164 million CFA. during the

period 1953-1963. The reports were not available to the Mission,but it

is stated that the. indications discovered are small and, exploitation is not

envisaged. Lately there ,as a mission searching the Nema region in the

south-eastern corner of the Republic where they recorded interesting

geological structures but discouraging indications of the minerals.

The geophysical airborne survey of CGG of the northern part

of the folded Akjoujt series showed two areas that gave high radiometric

figures; the first is sit^ted at Guelb Kella in the Amsaga and the

second is recorded in the Tamkarkat region in the syenite of Bou

Nagairaguene, cutting the Akjoujt series, in which fluorspar is reported.
It gave 1000 and even 1500 clicks petfsecond.

Gold : .:_■:, ; ■ ; .

51. A permit, with an. acreage of 25 Km2 w-;S grvntod to the
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d'Investissement en A.frique" in i960 for tJO years in the north-eastern

part of 1= fl. M. in the crystalline basement to search for gold and

related substances. Twenty seven million CFA were spent and quartz

dykes with visible gold were discovered. Analysis of these showed

in places interesting gold content. The age of gold mineralization is

not known and although it is present in areas of crystalline basement,

the gold bearing dykes could very possibly "be formed much later.

The gold to be produced as a by-product from the Akjoujt copper deposits

will permit 1= R. ft. $0 b^soirs the leading producer among the French-

speaking African countries. ■:,

Wolframite and Fluorspar; e

52. Interesting amounts of wolframite were found at Tarbrinkout

in the Akjoujt area in the Kauritanide belt. This occurrence was investi

gated by the "Bureau ?Iiniere" sotre years ago. The indications have not

been proved to have mine-making possibilities at present* Fluorspar

i'ft -^teofcded in the Bou Nagaaraguene syenite, :*hich shows abnormal

radiometric figures.

Beryl;

53. As previously mentioned beryl is present in the Amsaga region in

pegmatites of the basement complex. Mr. Barrere mapped (1960-62) on a

scale of 1 50,000 in this region an area bounded by the Akjoujt series in

the south, by the Mauritania!! Adrar in the Cast, by the Akchar in the west,

and by latitt le 20° 451 in the north. Beryl was discovered at Mount

Iguilid, about 40 Km W-f of Atar. The hill is arcuate, extending in a north

1j_Q: south direction and is 9 Km long and 1-5 Km fide, rising about 100 m

aV-b*» the surrounding plain. Beryl occurs in pegmatites intruded into

a gabbroic body. They are sometimes conspicuously zoned with phenocrysts

of quartz, microcline tourmaline and white mica. Two of the twelve

pegmatites present are of special interest. One. of these two is about

200 m long and varies in thickness from 5—75 m and contains plentiful

giant crystals of beryl in essentially quartz gangue. Trenches were
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made'and those confirmed the hign concent ration of ueryl in them. Tne

second is" poorer ir. beryl but 't no -anguo is principally made of feldspar

of groat purity. Thi;, is of interest a., tae feldspar could bo mined

■Jointly with the beryl. The tonnage is still unknown and is under

estimation The"ore is conveniently situated -bout '60 Km from Choum and

the railway. The project was financed Vv FAC

- Chromito? ... . .. , - ...... ■ ...

54- As previously mentioned this is present in the Amsaga region*

Chromite occurs in anorthosiics and serpentines tliat form a trim but

extremely long *-id, oxten^in& from th. -1-atitudo of Guelb- el -Foulot

(to the wost of Tcuerma) southward for 6r Km and cutting tne Akjc^t

Atar road at 100 Kn. Along th. v,hol. l^gth cf th. band spots of

chromite are present but in places sora, lenses of greater extension

are equally present. It youlu be considered, as far ^ our present,

knowledge goes, as a chromitiferous province, a mimatur. of. the gr^at

dyke of Rhodesia as are the Akjoxjt deposits a miniature of the,Copper

Belt, Two cf these lenses arc of .p.cial interest; xhe first occurs 4 Km

KE of Guolb el Foulet and extends for about 100 m and t hen-'raappe ars -'t

several oth^r points in ■, missive form. SannJ^s of this body assayed

15-25 per cent of chromium metal. The second occurs ^t about the

CGntre of "l_ ^^'i-^gle formed by the Gloub, Aidgati .1 Aaib, and SI Iloinch,

The lens outcrops for about 5Q m.'and then disappears under a mart

superficial dOposits. Assaying results of tiiis lens gave about 25

per cent metallic chromium.

Resula ,-f digging drives by the Lep irtmerit of Fines, >7hile. tl

f'lission ns there, proved to be ve,ry encouraging and the explor-

.work should bo continued until a.r^l. appraisal of tho doposi.t^ is

reached.

■ VaiTadium and Wickel a ■ ■ .

of

55= Indications of vmidium and nickel h wo been discovered in the

region of Ak'joujt.
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Phosphates of Cive\

These deposits are situated in the i^dlaf. borders of Cive

on the right bank of the Senegal River about 9 Km - X .-of

-7
;

the possibility of its exploitation on a cooperatxv* basxs

t« carry out further studies for ne* prospects.

Limestone ;

57. EnorBouS pities of various types of li^tone are .nown in

tie Adrar and in other places. The Outcrops nea* Atar are at present
ZZ * the Miferma railway and could *e used, ** nearer su^le
sources are probably present in the nei6hbourhood of Bou-lanoua*

nnfortunately no analyses of these li.estones .ere available xn

Nouakchott, and the .riter was told that the, do not exxst. Analyse*
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of the different types and an inventory o^teSe should be made available

not only for a steel industry but for a construction material and for

other industries. :

, ■■■■■..

58- Gypsums ■

Gypsum occurs not far from the coast, 10 Km. Northeast of

Nouakchott at the northern and eastern borders of the Sebkha called

N'Drahamcha, which extends for over 100 Km in length from Coppolani in nor^

to northeast direction. They arc separated frcn the ocean at the ^est by a
belt of sand dunes. Several exploration works were carried out by

digging pits and by drilling. These were made by a military detachment

in I957, by the "Laboratoire du Batiment et'des Travaux Publics" of

Dakar in the same year and by the topographic company "Setophom" for the

Direction des Travaux Publics". A reinterpretation of the results was

made by Mr. Clariond, an expert of the "Bureau Industriel Africain"

(BIA) for the Societe Centrale d'Equipement du Territoir© (SCSI1)' who

estimated the reserves at 17.5 million tons that could be doubled or

even tripled. An unsuccessful attempt of exploitation *as carried out at

Km 102 from Nouakchott on the road to AJcjoujt, owing to a bad choice of

locality. Ilore recently BRGM carried furth-r work withth« ultimate

aim of an economic expoitation of the deposits. Five million CPA were

estimated to be spent on the operation. The work carried out there by the

BRGM delimited an area of 650 m x 500 in,1 about 73 Km from Nouakchott.

The area is the most favourable because (a) it is not flooded by waters 1

(b) is near the highways and (c) is the nearest possible to Nouakchott.

The work of BRGIi included 13 holes 15-5 cm made by handauger to an average

depth of 2.50 m, 67 holes by a Mac-CullQch drilling machine to a depth

of 8 m and a diameter of 67 cm and, 60 pits 1.50 x 1 m to an average

depth of 2.50 m. The final report of BRGM"was not available in

Nouakchott till the time the team left. Some gypsum has been extracted

and used in the construction of the capital.

The gypsum beds in the southern and central parts of ,the Sebkha

itself^ver 2 m in thickness and thin out towards the .north and east.
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10he evaporites are intercalated with fine saliferous clay laminae :.he

clays also cut obliquely the beds. They dip southward and rest on an

old 0.5 - 1 m marine shelly beaqh, which itself overlies bluish massive

limestones similar to those outcropping to t he north -ocst of tTio Scbkha on the

road to Ak joujt. ' The evaporites

separated from the gypsum by lax

fine clayL- is overlain by a tan a

that vary between 0-0.20 m. The

porous crystal aggregate and is

good quality with an average of

are overlain by a 10-15 cm of fine clay

ge translucent crystals of gypsum. The

r

dmixture of gypsifeous sands and clays

gypsum in this locality is formed of a

less dense and more friable than gypsum

recorded at Km-90. The available analysis showed that it is of a very

85-3 .par cent■ liytoatad c;iAeiaam

and- very little^ 5a-CU aj^trsl^-^zceoding .1- ^At- cent to 1-30 por cent

In this area alone about 1 million tons have been estimated with

but a negligible cover. The deposits could be exploited by open pit'

quarrying without the use of expjlosives." Five piezometric wells show-ai

that underground waters will not affect -quarrying operations.

Besides these deposits, gypsum occurs in wind-borne deposits, 2 Km

IT of the bifurcation of the Cappolani - Touela highways. These are

formed of well sorted gypsum crystals, about 1 mm in size. These

fragmental deposits are ready for mining and could be shoveled directly

to the trucks. The ainounts are great but an appraisal of these deposits

was not made. In view of easy mjining, of the proximity of both types of

deposits to the highway between Nouakchott and Akjoujt, of the high quality

and homogeneity of the ore to suiit various purposes, and of the very
1

high price of imported cement (a

CFA at Nouakchott, 16,000 CFA at

ton of even hydraulic cement costs 14,000

Kaedi and over 45»000 CFA in the eastern

regions) the feasibility of constructing an industry for both piaster...

for the sub-region and cement for internal consumption should be made.. A

study of the necessary raw material (limestones, clays etc.) both in the

Nouakchott and in the Kaedi areas-, with the necessary analysis made, should

form the basis- for .construction material industries. The!'Technical : '

Assistance expert who is expected to assist the I.R.M. (Mines Department)

with the analysis of minerals could very well include this item in his

work programme. ....
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Rock 5~lt? . : : .

59- I.^.I-I. used to be an important producer of salt, which was

produced from different salj.n^s,. the most, import mt of which is-, thvt of

Trarza (specially that of N'Terort). and that of Sebkha d'ldjiia-

Primitivo methods are used in the extraction.of the salt and'some

2000 tons.per year ^.nd 7-8,000 tons pur year are. axtr ^ctcd- from Icjill ■ .-

xnd. Tr^.rza respectively, _ Tho exploitation h-.s declined lately owing' to the-

competition of.deposits in Mali,(which us^d to bo. the principal customer)

and of. ,-^he marine, s at of .Kaolack. i;3ince i960 the ,tot il production amounted

to ^b0ut:,6P0.^ons^r ^ar.;;.p.nly^ .The, Remand will bo enhinced-whon the

oxploitition of the copper of Akjpujt starts., whun'; about "1,000-^0^3 par--^--'

month will be reciuired in the treatment of tho oxide ores.

Black Sandss

60. ,T:ho "Syndicit do- 1 'IliTieni.te1'- comprising BI^G-H and the t(3oci^te ■

dus ^tablissemonts Kuhlmann" on. -...50-50 fc-sis was-granted twenty ono "■ -

permits for th^ search of ilir^nito, zircon, rutilo and g-irnot in 1$5$

which Tore vilid'to thu end of last Loccnibor. They W located along the

whole co'istal region^ five of which are north of Jaint Louis, Senegal,

threo at Hou-ikchott area and fourtoon towards Port-i3tianno =, -. ,^ach permit

is 25 Km . Some 200,000 tons of iliiignite disseminated .in a sand with . .; ..-

2.7 par cent - 3 per cent of.. ilm^nit^ to ^stim..tod, of which. 120,000

tons ■u-o present .in the ,rea situatod ,betwuen Coppolani..(40 Km North otf-

Nouakchott) and Port-iJtionno. It is reported that tho deposits arc -. ,

unfavourable, but a complete feasibility study was -not made ^^nd there .is r.

a possibility of using the I^Iou^kchott wh irf for exporting the ore.

Training & Aid ...

61. The question of training is an essential question in the future

prospect of the mining- industry. The country .aorcplotely lacks indigenous

geologists and mining engineers.;. Bu sides, the finD ^ork being done on the ■

spot by liiferma to train Mauritanians to become-, assist ant tooimic ils ■ " ■

(plumbers ?.carpenters 9 electricians otc.,) to take ov.r p irt of the . ■ '■■ . ■ i:

technical work, it is hoped that the ti,.o will soon come when some of the -
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indigenous leadership will get the cb-noe of University education in

Sart.h and related Sciences (geology;,;;.geophysics, gao.chemist^y^jnining and

ore dressing) and so give a hand in the assessment of the mineral

potential of their country and its exploitation.. Not?:.- that they are

accustomed to work under local conditions and less expensively than

others, they will be influential implements in fulfilling such a task.

It will be very useful., if not essential, that scholarships are granted

to promising Mauritanians to continue their studies, at; for example,

"L'Soole de Geologie de Nancy", Prance, at the Faculty of Science,

University of Dakar, or at other Universities and higher Institutes in

Africa or outside the continent to obtain their first University degree.

It- takes a comparatively long time for a fresh University graduate in

science or engineering to become a skilled expert, and a start should be

made in this direction as soon as possible.

62. The project of the wharf at Nouakchott, under construction by

the "Enterprise des , Travaux Publics de I'ouest" (Etpo) Nancy, France

will be an impetus to the exploitation of ilmenite beach deposits near

Nouakchott, .of the gypsum deposits at ;3ebkha N'Drahamcha and will be

used for the export of copper concentrates from Akjoujt.

The wharf is designed to load 10 tons per m 'u maximum concentrated

truck load and 1 ton maximum uniform load. The dock is 320 m long,

terminating with a loading platform 85 m long '>y 21 m wide. This

platform will be" 5 ra above lo-i tide and 3-5 in above high tide level.

There will be 8 m of rter at the outer end and 6 m at the shore end of

the loading platform. ' Due to open-pile construction, no vessel larger

than a lightering barge1 "ban tie up to the dock. It is possible that the

wharf is to be extended to deeper .jaters. It is unfortunate that the

construction of the wharf planned to be completed in October 1964 has

been delayed owing to the tilting of the piles during its construction.

It is also regrettable that large vessels could not tie up to the dock.
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- 63. Tho French Ml itoral aid in I.R.M. is said to .upply some two

"■tv»d»jrd exports, of whom eighty on, Lre teacher., administrators,

judges etc., thirty two radical doctors, forty four engineers and techno-

legists and seventeen for Post and Telecommunications. Tho financial

"lid is said to be, over 900 million CFA, a sum which is groator turn that

contributor by tlu IJ. *. Technical Assidtinc.. The remark that the

least develops countries .re the" Last helped by Technical Assistance

soerrs to be true for I.E.-. The people there' ,re V.re'of this.'

Memfhilc, they /ere ippreciativc of the ^ork ^CA^.nd Tochnical .

issistince ire doing ,,.nd c ,n do for their country.

64., . /l programme of ,rork for ,n ltTr;iiS,l of: ,tho- mineral re^urces

of tho country, including the investigation on th... ground of-tfeo.

Uro.dy discovered anomdioj. by airborne surveying (to. cost ,bout 76

million GFA) and , n,w drborne surv,y of the southern p ,rt of the

folded series (to ooflt'79 million CFA), * «i ■proposed "to FAC and to

FEDOM, bat not wholly approved till the present. It is to be noted

here thit priority ahould be given to tho completion to ., logic a

ond of project, \lro%dy st .rt.d, rather th.ni^ving them unfinished

'Qd 3t'-rtin^ "completely new projects. The' drilling, for example, of

the two .la-go .n.omalioG .covered by 3 uid dunes it Aguilit-Fiye and

discovered during tho first airborne survey is m-.de or at :le,st,-:the two

should be crried out simultaneously. His Excellency the ?Tinist'or of

Economic -Iff Urs, Dr. Upha, is v.rj much interested in- tho. help of a

•ipcoi-.l Fund or Technical Assistance in this r.spect. , H. isked. the

Director of rines to prepare x roquet but it is understood th ^

they. ,ro in need of advice -.5 to its formulation. ■ ,. ,■.

IV.

65. The se u-ch for underground w.itor resources in I.H.M., is l necessity

for the country, 3pooi illy, in its northern desert., rogi.cn,, not only

for th. needs of the, people ..nd thoir livestock but >lso for the

requirements of tho exp,nding fining industry. Thit is why the I.R.r.

is planning, ,t present, ,.n intensiv,: programme for underground water
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resources,- with th.um.ate aim of assessmg the coun^- o. es n

the publication of a hydrogeologica map on a scale °^1,°° ,°°°- *""
interest is apparent fro, the four-year plan (196W?66) in -bxoh the

following sums were alloted for hydrogeological investigation.. .-

a) 182 Billion CFA were allotted for studies on the south

western part of the country south of latitude_18

(including 65 for Trarza, 44 for piezometric work on

same, 45 for drilling the Maestrichtian and Trarza,

Brakna-Boutilimit and Kederda, and 28 for piezometric

work of Trarza-Brakna).

b) 18 million CFA for the south eastern part of the country.

c) 45 million CFA for the country north of latitude 18°,
including 7 for the puhlication of a hydrogeologieal map,

.8 for pi*3ometrio studies of the aquifers at Atal,.10

for a, special investigation of the Benichab region and

20 for a study of the borders of the Taoudenrii basin5

d) 10 million CFA for a general synthesis of present".

; • • hydrogeologieal knowledge and the publication of a

map on 1:1,000,000 scale.

66. The distribution of underground waters in I.SvH. depends ofe-its

geology. The northern Pr^cambrian areas, *hich attain some 280 m in

height are the most desertic of the country. iater occurs mostly in the

Yetti yellow granites and is practically absent in Gallaman and xn the

Zemnour. It is usually very superficial and occurs in the alluvial

deposits of the wadies and in sand dunes. The salinity of the waters,

at £ir.st low, increases rapidly with usage.

Relatively deeper wells are also recognised in the altered and

fissured crystalline rooks where the water is fro, 8-20 m. thick.- Some

- of the wells yield up to 20 m3/day. The salinity is usually high and

-■' exceeds 10g/ litre. From the writer's experience in the Egyptian
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I.R.

deserts, valla ia.^ built in the alluvial deposits of the wadies at

suitable places and .here the radios narro^uld help in the preserva
tion 6f the rains, ,hich uaally come 8veryteE years in this part of

IR."'4 it-Mr Hoghrein (Port-Trivet) the permeability varies from 1,2

10- to 3.-4 * 10- and the reserves are estimated k'te 200,000 m3/km2.

•' ' ■""•■ ■'■■ '-' ■■■■■■ ■■■ ..<■'

In the middle regions of the crystalline rocks at Tiris hydrologi-

cal conditions are but slightly different. Highs (such as Kedia d'ldjil,

920 m) dominate the surrounding plains, 300 m. The discovery of the

iron ores of Fort Gouraud enhanced tL» study of the ,ater resources

in the area. At .n-Aouj, 25Km W4 of Fort Gouraud near the Jebkha

d'Idjil the water sources are in fissured quartzites that form »r^

the gneisses a synclinal structure. The reserves, however, are very

feeble. T<o test veils near ffadi Touerga, .here four salty wells

already existed, were a failure. Pour wells were drilled farther SB

■ (at -F'ferik) . one of which gave 20 m3/ day of water poor in salts.

The conditions are more favourable on the northern and north/astern

flanks of the Kedia, though farther -^ay from Port Gouraud. At wadi

Tazadit thr-e sources are known from drilling. The reserves were

estimated ,.t 4.5 million m3 but tho -mount of recharge t, w t
oxmxlar successful results .ere obtained in the Seyafa Touifand0™

Rouissat. A search of the Infracambrian was planned to fulfil the

retirements of the city of Idjil, estimated at 1000 m3/ day. At present ,th,

water requirements of Port Gouraud are brought fro* the aquifers at
Bgi»-Ianouar in the coastal basin.

Again in the Tasiast-Tijirit-Amsaga of the middle region of

the crystalline rocks, water occurrences are present in superficial

deposits, M natural hollows and in/deeper (l5-25 m) waathered and
joined tasement.

67. In the crystalline rocks of the N-3 ^kjoujt series conditions

are much more favourable as rainfall is greater and varies from 100 mm in

Akjoujt to 800 mm in the southern parts and alluvial deposits are

more important. Again the contemporaneity of these with Paleozoic rocks

and the presence of permeable formations, suoh as greenstones, allow the
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presence of deeper aquifers, the so called Akjoujt aquifers. At

Inchiri, where /ater resources had been examined to;satisfy the

requirements of the copper-ore concentration plant, deeper aquifers

in greenstones, in calcareous rooks and in altered and fissured schists

were discovered. These are separated from the superficial alluvial

waters. At present, these waters are not known to contain reserves that

rfill satisfy the requirements of the copper installations, amounting

to 6000 mWay, and water is planned to be brought from Benichab in the

coastal basin.

68. In the 1*oudenni basin, one of the largest synclinoriuma of the

world, the sediments range, as previously mentioned, from the

Infracambrian to the CT. The water resources of this basin are not

well explored-

The Infracambrian at the northern edge of the Taoudenni

synclinorium seems to contain several aquifers, specially in sandy

beds and in fissured limestones, that supply some Surface wells at many

places, such as those of Chegga, of El rzereb, of Hamdoue and of Kasr

Torchane. Those of Chegga give some 400 L/h that are apparently

constant and those at El Kzereb emerge at two different horizons. Test

ing of these beds and of their contact *ith the Precambrian has. to be

carried Out to ascertain their water possibilities.

■ In the Unfracambrian klippe of Afolle, ,a ..false bedded sand-stone

seems to be the only possible aquifer.

69- The Cambrian sediments at Hodh show water possibilities in the

fractured rocks near fault planes., These could be very easily

detected on aerial photographs, but their output is precarious. A

programme of digging wells in the region is planned and this should

include also deeper drilling to test the possibilities of tHe underlying

Infracambrian.

Farther east and north, surface wells are present in the "baten"

at the base of the cliffs in the basal complex, from which water flows.

Towards the east at the N-3 Kiffa plain, the same hydrological characters
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as those at Hodh are. present Thp ^i
. .. " ^ P^.ent. The calcareous beds outcropping

at the base .of Assaba are of little -iv>+ *

-r
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r:::; r

sandstones in quartzitic

:nd t
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In the oliffs of Atar, water sources at Tirii
Cambrian sand3tones _ nQt rela d lrJl

of these sources is Warm (31° !
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structure. One
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discharges indicate the presence Of aquifers in Devonian sandstones in

depth. Their structural setting is also specially suitable for water

storage as synclines of these formations occupy a low lying zone, where

the waters of Adrar and of Tagant converge.

72. The presence of sebkhas (salinas) in the Taoudenni "basin is of

interest. This seems to be due to capturing the waters of deep seated

Paleozoic aquifers along doleritic dykes or fault planes. The salinity

of the surface waters is probably due to evaporation and does not exclude

rthe possibility of the presence of fresh waters in depth.

,, The^phreatic waters south of the basin, fed by the waters of the

Niger could infiltrate the very suitable sandy beds of the. TC, of the

CI and of the Paleozoic reservoir "beds, such^as the Infracambrian stromato-

lithic limestone3 and the Cambrian and Silurian sandstones. The topogra

phic section between the Niger and Taoudenni basin favours this probabi

lity. Possibilities of underground waters in this part are immense and '

deep test drilling should be carried out as soon as possible.

73- The continental Secondary and Tertiary deposits in the Taoudenni

basin increase in thickness towards the east andsouth—oas*t,as shown by a

geophysical survey and are fed by the important Niger aquifer. The

wells known in these formations give waters of good quality (less than

500 mg/l), with excellent discharges. This, aquifer of the cpntinental

sediments is limited towards the west by a sterile zone owing to the

rising of the. crystalline basement. The contact lips between, a dry well

at Arhorat. Raye (63 Km to. the east of Nema) and the productive well at

Kra el A.zraq some 40 Km to the east. The northern limit of the aquifer

has yet to be determined by drilling.

74". "i'tf the coastal sedimentary basin different aquifers are known.

These include; a) superficial and lenticular fresh waters in the Quaternary

ah& in the alluvial deposits of the Senegal River; b) the aquifers in the

CT of Trarza, of Benichab and of Bou-Lanouar; (c) "the aquifer of Amechtile

in the fissured Eocene calcareous sediments; (d) that of Brakna or the

sandy Eocene aquifer and (e) the deep' aquifer in the Haestrichtian.
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As previously mentioned(this sedimentary basin is bounded on the

east by the Akjoujt and by the Amsagaieries. These are unoonformably

overlain westward by Lutetian sediments, Jhich are themselves concealed

towards the west under a cover of the CT and of more recent Quaternary

sediments. The basement of the sedimentary "basin dips towards the

Atlantic and the sediments themselves dip.,, increase in thickness, ^and

change in facie s_ from sandy into argillaceous and calcareous facies

in the same direction towards the ocean.. : ., ..

The underground waters in the basin are delineated by a sterile zone

in the sediments immediately overlying the crystalline rocks in the east

and are bevelled towards the west by sail; waters impregnating from the

ocean. This bevelled-contact between salt and fresh waters dips

r"eastward -at aboutlp^oaiUTbsincr&meht of HA CL is gradual between the areas

jof salty and of fresh waters- Again there is an intermediate zone

r¥e-iween; fhes- pHreatie and sub-phreatic on the one hahti and those of

r' deeper levels on the other. The argillaceous sediments increase in

the areas of salt waters, whereas sandy sediments are relatively more

abundant, where fresh waters are present.

'75- * ^ Tfce'--a4uifelrs of the CT in the Traraa area are' widely extended

arid' are -of'importance textile people for both their survival and/ifor the

: ;of their cattle. It is from these waters at I dim! that

, Lthe~capitdl, is supplied with its 2pOC m / day requirements.

■This source e&t&nds to the calcareous-Kocene sediments, the aquifer of

Amohtil iri tiie east and by salt waters in the iiorth. The water is

generally stored in argillaceous sandstones but sometimes in sandy beds

intercalated with argillaceous sandstones. The overlying phreatic
u

waters in the Quaternary are continous in - some places with the CT

sources. The yield of the wells is high and is sufficient for

agricultural purposes. The wells in Rosso Boutilmit produce., from 10-

15 m /h for a lowering of 1-2 m in wells 1.8 m in diamter.. In an 6 inch

well at Hassi el Bagra the yield was 28.2 m/h. for a lowering of 8 m

and 44 m A ?°r a lowering of 11.25 m» The permeability amounts to

K-10 m/sec, estimating 100 m for the thickness of the aquifer. The
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salinity i,s iovr ar_d ^cn.nily varies "^t.J.on 300,to 400 mg/l except in

very .old -^lls -3id in soi.;o iruas3 ^.g. tiioso close,, to ;tho salty waters,

In .the cur.ti^ of f.u r^uiiur dissolved .s.:lts ?.i::ount to 30Q.rrvg/.l and

ar, ,v,n l.ss in tiio sector botw^j- Nimi jard, .^ederdra and El .

■ 76., ■ Two other si/mil ir' Kut Sop.rato aquifer6 are kno'-m: that of

Boniohab, wnich will supply1 tho oopper plant of Akjoujt ( 6000 in p~r day)

and that of -Bou-Lanouar , from which Port-iiit ienn^ dra.-fs its ■■rater* anc

Bonichib .aquifer is limited ey tne salty waters of the H'Bmamcha .3 jbk:n.

to the south-west and by tho sterile zone to the north-oast and -soom^

to bo connected with the aquifer of tho GT of■ tho Akchar. Th^ aquiier i,

'.ibout 10-20 ei bolow sea level, ■ and" it 3 central part yields 60m per 1,

for a lowering of 7ni. The aquifer seoms rto bo .recharged yearly though

the surface and tho salinity is loss than 3.00 mg/l.

The Bcu-Lanouar aquifer shows tho sacic geological sotting as ,

that of Bcnichab. It s..;:is to extend norenward into Hio do Oro. Tho

water -is ■ present in bods of -irgillacecue sandstones with lenses of sands

and-clays -,n-l is underlain by argillaceous sjdiiiiontso Tlie yield is

Benichab -:,nd-is-,:f the ord.r of 450 mg/l 'but -identicalions ar^preo.nt

■"in'-botho Tho fora, of Putallaz 'on ^:io ^ou~Lancuar a^uiie^-. showed .that it

will bo ■i.mplo for supplying Fort-Etionn^ ^ith its -rater requirefflonts of

3,000.m^ per d.iy for t vent y five . y^r-Jo Unior~un-: t clys an estimato ■

of tho .total amount of .r.t^r in tho source is not given.

77 . The aqiii for in t he fi s..;urod cal c:ua ous jjgcjno s^ 01 m^nt s 9 t ne

Amochtil aquifer, -Iies^butweon t:i^ s indy" GT to the: west ^,nd the sandy

facxos'cf tho eocene to tm/cast: Thu waters ar^storod in fissured

dolomites, lli.ostonos or magnesian limestones. The ../oils passed'through

somu 40-50-'m of ^argillaceous sandstones of the'-CT 'before tapping this

eocene aquifer;- Tho waters cont iin-"5OO-575 'fe:- " of ■'soluble salts per

litro.
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The water sources in the sandy .r.'ocene, the Srakna aquifer, lie

between the calcareous Socene source and the sterile zone at the

eastern border of the sedimentary basin. The salinity of the waters

varies between 200 to 300 rag/l.

78. Two comparatively deep veils in the 3©u=*Lanouar area showed the

presence of a deep aquifer below those of the 0T previously mentioned.

The salinity of its waters is 1300 mg/l and is present in marine

Tertiary and probably pre-tertiary sediments, some 420 m deep and some

600 m above the basement. A depth of ipOO m is 4stimated for the

basement by seismic survey. The overlying phreatic (at a depth of

28 m and salinity of 280-440 mg/l), sub-phreatic (at -x depth of 70-100

m and salinity of 1,168 mg/l), and intermediate (at a depth of 180-186

m and salinity of 1^76 mg/l) water resources in. quaternary and CT

seem to contribute to this deep source. The water at a depth of

100-120 m only is surplus to the present requirements of Fort -Etienne.

The deepest fater source is that present in the Maestrichtian,

which is present in subsurface in the centre of the Genegal-Kauritanian

basin. It yields over 100 m3/h. Although this Cretaceous aquifer was

not identified with certainty in the northern part of I.R.M., yet

there is evidence of its presence in the southern part and a programme

for evaluating its potentialities is planned.

79- Water is present in the sand dunes, in the alluvial deposits of

wadies and, as previously mentioned, in the fissured and weathered

surface of the crystajline rocks and in other superficial deposits.

Mention is given here of the important phreatic waters south

of the Taoudenni basin. The recent continental deposits there are fed

by the Niger and the aquifer could be folio fed, as shown by wells, to

250 Km north of Tombouctou. The Niger waters could infiltrate, as

previously mentioned,into the TG, and CI and the Paleozoic sediments.
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7. ENERGY RESOURCES AND ELECTRICITY AKD WATER SUPPLIES:

80. primary energy resources ■

The country is extremely poor in conventional primary energy

sources.

1. Hydropowers , . .

:The only river of any size is the Senegal, which forms the border

"between Mauritania and Senegal.

The Bakel -project on this river has an estimated potential of about

300 GVh per annum. Sharing this output between the two countries, 150

GWh p.a.' should be taken as the practically exploitable hydro-potential

of Mauritania. The country is extremely poor in precipitation . About

2/3 of the total territory has }ess than 100 mm precipitation per annum

and only the region on the border, to Senegal has/somewhat larger

precipitation., from 400 to 700 mm per annum. .! ■

2. Hydrocarbons%

The territory of Mauritania includes, fpart of three sedimentary

basins; the Senegal basin on the coast, :the Tindouf basin and the

Taoudenni basin which lies in the eastern part of the country along

the border with Mali. .

Three Companies have searched for oil so far without success.

La Societe Africaine des Fetroles-(S.A.P.) >

the "permit of Nouakchott" of 29,535 :Jn , of which 3,730 im are

off-shore. . It was valid for five years (starting April i960)

during which they were to spend Ai milliard CPA. The company

carried out geological, photogeological, aeromagnetic and seismic

surveys and not finding a suitable structure terminated its

activities on 15 Kay 1964 after spending about 350 million FCA.

La Societe Petropar, (Societe de Participations Petrolieres) held

a permit in the coa'stal region north of Nouakchott to Port Etienne
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covering 38,447 Km2, of which 13,852 Km2 are offshore
The company^.to spend 2 ndili.rd.~~CKTauring^five
years (starting April i960) imt.^e±uslly,spent 500 "

million cpa;.: Vestern Geophysical and COG carried out

for Petropar photogeological and land 4 marine seismic

«ork. Results were not encouraging except for fr,0

small areas. Because of this and of the negative-'

results obtained by SAP in the south and by the Gulf

company in the north in fiio de Oro^gave up its

on the 15 May 1965.

^.i v-irt t

the north of I.R.M. between the Algerian

and Rio de Oro frontiers, als0 of five.years duration.

The two covered 4,600 Km2 and the amount to be spent

wte 253 millions CM. A contract for 50 million CPA

was given to 3oei«« Geografrance Khich carried out

topographic, geological and reflection seismic surveys

But the work was also abandoned on theSe._.tWo,j,e«a,%3.

• Although a aonocltoal 3tructure is reported for the coastal basin,

Zl .Sn°e ^ ' thi°k Sediment- ■»"**« «** in«.W. in thickness
_, nortWd^/Hat is not completely devoid of other structures together withthe

fact that the structural rather than aedimentation characteristics of
the basxn were examined, make it possible that further studies may yield
favourable results. Prom an examination of the available data it would
appear that ,he two sedimentary.4asAM^ i,H.K.-ta*r.Bfffr. been exhaustively

stuped and a searc. for ancient 3hore lines by sedi.entological methods
» still to be made. - A final condemnation of-the- oil-po^ibilities .

, la not conclusive and the; Government of I.r.m. is advi^d-to invite

^interested people to explore and perhaps to drill, putting at their

disposal all the available results of previous searches--

3- Coal; v -.

deposits of_ooal.are known Jn Mauritania. The carboniferous

l^tho Taoudenni basin isTpotential area for the presence of coal
s and should be further investigated.
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4^-—Wood and' charcoals

1. :■» In the countriesat a less developed level, wood and charcoal are

used to a relatively large extent ii)4pite of the fact that the use of

wobd for energy purposes is far from being economically justified. '._*..
the

'■Sfeis is especially true in the_case of Mauritania where, with/exception

of the river region, on the borderjOf Senegal, every vegetation should

be considered as extremely valuable.

§• Radio-active materials;

No economically exploitable deposits of such minerals are known in

Mauritania. The geology of much of the country, however, is. favourable

for the' occurrence^ of such mineral deposits.

6. Solar energys

Much of the territory of Mauritania is desert with high levels of

solar radiation. In view of the'lack of any other energy sources in the

country, the development of economic solar energy installations would be

of great value to Mauritania.

81. Production, trade and consumption of primary energy

1* Production :
*

There is no production of hydropower,.hydrocarbons or coal _

i"ii the. Gountry.flood and charcoal are used for cooking purposes., fto

statistical information is available on the <jtt&ntitfia£j^af wood and charcoal

used yearly, but accoidijsg to the personal estimate of Mr» .Ponomareff,

Head of Statistical Department in Nouakchott, it is ..likely to be some

12,000 tons of wood equivalent or about 4,000 tons of coal equivalent

(7>000 kcal/kg coal) per annum.

2. Trade - Import;

Primary energy is imported in form of liquid fuels via Port~Etienne

by sea and via Rosso from Senegal. In 1963 the breakdown of the imported

fuels was (expressed in tons, rounded);
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Via Fort Etienne Via Rosso Total

Gasoline

Kerosene

Gas oil

7

1

2

,000 ...

,500 r,

,700 ,

12

i 1

.-.- -:17

,600

,850

,800

Total ■ ■ -:■ . ■ ' ■ ■ ■ or r_' ■ : - ■ ■■ '< .:' ■ ■'■ : ' ;.

21,050 12,200 32,250

a conversion factor

.. 1 ton of lilluid fuel = 1.3 ton of coal equivalent (,:t c e ) the

xmported quantities of liquid fuels are equivalent to atout 42,000 toe.

3- Consumption

The total of primary energy consumed in I963 was

¥ood & charcoal Liquid fuels ■ .-; .,. . ,-.-:.;

4,000 tee + 42,000 tee Afi, nnn +

Per capita consumption:

With & t^tat-poptxlatian aif- 88o|fcfOO in i960,, specific primary energy

consumption can be estimated ftt 52 %s of coal equivalent. :

For comparison, specific consumption in 196^0* some countries
and parts of the World is as follows:- "; ^ " """

"lorld " '" -1 Asc »
.■:;■■. ■ i . . )4 5 *£s of c?al equivalent

Africa . ... 308 " " . » «

South Africa '" ' """"2,437 " ' m i. „'

Zambia " " 850 " » " ..

Ethiopia 11>6 H

Uganda 46 „ „ (f

Tchad -,-,
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82. Electric Energy

1. General"" ■ -

Only six -.lo»a -ities are elctriJFied in Mauritania:

Localities Electric Power Utility

1. Nouakchott. Construction electromecani^ues Huet

2. Port Stienrie 3AFEL3C (Society Africaine d1Electricity

Dakar) . .

3- Consado "

4. Zouerate MIFEHMA : ;

5« Atar Military power plant, exploited by .Administra-

6. Rosso EtabliBJcments Lacombo

All electric power plants in the country are equipped with dlesel

power groups.

2. Installed capacities at the end of 1964. ■ __..„.- -i.r~

Locality ■ - ■ ' Diesel power groups Total capacity

.. .. ... -..- ...-in Kl . - ■■- in KTf

1. Nouakchott 2 x 510 + 2'i-220 ' 1,460

2... Port-Etienne 8 x 1,000 ;- ;- ■ " ' 8,000

3- Ca^sado Supplied from Port Btienne by overhead

line 15 kv

4. Zouerate 2 x 1100 + 4 x 2200 11,000

5- Atar 5 x.-50 250

6. Rosso 1x40 + 1 '4 120 ' 160

Total 20,870

At Idini, some 60 Km from Nouakchott, there is,.a. small Diesel power

group of unknown capacity, for pumping tfater to Hou&kchott. .
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3- Production

Information respecting estimates of electric energy production is

available only in Nouakchott and Port-Etienne (in Mffh:) —' "

1963 9

1964 1800^/ ?

■■■■■■;-!-J In 1964, the peak load at Nouakchott was 560 KW.

There are no statistical data available for production in other

localities.,

4- Distribution:

a) Medium voltage networks . . ... - -

All medium voltage overhead line^ and underground cables are

■ .constructed for 15 kV, but with/exception of Nouakchott, they

-~-^^"op-erat5TfOH 5:5~-kV: The" maj6rity-orThe lines 'axe-OTOrliea

but at Cansado underground cables are used.because of climatic'

conditions. There are two types of supporting poles:

at ftosso and localities situated near the. shore, poles with

large crossarms (type HE) are used. This"type of crossarms

is made resistant against the salted air coming from the sea

and requires little maintenance.

are used.

The insulators are of the pin-insulator type. Originally,

porcelain insulators were used, but,.successively, they :.

were, replaced ..by glass insulators. . v: _ .■■ ■ :■

The conductors are all of copper. The neutral of the

system is everywhere isolated.

x/ Estimated.
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(b) Transformer step-down substations

'.i-~~ Prefabricated-substations in metallic boxes, from

'; . ;. medium to low voltage, were installed in many-

localities. At Port "Ctienne, this type of substations

did not prove good because of adverse, climatic

conditions (sandy winds and salted air) and will "be '

successively replaced by substations in brick.

This type of substation w>-3 also used in Zouerate

and Gansado. At Atar and Nouakchott, metallic

prefabricated boxes proved good.

(o) Low voltage networks

The low voltage .distribution network is operating

- under 22O/38OV in all localities except those

where it is 127/22C:.

The majority of-supports are made in the form of

"telescopic" poles as they are easier and more

handy than the poles with the large crossarms.

In some places with salted sandy terrain near

Atar, the concrete of the telescopic poles

corroded at the base in less than four •

years. In such terrain the bases of the poles

- - have^ to "be- -protected adequately.
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( d) ^urrji:ary of distribution networks
Lengths of the lines, in. mid 1962, in kr&-.

Port Etier&e

Atar:

a

Noukchott:

Cansados

Zou^rate

Total

Grand total

Overhead

undergr. and

overhead

underground

overhead

underground

overhead ' '

underground

overhead

underground

overhead

underground

overhead

underground

The total length is Km

15 5^5

3.'7

-

-

14.
2

5

.2.

0.

; 2-f

■ 3

5

4

3.-3

1

14-5 11.5
> 5-4-

16.5 16.9

Low voltage

220/3807 127/220V

13.2

5

1-5

6.6

5-2

2.5

38-4
9-1

47-5

5. Consumption ■ "-

Electric utility development is very recent and therefore there is

very little information available on the consumption of/electric energy.

T*ith the exception of the EEFERMA installations at Soue'rate and

Port Etienne there are at present practically no industrial enterprises

working in the country.

Consumption at Nouakchott and PorfEtienne is somewhat lower than the

production figures given in para.81, but power plant^se and distribution

losses are not known, so no exact figures can be given on the energy sold
to consumers,
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6. Production costs and consumers' tariffs- ■■-

at 'Nouakchott Fuel prices are;

heavy fuel . 7 Fr, CFA/Kg.

diesel oil 20 Fr. CFA/Kg.

gas oil 40 Fr. CFA/Kg.

Taking into account that at full-load-..$'..2Qj&ih are produced out

"of oni^Kg. diesel oiT,7the fuel costs of dsctric enargy at full-load

pan be, estimated a^ 6-20 CFA/kWh.

But, as the pover plant and diesel groups are very seldom

running at full-load, the practical figure of consumption per kTih

produced is rather high. In the J. stu&y the following breakdown-

of production costs is given; -

1. Fuel and lubricants 15-41 Fr. CFA/kHh

2. Salaries 3.86 Fr.

■ 3. Maintenance 3-18 Fr.

4. Amortization ■ ' 5.42 Fr. CFA/kWh

5. Miscellaneous 10.13 Fr. CFA/k¥h

-;'-::- Total 38.00 Fr.

The item "Miscellaneous" is evidently only the difference between

the average "sales prices oi1 electricity 38 Fr. CFA/kT-fh and the sum of the

first four items.

Consumers are paying 38 Fr. CFA/k^ on the average.

AtPof^'Efienne, MlFERMATis:"supplying energy to SA'FELEC at a price

of 15 Fr. CFA/kWh. A rebate is given for loads between 500 and 1,000

kW.x

SAFELEC's low voltage consumers have to pay the basic tariff P=38-5O

Fr. CFA/ktfh. For high voltage consumption, the--&asic tariff is 0,7 x P ==

0.7 x 38.50 = 26.95 Fr. CFA/kWh and a fixed annual charge is charged

for fhe maximum load in kW.
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7« Future development

No complex development plans-on ele-ctri-ciene^gy;: exist but only

some studies made by various commercial firms for dual purpose plants

for the simultaneous production of water and electricity. In fcgft^&g

studythe following estimates are given on the development of electric

power at Nouakchott;

Gross production, Gtfti 1.8 3.78 ■ 1O-.3 14,6

Maximum load, KW 500 960' ; ;250O 3520

Load factor, % 42 45 47 47-5

ktfh/capita 149 192 372 440

jf/oapita ". . 48 55 101 1I7

In the Four-Year Plan 1963-1966, doc.(3)> the following investments

are foreseen for electrification of the towns:

Nouakchott 75 million Fr. CFA

Port-Etienne 120 " " "

Other centres 100 " " "

Total 295 million Fr. CFA

These investments were allotted in the four-year period as follows;-

in million Fr. CFA

Total 1963 1964 1965 1966

295; 90 75 65 "■ 65

83- Water

1. General

One of the largest problems in, Mauritania is to meet the water

requirements of the population in the towns and smaller agglomerations
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and to supply sufficient water for livestock and agriculture. ;.

Precipitatioi -Is very poor, so there are only three major sources

of water: -.;:. '.: '■ ' ■ l .

•■ ■:■'-..:■";■■■. _ ■ the river Senegal

- underground water

— ■ fhe'sea . "

■"1 - ■'

While there is no water-problem existing in the river region,

it "becomes heavier further north.

The water-problem is everywhere closely connected with the energy

problem, which is especially hard for Mauritania as! it. .has no primary
water resources

energy resources.and/are still unsurveyed. A survey of water resources

is however absolutely necessary as basic information for all development

plans of the country, since only then will it be possible to see it

underground water resources are sufficient to cover the long-term

water requirements* Should that riot be the case, then desalination of

sea water by means of nuclear energy Vbuld probably be the best long-term

solution. ■

With regard to the acuteness: of the water supply problem,

Nouakchott and Port Etienne are of especial- interest1....' ^ \

84. Nouakchott

To supply Nouakchott with water: and electric energy, several

projects have, been elaborated, starting from different sources of wates:

1. The Existing water supply is obtained by pumping water at Idini from

underground sources and transporting it by pipes to Nouakchott.some 60

Km distant. The present price of water- at Nouakchott is 120 Fr. CFA/n:

with the following breakdown of costs . . . , - ,

; - ■ r.:. " Fuelvand lubri cionts '; -:j.i- " 9-42 Fr.CFA /m'

,, .. .-,.. . Salaries :;.".'". r-z. ■-- 19.89 Fr.CFA/m

Maintenance

Amortization

Miscellaneous

Total i20.00 Fr.CFA/m3

(x) The present water supply is 1650 in 3/day.

■■7-

69.

13-

91

55

23

11

it

11

11

H
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2. Future requirements

In iro.ti^oa.0 study,tiao following estimates of inereas, In" population
water requirements and electrical maximum loads for Noukchott are

givens

Population -myday Jfeff Kff

1964 12,500 1,650 ~~600
2974 : -26,000 4,000 2,910

1977 . 30,000 ■ 5,700

To cover these requirements, three projects have been elaborated:

a) "Administrative" project;

Vater: ' 3 new drillings, each 60 m3/k

2 old drillings each 30 m^/h "

Total production 5,760 mV day.

From Idini to Nouakchott a new water pipe' 350 or

400 -mm should be laid. The old pipeline has a

diameter of 200 mm. " ' ' '■ ' '

Electricity: In the existing power plant, the two diesel groups

2 x 22° k¥ win. be replaced in 1970 by 2 x 510 kW.

The total installed capacity will be then 2,040 kW.

- pro.iect:

Pumping station Idini and power plant Nouakcho>t;__will. continue

to operate;

A dual-purpose desalination plant on heavy fuel .oil will be

erected at Nouakchott with a fresh water production of 2,000

?r 3,000,,m per day and an electric., steam ■ power:.-pl^jQt for

1,200 kW. .,..,....

c) Westinghouse project;

- Pumping station Idini and power, plant Nouakchott will stop

operating;

- Dual-purpose desalination plant on heavy fuel oil will be

erected at 'Nouakchott fors 3,780 m 3 of fresh water per day
and 2 x 2000 ktf. .
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Economic comparison of the projects (in million Fr. CFA.)

4) Total;-value of investments — -

Admin. $ 350

0 400

Cegelerg

;_Existing plants

value

,: Constr. Equip.

150

150

150

Total

400

400;

400

Hew plants

investment-

Constr. Equip.

500

600

75

100

100

547

Total

600

700

622

Total value

Constr.Equip.Total

750

850

325

250 1000

250 1100

697 1022

Westinghouse

1st phase

2nd phase

335 750 IO85 335 750 1085

65 120 185 &5 120 185

ii). Fixed charges (in million Fr.CFA)

Project

Administrative Westinghouse

Amorti

zation

Construction 850 . 0.02 =17 32§-O.O2=-6.50 335* 0.02= 6.7
Equipment

250 . 0.05 =12.5 697-0.05=34.85 750- 0.05-37-5

«-4t2& 325;Gv0O5~T.63 335- 0.005-1,67Main- Construction 850 ..

tenance ' """. . ■■.,..

»saalinaision plant -, .... 547'-Orl25*=6.84 750.0023=9.37

1'. Diesel- plant 256 . 0.05 =12.50 150.0.025=3.75

Total

JJalaries . ■

Miscellaneous

Total

Comparison factors

I6.75

10.00

5.75

62.00

100

...12.21

16.30

6.94

76.80

124

""■ "" 11.04

j.6.10

7.15

78.49

126
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iii) Production costs

Specific fuel costs (net)T

Cegelerg; 12 kg fuel oil/m3 x 7 -£X- = 84 Fr.CFA/m3

HJcg fuel oil/m?-.x--7 Fr--- ^

For electricity; At Nouakchott 6 Fr/ktfh

'In the projects I.e. cegelerg and/festinghouse, total fuel costs

proatrdti-on' so that" electric Tower

correct, although the end total costs for water arid Electricity

the same. Fuel costs should be divided "into water production

electricity production according to the Mollier chart.

The above net specific. fuejL, costs have to be,

10 per cent for
increased by

oheii^al" additives:

4-0 Fr,

"l-'6'Fr,~CFA/m3

Gross specific product-ion costs:
1 -■"'■ii

m ^estinghouse

¥ith .rater and electricity production as estimated for

^^iL^^P^oduction c.03ts4
established (in million Fr. CFA):

I97O, the

Re



.dmirv '.project Cegelerg ^"estinghousa

Plant Idini 1.5.106m3. 6.6 = 9-9 0 5-10 m3.6.6 = 3-3
Desalin.Plant - 106m3. 96.4 =96.4 1-4-106.86,3=1

Diesel Plant 4 Gtfh.6.6 =26.4 1 GW1.6.6 - 6.6

Electr.

Desalin.Plant ■ - 3 G'ft 0 = 04 GTfti.O - 0

TTl 3b. 3 T0""6. 3 7"~TI??.*

Comparison factors 100 292 356

Differences in production costs are enormous because the distillation

of water requires incomparably more energy per m produced than a simple

pumping of water from underground.

Total costs (in million Pr. CFA)

For

Fixed charges

Production costs

Total

production targ

.ld[Tiiii:-..,proje

62.0

36.3

98.3

ets

ct

in 1970

Csgele

76.

106.

183.

rg

80

30

10

'festinghouse

78.4O

129.45

207.85

To cover total expenses by sales of water and electricity, the

following unit prices giving income a little higher than total expenses

have been proposed:
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Unit

Prices elocfriy

Fr.kWh

Admini.project

35

12

Cegelerg Ttfestinghouse

80- '

16

90

19

Income

-later 1.5.106m3.35 = 52.6 1.5.106m3.80=120 1.5.1(&?9O-135
Electricity4 GWh.12 =48,0 4 Q¥h.l6 ,, ..=64 4 GW.19 = 16

Million

Fr.CFA Total 100.6 I84 211

The above cost analysis shows that the , "Administrative" project

with the simplest pumping technique is also the cheapest. .....

There is another project existing to supply water, to Nouakchott: ,

(a)

solution:

Mannesmann project; ■ ■

The German firm Mannesmann (lu'iseldorf) proposed the following

Vater should he pumped from the ri^er-Senegal from Podor --

and conducted by a pipeline with a diameter of 350 mm to

Nouakchott at a length of 180 Knu-.Capacity of the installations

3
should be 6072 nr/day.

Along the pipeline ten water stations should be erected to
tne

provide/local population and livestock with water at-*3

capacity of 50 m per day and station.

Total investments would amount to 99^ million CFA Fr. ■-

In the cost analysis below the following suppositions have been

made«, , ...
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amortization; rei* acaent and maintenance costs increase

with- -time, taking into account the condition-of-the

materialJ

costs or money (interest) are not included,

operating costs for pumping increase with the" amount of

water-pumped through the- pipe-line.

Cost of water supplied to Nouakchott

(in rounded figures)

1966 1970 1975

supplied to Nouakchott in 106m3/year . 1.00 I.46 2,00

Fixed annual charges Amortization, replacement. 15 17
in million Fr. CFA and maintenance

Salaries - 1-5 - - -■ -j-^

Unit's costs Fixod chaL.g33 30 22

in Fr. CFA/m3 Pumping 2> 35 4_

Wator troatmont 11

Total (bounded) 40 ' 33
37

Remark; 7ater taken off in the water'stations along the pipeline

is supposed to he given to the local population gratuitously.

It seems that the Kannesmann-project is very competitive *ith

the projects a), b) and c) above.

In the UjA., too, some experts have questioned the economics of

desalination in the case^vhere fresh *ater can be obtained more" cheaply

by pipelines from'remote" but" sufficiently large fresh ,-,ater resources. Costs

of water transport are calculated in the UJA at about 10 cents per 1G00
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gallons over a distance of 1,600 kilometres.

In the J.annesmann project the lowest water transport cos*, are

equivalent to 60 US cents pe, 1,000 gallon, over a distance of 180 km. In

comparison with the American figures, the Kannesmann project is therefore

very expensive.

85- Port Stienne

Similar water supply studies have been made also for Port Etienne.

-rater desalination plants have been compared with the conduction

of water by pipeline from the wells at Tirersioum, a distance of 84 Km.

cost for the two alternative* in Fr CFA/m 'are

(in rounded figures)

Alternative

Fixed charge

Fr/i

Production costs Total costs

Fr/m3

Pipeline conduction

Desalination

Remarksi

78

41

60

30

48

95

40

70

126

136

Plater requirements:

100

100

q in 1965 - UOO m3/day
in 1975 - 2000 » «

Water supply capacity estimated at SOO^m /day.

An examination of the investment costs for/desalination ^

Hint shows rather a low specific investment in Fr CFA/m -per

day and gives"rise to the assumption that investment costs

have been under estimated.

On the other hand specific investment in 10 Fr CFA/Km

for the pipeline conduction are higher than e.g. the

Mannesmann project for Nouakchott;
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i a.g,^ 62

At Port-Eti^nne ; diameter 300 mm; 5-2.10 Fr. CFA/km

At Nouakchott - " 350 " 4". 6 " " "

Taking into account the foregoing remarks it is very

likely that the pipeline alternative is even more

favourable than shown in the table above.

86- Other energy sources for water and power supply

The economic survey of water production costs-in the previous two

paragraphs shows that the desalination alternative is more expensive

than the pipeline conducting alternative, mainly because of. the

incomparably la-rg'er energy costs of desalination- . " -

Another factor responsible for the high specific costs of water

production in desalination plants i^te low capacity of the plants

projected for Utuakchott and Port-Etienne.

wi-th this,- two-non-conventional .energy...sources have

to be- examined^, nuclear energy and solar Gnorgyo

1. Nuclear energy

Dual purpose nuclear plants designed for electric power production

and the desalination of sea water may be economic, provided the capacity

of the plant is high enough.

In the paper by Cowa (Ref)s a relatively small dual purpose

nuclear plant is described. The reactor's thermal output is 110 MWt

and multi-flash distillation units ban produce 4-27 to 10.25 million

US gallons—^ per day, according to the chosen factor G.O.R.(Hained

output Ratio). Maximum net power production varies from 6.6 MWe to

l8.M¥e3 depending on water production..

Taking as" an example, the 5-1 G.O.R.evaporator with a daily production

of 5-10" -gallons *: 1-9,000 m ■ of .water' and 158,000 kWh, the total

investment amounts to U3£ 11,7 million = 2,930 million Fr.CFA.

-1/-264.2 US gallons = 1m
3
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Vhen using a 10 - 1 G.O.H. evaporator, the capital cost is at out

fl6.6 million. For these plants, operating costs will range from SO.70

to $1.20 per 1000" gallons or 46 to 80 Fr. CFA per m , assuming a

credit:of-7 mills/**'* or'1.8 Fr.CFA/k'fli (.flp-Ciif 1, figure 9).

To,make a comparison between conventional .and nuclear plants for

^ater'and, power supply, the cheapest project for Nouakchott is chosen ,

that rs'-the "Administrative project" and the smaller nuclear plant,

type 5-1 S-.O.R. .fith a production- (in 33° <lays a year); 6.5 million

m3 water per year and 52 GTfh per year.

The operating cost data shown in figure 9 a^° - . ., .

based on a: calculated reactor fuel-cost of 27- 2 Scents pe^ million

BTU, but all other cost^factors are treated as in "A standardised

procedure-for. estimating costs of Saline Vater conversion", prepared

by the United-States-Office of 3aline Plater. - ■' ..-■-:.

This procedure assumes operation for 330 days, a year. and;:.amorti,g|tion

charges of 7.4 per. cent per. annum. The cost of .electrical equipment,, is

amortized with.the remainder of the plant. .. _ .

The total production costs (fixed charges plus operating costs)

amount to about.US t 2.2 million or Fr. CFA.550 million per annum..

In the "AdLiinistative project" the price ratio" water/electricity

is about 3=1. Taking the same price ratio_aloo for the nuclear plant,

these costs would be covered by the following tariffs for *ater and

electricity? . , _ . ■

Price-of water about 2.3.4.Fr. CFA. / m . ,. ■;.•■-.-

Price of electricity about 7-8 Fr. CFA/ktfh. : ; . . -. ■ .-.-,.-

These prices are about 33*per cent lo-rer than in the "Administrative

project" incite of the fact that water is desalinate^ and not pumped.

The difference comes from the about 5-5 times larger capacity of the
compared . -

nuclear plant as/with investment costs less than 3 times larger.

This means with the proposed nuclear dual purpose plant thaf specific

investment costs:; are about twice as cheap as with the "Administrative -

project".
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"'A 'comparison, of the" nuclear'plant' with.the conventional/ desalination

dual-purpose plant i- V^ ■■".restinghoUse' project for Nouakchottyshows* ' . .■.'.

Nuclear plant with water and electricity production'capacity 4.6 times'11
■•■■'■'■ - ■ • . ■ -* • . r.. - :- ■■ ■. „ : _ larger.:

...: , . .iiaB .investment costs ..only , 2.3 Ji^s
" " - ■ -. ..... ■ . . larger

and total production. costs for water . 3.8 times

lower

for electricity " ' 2.4 times'1

' ■ ■'■■■■■ - ■-■ ' ■ lower ■;

It is true that the capacity of the dual purpose nuclear plant

5-1 G-O.R. is far larger than the requirements of energy and water

in Nouakchott calculated for I97O. These requirements are extrapolated

however to 1970, on the basis of the present situation where

there is so to speak no industry and therefore they are very low. There

.exists_ a circu^us Aritiosus (vicious circle); Industry cannot "be.

located at Nouakchott because the prices of electric energy and .water

are so high, and these prices are high because water and electricity,

production is low as a result of the fact that there is no industry.

This vicious circle should be broken: I a future development plans

some appropriate industrial enterprises have to be included.

The reactor of the proposed nuclear dual purpose plant has a

thermal power of 110 M'rt. It is relatively very small. The total

production cost is therefore relatively high; expressed in the US

terms, it is 35 US cents per 1,000 gallons.

In a..Study fcjrMr. Philip Hammond-of the Los Angeles Scientific

Laboratory, U3A> ■ estimates hav£ been made showing that very

large reactorsof 2000 to 2.5POO MTTt will be able :to produce water-at a

price of'20 to 10 US cents per 1000 gallons. To get an idea of the

productivity of such a large reactor- a 2000 Mtft - desalination plant
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with a G. O.R. 5-1 would produce 10 million gallons per day and

-■_ ■ .:■■'■- ' 2 -
that would be enough for the irrigation of TOO km . This amount of

water for irrigation would be equal to a precipitation of 1^-40 mm per

annum. :

Besides the water for irrigation, a 2p00 MWt dual purpose nuclear

plant would give some 200 gross M7<Je electric power.

. . .1. :. "3. -■ '

Investment for such a nuclear plant may be estimated'at some

US t .120 million. :

With the same method of calculation as in the case of the 110

MWt nuclear plant, the 2,000 MWt dual purpose nuclear plant would give

the following unit prices: r

for water; 19 US cents 1000 gal. or 12.6 Fr.

for electricity, 1.68 US cents pBarJfiThor 4,2 Fr. CFA/kWh

These prices would be three times lower than those in tho

"Administrative pro ject% ._but, on the.other hand, investment would

be.of such a size;that■the-economics of the project in total should be

checked-in all details- One,of the main points to be checked-is

wh^ch.agricultural products would justify the irrigation costs* -

2. Solar energy

Possibilities of utilization of solar energy are manifold and in a

country without other resources of primary energy, as e.g. in Mauritania,

it seems to be imperative that solar energyJbe utilized whenever it is

economically justified. Import of conventional (or later even nuclear)

would be thereby largely reduced.

;- ■""With•■ regard to technology the problems of solar energy utilization

have feden-'solved to a very large degree, but real difficulties exist in

the fact that ■irivestfiient costsfor almost all applications of solar energy

are very high and as result conventional forms of energy,even when

imported?are often much cheaper.
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(a) gatac desalination : "i-

Investment cob* of distillers vary greatly with construction

and types of materials used. Plastic covers, for example, are lower in

imtxal cost but, having less durability, are not necessarily so in

production cost, ^ith glass covers, the initial cost is of the order of

* 15 to * 30 per square metr* with a lifetime of twenty years. With a

yearly yield of 1.5 to 2 m3 distilled water per square metre, a realistic
production cost estimate is % 1 to * 2 per m3 of fresh water plus
operating labour cost

Large-scale solar distillers face a.much more difficult,situation
at least m the capacity range beyond 50 m3 lBer day. They must be usually

competitive with fresh water transport from more distant sourcesor with

other demoralization processes. Such plants, yet to be built, may be

expected to produce at some SO.:3e^o ■% .65 (- 75 to. 162. Fr. CFA) per
cubic meter in the near future.

The large solar distillers can .incorporate various refinements,

such as forced convection- and multiple e«ect distillation , thereby

^proving, efficiency but adding to investment cost if not to product

cost. The met optimistic calculation of all in this category is

undoubtedly one arriving at a cost of about % 0.08 or 20 Fr. CFA per

Closer investigations on the reality.of these estimates,

should be carried out by some industrial enterprises, the potential

producers of the large-scale distillation plants.

and electric Po,rer r™,.

Solar heat can be converted to mechanical power - for direct use

as xn water pumping and for further conversion to electricity - by means

of piston and turbine engines according to well-known principles.
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with a G- O.R. 5-1 would produce_J..Q.million- gallons per day and
2

that would be enough for the irrigation of 100 km . This amount of

water for irrigation would "be equal to a precipitation of y.4Q ™

annum., i .

Besides the water for irrigation, a 2p00 W4t dual purpose nuclear

plant would give some. 200 gross MVe.-electric power.

Investment for such a nuclear plant may he estimattd at some

US Z 120 million.

tfith the same method of calculation as in. the case of the 110

MWt nuclear plant, the 2,000 MWt dual purpose nuclear plant would give

the following unit prices: .. ._•■,-..

for-water; 19 U3 cents. 1000 gal. or 12.6 Fr. CFk/ur

for electricity 1.68 US cents jG^&TThor 4-2 Fr. CFA/kWh.

These prices would be three times lower than those in tho

j"Administrative project", but, on the other hand, investment would

;be of such a1size that the economics of the project in total should be

checked in all details. One of the main points to be checked is

which agricultural--products would justify the irrigation costs. .

2. Solar energy

Possibilities of utilization of solar energy are manifold and in a

country without other resources of primary energy, as e.g. in Mauritania,

it seems to be imperative that solar energy be utilized whenever it is

economically justified. Import of conventional (or later even nuclear)

fuels. and"bu^^ing"0^"""To"od"wo"ul'd be tEereby largely reduced.

With regard to technology the problems of solar.energy utilization

have' been solved to a very large degree, but real difficulties, exist in

the fact' that investment costs for almost all applications of solar energy

are very high and as result conventional forms of energy,even when

imported,are often much cheaper.
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(a) Water desalination

Investment coste of distillers vary greatly with construction

and types of materials used. Plastic covers, for example, are lower in

initial cost but, having less durability, are not necessarily so in

production coat, vith glass covers, the initial cost is of the order of

3 15 to $ 30 per square -metre with a lifetime of twenty years. ffith a

yearly yiald of 1.5 to 2 m3 distilled water per square metre, a realistic
production cost estimate is % 1 to $ 2 per m3 of fresh water plus

operating labour cost

:... Large-scale solar distillers face a much more difficult situation

at least in the capacity range beyond 50 m3 per day. They must be usually

competitive with fresh water transport from more distant sources op with

other demoralization processes. 3uch. plants, yet to be built, may be

expected to produce at some $0.30 to $ .65 (= 75 to 162 Fr. CFA) per

cubic meter in the near future.

The large solar distillers can incorporate various refinements,

such as forced convection and multiple effect distillation , thereby

improving efficiency but adding to investment cost if not to product

cost.- The. most optimistic calculation of all in this category is

undoubtedly one arriving at a cost of about $ 0.08 or 20 Fr. CFA per
m

Closer investigations on the reality of these estimates,

should be carried out by some industrial enterprises, the potential

producers of the large-scale distillation plants.

(b) Mechanical and electric po,rer frou, solar heat engines

Solar heat can be converted to mechanical power - for direct use

as in water pumping and for further conversion to electricity - by means

of piston and turbine engines according to well-known principles.
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Possibly thu most significant development, roportod frcm Israel

(12) and demonstrated at \ symposium in Rome in 1961, i'J3 a small

turbine-sol ir power combination based on 1 now typo of collector

and turbine, and operating on a heavy fluid (monochlorbshzsnc) with a

lower boiling point than w it or. ■ In this power- "package"', with a capacity

of from 2 to 10 k7, the turbine achieves -in efficiency of 15 to 20

per cont. The intial cost is estimated at from #513 to $1,435 per

k'J" installed with the collector -accounting for moro than 2/3 and the

product coat it from 34 to 52 mills / kT<Th or 8.5 to 13 Fr. CFA/kVh.

Should the ido\ of "solar ponds" bo solved accordingly, the

2
collector cost could bo reduced from £20 to £1 per m m& thus put solar

power in an entirely different category for rather 1-orge-scalc production.

A "solar pond" one square kilometre in size could produce power

at ton mills per kT'Th, .rith -\ production of 30 G^h per ye it xt

1.5 per cent over-all conversion efficiency.

(c) Othor.applicytiona of solar energy

Solar energy may be used also for water ho-it ing, cooking,

refrigeration for food preserv\tion, drying of agricultural and other

products and for t'locommunications. Thc; oponomics of these --ipplic itions

vary very much from ciso to case and according to the siz^ of the plant.

It is not possible to give -in opinion on the economic feasibility of solar

energy application in general, "but in a country^ liko Mauritania it may

bo rather■-easy to find many relatively economic v.ys of using -solar energy,

(d) How the solar energy problem should be tacklod -in Mauritania

In many developed countries of the world big efforts have been made

and finmcial assist-mce given to incro \ae scientific and technological

knowledge about sol ir energy utilization- The "solir know - how"

does exist in the world ind therefore it is not necoasary for developing

countries to spend their limited means on research and
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development work in the domain of solar energy utilization.

The existing meteorologictl stations .in the country should,

however, extend their activities to uioasurcmenta of solar

energy.

As solar energy is the only sure source of primary energy

in the country, it is of very great importance to know for"which

purposes and.to wh-it extant it c\n be used economically, in the

short and in the long terms.

:1s a result of that knowledge the general line of

energy policy could he fixed with regird to the import of the other

energy forms nacoss^ry for covering ill requirements.

To get as quickly as possible l realistic picture on tho

applicability of solar energy to I-iaurit mi \9 a UM jpecial Fund

Project should bo established for a dur^,tiou,:.o£. .threu..jnonth.3_^ith

tbo following experts-. ■ ■

Two experts on practic---I sol ,r energy utiliz ition, preferably

one fro it. Israel md one from tho UoA

One expert on tho industrial production costs of ippliances ■

similar to thos^.which would be used for sol ir energy utilization.

.. .One .oxpext on;" irrig ition md general (fitqr supply problems.

Locally, the following experts should collaborate fith tho

Project? experts en agriculture, on soil and on trs,de.
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-VI. INTEGRATES IRON j-JiJ) 5T1^L XNHJ3TRY

87. The following survey of thu comp arative advantages of Mauritania

is a site for a coastal iron and stool works serving the sub-region

is similar to those previously made for Gabon, Ghana and Liberia

(iron and stool and first stage of transform rtton Vol.I", E/CN.14 INH.72

dt.21 July 1964) ^,nd for convenience of reference numbering of tho

paragraphs is tho same as in th-at report.

2.17- The Port-Stionnc site in Mauritania

The site was selected bee iuse it is located it the terminus of

the railway lino .th/t transports the iron ore min^d by the Kif-jrma Company

from Fort Gouraud. The port can already handlo exports of u;ore than

6 million tons of ore annually*

The site- chosen is south of tho Mferihi company harbours, on "the

Cap Blanc Peninsula which is divided -in two bytiio frontier with the;

Rio de Oro,- thus limiting th^ possible Mto \?^Si to a coastal strip 2

km long -tnd 0.8 -km wide. Horfovor, ,n ^rooment might conceivably be

concluded-with the'Rio do Oro to increase thj adth of this strip.

2.227 Fort-Stjonne

The peninsula consists of a sandstone plate ui rising ^bout 20

metres ibovc sea level. This fairly rooiWaht typo of .soil can carry a

WGight of 5 kg / cm and feundation-1tying does not seem to present any

problems, butthe ground will hive to be levelled. A first tentative

oatimite of .f.l million has been undo for th^, cost of tho entire cpention.

2.326 The Fort-gtienn^ harbour - ; . - .

The proposed harbour ia located south "of the town of Port-.^tienno,

where there is only a small"fishing hirbour,' ■nd 3ea-going vessels unload

their cargoes on to lighters, which ire tho only craft able to reach the

h irb our. ■ . . ..'■;■■

There is approximately 40 f.et of TatCr ''if-lov tide at tho proposed

location. The tot il ring, is of the ord.r of I.50 metres.
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Like the Mifjrma harbour, the plant h.irbcur would be situated in

the Baie du Levrier, well protected from the trade winds and

calm-practically all the year round, except for one fortnight a year

when the east winds blow.

2.46 The Port-Ktienne site

The only means of communication fith the interior are

the mine railway and the service track built alongside it. There

are air and sea links with Nouakchott, the capital.

2.5 A fundamental disadvantage of the Port Dtienne site, however,

is the question of water 3upx.*ly, and an attempt has been made to

estimate the additional cost entailed by the necessity of desalinating

sea-water. The known supplies of groundwater are insufficient for the

requirements of the plant. Furthermore, if these were used reserves

would he very rapidly exhausted- One possible solution would be for

the plant to provide the electricity and fresh water it needs by a

'•vmbination of a high-pressure boiler, a back-pressure turbine and a

sea-water desalinization plant. The exhaust steam frcm the back-
0 0

pressure turbine, with a temperature of 150 - 200 and a pressure

of 4 - 15 atmospheres, would supply the necessary heat.

This type of project would be more economic than one designed to

produce separately the efectricity and the low-pressure thermal energy

required for the desalirrati©ia~- plant.

Two variants were studied: in the first it was supposed that the

plant would meet water and electricity requirements, but the problem

of ensuring the continuity of operation necessary for running an iron and

steel plant was not taken into account. In the__. second- alternative,

however, it was assumed that certain equipment would be duplicated to

provide against break- downs or the necessity for n,ajor repairs.

Calculations of fuel costs and the depreciation of the plant were

based on a fuel oil price of $35-30 and on the assumption of depreciation

at 8 per cent over twenty y.ears.
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The "breakdown of the total annual expenditure of the generating

plant between the production of water and electricity was estimated

Vy~calcula"tin^lhe'average cost price per kwlT on an "equivalence

basis, assuming that a conventional, po^er station would be built at

JPort_rE;ti#nne tq_supply the iron__and__st4e^plj^ local

industries. ,.The prices of water and electricity quoted in the study

correspond, to the arithmetical mean of the prices of all the

sub-variants and are given belows-

Price of Electricity $22.45 pe? 1,000 kWh

price of Water $362.00 per 1,000 m

A detailed study would be necessary, however, to calculate the cost

prices more exactly. ~

2.71. The fact that the Mferma installations, with a training

organization "are not far away provide& a good starting point for the

training of the plan!; workers.

Provision would have to be made for housing the labour force at

P^rt-EJienne, but some of the general facilities of the Miferma

company could also be used by the iron and steel plant, subject to

possible enlargement.

7- .She..£Q.£.t-St jenne _aite

The plaftt locatec^at Port-Etienne would be supplied with ore from

Port-Gouraud. Mining is carried out in the Taaadit and P"»derik areas

and will Soon be extended to the Rouessa district. Reserves probably

exceed 200 million tons.

■""' 'Only dice wittrTartroircontent exceeding 60-per-cent. is sold at present

Ore with an iron content below 48 per cent is considered sterile, and

medium grade"ore~is""kept'Tn stock for Subsequent rehahaiing and

concentration-
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HYPOTHESIS As The composition of commercial ore varies "between

the following limits:

ANALYSIS OF RICH ORE

Fe 65.7 % 62.Ofo

Si -02 3,2-3.5 % : ■ 7.0

CAO 0.7"* : n":T
A12°3 1.3 - i-5"* X-3

Heat losa . 1.1 - 1 # . 1.1 $

It is usually reckoned that Fe + SiO2 = 69 per cent.

The moisture content due to watering, at Port-Etienne varies from

1 to 2 per cent. - _,_■-.

It .may.be assumed that the iron and steel plant will utilize the

leanest ores, tfhich have a "dry" iron content of about 60 per cent.

It would "be poiniaross to water the ores when they reach' the plant.

HYPOTHESIS Bs The ore used at the plant would be medium grade ore of

which the average composition is given in the following table:

ANALYSIS OF MEDIUM GRADE ORE

Fe " 53.4'1T'~~

Si 02 ■" " -; "■-■■■ ■■ ■■-.:■',14** %•

V'.>12°3 :" ' ' 4.2 ^ ;■ ■■■■■■■■"■

CaO .

P 0.04 %

. : Heat loss. 4.15 ^
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Annual ore requirements, including the additional ore for t^e LD - ,

steel process, would be in the region of 55O,OOOtciBunder hypothesis

A and 662,000tcn3under hypothesis B.

The cost of-ore: franco, plant ;rorks out at $9.27. per ton under

hypothesis A and at $5-56 per ton under hypothesis B. '

3.72 Manganese ore . _;■ ■ .. .; .

The Miferma ore contains hardly any manganese but, as its sulphur

content is low, it seems unnecessary to provide for additional supplies

of manganese ore. Only small quantities would be needed in any case.^

The slag from LD steel manufacture contains 2 per cent of manganese due

to additions of ferro-manganese at the steel plant. $his slag thus seems

to provide .an. adequate supply of manganese. . . ...

3.73 Coke and coke breeze

Under hypothesis A, estimated coke consumption is 518 kg per ton

of pig iron, plus a fuel oil injection of 160 kg.

If requirements in coke breeze for. sintering are taken into

account, the annual consumption of the plant amounts to 234,000 tons
■ - - .'j

(including coke breeze). , ■ ...

Under hypothesis B, coke requirements show an increase-amounting

to 568 kg per ton of pig iron, assuming a fuel injection of 160 kg- ■

Tht Utilization of medium grade ore- means- an annual coke consumption

of 271j5OO tons (including coke breeze).

3♦75 Electricity

Apart from the Miferma generator (8,000 kw - Diesel engine), there

is no other electricity supply available in the area. The iron and steel

plant would thus be entirely dependent upon its own power station,

designed for the simultaneous production of fresh water from sea water

(see under paragraph 2.5)'
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3-76 Limestone ' * ' " - ■' ■ - ■ • ■ "■■■'. '-' ■ ■:-.-
r,::r- • ■•;:' ,'■/. -- ;■■.■■ ,-^;;vV/' . -;. .- j . ■■ ■ ■

Rather large quantities of limestone are needed for the pharges

as the ore from Fort Gouraud is siliceous, which means that

approximately 233 kg of flux;"is >e.iuire'd person of-pig-iron

under hypothesis A and approximately i$6§ kg. under hypothesis- B. ■ ■ ::

Annual consumption of limestone works out at 83,900tonsand 202,700 t

respectively, without taking .into account the lime r

of the. .steel, plajat (43.j000:,,,*ans)

There is a^limestpne^ deposit in.theAtar area, close to the

mining company railway and there are probably other deposits nearer

athand.. .In any case, it would always be possible to import good

quality limestone by sea from Senegal. Another solution would be'

to pick up supplies at a European port, thus providing return freights'

for the ore-carriers. Under these conditions the...;,price of. limestone

franco, plant, including unloading charges, would be £2.8 per tonT

4 = 25 Mauritania " ' ' " '

The monthly /a^e of a labourer at Fort Jtienne on the basis of"

■e. forty four hour week is between fr CFA 10,000 and 12,000.

Social security contributions vary from 15 to 22 per cent of vages.

The a-vera^e hourly -rage of-an unskilled-..worker .can thus be-.estiraated

at JO. 30. ■ ■ " " •""■.- -■-::■.' " - - -.: -. ■ -.,...
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4-4 PORT ETIEME

C0FV3RSI0N COSTS ($ 1,000 per annum)

ITEMS

Ovendo Port Tema Lower Monrovia Port

Harcoui* Buchanan Btienne

4

Latour

Hyp A

Hyp B

Cther

- Hyp A

Hyp B

1,

1,

7,

7,

174

174

526

526

1,

1,

7,

7,

326

339

196

559

l

1

7

7

,151

,163

,196

,223

1,

1,

7,

7,

381"

381",:

196

196.

i

1

7

7

,381 -

,381

,208

,208

1',

li

7,

. 7,

386

393

282

282

Total

Hyp A

Hyp B--

8,700

. 8,700

8,522-

8,898 . 8

,347

,385

8,577

8,577.

8,5.89

8,589

,8,667

8,674

:.-■/.■ -'I'



E/CN.U/lNR/54

Page 76

P1ant sited at Port-Etienne

Destination

of finished

products

■: iv

Nouakchott/
(. Port-Btienne

- Dakar

Monrovia

. Conakry

Mamcu

Freetown

Abidjan

'" - . Bouake

Accra —

Tamale

Takoradi

Lome

Sokode

Cotonou

Lagos

Kano

■ .-, :p?rt Harcourt

..Gombe/Bautchi

Douala

... . . Yaounde .... ....

Libreville

Pointe Noire

Brazzaville

Bamako

Cuagadoiigou

Niamey

Fort Eaiay

Bangui

Distance transported Cost of transport($/ton)
(km) (terminal costs included)

by sea

2.

_

650

JUSOO

1400

1400

1,500

2,600

2p00

-3000 ■-

3P00

2^00

3*50

3^-50

3250

^400

3A00

}800

3,800

4P5O

4,05.0

4^00

4600

4£00

650

2,600

^250

3^00

4,600"

by land

'"■"3-

-

.j.. _

-

-

250

-

-

■:x.

500

■-.

_

■250

-

-

900

75.0

-

300

-

-

400

1200

1200

300

1450

1600

by sea

4-

-

_• 8.0

10.4

9-6

'9.S"

10=0

12.0

12-0, _

.1-^.0---

13-0

12.8

13=2

13.2-

13.4

13-8

13.8

14-4

14.4

15.0

15*0

15.2

16.1

16.1

8.0

12.0

134

1.4

16.1"

by land

5.

-

-

-

9.2

-

_

9.2

-^.. --

13.2

-

9-2 ■

-

--

12.4

11,6

8,4

—

9.6

14.O

14.O

22.8

21.2

18,4

total

6.

—

8.0

10.4

9-6

18.8

10.0

12.0

21.2

_ 1.2»-Q

26.2

12.8

13.2

22.4

13.4

13-8

14.4

26.0

15-0

23.4

15.2

16.1

25.7

22.0

3b. 0

3b-2

35-6

34.5

. Method

of

— land

transport

7--

—

-

-

-

Rail

....

-

Rail

-

Road

Rail

—

. Rail

. Rail

"
Road

"
Rail

Rail

Rail

Road

Rail & Road

Rail &¥ater
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5.145 Freight rates ex Port-Etienne (Sparton]

Port of

destination

% -share"

of shipments

TreigEt rates

given "by ECA

for the study

Variants

Conference Special

rate - st-ndy rate

1

Douala

Pointe Noire

Abidjan

Cptonou...

Libreville

-Tema

JPakaradi

•Conakry - ■-

Monrovia

Nouakchott/P.Et.

Lagos

Port Harcourt

Dakar

Freetown

Lome

2

3.4

3.6

10.8

2.o

J. . D _ ...

16.-2-

; - ^-,-.-

-1:6 -

6,6

2.3

14.8

15.6

12.3

2.2

1.0

. 3

15.00

16.10

12.00

13.. 4-0. --

-JL5.2Q-__....

. .^GG-

—«^0 _-

- 9; 60 ";

10.40

-

13.80

14.40

8.00

10.00

13-20

4

21.00

23.80

16.10

- 17-70---..-

—21^—

-1-6-.-9G-

—T4-1t)-

14-62

-

18.10

19.42

13.50,.

14.30

17-30

5-

13.60

14.40

11.70

12.5^

. 14.00

1-2.20

——1-1.90

10.10

11.09

12.70

13.02

10.20

12.40

Average freight

weighted in

relation to tonnage

shipped.

100.0 12.24 16.79 11.67
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5-22 SUPPLIES OF. SLAG AVAILABLE

Site of plant

1.

Hypothesis-.. A-

Kg/t of tons per
iron

■- "Hypothesis- B- -

Kg/t of tons per
annum

2. 3.

iron annum

orarDo

PORT HARCOIftT.

TEMA

LOWER BUCHANAN

POSff-ETISME

0.212

0.229

0,229

0.229 -... :■

0.313 -

0.385

76,320

82,260

82,260

82,260

112,680

138,600

0.

0.

0.

0.

0.

0.

212

659

350

229

313

693

76,320-

237,240 ■

126,000

82.260

112,680

249,480r

5*236 Port "Etxernne site

- - Slag from the plant might possibly-lie used for road building;

Bscause of the restricted size of the local market, however, the price
of slag has been estimated as nil.
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6.1 - 6.11 S3Q?IKAT.
SCHEDULES COMPARED - PEE JEST ATI OH OF RESULTS ___

Unit = $ 1,000

Schedule items Hypo- OV5OTO PORT » LO'ffiR MONROVIA
thesis HA.RCOT3HT _._?S?.l^?.. . —."

'1.' Capital "costs 1 1OT,OOO"" ^

10/898- ( iP,5Ca) 10,501 10,898 10,781 10,083

2. Haw materials "."H,5U 1 14,889); 14,446 11,486" 12,025 , 19,567

3. Conversion costs 8,7O0 ( 8,522) 8,347 8,577 8,589 8,667

4- 3nd costs 4,673 -( 4,067) -3,-73O- 4,287 _4r206—5^502-

Total . 37,785 ( 37,979) 37,024 35,248 _35,6OlJ_43,8l9_

1. Capital costs B 107,0Q0 (112,600) 107,600 107,000 105,850 99,000

Equivalent annual Q _ q .f -o,

2. Haw materials 13,276 ( 17,075) 17,355 10,615 11,696 19,454

3. conversion costs 8,700 ( 8,898) 8,385 8,577 8,589 8,674

4. End costs 4,673 ( 4,067) 3,678 4,287 4,206 5,502

Total 37,547 ( 41,508) 40,377 34,377 35,272 43,713

Note"- The figures for Port Harcourt are put in brackets to emphasize the
point that it was not possible to survey this site as accurately as

for the other sites.
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-Uni* - ■ ■ Hypothesis . OVEJTpO PORT . TEMA LOWER MONROVIA PORT
HARCOURT ' "BUCIMAItf ' ETIM3

4_-pex.i.Qn..o£._...: \.±._ X07-.9.6 . 108.51 ...1.105.78 100.71 101.72 125-20

iron-or'atefei' 'b 107.28- 118.5$' 115- 34 98.22 100.78 124.69"

%. of Lowsr._. A 107.2 .. IO7..7. 105.0 ...100.0 101.0 124,3

Buchanan under ~~ ~ '—~—" ~-~— ■—-—■

Hypothesis A B lo6-5 117-8 114=5 97-5 100.1 124-0
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6.12 Analysis of results

. Let, us. take first the results under hypothesis A,

The. L^wer Buchanan site takes first place, closely followed by

MonroViaV VIn fact; the 1 per cent difference between the two sites

need not be' regarded as significant. The trend might be the other

way"round if surveys were made of foundations or a different hypothesis

were adopted regarding the choice of ores at Monrovia. The real

conclusion is that the two Liberian sites give . the best results and a

decision between them could be made only L£ more detailed surveys were

made later on. :

Tema comes next but is rather badly handicapped in the matter

of raw materials, partially compensated for by its excellent situation

tor the distribution of finished products.

The difference between the Liberian sites and Tema is much greater

than that between Tema and Ovendo or Port karcourt: Tema rates 5 per

cent over Lower Buchanan? Ovendo and Port Harcourt 1.2 per cent and

7.7 per cent respectively.

Ovendo takes third place for raw materials, but" in the aggregate

fails to fourteen the score of capital costs (..difference due to costs

of accommodating and training manpower) and its poor situation for the

distribution of finished products.

The margin between Port Harcourt and Ovendo is very alight (0.5

per cent, as against 2;2 per cent between Ovendo and Temal However,

;the,structure of expenditure items at Port Harcourt is closer to Tema's;

raw materials constitute the drawback (bigger than at Tema), partially,

but^t-o a lesser extent, offset by-its, favourable location for distribut

ing finished products (Port Harcourt takes.second place in: this respect).
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The Port-Etienne site comes last of all, in spite of the advantage

offered "by the quality of the soil. -Intact, the ...market-price of the are

franco plant,is amongst the highest for the group of sites studied.

Furthermore, the price of fuel oil is comparatively higher than in

the majority of the other ports included in the study. The drawback

affects the price of electricity and intensifies the prpblem of

the water shortage at Port.-iStienne. Finally, the out-of-the-way

location of the site in relation to the consumer markets serves to

increase the^'difference in the cost price of steel in comparison to

the most favourably located^ site. ...■'-■•■

Assuming that the price of fuel oil at Port-Etienne were the same

as the prices estimated for other locations such as Monrovia, Port

Haroourt or Tema, i.e. about |20.65 per ton, the cost price of steel

would be reduced by;fj .06 per ton (hypothesis A), but the relative

position of the sites .would remain unchanged. .

If we take hypothesis B, *re find first that the order of the

variant figures is ^-unchanged, except for Tema and Ovendo^ the latter

site in Gabon replaces the former in third place. The marginal

differences widen considerably, however, (17-8 per cent between last

and first site as against 7-7 Per cent under hypothesis A) with the

exception of Port-Stienne, for which the margin remains almost unchanged.

This is be'cause, in the case of the three sites where commercial

ore is obtainable (Lo^er Buchanan* Monrovia and Ovendo), reckoning the

"social" cost for -est Africa instead of the market price of iron ore

reduces the cost of raw materials. The difference in effect is not,

however, very great - O.J to 2.5 per cent - and is mainly due to the

position at Tema and Port Harcourt being worsened by the substitution of

local for imported ore, slightly more so at Port Harcourt than at Tema.

It affects equally capital costs, raw materials and conversion costs.

With regard to the Ovenda site, it should be remembered that it

can be considered only if the Belinga mine is operating and this cannot

happen before 1972 at the earliest.

Finally, the use of leaner ore at Port-Etienne means relative

stability in the cost price of steel.
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SCHEDULE OF ESTIMATES

_^P0THESI-3<«ftv~"rio"h ore at' max

.._ ~ ■ ■

SCHEDOL&.ITSM

,...JHft..« -B&noniiii'Etticrfi~

1

1

1

"1

1

-1

1

2

2:

2.

2;

2:

2.

1. 2.

. CAPITAL COSTS ($1,000)

.T"T6unclati ons

.2 Erection of Wharf

-3 Water supplies

.^4:Iron & steel plant

■- 5" Training of ^lai^our

TOTAL (1) -

Equivalent annual costs

($ per;year)

RAW MATERIALS ($)

.1" Iron" ofe""::"'b7r^st furjiace

■ ■-. ; .: .: ,■:-

2 Iron ore — steelworks

3 Manganese ore

4 Coke for blast-furnace

5 Coke breeze

6-Fuel oil for blast furnace

FOR A PLANT

■ket price -

Hypo-Unit

the
sis

3-

A-B-

.A-B...

A-B

A-B

A-B

A-B

A-B

A

B "

A
B

A

B

-...A—
B

A

B

A

B

A

B

A

B

4.-

■\ •■ / ■

p"f-

t

P.F

"t""~ ""■

t

t

t

t

LOCATED AT

B, Local

Quantity

needed (

annually

■ 5.

—-—

33'! 480
527

640

1,432

1,432

- -2*

22

186.

204,

47:
66.

57,

57,

._

,O.UtL

,000

,760

S080

,080

,080

,-■500-

,500

,4«U

,480

-520

.987

,600

,600

POI

ore

?T T

at

Unit 1

Table

".social"

price .

$ per unit)

9

f:

24.

24.

24,

24,

35.

35.

6.'

■■■-

■27

•54-

,27-

.27

,02

,02

,02

30

30

-.

... .. _ -

10

4:

... 34

" --■

4,

4,

1,

1,

2!

No.1.6

cost

■A-nnual—'c031

% per year

(1

(1

7- ...

,000)-

,000)

-■827500"'

11,000

3,500.

99

,m

,000

,180

,892,335
,54^04^—

208,

208,

479,

911,

141,
609,

033,

033,

575
575

-. -.- ---

250

6ro

430

028

280
280

cont... 2
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Table 1.6 cont..

1.

II

2.7

2.8

2.9

2.10

2.11

2^2

2.13

—as =s'st s

3.

3-1

5. 2

TOTAL

■■ ■-■ --2~. 3-

Fuel oil - other purposes -

Electricity

Scrap iron'

Limestone for blast
furnace.

A

A

B

Limestone for steelworks
B

Fresh water

Miscellaneous materials

TOTAL (2)

CONVERSION COSTS

Labour

Other

:(-3j ::

A-B

A-B

A

B

A .
■g he

A

B

A

B

4-

... t

lOOKw/h
kw

t- -

t ..

t

1000m3

-

* " 4

========

17

101

~™40
40

83:
202,

43j

43,

-

,604

,627

5-

,550

,400

,600

~~— - i

?ooo

,000

,880 "
,700

► 000

,000

,008

,160

,180

=-_--=--r=

35

22

2,

2,

2,

2.

362,

6.

• 30"

•45

.8

.8

.8.

,8" ■

,0

■ 0.301

0.301

:--= == = F= i=

-.- ■

.. 4

2

...1

19

19

1,
li

7,

7,

.fl,

J-

"61S

^^■—^^^-^

234

567

120

120

,536

,024

,567:

,453,

.385,

.392,

281,

281,

667,

674,

1,515

,864
,560

,400

,400

,6^6

,240

,215

.577

852-

781

550

550

402 ..

331 .
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1

4.

4.

4-;

5-

5-

5-

5.

5;

i

1

2

li

2

3

4

! : .:2.

END FROUJCTS

Transport of finished

products

Sale .of .slag

TOTAL (4)

RECAPITULATION

Capital .costs

Raw materials

Conversion costs

End products

GENERAL '■ TOTAL

3,

A-B

A

B

A-B

A

B

A

B

A

B

A

B

■ A
Costs per ton of steel s

:■■ 4-

t

t

t

350

138

249

350

5<

,000

,600

,480

,opo

6.

15.72

125.20

124.89;

' Y-

5,502,000

—

5,502,000

5,502,000

10,083,150

19,567,215
19,453,577

8,667,402

8,674,331

5,502,000

5^502,000

^,819,7-67
43,380,362

43-, 819,767
43,713,058
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YII :OTHER' POSSIBILITIES OF INDUSTRIAL DEVELOPMENT

1. At present only a small proportion of -t|he population of \

Mauritania are wage earners, out of a total population of about 850,000

only 14,300 are employed. ,:

, The distribution of employment into major working categories ia

as follows?- :
i, ■ i

Agriculture;, and fishing 326

Mines and quarries ' [ 3,265 ;

Industry of transformation 191 : -

Building and.public work 2,503' - ;

"^ater and electricity . 124

Banks and commerce ,435 ■

Transport ; ' '84I

Services "].' i : ; 6,599 '

j ; ■} l Total , 14,289 " : "

j The number of employees employed by the;private sector is 8,090 and

by the public sector'; £,194. ;■-

i . ... \

With the exception of the group "Services" where most of the

people are employed in central and public offices,- the majority of

employees: are engaged in "Mines and ^uaries". Practically all theise

employees are-concentrated in the "work of the mining corporation "Miferma",

Thejsame is' true of employees in. the category "Building and public work",

who have been mainly concerned in building the njining facilities of

the:iron-ore mine at Fort Gouraud.

; Besides the mining industry, there are at present practically

no other industries. The category of "Industry of Transformation" in which

.about X per o«nt of total employees is concentrated represents in

general the bakeries, garages, one printing-office, some -tailors and

two:joineries.
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-- . . Mauritania has at present very few technically q^ualified^nationals
" " L ■_..-. j . - n j ■ ■

as shown in the following tables^ _ .

Nationals Foreigners Total % of
:._;... Foreigners-

-•.oi .

-Directors . ; ...

Managers

Qualified emplib'yees

Qualified workers

Others qualified

Workers

Total

professionals working on:

of which-: mechanics

welders

tin smiths

"boiler-makers'

locksmiths

fitters

'Electricians

■ ,6

34

137

701

l,102:.

4,415

6,39.5..,

metals

Professionaltfork.on "building

of which; "bricklayers

armoured concr.

joiners

pavers

painters

Plumbers

engine-drivers

drivers

■

173

928

324

2,003

500

156

4,084

2

1

4

10

179

962

461

,704 ■.

,602

,571

,479

Nationals PoreignersTotal-

14-

10

1

-

-

—

3

5

243

93

"" .29
32

23

25

4

10
27

71

35

16

2

4

■ 1,

13

66

388

142

32

91

4

57

24

17
21

1

, 65

,45 _

1.7

2

4- ■

l-.i..

16-

71 :

■ 631

235' •-

61 ""'

123

27

82

28

27

46

98

96

..JJ-0

..74 ,c:;

31

3

39

%. of .,„
Foreigners

i. -77 \i
. 93

100

100 .

100..

. 80.

. 92

60.

■■ : 60-

51'

73'

15

70

85

62

44
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Most of .the qualified personnelyare concentrated at Fort Gouraud

in the iron ore mine and at Port-Etienne where they ffork in port and

mechanical repair shops both owned by Miferma.

89'." The vifecisive factor in increasing the national income of Mauritania

■■i-s—the mining--of—paw .materials -and .poss.ib.Xy their transformation for

export. The expansion of small-scale local industries is strictly limited

"by the small internal market and the Sparse population of the country.

Tfce most valuable raw materials at present and £ls'O -£n

Uho. ne.ar future' are the rich deposits of iron ore at Fort Gouraud and

the reserves of copper ores .at Akjoujt.

On the other hand account must be taken of the lack of sources of

primary energy, the lack.of water for direct industrial consumption,

the complete lack of llauretanian technical workers and the very low

local consumption.

-- As-far as the- co-pps-r-Gre- deiiosit-..i_s... c..Qnce.r.ne.d_t.h3re is_..a

possibility of reviving mining and ore dressing (up to the copper

■ concentrate)-.- ■■ The re-vtval - &£ mining--aeti-vities-iaay.. encounter. consider

able difficulty in securing the necessary amount of water (100-150

l/sec whiefc. Would have to be tranportod from Benishab- to Akjoujt

(a distance of 120 km).

3. The question of the further transformation of- iron;ore is still

more complicated, especially from the point of view of.the inadequate

supply of other necessary raw materials, water and lack of centres

and markets.- As has already been shown these circumstances put Mauritania

at a considerable disadvantage as. compared with other loo&tions on the

Tfest African Coast as a site for an integrated iron and steel works.

There exists however the possibility of installing a blast furnace

plant to smelt some of the 3ociete Miferma's iron ore to produce

pig iron for.export. The production would be based on the import of

coking coal and the surplus of energy in the form of blast-furnace gas

and coke oven gas might be used partly in the demineraliaing process of

sea ■rater and partly as a source for the production of electric
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power and refining the by-products of the coke ovens.

Under Mauritani'an. conditions the production of jjig iron should be

done preferably on the basis of sorted high-grade iron ore, without

agglomeration or pelletizing.

Should the production of pig iron attain 1 million tons per year

(and this should be considered as the economic limit for this type of

production - two blast furnaces *t cca 3,000 m ), approximately 900,000

tons of coking coal would be imported per year. Under these conditions

a aeries of coke ovens would have to be installed to obtain furnace coke,

in addition to which it would be necessary to set up all the installations

for extracting bj-products of coal. The coke ovens should produce about

700,000 tons of coke per year. The greatest part of it (cca 600,000 tons)

would be used in the furnaces and the remaining part of fine coke might

find other industrial uses.

This would imply the building and equipping of wharves to permit

the unloading of products necessary for pig iron processing and the

loading of export products, without interfering with the loading of

ore carriers. The necessary amount of limestone is possibly available,

not too far from the Miferma railroad, in the region of Atar.

This type of production would result in an excess of energy

in the form of blast-furnace and coke-oven gas totalling about

1,400,000 gigacalories.^ Of this approximately 500-600,000 G;oal

would be used for demineralization of sea water (needed in the process

ing of pig iron) in a combination which would provide at one and the same

■time abundant and relatively cheap electricity, which might also encourage

the'establishment of other local industries. The remainder, i.e.

approx. 800,000 G'.'-cal would be available either for the production of

electric energy or for further industrial use. This would have a

favourable influence on the general energy situation in Mauritania .

x/ 1 Gigacalorie (Gcal) = 10 kcal
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1'he by-products of cok. production a^oniac e.3) phenols,

to. mi6ht bo used.^s ', b.sis for't ho production of fertilizes

aulphjt^of.:;?™), insecticides or dyss, rosxns otc, ,nd this

^^tc:i?crs..?0 3o^h;ttt. loc , agriculturaljproduction
contribute to the dev.lopMt of loci Bu,ui scUe i

These general outlines are based on technical possibilities.

Thoxr ,oaliZition ,ould retire, of course, , mOre detailed study,

especx.lly in r,eard to the import of coal ,nd the possibility of
■uxporting pig iron. ""' -..-;•■ ... ,

■■gOFCHT.3IQF3

■90. ■ .knowledge of the geology of the I.E.I., and of tho mode of

origin of ^different nino^lsWnt ( t study of the .otallogenic
provxnces and epochs of the country) forn.s the b .sis of any real

appr^.l of its mineral resources, although much is knoto in tb'.
respect, yot „,,ny important problems are still unsolved ,nd a

mor, completo picture shoring the correlation of tho geology of the

country ,ith its .iner.l resource should be > :de. The publxcation

of, geological a* on \ scale of 1,1,000,000 no; being undort,ken,
will gr...vtly help in this direction.

91 . *™-J*-*" buth ^ do^utio us. of the people ,nd fcrindU3tri.il-
z it ion vurpoa^s hu bj -n ilr,il .Vti r,.-. ^ ■- ■_,

' ~ ~ 3O l 'i'and it aoorra a,,,-,; vt ._. j_j_. i +

^nouEh .fitor ,rill be found to ,n Lblo tho noa^ds to settled ^
.r-Uae thoir livoatook. It ia rooo^o^d th lt? d ^"Luld b^uilt
at suxt.olo Pi .oos in tho alluvia ao^its do.n to bed-rock to

preserve sc irco but valu xblc r.^in i^tor ' A -»r^v -,-f +
....... . .xii Loor. A ourvoy of ./ator resources

is oa^nti^l, ho^vor? to ajy ho* fw they xro c-.pxble of meeting long

term roquirci.onta or ^hothor dos-iiin-tion -ri 11 h . «-
" - ' ■ ■ ,-■■,:. -Lxw-t-ion.jxii. b^ nocoss^ry to supple mo nt
then:.

92- The possibility of .using sol ^on.rgy should be exiEaned a4 it
i_3 r3ccriim-ndod.th.it i TO

for this purpose.
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03. Thd inventory of minor \1 resources showed the presence of

appreciable imounts of different "mineral3 and good prospects for

"mineral discoveries in both the crystalline rocks Win the more

recent sedimentary sori.s is "anticipated. Indoed there is little
.- - • ■ ■_ ■ . - «

doubt .that the '"miner ils. output will nrik- m increasing contribution

to the national production .of I.H.n. in the future. . ...,..,

Iron ore output to iched ibout 5 million tons list ye -.r of

a very .rich ore from.Fort Gouraud. The copper-gold deposits

of Akjoujt ir& xbout to be exploited. Other iron md copper

deposits \ro in sight. Gypsum, beryl, -ind chroroite hwe been

partly explored 'ind "ire expected to be exploited in the future.

Limestones"'"-md cl -.ys' Mrs prc^ont in groat amount a- -a-nd ire:

poienti'a'issits for1'future uses, but -nalysos of the'se sh&uld be

mXde "av^ilVble. Both pho:^hites -.nd bl-,ok s^xnds are pot^titi.a

deposits for futuru oxploitition, Tiio erection of a super-phosphite

f .ctory depending on tho phosphate deposits of Cive -and a sulphuric

acid industry depending on tho AkjOujt oro is <\ possibility for

'future prospects ""-.nd c ills for -feasibility study. 'Goid, molybdenum,

wolfkmito, fluorsp.r? vm.idium, nickel tnd radio^icti+e minerals

^'known-to occurinl.R.K. Future ^xplor^tion-^ork^is^Vieeded for

their appraisal ^.nd for ■ apottafig n6w- "do po aits.'-" ■ ' ■'■ ■ ■" ■■ *-

34. Thero is i strong poaGibility of findi.ng-. carbonacGOus daposits,

■ which ue muchnoedod b^.I.R.f'. in tho: Taoudenni. Ofs^n _ aad t^« oil

possibilities of tho country ,iro not completely explored. The

Government, is .dvised to cirr-y-outi v programme to■ search.for local

_coa....deposits and to. invite intorested people to continue exploring

its oil possibilities, putting it their disposal XJ.1 the-available

d :ta.



E/CN.14/IFR/54

Page 96

"45- It is to be noted that a prospection project should be carried

out right to a final conclusion. For instance, anomalies discovered

by airborne surveys should be fallowed up until i/is certain that they are

to- b'-o disrogirded for the present or are proved to be potential

economic deposits. Airborne surveys should be followed by ground

geophysical surveys and/or by geocbemical surroys and then by drilling,

whenever promising anomalies are ascertained. The Government of

I.R.F. is advised to find a way to drill the two large magnetic

anomalies, which are covered by sand dunes at Aguilat-Fay, as soon

as possible. Also to investigate on ground all the exposed anomalies

from the air.

96. While a pig iron exporting industry is a technical possibility

the detailed cost calculation presented in this report shoietfc&1).

Mauritania is at a considerable disadvantage as a site for integrated

iron and steel works.

9$- One of the basic problems of I.R.M. is the lack of qualified

technicians that can satisfy at a high level the technical requirements

of mineral appraisal and of industries based on mineral resources.

Efforts should be made to fill this lacuna as soon as possible. This

is a necessity for further progress.

9.8 The French "Fonds d'Alide et de Cooperation" (FAC) have

contributed greatly in exploring different potentialities of I. R.M.

and. in executing prospection projects, A greater part of the projects

included in the present four-year plan is actually financed by the

same organization. Some of these projects are mentioned in previous

chapters.

99 The case of I.R.M. is an example of the fact that usually the

countries, which are least developed receive the least technical

assistance fraiftifc United Nations.
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DC., th-j Technical ^GJist ,nce Bo ird or opuci il Fund can ;help

with regard to?

(a) i. JLxpanding the present centra in Dakar for the

application of sol ir ^norgy. ~

("b) The assessment of the mineral potuntij,ls. o.£.I .R.I-;.

■"■...-.-.. ;...^:-G.y.~ Assistance vith rog-.rd to the running of tho

Geological ourvey -^nd Department of frine^^ of

a nudeus alre idy__gzists.

(d) Assist mcc with rv.g ird to problems connected with

mining legislation. . v

His "'.xcollencj D- Jph ■,, th. "^iniwtffr of Economic Affairs

xskod the Director of : ines to px^p ;ru , ivgxuit for .isaiatinco

concex*ning \ miner .1 ipprais =.1 cf the country but it-i-3' understood

thit they \±^ in need of idvice :.3 to its formul .tion.

Some cthcj.1 rou .**ks :.nd mere detailed information are given

in the previous chapters. ■ ■ "
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