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S U K !■: A R  Y

The results of the second phase of the study on industrializa 
tion of black sands of Mauritania/the follow up geological investi
gations/ are discussed.The aims of the operations were as follows:

1. selection of the promising part of the coast,on the basis 
of prevoius geological prospection;

2. geophysical survey of the selected area for the location of 
the depoits;

p. estimation of the reserves by drilling and sampling as well 
as from geological results;

A. laboratory testing of samples to determine the mineral con
tent, to identify radioactive minerals;

5. reccomendation on the basis of the obtained results for 
further work.

The Huu i i Lnn iun count can ho <iivl<Wr. lulu tlinm pu i tu: mu' t h o r n  - 
from houadhibou to Kac Timirist, central - from i as Viinii ist to 
Wouakcuott1 and southern -from Nouakchott to Senegal iiver.The nort
hern par t was believed to be negative on a. basis of previous French 
prospection,and out of the two remainder ones.The contrai one was 
selected as the most promising because most of black sands occurences 
concentrate here.Geophysical survey began with methodological inve
stigations which confirmed the applicability of the radiometric method 
and ratfrer dubious usefulness of the magnetic method.The semi detailed 
radiometric and magnetic survey over the whole central area enabled to 
select,two regions with highest radiometric anomalies, for a detailed 
geophysical prospecting:Jreida and Tanit-Blaouakh.Aô the magnetic in
vestigations were negative,the detailed survey concluded the radio- 
metric method only.As a result contour maps of the investiguteo areas 
were obtained.

0
-They served as a basis for the selection of three areas for1 drilling: 
.Jreida,Blaouakh and Tanit.The geophysical and drilling data snow tiiat 
in area the black sands form a narrow,less than 100 m wide band 
locally exceeding 100 m.Very exceptionelly does its thickness exceed 
1 m and its mean heavy minerals content is about
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The proven serves of these areas are in consequence loq and they 
total accordingly :3 83?, 5 242 and 4 020 tons of heavy mineials.The 
resources of the 6o km long coast total 370 859 tons calculated on 
the basis of isorad maps,The investigated deposits are of no indu
strial value, because of their small tonnage.
The laboratory testing of about 1 300 samples has pointed out,that 
the heavy fi action consists ofrrutile /2б,54/,iimenite /22,54/, 
garnets /11,8b/,zircon /1U,2/./,epidote /74/ and other neavy mineials 
/22//.The radioactive minerals areszircon,epidote,monazito and 

dr a Led i • ( n oxides.The coefficient of cOirelation between field 
radiometric measurements and heavy mineials content is О.ЗоО.
The analysis of data and conditions of black sands formation suggest 
that the investigated central part is negative because of a strong 
erosion of the coast in this area.Conditions more favourable to black 
sands concentration are to be expected in the southern part.
A tentative programme for geological prospection of the southern 
part is given.The pros£ec£Lon compaign is planned for 15 months 
at a cost about 480 000#.

0
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A. Introduction

After wining the international tender for Project MAU 79/ 
005»entitled "Study on Industrialization^of Black Sands", 

Phase II”,P0L3&PVICE,Foreign Trade Enter prise was entrusted with 
its execution under contract No 3G/1A7 dated April 2,1981.
The Project was contracted for by the United Nations Industrial deve
lopment Organization,Vienna.
POLSEPVICS as the contractor charged the Polish Geological Institute, 
acting through the intermediary of a specialized agency GKOPOL - Enter
prise for Oeological Service Abroad,with the direct execution of the 
Project.
According to the contract stipulations Société Nationale Industrielle 
et ¡ü"ière /SHIM/ was to be the Mauritanian conter part organization 
of the Polish team,it was however,replaced in August 1931,when the 
operations were already under way in Kauritania-by tire Office i‘auri- 
taniae deç Recherches Géologiques head quartered in.Nouakchott.

I
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B. 1 Geneial Information about the Project

3.1. Background Information

It is a well known fact,that along tpe west Afi ican coast 
fiora Mauritania in the North to as far as Nigeria in the South exist 
concentration of beach black sands containing heavy minerals.
These sands in some places form deposits vieble for mining.In some 
best African countries /as in Senegal/ the black sands were mined.
T*e existence of black sands on the Uauritanian coast has been esta
blished by geological prospecting of babiovsky Alon,Vogt,l‘ebiard 
/see details in paragraph '*.2./.Tho information contained in report 
from those investigations however was in sufficient to assors the 
viability of the mining operations.
In 1!JY> for tiiis purpose an exploratory mission by UNIDO s specialists 

4invited by Mauritanian authorities was completed /Marshall and Ssakal 
a !  J 1f>Viv .That mission reccomended:

a. systematic prospection with a view to finding out above the 
location and geometry of the deposits and to estimate the 

t reserves contained in 4'.see;
b. systematic sampling to provide sterting material for laboiatory 
. testing for the purpose of:

1. assesing the Value and saleability of the^nineralsj
2, pevisirtg an ore concentiation technology ana preparing 

a conceptual design for a concentraing plant; #
c. the preparation of a techno-economic feasibility to serve as a 

basis for decission making concerning the belting up of a 
mining and ore co:.centration operation.

The Mauritanian mining corporation SKIM performed independently preliT 
Binary geological and geophysical prospection of the black sands 
/Zagortcliev,KralevfKatewski ,1978/ and commisionod tne British firm 
1.8 Atkins and Partners to test the samples taken /Marshal 1,1978/•
UNIDO reckoned that these last-named documents could be legaided as an 
ending .of the preliminary prospecting /Phase I/,but that Ppase II 
or follow-up stage of geological investigations was still needed 
to procedure all the information required for a viability assesment 

' /Balkay 1978/.



Ain of the ProjectB.2.

As the result of UNlLO's follow-up mission to Mauritania 
in order to discuss both the Phase I and the prospective Phase II 
the following Terms of heference for the latter one has been agreed 
upon /see Annex A/:

Long-term aims_:

1 . to clarify whether the heavy mineial sand of the 
Mauritanian littoral provide a basis for an economicaly 
viable mining ¡and ore-dressing /concentration/ operatio
ns;

2. in the case of positive geological findings to pro
ceed to the accquisition of information sufficient 
to ueteimine the technical and economic feasibility 
of a mining-cum-dressing operation;

3. in the positive case.to increase the export potten- 
tial of the country by the woi king of mineral re
sources pottential which have not so far been utili
zed, through the setting up of a mining operation 
and the construction of an ore dressing plant.

Immediate
1.
2.

'i.
5.

aims:
recovery of samples and documents produced by previo
us work,as fai as feasible;
follow-up /definitive/ testing of the geophgical me
thods of prospecting for heavy beach sand deposite, 
tentavinely tested during Phase I work; 
follow-up drilling and sampling in those parts of the 
Mauritanian littoral that are most promissing of indu
strial viebi'lity;
laboratory testing of the samples taken under $ / \  

reporting.

The scope of contracting services are presented in detail in the 
Terms of inferences /see Appendix A/.
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B.3. The Time-table of the Project
n. —  n i »  ■  ■  I ■ i » i n w  ■ ■ ■■. ■ ll■ ■ ll■м■ i— iw  —  >

The start-up of Project MAU 79/005 was delayed repeatedly due
to an additional order by UNIDO'for tlie drill sampling of the copper\
ore flotation tailings at Akjoujt /under a separate project MAU 80/009/. 
Fo)lowing the wish of the Mauritanian party,the latter project was 
executed first,this entailed changes in organization.Finally the de- 
cission was taken to start the operations under Project MAU 79/005 
on May1,1981.The Polish team arrivée m  Nouakchott on April 18,1981, 
according to schedule, and after installing themselves,set about stu
dying the archival papers on the previous exploration of black sanas in 
the Mauritanian coast.The drilling,geophysical,laboratory and camping 
equipment shipped from Poland arrived in Nouakchott via l/aKar on May 12, 
19 8 1.The geopnysical copmaign was initiated with no delay,it lasted up 
to August 1,1981.An interim report on the geophysical prospering 
was deliver ed on August 15,1981 to UNDP Nouakchott,! epresentmg uNHO.
The areas envisaged for drilling were singled out on the Dasis 01 ra
dioactivity surveys.After the geophysical compaign, the original oore- 
Iiole sitting concept contained in the Terms of Reference was aboncloned 
am: a new drilling concept was accepted by dr.Balmt Kali:ay,the UNIDO 
consultant responsible for the Project during one of nis field visits.
The drilling compaign was started on September 7,1981 and accomplished 
on schedule on December 12,1981.Laboratory work on the borehole 
samplies was taking place at the same time in the Daboratory ofhered 
for this purpose by the Office Mauritanien des Recherches Géologiques. • 
Although the Laboiatory was well equiped /with.local equipment ann equ
ipment brought by the team/ it was impossible to accomplisn the abovô- 
mentioned work in Nouakchott as the helping staff from OH G was small 
in number and the volume of work fairly large,Aceordinghly the deci- 
ssion was readied to send the samples to Poland for further tretmont.
They were sent by plane on December -15» ̂ 981 and a u itfed in Poland 
as late as Febiuary 25,1982.During the debiiefing of the team manage!' 
of ^roject MAU 79/005 "April 2,1981/ UNIDO gave its acceptance for 
sending the sampj.es to Poland and an agreement was reached on the 
further course of wo’3k and a new data was fixed for the delivery of 
;the Final Report. .



The Polish team.Persons co-operating on behalf of UNIDOB.4.

and Mauritanian conterpart personnel.

The Polisl team consisted of’the following peisons:

Name Specjalization Time on Project
Mr .Andrzej Ostromecki, Ph.D. -Geologist,Head of the Team,l8Apiil-l8Dec.8l. 
Mr-Taueusz Smakowski,Ing.-Mineralogist . Api .18-1 ec.12.81
Hr.iyszard Strzelecki,B.A.-Geologist Gept.15-Dec,15.81
Mr.otanisfaw bybianiec,Ph.D.-Geo-pi ysicist Apiv?9 -Aug.12,81
Mr.Dobroslaw Klimczyk,Ph.D. -drilling Ing.,Head of drill crew,

Sept.9-Dec.12,81.

j The division of tasks was the following:
- Hr.Andrzej OSThOKSCKI was responsible on benalf of the Contractor

for the whole Project,control and efficient progress of operat
ions,he also participated,moreover in the geophysical com- 
paign;

- Mr.Taduesz Smakowski directed the laboratory work and also parti
cipated in the geophysical^ copaign; v

- Hr.I yszard Strzelecki provided geological control of ofillings and
drill samplings; «>

- Mr.Stanislaw Wybraniec was responsible for the geophysical com-
paign;

- Mr.Dobroslaw Kliinczyk supervised the drilling as direct manager of
the Mauritanian drill crew.

In the period of implementing Project Mau 79/005 Mr.Ldward
C.Vihite was Resident Representative of UNDP on behalf of UNIL0,he was 
assisted by Mr.Michel Gautier and Mr.David Drake.Junior Project Officer 
who was responsible fox the project.The above mentioned gentlemen brou
ght a great contibuteu greaths to the efficient perfoimance of the 
Project.They always approached the pr oblems the Polish team was faced- 
with greatest concern and spared no efforts in order to expedite the 
operations,V/ords of deep recognition are due to them from the Project 
executors.Dr.Balint Balkay,as UNIDO consultant was responsible for
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the coincidence of the operations with the assumptions of the Pro
ject.He came twice to Mauritania during the period of exploration.¡¡is 
expert advice was of great help to the Polish team.
As it has already been mentioned,¿Société Nationale Industrielle et 
Minière /GHIM/ was the first Mauritanian conterpart O; ganization for the 
Project:it was later replaced by Office ¡'»aui itanien des líéchérches 
Géologiques /OHI G/.The original conterpart person of the Polish team 
on behalf of JllIM was Hi .¿Simon Oksengorn.lie was later i eplaced by 
nr.Hussein Ould Ji« dou.Mr.Sidi Mohammed o'iileyoud,technical assistent, 
the urivers,mechanics and drillmen co-operated with the loam oirecIly
in the field.SKIM brought a great contribution to the work on the 
Project.Despite the changes in organization and déplacements,GN1M 
to the best of itspossibilities,provided the off-highway vehicles, 
workshops,storage and office premises as well as drivers,mechanics, 
drill-men. and labourers.
OMKG became the Mauritanian conterpart organization as of August 19 8 1. 
Its Di.ectoi General,Mr.Cheikouna Camara,greatly interested in the 
works progress used to visit the drilling operations on the spot. 
Mr.Abdourahmane N^Djaje was responsible for the Project on behalf 
of OMKG .he gave friendly help throughout as concerned both field 
operations and laboratory work.The provision of a big^nd well- 
equiped laboxatory was an important contribution by OHI G.However itself 
being in the development phase,OHI G did not have the specialized la- 
boiatory staff indispensable for the Project:this is why it became 
necessary,in the final phase to send the drill samples to Poland 
fox fûrther treatment.

t
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C. Black sands of the Mauritanian littoral- geology.history

and plan of the geological investigations.

C.1. Outline of the (¿uateinary Geology on the Mauritanian Coast

The biggest structural unit in Western Mauritania is the 
littoral basin adjourning the Atlantic Ocean.lt is filled up with 
Tertary and -¿uateinary sediments.The youngest Tertiaiy /Mioce.re-Plio- 
cene/ is a continental series known as the Continental Teiminrl.lt repo' 
ses on marine sediments,either Eocene and Iiiocene.lt is overlain by 
Plio- lower Pleistocene sediments /tafaritian/.In places,however, 
the Tertiary does not appeal and the Tafaritian sediments repose di
rectly on a crystalline basement.
The middle and higher Pleistocene is mane up of limestones /Ajoujian/ 
and sandstones /Aguerguerian/.The first are open-sea sediments coire-, 
sponding to a moderate transgression,the second are littoial.
Above them,the Trarzian corresponds to a dry period with uune forma
tions inserted between the maiine and lacustine sediments.The next 
transgression took place in the Inchirian /some j>0 000 BP/.A bay
formed in a region of Nouakchott, penetrating 150 km inland.

0The youngest Pleistocene is represented by the Ogolian dunes /20 000 
15 000 BP/,It includes the big belts of tne Amoukr ouz,Akchar dunes, 
and Azefal dunes.
The younger (¿uate: nary /Holocene/ is subdivided into three episodes:

1 - Tchadian /11 000 - 7 000 years BP/;
- Houakchottian / 7 000 - A 000 years BP/;
- Tafolian / A 000 - 2 000 years BP.

The Tchadian is the period of the last deglaciation.lt made the sea 
level rise gradually.About 11 000 years BP it lay 50 m below the re
cent one,by the end of the Tchadian / 7 000 yeais BP/ it had risen 
by 50 m to 15 m.'i’he littoral topography significantly difi’e; ed from 
tne present one.The region of today's sebkna subsided somewhat.The 
ocean level was rising continuously over the Nouakchottian 'period.
The inter-upne strips were gradually indundated, The Baint Jean Bay 
and the sebkha of Tenioubrar were formed.The biggest bay came to 
exist in the broad corridor of Inchiri: it spread 90 km inland.
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The transgression reached its maximum 5 000 years BP.Towards the 
c A  of the Nouakchottian,the shore line was much more complicated than 
it is today.lt was sculptured by two factors: the belts of the Ogoliar* 
dunes /HE-SW/ and the transgression which filled up the inter-dune 
depiessions,forming a number of bays.The lagoon N bhamcha next to 
Nouakchott was the biggest of those.
Some A 200 years BP a littoral cur: ent,i unning North-Eouth arose a 
sand bar which closed off the Nouakchottian lagoons and bays,separating 
thorn from the sea.In this way,the Tafolian sand beach was formed, north
ward of Cap Timiris. Further north along the coast,the shallow Aiguin 
bank inhibited the accumulative action of the current .
Deposition out of the littoral cur.ent coincided with a new transgre
ssion on to the Houakoiiot tinn cuast.
The recent sandy beach with its deposits of black sands is a relative
ly young phenomenon.The black sands accumulated in the Tafolian sandy 
beach which was closing off the Nouakchottian intra-dune bays its narrow 
belt.

4
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C.2. Previous prospecting of black sands in the Mauritanian Coast

The prospecting of black sands on the Mauritanian coast began 
in the post-wai period.All the explorers pointed out that both beach 
and dune deposits exist there.however,prospecting was carried out 
without the systematic application of geophysical methods,and sample 
taking did not go below the groundwater level.
According to Blanchot /19^7/ the deposits of the recent beach are 
of minor importance because of their small size and changing cha?ac
tor*
The dune uoposits are of considerably greater interst.Blanchot iden
tified several areas of comparatively well miner ali.,od dunes :

- Legouichiciii;
- Cl Msid;
- hi mansour.

A rnucn more detailed investigation was carried out in 'Ippii by i abrow- 
sky.he was the first to propose and carry out tire concept of p: expe
cting the old beaches. He distinguished several mineralized sectors 
in the recent beaches , as follows:

- the Coppolani /Jreida/ sector-;
- the sector nortward of the wreck of the ship."Montesquieu";
- the Blaouakh-Tanit sector; .
- the Tanit bector-;
- the sector soutward of Tioulit;
- the Tioulit sector-;
- tire sector between Tioulit and Zrdif /Iraif/.

All the sectors are between Nouakchott and Cap Timiris.
As concerns tho dune deposits,Blanchot considered the following to 
be promising?

- the El Ms id dune;
- the Balise Marie dunes;
- tho dunes of hi Mansour-Ferrat.

According to Blanchot,old beaches of noteworthy mineralization occur
Iin the following jegions:
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- at Nwanghar /Nouamghar/j
- at Tikattan /21 Mhaijrat/;
- nortward of Tioulit;
- at Coppolani /Jrcida/.

however,they are major of not practical value.
In 1959 exploration on the 14Auritanian coast was continued by Allon. 
he concentrated on the section northward of Cap Timiris,mainly on the 
fossil beaches.According to him,those occupy a belt of a 3-5 km width 
inland i’tom the shoreline.In .1958-1959 & major prospecting compaign 
wun carried out by the Burau Minier do la Franco d'Outre Her -AOF.
It concont.ruted on the northern part of the Mauritanian coast mainly 
on the old beaches. 2789 pits and iy*- hand-drillings were made,all of4
them to the depth of groundwater.The compaign proved 120 000 t of 
ilmenite,60 000 t of magnetite and 80 000 t of epidote plus garnet.
In the same period /ebrard investigated the coastal Quaternary 
as to stratigraphy and paleogeography,without excluding however, 
the1 problem of black sands.
In 1975»3lanchot reviewed the problem of ilmonite sand deposit,sum- 
raing up all tho work executed to that date.According to him, *¡10 whole 
Mauritanian coast conatin 5 862 000 of mineralized sand with an 
average ilmenite content of 5-6 ’per cent,which gives ^20 000 t of 
ilmenite.

#

In 1975 the coast was visited by J.2.F. Marshall working for UNIDO 
vi o took a number of samples between Jieida and the of the "Montes- 
quieu"wreck,Those samples were,in turn,investigated by the company 
VIC Atkins and Fartnes,Their work include tests on the feasibility of 
concentration particular mineral fractions.
The detailed investigations by I,S.^agortchev,G.K,Kralew and I.G. ^ate- 
vski /1978/ is the most recent work on the Mauritanian beach sands. 
According to the above mentioned authors,there are concentrations 
in recent beaches,old beaches and dunes along the Mauritanian coast. 
Concentrations in the recent boac’ie3 occur above all,in the inter-tidal 
zone and in the storm beach zone.In the southern coast section /frora 
the Genogalese border up to Cap Timiris/ mineralization is largely no
rthward of Nouakchott.The most important occurances in this section
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are as follows:
- HI Mnnuour;
- Jroida; '
- tlio wreck "Montosquieu".

The above montionod authors givo the other occurrences after Blan
chot.as follows: *

- the Billaouach /Blaouakh/ -Tanit sector; .
- the Tanit sector;
- the sector of El Maid;
- tho sector of Tioulit.

Tiio authors state the occurrences in the recent beaches to be of 
minor importance and put the total /in them at resei ves/ j>37 000 in-'* 
of mineralized sand in the section between Nouakchott and Cap Timiris, 
which corresponds to , 50 000 t of ilmenite.
The old beaches occur always at a certain distance from the recent 
shore line.Mineralization is rather scarce here.It is comparatively 
most abundant in the sectors:

- Tikattan /El Mhaijrat/;
- Tioulit;
- Jreida.

Its distance is 50-300 m from the recent beach.The resc&rces in the 
southern section /from the Senegalese bordes up to the Cap Timiris/ 
amount,together with the resources in the recent beaches,to 30 OuO 

* -50 000 t of ilmenite,The northern section /from Cap Timiris up to 
tho Western Sahara/ border/ contains 120 000 t of iImenit~ in the 
old beaches.
The concentrations in uunes are given after the earlier authors as 
follows:

- the Begouichichi dunes
- the El Mansour dunes
- the Balise Maiie dunes
- the El Msid dunes
- the Ferrât dunes
- the Agneitir and Akchar dunes

15 000 t of ilmenite; 
?

4- 000 t of ilmenite; 
178 000 t of ilmenite; 

?
7

As concerns minerals quality in the Mauritanian beach sands Zagor-
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tchev,Kraiev and Katevski empasize,that other minerals in addition 
to ilrnenite should also be taken into consideration.The over 
supply of ilrnenite in the world market would not permit of a pro
fitable exploitation.According to Marshall /1975/ too more attention 
should be focused on zircon and monazite.

C.3. Selection of the Area for Proscpection * 1

The area for prospection has been selected on site in 
Mauritania in accord with the Terms of Refernece.Ar the Teims of 
Refej ence strictly limited both the time /as in the case of geo
physical survey/ and volume /as for drilling and laboratory measu
rements/ of the investigations,it was clear that contractor should 
select such a portion of Mauritanian coast whici could be surveyed 
by geophysical methods in the pre-deteririined three-months carnpa- 
ign.

The prospoction a/ea has been selected on tho basis of
the results of prevoius prospection done toy Vogt,babrov:sky,AJ.lou,Dlanchot
Zagortchev et al./see par.C,2/.They revealed thattheie are many heavy
minerals occurences along the coast between Cap Blanc and Senegal

$

River in beach black sands as well as in dune black sands.
In the morphological and. geological sense the Maurita

nian coast can be divided into three parts:
1, northern,between Nouadhibou and has Timirist;
2, central,between has Timirist and Nouakchott \

3, southern,between Nouakchott and Senegal River estuary.
The northern part lias been investigated rather thoroughly by Allou 
/see par.C.2/.The results were not encouraging.This region is accessi
ble practically only from Nouadhibou and by sea.The greatest num
ber of the black sands occurehces is known from the central part
of Mauritanian littoral,especially from that between El Msid and 
Jreida.In the southern part up till now only the beach and aune 
black sands concentrations in the region of Leguichichi- are 
known*



In the process of the area selection we have also taken into 
account suggstions from geologists from SWIM during a field 1 eco- 
nnaisance along the Tared coastline between Noaukchott and El 
Hsid.They also believed that this part of the coast is most pro
spective.

iiebrarû/1973/ had other opinion on that part of the
coast:
"So between Timiris and Nouakchott only deposits of neavy mine
rals reworked by sea and wind and°minor importance have been pie- 
served".

So, in the .onef, the following fac tors were decisive 
in the selection of the central part of the Huantanian littoral 
for investigations:
j a. time intended for geophysical compaign / mentis/ was

too short for survey of whole prospective area /central 
and southern parts/.it was possible to cover only about 
I60 km of coastline;

b. the selected central part has the gieatest number of known
i black sands occurences;

c. acco.- dipg to Blanchot/fig.1/ tl e ilmenite- reserves for 
the central part /, as Timirist-Nouakchott/ are 260 6ü0 
tons,as compared to 120 000 tons in noi them & part
/Uouadhibou-Ras Timirist/ and only 70.500 tons in 
southern part /Nouakchott-Senegal hiver/; ,

d. the analysis of air photos revealed the existence of 
several generations of sand barriers in this part/we

, had not the possibility to see the air photos from the 
southern part/ as a possible site for the heavy minerals 
accumulation;

e. the central part is of a rather easy access which was 
very important considering the drilling compaign fore
seen for the 5-months period only;

* f, according to geologists from bNIM,tho most prospective 
area was also the central part /especially Jieida-El 

Msid area/.
The selected part of the coast between Nouakchott and Has Timirist
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is not homogenous.lt coul<i be divided into two reaci essNouakchott- 
Tioulit and Tioulit -rlas Timirist.In the first reach the littoral 
sand barrier encloses from the West a spacious depression brhauicha 
a sea bay turned into a lake and subsequently,into a sebkha.The 
dune systems of Akcliar ana Agueitir reach the ocean in the Li.toral 
reach between Tioulit and has Timiiist.The two dune systems arei
separated by the sebkha of Teniobrar.

Tie littoral reach between Nouakchott and Tioulit con
sists of two parts.The first one up to El J-lsid is called 'fared.
The beach formations form a broador zone and aerial photos indi- 
cate the existence of several generations of beach sand banks.it was 
a section of greatest interst because it has the highest concen
trations of black sands in both beacnes and dunes.The second part 
situated between El Msid and Tioulit is called Allaqui.Its sand 
bariier is fairly narrow and the sebkha almost reach the sea.Tkis 
section is of minor interest.

The section between Tioulit and has Timirist is of minor 
interest too,because the greater part of it is covered by the dunes 
of Akchar and Aqueitirr. v

0

I



Geophysical Prospection

Aims of the Geophysical Prospection

According to the terms of reference /see Annex A/ the aim 
of geophysical work were as follows:

1 . definitive testing of geophysical methods i.e. radiometry 
and raagnetometry for heavy beach sand deposits prospe
cting;

2. performing a detailed radiometry and magnotomotry survey 
of h or promising deposits and by surt'aco sampling
to establish a correlation between radiometry readings 
and mineralization, in positive case 9f run a geophysical 
survey of the promising sections of the Mauritanian li
ttoral;

j). to perform experimental runs with a radiometer and /or 
a magnetometer carried in boat,in order to find out whe
ther offshore concentrations of heavy minerals *in shoal 
water can be identified in this way.

D.2, Programme of Geophysical Prospection ^

The scope and methodology of geophysical prospecting 
were lift flexible,in the Tei ms of Reference.Both radiometric 
ano magnetic methods were to be applied.lt was difficult to fore- 
'see the geophysical conditions in the area under consideration. 
Infomation accesible in Poland and the Biteiature sou:ces gave 
anly assurance that for investigating the black sands only the 
radiometric and magnetic methods could be useful.General theore
tical considerations implied that the usefulness of the magnetic 
methoo can be minonmagnetized bodies elongated N-3 in the re
gions close to the equator give anomalies only at the ends 6f 
tne bodies,and suci anomalies are irrelevant to the distribution 
of mineralization in the interrioi of the bodies,Detailed plan
ning of work was therefore adjurned until more exhaustive data

D.

D.1.



could be had on the spot in Mauritania.At Nouakchott the geological 
documents on the black sands revealed an almost complete lack of 
pertinent geophysical data.The only information was found in a docu
ment prepared by Bulgarian geologists and geophysists /Zagortchev 
et al.,1976/ concerning their measurements of the radioactivity of the 
black sands botJ1 in the field and on laboratory samples.They confir
med the distinctive radioactivity of the black sands.They made »
point measurements only in the field and some measurements on sam- 

. pies.The above mentioned document gave nc graphic annexes whicn could 
illustrate the results of the geophysical measurements2 it contained 
only numerical information in the text and tables.As far as the ma
gnetic method is concerned,the Bulgarian authors had a negative 
opinion on its applicability to the prospection of black sands.
However,they did not quote concrete data to confirm their state
ment.

An important information about the applicability of tire 
magnetic method is contained in the document about mineralogy of 
the black sands /Ma;siali ,l978/.The mineralogical investigations 
of samples from the coast between Pas Timirist and Legouichichi 
1 evoaled,that the content of ferromagntic fraction in in all inve
stigated samples /i.e. the magnetite/ is very low:at the most it 
does not exceed h% of the sample with 65/-> of heavy fraction.As a rule 
it is under %'o of the whole sample and in many cases/especially 
from the southern part of the Mauritanian coast/thei e were only 
traces of the magnetite.This was a prove that the magnetic suS- 

' ceptiblility of the bl- k sands must be very low,It was an additio
nal factor and as a consequence against the usefulness of magne- 
thic method.Never tireless the decission was taken that experimental 
methodology works should be undertaken,in the accord with the 
terms of !eference in order to select the appropriate method of 
prospection.

After selecting thè section of the Mauritanian coast to 
be investigated /see paragraph 6.3./ a programme of the geophysi
cal compaign has been prepared and accepted both by UNDP and 
Mauritanian connterpart organization SNIM: three phases of survey
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has been envisaged:
1. experimental reconnaissance in a beach deposit in order to

\

test both geophysical methods*, and to select profile and 
station spacing;

2. in positive case of work under 1, to run a seinidetai led survey 
of the coast between Nouakchott and has Tinriiist,with the

v profile spacing of 1 km to find the most prospective sectors;
3. to execute a detailed geophysical investigation in the selected 

prospective sectors,

D.3, Geophysical Methods and Instruments

D.3.1, ludiometry

The method consists in measurement of the gamma radiation 
of the ground i.e. the gamma radiation caused by decay of ladioacti- 
ve elements occuring in the ground,The:e exist many types of this 
method,including gamma radiometry in the strict sense i.e, the measu
rement of total gamma radiation, and gamma spectrometry,which in 
aduition to total radiation separately measures the radiation of 
the most common radioactive elements:uranium,potassium ant? thorium. 
These are the most generally used methods.

The field of gamma radiatipn includes also cosmic radiation • 
It is almost constant in time Jits diurnal variation amplitude usua
lly does not exceed 1.0-1,5%,its seasonal variation does not exceed 
5% /Kogan et al. 1976/,For this reason no special measurements for 
eliminating the cosmic radiation background were made.

The black sands contain zircon and monazite /Marshall,1978/, 
both of which include uranium and thorium.Dortman / 1976/ states, that 
monazite from granite contains 30 000 ppm thorium and' 1500 ppm 
uranium, zircon contains 666 ppm thorium and on the average 900 ppm 
uranium.The U/Th ratio is soen to be different in monazite and in 
zircon' i.e. the relative abundance of the two minerals in the rock 
can be estimated by means of gamma spedtrometry,if no other source 
of thorium and uranium is present in the rock.However,as was not in-
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eluded among the Polish team's tasks,the assumption was made in the 
first approximation that this ration was more or less the same in 
the whole area and that, in the case of the curvey the total radia
tion would reflect the aggregate content of those minerals in the black 
sanda.

Later on,the mineralogical study of the black sands,pre
sented in this report x-evealod that apart from zircon and monazite 
these axe other mineials containing uxanium and thorium namely epidote 
and hydiated iron oxides.Anyway the assumed good cox relation between, 
gamma radiation intensity and heavy mineials content has been cono- 
boxated by analysis of samples.The con elation coefficient between 
these two quantitites is 0.808 /see pai'agraph F.4.A./.

The gamma radiation of potassium is much lower than tnat 
of uxanium and thorium.The threshold of detection for potassium by 
gamma spectrometx íc methos is as high as 1 - 2.5/-J /Filippow,19?8/.
So only rocks containing mainly minex-als wits a high potassium content

✓
/as potassium salts,potasium feldspart etc/ can markedly influence 
the field of gamma radiation.lt is clear then,tnat in our case the 1 ole 
of iaUj.oactive potassium is negligible,because its main source 
are the sea water containing only O.Uyj>% of potassium /Kogan al.,
1976/ and salts in sands /about 1.9, / contain about 0.19/- of pota
ssium.Bot these values are well below the threshould of xadiomet-

0
iic detection for potassium.

This fact can be clearly seen on the graphs of radiometiic 
profiles,where the lowest values of gamma radiation axe in the westexn- 
rnost parts of profiles,on the sea edge washed by sea wate: .

llamma radiation is damped by the medium that it txavexses: 
so, the depth of penetration of the method is mooeiate /up to 1 m/.
Tnis is the weak spot of the xadiometric method as compared with 
othex geophysical methods.But as thici.ness of the black sands depo
sits rarely exceeds 1 m and the covering sands are usually less 
than 0.5 m thick/Lmixnov,1982/,this weak spot of xadiometry is 
negligible for our purpose.

Lcintillometex s are used nowadays as sonsoi’s in the ma
jority of the gamma radiation meteis.^n them,the gamma quantum passes
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through a crystal of KaJ doped with gallium:its passage provokes 
a flash of light.The flasnes are amplified and counted over a freely 
selected peiiod of time.Two instruments of Canadian make /rixplora- 
nium Company/ were used:

1. a scintillometer type Gi! -101 A witli dial- and needle readout
2. a gamma spectrometer type DIGA - )00 with diagonal readout. 

The second one was borrowed from GN'LM and was ucou only in detailed 
prospecting.Noth wore calibrated in counts pur second /ops/, but
as their crystals are of different size-tnose units did not coin- ■. 
cide.In order to obtain compatible uniform results the following 
procedure was applied: because only the GK-101 A radiometer was 
used in both the preliminary ana semi-dotalled survey,its calibration 
wan accepted as the basic one.In oroor to reuucc the hi,¡A - jOO's 
unij, to the unit of the GR - 101 Afon every day of work.one profile 
was measured with both instruments.Those measurements served as 
basis for the detezmination of a conversion coefficient which was 
used for converting the DISA -800 measurements into Gi: 101 A units. 
As the spectrometers are generally not stable the conversion coeffi- 
cient oscillated from one day to another within certain limits.

D.3.2. Magnetic method ^
* i ............

This method makes use of the natural magnetic field of tire 
earth,a vector field which is composed of the Earth's field a3 that 
of one big magnet,of fields from local magnetized geological bodies, 
regarded as smaller magnets and of a variable field created by 
solar radiation in the ionosphere.The Earth's field is weaker in the 
equatoiail regions and stronger in the circumpolar regions.lt amounts 
to about y f 000 nano Tesla /gamma/ in the region surveyed as compa
red to A6 000 nano Tesla in Central Europe.

The variable component ajurnal variations is weakest at 
night,and strongest in the noon hours.Its amplitude in Mauritania 
is some >0 nanoTesla.In the field operations the influence of this 
variable component can be eliminated by repeated measurements at 
the same points when using one magnetometer only,or by recording- 
diurnal variations at a base point by moans of one Magnetometer,and 
making field measurements by means of another one.

Geological bodies, with an increased magnetic susceptibility 
/i.e.magnetizability/ magnetize themselves in the magnetic field of 
the Earth

X



**■ •

and generate their own magnetic field which is called the anoma- . ... 
lous field or simply the anomaly.The anomaly of a body depends 
of its magnetic susceptibility,its dimensions,its position in 
space and on the position of the Earth's field vector.

The magnetic susceptibility of a rock depends on the 
susceptibility of the minerals combained in it.As the highest sus
ceptibility is that of magnetic,amounting to 700 000 - 2 000 000 . 
10”^ cgs units,the susceptibility of a rock depends mainly on its 
magnetite content,As mentioned before in the black sanus the ma
gnetite content is very low,and another magnetite mineral - ilme- 
nite,t e other common in the black sands has the susceptibility 
well under 100 . 10-^ cgs units so overall magnetic susceptibility 
of the beach sands had been foreseen as quite low and unfavorable 
to magnetic prospect ion.Magnetometers measuring the total intensity 
of the magnetic field /vector modulus/ are most often used in modern 
surveying.Such a mugnetometer was used for the prospecting under 
consioeration too: type PMP — '1 ,portable the proton magnetometer 
/gamma/ accuracy of 1 NanoTesla , a product of the Experimental hoiks 
of the Polish Academy of Science.The leadings of the instrument are 
displayed in digital form.The measuring sensor was placed at a fixed 
above-ground weight of 1.5 m.
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D./t. Methodological Research
D.h.1. Aim and Methods of * esearch

The aim of methodological research was to determine the
t
usefulness of both methods for the evaluation of neavy minerals 
concentrations in the neavy black sanos and to identify tne best 
station and profile spacings.This work was carried out,according to 
-the programme,in the region of J: eida.Because the r esults of the 
magnetic survey were negative,- additional work was done on a duno 
in the ¿1 Iisid region.The area of research in the region of Jreida 
was at the hydrographic marker /CO -3/ 27 km north of Nouakchott and 
j  km nort of Jreida.Both radiometric and magnetic measurements were 
made on 8 profiles with a station spacing of 5 m and a profile spa
cing of 50 m.
In the region of El Msid the area of the selected dune was mapped



on a 10 x 10 m grid by both the radiometric and the magnetic method. 
Diurnal magnetic changes were eliminated by repeating measurements 
at the base points,

D.4.2. Resu.'ts

In the region of Jreida radioraetry measurement revealed 
the increased gamma radlaton in the recent beach as well as in tho 
storm beach.The profiles traversed the beac formations from the 
ocean waters edge to the older sanu barrier format ions.The inter
tidal zone was completely stei ile with the radiation at ten or a 
dozen counts per second /cps/: this is probably the cosmic backgiound 
only.Inland of the recent beach there is a narrow anomalous zone coru- 
nected with the storm beach.i adiation amounts here to 30-1 50 ci>s.To
wards the sebkha,the anomaly gradually decreases: tuo radiation out
side the storm beach is 15-20 cps.The analysis of the measurements 
showed that a station spacing of 5 m is sufficient for detailed inve
stigation and that tho profile spacing can be increased to 100 m.
A 25-meter station spacing was founu appropriate for the semi-detailed 
prospecting of the storm beach.

iViagnetometry /fig. 5/ revealed no anomalies correlating 
with the radiometr ic ones».T.ie accuracy of mapping assured the detection 
of anomalies with an amplitude of 2 nanoTesla.Only a few very low 
anomalies with an amplitude of 2 nenoTesla were registered.Even these 
did not correlate from one profile to another,The magnetic method 
appeared to be inappropriate for the investigate of such concen
trations of black sands as occur in the region of Jreida,
In order to find out if the magnetic method is useful in the case of 
higher concentrations of heavy minerals,the decission was maoe to 
perform experimental investigations also on a dune in the region of 
El 3sid.
A dune next to t e ocean shore Was selected for this investigation.
Its grey colour indicated a hig.. concentration of heavy minerals.
This fact was confirmed by radiometry which revealed anomalies 
whose shape matched the dune outline /fig.4/ with radiation values 
up to A80 cps.
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An anomaly connected with the storm beach1 concentration was uisccve- 
rea in addition.The magnetic results are presented in fig.5.
The obtained anomaly was weak,wit positive values in the southern 
part of the dune and negative values in its no? them part.Ti e shape 
of this anomaly is analogous to that of a sphere under oblique magne
tization /Brainer,1973/.This conformable to expectations,as the shape 
of the dune can be compared to a sphere in the first approximation.
The described anomaly is fairly weak,about 10 nanoTesla at both 
ends of the uune.On the assumption that the concentration of heavy 
minerals is uniform in the whole dune values,the magnetic suscepti
bility of the dune sand can be estimated from the magnitude of the 
anomaly at 30 * ho ^ cgs units approximatively, a fairly low value. 
Accoiding to this estimate the magnetite content of the sands should 
be very low /less than 0.C1 /./ and the susceptibility of the other 
minerals,mainly of the ilmenite,should be weak.

D.A.3. Conclusions

' Methodological research has revealed the usefuliness of the
radiometric method in ̂ determining tno concentrations of heavy minerals
in the sands.On the other hand the usefulness of the magnetic method
is very doubtful because the magnetic susceptibility of the black sands

—6is very low,about 30 . 10* cgs unite,resulting from a low content of
X ^the ferro-magnetic minerals.

The low magnetic susceptibility of uune sands results from a low 
ilmenite susceptibility and a very low magnetic content.The investi
gation revealed that the station spacing of 3 m is appropraite in 
the case of a profile spacing 100 m.

pure ilmenite is oiamagnetic,i.e.its susceptibility is practically 
zero.However ilmenite forms a series of mix crystals with hematite 
which,in its/turn has a magnetic susceptibility from 10 . 10* 
to 100 . 10" cgs units. '

I
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D.5. Semi - detailed survey between Nouakchott and has 'Timiris

D.5.1. Goals and methods of the survey

The goals of the semi-detailed survey was a geophysical 
investigation of the coast from Nouakchott up to the Gap of Timi
ris,with a view to selecting the most hopeful sections for detail
ed prospection.Profiles of E-U direction were spaced 5 km.The sta
tion spacing o£ the profile was 25 m.Despite the negative magnetic 
results of the methodological investigations in the region of 
Jreida and the poorish results, obtained on the N1 Ms id dune,the cie- 
cission was made,to apply magnetometry in aduition to rauiometry, 
never ti eless on the assumption that the magnetite content of black 
sands might bo greater in soino regions or that tro mineralised 
zone migi t be thicker.
Siting the profiles in the field was difficult because only the 
following mans were at our uisposa.1: scale 5: 200 000,.Sheet Nouak
chott,HE - 28 -XIV -XV and Sheet Nouamghar,NN - 28 -XX -XXI,.
Those maps were based on air photos taken in 195‘V.Ho further iiaci a set 
unfortunatelly incomplete,of those same air photos,as well as,for 
the Nouakchott sheer , a set of 1 : 50 000 scale-air photos taken 
in 5977.A confrontation of twe air photos with those of 5977 and 
with the actual situation in the field revealed that tne contours 
of the shore line had changed mainly as to the shape to tiio bays.
The shore line is very smooth,there are few landmarks which siow 
on the map on the air photos,The air photos were not very useful 
in profile siting.Instead,the following procedure was applied: 
profiles were localised every km as measured along tne beach by 
means of the kilometers counters of a Land rover.Tne profiles so 
sited were tied in to characteristc landmarks /villages,bays/ in 
the scale 5 ; 200 000 map.
Of 558 planned profiles 1V; were surveyed,Of the 5h remaining areas 
55 were situated in an evidently negative region,where the dunes 
of Agneitir and Akcltar reach the Ocean, theother 5 were on Gap 
Timiris,noi tii of Nonamghar.l'Le magnetic measurement aiming at 
the elimination of the diurnal fluctuations consisteu in a 
second measurement,at the first point of eveiy profile,after the



end of the profile's measurements.* educing all the measurements 
ofall the profiles to one and the same level was not found to 
be necessarytbecause it would have given no additional informa
tion- concenining the problem of black sands and it would have 
greatly complicated and prolonged the measurements.
The profiles were numered in such a way thvt the profile which 
included the mas t ox the Mauritanian radio station,some 6 km of 
Nouakchott /was marked as NO and the following as N1,N2 and so 
on, where the number designates tne number of kms to tne north 
of profile NO.The profile marked S 11 was south of the mast of 
^adio Mauritania.Three profiles in the region of Nouamghar have 
a separate numering.lt incxeases southward fxom p;ofile NoSO, 
which is situated some 3^0 km south of Noamghar.The profiles 
in the northern part of the area were surveyed out ox a base at 
j anit. which is situated at the altitude of prfile M 35»

D-.5.2. Nesults

The geophysical results are shown in detail in fig.Y- 
1d.In the Tared section,tne black sands are in the recent beach,in 
the storm beach and in dunes.The concentrations in the beacn axe 
relatively low in its southern part - profiles S1,1 16 with
xadiation anomalies of 6(1 cps,tuexe are highei dune concentration 
in the region of profiles SI .1 ,H‘>tN7|N'i;Mil6 with a rauiation anoma
lies of 7t) cps and even 2dG cps on N13.
The profile N13 of a lenght 1900 m was suxveyed to obtain infoina
tion on the existence of heavy mineials if any in the old sand 
bat i iexe more distant fx om the shore.The x'esults Were negative. 
Similar' negative results were obtained on the longer profiles 
N17,N19 and N21 and also from reconnaissance measui'ements taken 
from the vehicle several kilometers to tne north of the latter.
A richer beach concentration began on profile N18 /2 km south of 
Jxeida/.This concentration extends over 10 km ,up to N29.This 
concentration extends over 10 km,up to N 29.Its width is 
100-150 rn /profiles N2? and 28/ but it is fairly narrow in pla-* 
ces /profile N ?6/,The xauiojnetric anomalies attain 130 cps
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/profiles N23 and N25/ and even 2Ü0 cps in profile N29.The boach 
mineralisation tapers off beginning from profiles NjO up to N39 
/in the vicinity of the wreck of the "Montesquieu'’/.Radiation 
fluctuates the;e round AO cps on the storm beach and up to 80 cps 
on the recent beach /profile N33/.Beginning with the profile N40 
and especially N42, the mineralized zone starts to widen on the storm
beach,the concentration of black sands becomes more conspicuous

»

and radioactivity rises to between 60 and 80 cps.The zone begins 
to pinck out fi om profile N 52 /the Bay of Tanit/;however concen
trations of heavy minerals are fairly high in the'recent beach of 
that region /in profile N56/they give 310 cps/.
Profiles N36-N6I pass thiough the mineralized aunes of hi Msiu.
:adioactivity is fairly high /130-160 cps/.The region of Allagni 
/f; urn profile N62 up to profile N06/ is of no particular interost.
No major concentrations of black sands occur in the recent beach, 
excepting profile N62,As las already been mention*!,the storm beach 
is very narrow here, and the sebkha for mations read; almost to 
the recent beach.
The littoral reach from Tiouilit to has Timirist is also divided 
in two sections.The one between profile N86 and profile N 112 embra
cing the Akchar dune and the Teniobrar sebhka is not very promi
sing.There are increased concentrations in the recent beach,in 
profiles N99,N100 and N101 and moderate ones about 40 cps in the 
storm beach,in profiles N96 and N97.The extremelnorthern section 
near Nouamghar /profile NoSO to No29/ numbered north to south 
should also be considered negative.Radiation is very low /some 
10 cps and slight concentrations/ of black sands /30-40 cps/ are 
confined to the profiles N06 and No7 /region of Jraif/.

The literature mentions a deposit concentration in the 
old beach which,however did not show up in the radiometric survey. 
Because the ocean waves exert a strong erosive action in certain 
regions,it might be assumed that the deposit had been destroyed by 
it /the information on the éposit derives from 1958/.Such an 
explanation is however not very convincing.We p r o f f e r  to assume that 
this deposit was covered by a bed of sterile sand which is shiel-

f
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ding the radiation from the deposit.lt should be recalled that 
one - meter of overburden is sufficient to blanket the gamma radia
tion effectively.Other explanations may be that the bl.r . sands 
of the region are characterized by low radioactivity /not very 
probable/ or that a wide profile spacing the deposit fell between 
two profiles /fairly probable/.The diagrmas of fig.6 -13 show, 
that magnetom try gave negative results.Sporadic anomalies of 
ampliteudes of 2 - 3 nanoTesla gave no correlation with the ra
diometric anomalies.Profile N13 on the other hand gave distincti
ve anomalies of several nanoTesla were met.Their- shape suggests,how
ever that they were caused by lithological changes in sebhka sedi
ments.A modest anomaly on profile N33 resulted from the fact that 
this profile passed distance of 30 m fiom a shed housing the genara- 
tor providing current for Mendez Co’s house in Tanit.

D.5.3. Accuracy of the field survey

The accuracy of a field survey can be determined on the 
basis of check measurements.For tnis purpose,profile U21 was repated

on a segment of 27 station.The root-meau square error was calculated
,i i |

to be - j,34- cps for radiometry and - "I¿39 nanoTesla for magnet0- 
metry.The error is made up tof the measurement error^and the 
error of station location,The magnetic error implies that anomalies 
of 3 - A nanoTesla are already significant.
The error of radiometry + cps is a medium error and it
should be borne in mind that this error will decrease in case of 
low values of radiation and increase in the case of high values.
In the neadle-and -dial 1 ead-out,according to measured values we 
use one of several ranges of instrument.The higher the range the 
bigger- is the value of lowest detectable unit i.e. the lower abso
lute accuracy and vice versa.

D.5.4-. Conclusions

The sernidotailed survey was carried out according to the 
pre-set programme.The results confirmed that the magnetic method 
is not suited for the detection of zones enriched in heavy minerals.
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This is due to the low susceptibility of the heavy fraction to 
the unfavourable orientatio.* of the mineralized zones and probably also tc 
their small . thickness'.It is probable that t .ose zones give anomalies 
of one nano'I'esla or less.Such anomalies were undetectable with
the instrument of our dispozal.For this reason,magnetometry was not

/deployed in detailed piospecting.The semidetailed survey confirmed 
also that only youngest sand barrier /of Tafolian age - d- 000 - 
2 000 y.BP/ is mineralized .It forms very narrow westernmost stretch 
of the Tared sand ban ier the older sand barrier foimations of Ilouaik- 
chottian age /east of Tafolian one/ are sterile as demonstrated 
the radiometric measurements on profiles N1 3 ,N19 ,N21 and otner earlier 
mentioned investigations.Most probably the sand barriers visible 
very clearly on the air photos were submerged during Nouakchot- 
tian age forming rather banks than littoial sand barriers in strict 
sense.
adiometry allowed the identification of the most prospective stre
tches of the littoral.Those stretches ogaur in the littoial section 
called I’arod,where the sand ban ier that divides the Narhamcha sebkha from 
the ocean is the widest.They include both beach and dune concentrations. 
According to the programme,geophysical prospecting focused on the 
storm beaches because the dune concentrations could be easily spotted 
without geophysical exploration.Accordingly, the litto<>al sections 
bearing dune concentrations /the Nouakchott - Jreida seo^ion and 
hi Hsid/ were excludod from the detailed geophysical survey.Two 
littoial sections of a total lenghts of more than 20 km i.e. almost 
one third of the whole Tared area,were selected for the detailed 
survey.The first section was given the name "Jieida".It stretches 
nort ward from Jieida.Its length is 3.6 km.The second section - 
Tanit - Blaouakh stretches from the "Montesquieu" north to tle bay 
of Tanit.Its lenghts exceeds 12 km.As mentioned above the black sand 
concentaations in the region qf Jraif were not detected by our 
radiometric measurements,for reason that have not been fully eluici- 
dated.
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D.6. Detailed Survey

B.6.1. Goal and methods . '

The goal of tiie detailed survey has a more precise exa
mination of tlie two precisive zones,singled out on the basis of 
the semi-detailed survey "Jreida" and "Tanit- Blaouakh".
Tho first section called "Jreida" /fig.Id/ beginns by tne side of 
tne road that passes through Jreida /between profiles N20 and ¡¡21/ 
and ends 8.6 km fai'ther north at tne hydrographic markei /JO - 7/» 
piofile N29.

The section "Tanit" /fig.18/ cove,s the littoral between 
the hydiographic markoi s /1.-1/ the wrack of the "iiontesqiaeu" between 
profiles N¿9 and IviO and ¡.—10 -p: ofile N92.It is over 12 km Ion;;, 
duly radiometry was used in this coinpnign.Ti.e station spacing v.as 
'.)«in:tno between spacing was 1 U0 m filled in to ’ 0 m in too section 
"Jreida" near tho markor CO-d.The profiles ran west to oast.Ooopny- 
sical profiles were tied in to tho chain of hydiographic markers exi
sting in the survoyou area.The hyuvographic marker is a steel tube

cm long and diametet of 9 cm, cemented in the ground.lt has 
/

its signature marked on tho surface of concrete.As the steel tube 
sticks out,from tho ground only 0,9m it is not easy to find it.
Of course it is not visible on tiia air photos botli on 1 : 90 000 
and 1 s 10 000 scales.

In the "Jieida" region the hydrographic markers have 
signatures "CO" probably from Coppolani /«L eida/ and in the '"Tanit"- 
"Blaouakh" r egion -"D".Apart from that in the latter -region we 
used also the hytu-uphic marker- "GiisLh-9" and in the "Jreida" region 
two temporary markers:one on the top of a dune near hydrographic 
marker CO-2, because the latter was badly visible from neighboring 
markers,and the second on the road in Jreida,the CO-1 marker being 
near military instalations.
99 profiles were executed in the section "Jreida" and 122 in the 
section "Tanit" -"31aouakh".In total,more than 10 000 radiometric 
measurements were mde in the two soctions.
Theradiometer type Gl -101A and the spectrometer- type DIG A-900 were 
used /the latter set for recording total radiation/ /counting time



'4 seconds/.The readings of the spectrometer were converted into the units
of the radiometer.The procedure has been described in paragraph
D.3.1. t

D.6.2. Results

D.6.2.1. . The "Jreida "Region

Trie profile diagrams are presented in figs.16-33.Figures 
55-61 present the 'contours of total gamma radiation.The whole area 
falls into three natural units.The first stretches from the south 
end of tiie region up to profile CO-3/1.The second covers the a> ea 
from .'"0-3/1 up to profile 00-4/8 in the region of an unnamed bay.
The 'bird unit is made up of the rest of the ares.In the first unit 
the mineralized zone is generally narrwo /50-75 m width/.In tho vici- • 
nit.y of the marker CO-2,distinctive concentrations of the dune type 
occur.In addition to the i ecent beach,trie biggest concentrations of 
heavy minerals are in the region of profiles CO-2/4 to CO-2/6 
where radiation exceeds 16u cpc.At the end of the unit the zone tapers 
to 25 m. adiation is moderate here below do cps.In the second unit from 
the south the mineralized zone gradually widens up to T ;0 m,intrie 
region of the marker CO-''»-.Radiation is strongest here^in places it 
is above 240 cps.The zone narrows suddenly beyond profile CO-V 3 
and in the region of C04/4 004/5 the sebkiia fo mations reach the 
sea,This is the southern arc of the unnamed bay:it seems to have 
caused the narrowing of tire zone of mineralization.
The last unit with the exception of its beginning ana end,where
the zone is fairly narrow,is relatively wide /some 1 UC m / with
high radiation values /above 160 cps in places/.however,its course is rat
irregular.

A

D.6.2.2, The "Blaouakh" - "T^nit" region

> Figures 34— 5'» present the profile diagrams of gamma radia
tion intensity,Figs 62-70 t̂ *e contour maps,The "Tanit" r  "Blaouakh" 
region can be divided into three units.The first one is between wreck



of the "Montesquieu" /hydrographic marker h-1/ and the village of 
Blaouakh.Its length is 3«5 km. The second unit stretches from the 
village of Blaouakh up to a bay in the vicinity of marker R — 3*
It is 3 km long.The third stretching from the above- mentioned bay 
to Tanit 8ay marker R-10,in a lengnt of 5 km.
In the first unit the mineralized zone is narrow and rather poor.The 
radiation over a long interval does not surpass 60 cps.In its sou
thern part,the unit is richer wish radiation values between 80 
and 120 cps.The width of the best-mineralized zone amounts 23-30 m. 
The dunos in the region of the "Montesquieu" are sterile /see 
profile i- 2/1 .

The second unit is of greater interesb.it has a rather 
richly mineralized zone with radiation exceeding 80 cps almost 
all along.The width of this zone is 30 to 100 in.It runs parallel to 
the shore.In addition to this zone,further mineralized zones occurs 
farther inland /from p ofile R-4 up to R-d- /10",T: e agrégate width 
of mineralization reaches 300 m.Tne other zones of concentration are 
not so rich as tire first one.Their radiation exceeds seldom 80 cps. 
The mineralized zone tapers strongly in the region of marker i ' - 5  

/in the middle of tire bay arc/.
The zone widens again in the third unit to as much as 250-^00 m 
and ceeps this width alomost to the marker i -Q.F’urt:.*! • north, the 
zone slowly contarsts in the region of profiles *<’-9/5 and R-9/6 
/the centre of trre arc of Tanit Bay/ its width is only 50 m.
The mineialization in the recent beach is rather variable.Tie re
gion of Tanit Bay gave the highest register'd radiations in the 
whole investigated area-818 cps on profile r-9/6 and 6h0 cps on 
[-9/3 in very narrow bands of anomalies.The mineralized zones con
nected with the storm beach have a rather irregular course.

D.6.3. Accuracy of Measurements

Ruling the detailed survey after measuring a profile,a 
check reading was invariably taken at the zero point,the one located 
on the base line.It was on the ground of those check measurements 
that the measurement err or was calculuted.lt amounts to + 3•33 cps 
for the radiometer GR-101A and to + 2.26 cps for the spectrometer



DISA-300/in the GF;-101A*s_units/.The accuracy of the GF-101A is seen ~ 
to coincide wits what was calculated for the semi-detailea survey /+ 3«34- 
imp/sec./.The accuracy of the FISA-3GO vias better than expeoted.
The accuracy of the survey can be evaluated on the basis of check 
measurements on given profi les.Guch i epttated measurements were 
made with the etier instrument and by another operator /in order to 
calibrate the DISA-300 apparatus/.Such measurements on profiles 
¡1-2/10 and 1 -3 /11 gave the accuracy of the survey opeiation as 
+ 3.51 and + 3.63 cps respectively,i.e. as + 3.57 cps on tne average.
This is not significantly worse than the accuracy of the measuremQnts 
by the Gi\'-101A.As mentioned before it should be .1 eruember ed that this 
accuiacy in absolute terms is better when the radiation is weack and vois 
when the radiation is strong.

Dj6.^. Conclusions

In the detailed survey two longer shore sections were inve
stigated in detail,in a total length of more tnan 20 km.This investi
gation permitted to detect the zone enriched in heavy minerals exist in t 
this area and to discover ceitain legularities of their occurance.
The mineralized zone is mostly very narrow even ti ougii the olu beach 
formations are much wider in places.This fact might indicate that 
tne conditions for a concentration of iieavy minerals appetared re- 
latively recently and that only tne younger beacn formations of the 
old one are prospective.The mineralized zone is wider in tnose 
places where beach formation have been deposited relatively recent
ly,The above remarks concern Nouakchott -Tiouilit coast.The condi
tion farther north,in the region of the dune system of Akchar and 
Agneitir are different.lt seems that the copious volum 
blown away from land to sea inhibited the concentrations of neavy 
minerals in this region?/they might also have covered pre-exisitng 
deposits/.
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D.7. Final Conclusions

Geophysical prospecting has permitted to solve several 
problems connected with the occurances of black sands along the 
Maui itanian coast between Nouakchott and i?as Timirist.

1. The radiometric investigations of the black sands in the 
recent beach,stox-m beach and dunes has revealed increased 
gamma x'adiation levels everywhere,as evidence that minerals 
containing thorium and/or uranium.

2. The magnetic prospecting has revealed the low magnetic sus
ceptibility of the black sands, 50 .10“^ cgs units for a 
concentration of 400 cps.This fact,together with the small 
thickness of mineralized zones And with their unfavourable 
orientation /a N-S elongation/ results in a situation in 
which most raoiometric anomalies give no measurable magnetic 
anomalies,The low magnetic susceptibility reveals that the 
share of ferromagnetic minerals in the heavy minerals fraction 
is low.

3*AA semi-detailed radiometric survey of the whole investiga
ted area permitted to single cut the most hopeful, regions,

4. A detailed survey in the regions so singled out permitted 
to identify the structure of mineralized zor̂ es and to 
recognize certain regularities of their occui’ances on the 
basis of the gamma radiation maps.

5. The picture of radiation intensity served as a basis for' 
borehole sitting with the aim of an in-depth investigation 
of the ...ineralized zone s.Tliis was necessary because tire 
radiometric measurements give in formation on the dis
tribution of heavy minerals only to a depth of 0.5-1 m be
low the surface;

6. Samples were taken at each station of profile !-8/7,in 
Older to correlate the raoiometric results with geological 
data and to subject them to a mineralogical analyses.The 
results will be discussed in tire chaptei on mineralogy:,

7. Gamma spectrornetric measurements / rreaaur ements of thorium, 
uranium and potasium radiation should be made in further 
prospeotions of tiie same type.They could give additional 
information on the uist ibution of particular minerals 
and thus on the genesis of the mineralization too.

X



Geological Prospection

Ü.1. Borehole siting

The goal of the drilling compaign was to find out tho
character,thickness and concentration of heavy minerals in selected 
zones of the Mauritanian coast, as well as to obtain an estimate 
of their reserves.Obtaining information, on the Quaternary of the 
Coast,was a second goal.

was taken to drill three boreholes of 20 motor depth.The heavy uiino-- 
ral concentrations were investigated by boreholes of 6-8 m depth. 
Such a depti. was suggested by the fact,that no heavy mineral ueposits 
of greater thickness are known anywhere on the West African coast. 
Three coast sections of comparatively strong gamma radioactivity we
re selected for drilling on the basis of a detailed radiometric ma- 
pping.Boreholes were purposely sited both zones with different 
intensity of radiation,both below and above the avejago.

The Tanit hegion /Figs. 2,66/ is connected with the north- 
nern part of Tanit Bay,some 56 km north of Nouakchott.The boreholes

rder.The parallel profile with 200 m spacing between boreholes /Ï-0, 
T-1,T-2,T-5,T-10/ was aimed at expolring the anomalies of gamma ra
diation ^long the interface between the outer and inner beach/Fig.66/ 
The perpendicular profiles were spaced 200 m apart and were suppo
sed to explore the character and extent of black sand concentra
tion outside the recent beach,up to the visible border with the seb- 
kha,including the concentration of the dune sands.Borehole spacing 
on the perpendicular profiles were 50-100 m /Figs.73-76/.A twenty 
meter deep hole was drilled at the centre of the area under explora-

of the Imragene's fishing Vi liage,about 50 km north of Nouakchott

In ordor to examine the quaternary profile,tho decission

were sited on profile lines both parallel

tion.
The Blaouakh legion is situated some 1.0 - 1.5 km north
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/Figs.2,67/.Tne plan envisaged execution of four IS—U profiles on a 
200 ro spacing.
The westernmost bone hole of each profile /B-'J,B-4,B-9»B-'13/ was 
drilled just above the highest tide between the inner and the outer 
part of the recent beach,thus making up a profile paralle to this coast 
line/Fig.67/.The remaining boreholes,which served puiposes similar 
to those in Tanit.were situated on th* dunes,where the concentration 
of heavy minerals could be seen by eye.Tie borehole B-6,20 meters 
deep,was located at the centre of the drilling area on the sebhka be
tween two dunes.

The Jreida Pegion is situated some 25 km north of Nouakchott, 
"1.0-1.5 km north-east of the military base at Jreida/Figs.2,59/»
Just as in Tanit and Blaouakh,the project envisaged boreholes in tlie 
recent beach along a profile parallel to the shore /J-1,J-3*J-7|J-1P. 
Fig.59/but, in order to explore the rest of the littoral,the sand 
barrier,dunes and bordering sebkha zone,the profiles perpendicular to 
the!shore were also drilled.The profile spacing was 200 m,the boreho
le spacing in the profiles was 40-75 m.The twenty-meter deep borehole 
was located in the middle of the longest profile.

E.2. Mevhods and Scope of Drilling

The contract stipulated a total of 315 m of drilling,in
cluding three boreholes of a depth of 20 m each,to be carried out in 
three months.
For the above operations, a mobile drill rig on a two-whheled chassis 
of Polish make type UliSP-100 was used.A Mercedes-lorry 911L provided 
by UNDP Nouakchott was used for towage.The crew,supplies,geological 
samples and small drilling tools were transported by a long Land 
Dover,also provided by UNDP,Nouakchott.
The hydraulic drill rig UVSP-100 is a adaptable to boring with or 
without mud circulation,to either churn or rotary drilling using 
drilling tools of diferent types and diameters:it can drill to a
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depth of 100 m.On the basis, of the type of geological profile envisaged 
the decission was taken to use dry rotary with a tool spaed of 40-50 
rpra and an on-tool weight of 800-1000 kg.
Down to the ground water table,at the depth of 0.9-4.5 m the drilling 
was done with a spoon drill of 152 mm diameter and 0,5 m lenght,with 
no casing.Once the water table has been readied,the well had to be 
cased.Pipe of 6" diameter in length of 1 .5  ra was used; 2 or 5 lenghts we
re sometimes twisted together.For beating the casing down a special 
"hammer"weighting 500 kg was used.The derrick of the jig was used to 
hoist it.The casing'was beaten down to a depth of 6-8 m and a spoon 
drill or a tube drill was used to take out the sediment that had entered 
the pipes.After drilling the pipes were pulled by means of tho u o jrick 
or a hydjaulic jack.The casing was beaten down deeper in the "deep" bore 
holes:to 14.85 m in the T-6 borehole,to 13*35 m in the B-6 borehole, 
and to 14.2 m in the J-9 borehole.
A total of 315.37 m of hole was drilled in the three above-mentioned
areas,6 1,24 m out of it in the "deep" boreholes.

The conditions of drilling were difficult especially the
geological conditions were worse than expected,owing to a relatively
shallow ground water table.As a result the sand in the drilled profile
had the consistence of quicksand,Yho fact that it was necessary to use
a hydraulic jack with a hoisting capacity of 80 tons for pulling l.lm
pipes gives an idea of the pressures acting in the boreholeo.lt seems • ♦
that,under such conditions, drilling by the Bank* system would e very 
difficult or probably even impossible.

TnO transportation conoitions were very difficult.iiven though 
an all-wueel-drive off-highway had been provided,the drill rig could be 
displaced,between the boreholes on pre-laid track only.

id. 3• Sampling

The drilled mater taken from the drill tool in lengths of 
0,25 m was reduced,on the spot,by coning and quartering.The samples ury 
at the time of drilling were packed at once into paper bags with iaentifi
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cation written on them,according to the following pattern:borehole...
'number...... (Successive number of the sample in a given borehole..
The wet samples were put after quartering into cloth bags,dried in 
the sun and then put into the paper bags.
All the samples so taken were sent to the laboratory.For testing in 
11je laboratory in Poland,according to an agreement in April,19^2 in 
Vienna between Mr.Balkay the UNIDO consultant and Hr.Ostromycki,head 
of the Polish team,the quarter-metre samples derivet from more than 
2 m depi.h were lumped together four at a time,so as to give one-metre 
Bt. » .'l<r ,

E.4. Geological Profiles

E.4.1. Tanit

The recent sand barrier of the littoral is 100-150 m wide 
in the region of Tanit.lt is made up of two-cut zones,the outer 
beach and the inner beach.

The outer or intertidal beach is some 50 m wiae,There are 
in places accumulations of heavy minerals in the highest parts of 
the outer beach /the upper boundary of high tide/.In certain parts 
of the beach,there is at the boundary between the outer and the inner 
beach a low ridge or a berm,destroyed and redeposited whenever the 
waves are strong enough.

The inner beach,50-100 m wide is the storm beach,flooded by 
the waves only duringgales.Organic vestiges including fish remains, 
carapaces,cuttlefish,sepia as well as gastropod and bivale shells 
are abundant on tnis beach.The organic vestiges found inland deter
mine the boundary of the recent beach.The formations of the sand 
barrier of the littoral laterally pass into tne sebkha formations, 
the formations of a former lagoon /Tafolian/ and the sea bay /Ho- 
uakchottian/.The sebkha .surface is made up of brown mud with incrusta
tions' of gypsum,On the littoral sand barrier and the sebkha,there
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are dunes occur which make the observation of the boundary between 
the sebkha and the littoral barrier difficult.There are in place 
preserved fragments of subrecent beach,connected with earlier sta-

0
ges of sand barrier formation which,at the end of Nouakchottien and in 
the Tapholien.cut off the ancient bay from ti.e Atlantic Ocean. The 
boundary between the sand formations of the littoral barrier and those 
of the lagoon is not clear-cut becaousethat sandy formations also 
occur in the next to the barrier:lagun zone there laterally pass " 
into the lagoon sediments which are fine clastic or evaporite de
posits. The differentiation botween the littorulburrier surius and 
those of lagoon presupposes an analysis of the whole ensemble of 
sedimentary structures.however,the drilling system adopted gave 
samples on which this could not be done.
Two systems of dunes can be distinguishedroluer dunes,which are pa
rtially immobilized and are either yellow or light brown in colour 
and younger dunes which are mobile and of a light yellow or white 
colpur.The older dunes are 3 meters high,the younger ones do not 
exceed 1 meter.

The geological profile down to a depth of 20 m was as 
follows in borehole T-6/Fig.86/.There is a series of sands,fine- 
or meuium-grained,whitish-yellow,yelIow and greyish-yellow,between 
the surface and the depth of 7,9 m.Bivalve shells,both fragments

i *and whole,among others of Area senilis and Cardium euaale,Cardium 
costatum.gastropou including Turiteila sp.,occur in the sands be
low the depth of ^.0 m.The next bed, between 7*9 m ana 'J0.1 ra 
depth is whitish-grey:it consists of sands and cemented calcaieous 
debris containing great'amounts of crushed and intact oyster shells 
especially of Ostrea stentina and corals,Below the oyster bed there 
are once moie whitis -gi oy and grey sands with crushed shells of 
bivalve and gastropod.A clayey-sandy series of gi eyish-green co
lour a pears at a depth of 13 - 15  m.It is underlain by moi e fine- 
and meoium-gi'ained sands,brownish,beige and gray in colour,in which* 
beginning at the depth of 19 m ,claystor.e concretions appear.The 
sands contain shell fragments.

The stratigraphy of these formations is as follows: 
to the depth of 7.9 m,Aica senilis abounds,containing it partly to 
the Nouakchottian,although 'its top belongs doubtless to the T'afol-
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lian.The calcareous-sands oyster bad should be correlated with simi
lar layer descireb by Hebrard/1978/,from the Tikattan Hill and the 
bl liajder rock situated several tens of km north of Tanit .A similar 
layer was discovered at Puits d^Aguelil.It is a good horizon marker: 
according to Hebrard/1978/ it belongs to the Xnchirian.The stratigra 
phic position of sands and claystones below it is not clear as they 
contain no indicative fauna and comparison with Tikattan Hill and 
Puits d'Aguelil gives no unequivocal correlation.The assumption can 
be made that the sediments in question also belong to t:>e Inchi- 
iian.

The profiles of the shallow boreholes /Figs.7j>-76/wore 
similar to the above-uescr ibed profile of the "deep" bureiiole, 
o::cei t for the holes T-11 and T-12.
The piesauces Area senilis /T-2 mainly 5.2 m,' • V’.T-8,T-9/,8ai dium 
eudale and Oardium papillosum /T-1 ,T-2,T-5/coniirms the Nouakcho- 
ttian age of those formations.

3.A.2. Blaouakh

The littoral sand barrier is similar here to Uiat uescri- 
t bed from Tanit,but the outer beach is somewhat narrower/pO-AO m/; 
the inner beach is “100-150 m wide.The accumulations of heavy minerals 
occur here on the boundary between the two beaches.The thickness of 
the stratum containing mineralization is up to 0,5 m,as seen in the 
low periodical berms.They are sand bands poorly mineralized,yellow 
in colour containg long,black laminae 1 .-1 . 5  m wide composed almost 
exclusively of heavy minerals.Yne sebkha surface consists of brown 
clayey matter containg gypsum inclusions and bands.The sebkha sur- 

■/face is scatter® with small shells of bivalve and gastropod,These 
accumulations are so abundant in certain places as to give tue im
pression of a mass-extinetion of t.,e fauna,connected with the dry- , 
ing up of the sebkha in the Tafolian.
bimilaiily to the situation at Tanit,two systems of dunes exist: 
the one consists of dunes of ye 1 row and light brown colour which

A *
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occur only in ti e sebkha area,and the oti.er of light-yellow dunes 
which occur in tlie inner beach as well.Home of the white dunes reveal 
strong mineralization.The composition of the (¿uaternai y profile in 
borehole B-6 is shown in Fig.86.The first 0.25 m consists of gypsyfer 
ous-ciayey formations, fine- and medium-grained sands,light-yellow 
and yeliow-with shell fragments of bivalves/Arca senilis/ and gastro 
pod,underlie the first layer to tno depth of 6.0 m.The next stratum 
reaches to the depth of 7.8 m and it consists of fine-grained sands, 
gray and yellowish-gray and containing detrital shells.In the 
7.8-12 .9 interval there is a white sandy-calcareous layer containing 
debris of Ostrea stetino shells.Below this layer there are grey, 
fine- and menium-gi aincd sands fist without fauna and then with shell 
debris.A series of clayey-sandy matter with grayish-blue ana gray 
clay and of yellowish-gray sands is found below 12 .9 m down to the 
borehole bottom at 20.86 m.

. The profiles of the shallow boreholes /Figs,77,80/ genera
lly coincide with that of tike deep bo: ehole.Some of t.ie boreholes 
started in dune sands under which clyaey-gypsiferous sebkha sedi
ments weee discovered.The thickness of the uune sands is up to 2 m 
/borehole B-12/,ti at of the gypsiferous-clayey layer up £*o 0,7 m. 
Bivalves were found in many boreholes,with abundance of Area r.eni- 
lis/B-1 .B-lOjB-Vf-mainly at h , 2  m/,Cardiurn euuale /B-d ,B-13,B-*1V, 
Dosina isocardia /B-10-mainly at 5.2 m/ and /B-14 -mainly at 1.2.m/.

The stratigraphy is as followsjthe clayey-gypsiferous se
diments connected with a stage of lagoon sedimentation represent the 
Tafolian.The sandy formations between the clayey-gypsiferous la
yer’ and the top of ti.e oyster bed belongs to the Nouakchottian.
The oyster bed together with the clayey-sandy zone below it is placed 
in the'Inchirian.

\

t
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¡£.>,3 Jreida '  ,

T he fe .ture characterizing t h e  littoral in the region of 
drilling is the presence of a system of big dunes of brown and 
rusty colour.The dunes take the form of isolated "mounds" 3-4 m 
high.They are overgrown with vegetation and are immobilized.A lar
ge-scale diagonal beuding can be observed in them.In places, those 
dunes occur in the inner beach area being destroyed by the waves 
dui'ing^the high tides.The presence of the uunes makes the width of 
the beach vary botwocn PO and 50 in /inner beach/ and botwoon 50 and 
150 m /outer beach/.These are also yellow and light yellow-white du
nes 2-3 m high with a thickness not exceeding 0.5-0.7 m.

The Quaternary profile in the "deep" borehole J-9 is the fo
llowing- fine-grained brown sands with fine debris of shelle to the' 
depth of 2.5 m underlie the aeolian sands of light yellowish-whit^ 
colour,O.65 m thickness.The next layer “1 m thick, is composed of whi
tish-yellow sands with gypsum nodes ana abundant Area senilis.Below 
it,to the depth of 10 .5 m there occurs a series of fine- and medium
grained sands with crushed bivalve shells.Brown-beige at first, 
than pass into yellow and greyish-yellow.A series of clayey sands with 
clay nodes /especially from 15 to 1 ? ,m/,gray and grayish-fellow,goes 
down to the bottom of the borehole/Fig. 86/.
The profiles of the shallow boreholes /Figs. 79-82/ are similar.
V/orthy of the attentions,however,the predominance of brown colours 
in them.This implie the presence of sandy material from destroyed 
Cogolian dunes.Area senilis has been found in J-4 /mainly at d.O m/,
J-5 /mainly at 5,7 m/,Dosina isocaraia in J-2 /mainly at 3.2 m/ and 
^ardium eudale in J-4/mainly at 2.2 m/.

The stratigraphy of the main described formation is difficult 
to etablish,due to the absence of the oysters bed in the Jreida pro
file,which traces the boundary between tne Nouakchottian and the Inchi 
rian in the profiles of Tanit and Blaouakh.because of this,the depth 
of 10 .5 mt;>at is,the appearance of clayey sands,was assumed as the 
boundary.The series of sandy-claycy formations was placed in' Inchirian
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and the sands occuring higher up in the Houakchottian and Tafolian. 
The problem of the dunes age will be talked in the next chapter*

E.5. Radiometric Measurements in the boreholes

In the "deep” boreholes T - 6,B - 6,1 - 9 the gamma radia
tion was measured using a Soviet scintillometer type SFP - 68 -02, 
having an accuracy of 2 cps. A special probe adapted for borehole • 
measurements was used.

The measurements showed that below near-surface zone 
of 0.5 - 10 m, the gamma radiation was low,not exceeding 20 cps.
In the near-surface zone the gamma radiation was about 80 cps in 
the borehole T - 6 , 45 cps in B - 6 and 60 cps in J - 9.
These results are in accord with the laboratory and field radiome
tric measurements and with heavy mineral content in that zone.

E»6, Remarks on Lithology and Stratigraphy in the Boreholes,

The stratigraphic and lithological outline of the Maurita
nian Quaternary was presented by L. iIebrard/1978/.However,the pro
files of the Quaternary on the Atlantic Coast between Nouakcnott 
and has Timirist are scantily presented in ilebrard*s work.
The drilling operations enaoled us to complete this picture as con
cerns Nouakchott and Tanit situated 60 km farther north.Recent for
mations and formations of the Tafolian,Nouakchottian,Inchirian and 
possibly Ogolian and 'i'afaritian were confirmed in the drill profi-
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les.The Ogolian and Tafaritian may be represented at the bottom of 
the profiles of deep boreholes;howover for lack of unequivocal pro- 
of,the whole series has been'placed in the Inchirian claycy-sandy 

* formations.The oyster bed at Blaouakh and Tanit-described by iiebrard 
/1978/ from small inter-dune sebkhas 50 km north of Tanit,is of 
interest,as it confirms the existance of a marine bay much fart
her north in the Inchirian which reached there in the Nouakchottian. 
Tho lack of this stratum in the region of Jreida can be explainer! by 
the sedimentation conditions in the basin,which-being somewhat deeper 
and cooler in the region of Jreida did not provide tho conditions 
favourable to the development of oystei reefs.After the Ogolian re
gression,the desert expanued:the sireable dune be-lts of Amouki ouz 
south of Nouakchott and of Akchar and Azefal 170 km north of Nouak
chott are the traces thereof.In the drillings at Blaouakh and 
Tanit ,there was no trace of the ugolian in the profiles,on the other 
hand,the brown and rust dunes in the region of Jreida may represent 
the remnants of the Ogolian dune belt,whic ■ took tne form of small 
islands in the shallow marine bay.
After the Nouakchottian transgression and formation of the Ndrhamcha
bay,the formation of the nort era sanu barrier-whici in due time
cut the bay off the Atlantic and transformed it into a shallow
lagoon-probsbly began at once,The formation of the littoral sand#
barrier should probably be ascribed,in the first place,to the action 
of a littoral curent,a branch of the Canarian curent flowing from t,.e 
North southward. T is current brought much sandy material from the 
destroyed dunes of the bgolian/Azefal and Akchar/ and possibly also 
from the rivers that flowed into the Atlantic, curing the period 
of humidity.
The submarine canyons marked by iiebrard/1978/ west of Nouakchott 
and Tikattan-may be the traces of such rivers.The final drying up 
of the lagoon /N*Drhamcha/- on the surface of which/sebkha/ aedian „ 
processes took over1 occur red in the 1’afolian,after the return of a 
hot dosert climate.A system of yellow dunes formed -they are now
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partially immobilized.recent aeolian sedimentation is represented by 
light-yellow and white mobile dunes of the recent littoral sand bar
rier and on the sebkha.The big dunes of ¿1 Msid norti of Tanit, 
the dunes of Ferat soutward of Blaouakh and ril uansour in the vici
nity of Nouakchott,belong to the i ocent system.This system is of 
greatest inteiest,as it is generally enriched in heavy minerals:this 
is pioved.in addition to the described profile of hi msid ounesT 
by the profiles of the bo*eholes.In 'all the drilled uunos,both light- 
yellow and white, em ici ments of heavy minerals were noted.
According to the profiles from particular regions,tho piocess of 
formation of t e littoral sand barrier is still going on.Tuis sand 
barriei is subject to destiuction in. some places of the littoral, 
for instance north of Tanit,while it is becoming wider in other 
places.The genesis of the concentrations of heavy minerals is co
nnected with, the above-mentioned processes.

0
)



F Laboratory Tests

F,'l. Introduction

The tested samples of sands were taken from boreholes dr i- 
lled in the area of Tanit.Blaouakh and Jreida from radiometric profile 
R 8/7 near Tanit and from one of the ill Msid dunes.In the case of tire 
drill samples the aim was to determine the heavy minerals content of ’ 
the beach and dune sands in the prospected reaches of the Mauritanian 
coast.In the case of the samples fiom radiometric profile R 8/7 and 
from the ill Msid dune,the aim was the qualitative and quantitative 
determination of heavy minerals with par ticular consideration of 
the radioactive ones,special attention was paid to establishing 
relations,if any, between the results of the field raniometric mea
surements and the mineral content in the sands.
The laboratory tests were carried out in Mauretania and completed in 
Poland.

F.2, Scope and Methods of Research

From the initial interpretation of the results«?of geophysi
cal prospecting and the observations made in the field,the conclusion 
was made taht are no rich concentrations of heavy minerals in tire 
area under investigation.hue to this fact the blacii sanns analysis 
carried out by mineralogical methods instead of the technological 
methods envisaged in the Terms of Reference and also used by J.d,F. 
Marshall/'1978/.
The preliminary in the laboratory,sieve analyses carried out .poin
ted out that heavy minerals concentrate mainly in the finest grain 
classes.This fact suggested to.avoid the panning of samples directly 
after their extraction from boreholes which would have resulted in 
considerable losses of heavy minerals.Thus the laboratory tests 
as comprises the raw of bulk/untreatod/ samples,obtained as presen
ted in chapter E.3.F01 the above-mentioned reasons, a two-stage 
system of laboratory tests was .adopted for all the samples,namely:
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1 .initial tests;
2.detailed tests.

F.2.1. The Initial Tests

The initial tests comprised:washing of samples in, hot water 
and in the case of samples deriving fiom the rauiometiic profile and 
from the dune,an aduitional washing in a hydrogen peroxide solution 
in older to eliminate organic matter,drying at a temperature of 120^, 
grain size analysis and separation in heavy liquids.
Such initial tests permitted a satisfactory determination of the total 
heavy minerals content in the sands.
The interval of sampling was 0.25 cm and the weight of a sample for 
analysis was fixed to 50 g.Ti is weight resulted from the field la
boratory equipment in Nouakchott and, short time for laboratory mea
surements on place in Mauritania.
During the talks in Vienna in April 1982 between UNIDO and Poiservice 
the'decission has been taken concerning the laboratory measurements 
tc be continued in Poland.lt has been started that for the interval 
below 2 m four consecutive samples should be mixed together to form 
one sample of 200 g weight and representing the inter v.-J. of 1 m.

The samples,after washing and drying,were sieved in a 
sieve analysis machine type LPzN of Polish make having a set of sievs 
with apertures of 1,6,0,8,0.65,0.40,0,32,0,20,0.16,0.10 and 0.063mm 
plus a bottom tray.The sieves of 0.80,0.40,0.20 and O.O63 mm plus 
the bottom tray were retained for a general c aracterization of the 
sands and for determining the grain size of the heavy minerals con
centrations,The above-mentioned set of sieves enables a classification 
of sands similar to the hentworth scale /r’ig.87/ in a following way: 
very coarse,grained-the +0.80 mm, coar se-the +0,/i0-0.80 mm.medium- 
tne +0.20-0.40 mm,fine and very fine grained-the+0.063 . -0.20 mm 
as well, as the separ ation of silty and clayey material fr om.the 
sands.The effective time of a sieve analysis was 15 minutes for 
a sample weighting about 50.0 gr.
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The sand samples so classified were separated in a 
heavy liquid /in br omoform of specific gravity/ of 2.85 g/cm , 
except for the following classes:+.0.80 mm-composeu mainly of shells 
and their fragments,grains of ligi t minerals with a sporadic content 
of rock chips,-O.O65 mm -silt and clay of no practical importance 
as concerns recovery of heavy minerals.
Thus, three grain classes from every sampleithe +.uAO-Q.bO mm, 
the +0.20-0. i0 ram and the +0.065-0.20 mm were separated in a heavy 
liquid in separating tunnels of 5^ and 100 cm'* capacity.
The yield of heavy minerals was obtained for each class separately. 
Tlie sum of those yields gave the tiue content of heavy minerals in 
the analysed sample.
The flowsheet for the initial tests on tr.e sand samples/Fig.GO/was 
presented to br.B.Balkay at houakcnott and accepted by him.

F.2.2. Detailed Tests

The second stage of laboratory tests consisted of the analy—
*

ses of the heavy minerals obtained in the initial opeiations.lt con
sisted of:-identification of heavy minerals unuer a binocular magni
fying glass; ^

-microscopic identification of heavy minerals in powuer-pre- 
parates in transmitted light and in polisheo preparates 
in reflected light;

-planimetrening of the group of heavy minerals under a mi- 
* croscope in both powdered ano polisheu prepaiates;
-X-lay analysis as a control of tne microscopic examination; 
-magneticTelectrornagnetic and electrostatic separation; 
-chemical analysis of selectea concentrates;
-X-;ay micro-analysis;
-laboratory measurements of natural radioactivity.
These methods were deployed depending on the content of 

heavy minerals in the respective grain classes of the sample,or1 in 
the whole sample.The last two methods were used only for testing the
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samples from radiometric profile i 8/7 and from the dune of ¿ 1 Msia. 

F.2.2.1. Microscopic study

The observations unuer a binocular magnifying glass were 
carried out mainly in the case of heavy minerals in the +0. C-O.dOmm 
class and,sporadically for the class +0.20-G . /‘0 mm.The identification 
of heavy minerals was based on such properties as:shape,fracture,cleava
ge and colour of the grains /Bolewski A.,Zabinski U. eus. 1979/.

The microscoping examination compi iseu the observation of 
powder preparates in transmitted light and of-polished prepatates in 
reflected light.The preparates were made from the heavy fiactions of 
samples.The powder preparates for the examination in transmitted light 
were made as follow:fraction of the sample was first diluteu in a 
drop of Canada balsam on a microscope sliuo.t^an covered with a micro- 
cover glass.The preparates were maue mainly of the heavy fractions 
of the +0.06>-0.20 mm,and +0.20-0.AO mm classes.For a ci.eck of ti e 
identification of minerals by this method several thin sections weie 
made.They confirmed the suitability of the method.The identification of 
non-opaque heavy minerals, as well as the determination of their re
lative abundances were carried out on the prepaiates so prepaied.

The identification properties of the transparent heavy 
minerals were:g. ain shape,fracture and cleavage,the angle of extinction 
relative relief/refraction co-efficient/ ana interference colours.In 
problematic cases, additional observations in convergent light were 
carried out in order to check whether1 the mineral was uni-or bi
axial.This was used mainly to distinguish monazite from zircon/Bo- 
lewski and Zabihski eds. 1979/.

The quantitative teste were made with an intergrating micro
scopic stage "Bltinor" /Carl Zeiss Jena-G.D.T ,/,250T/i50 grains were 
counted, >50 grains on the average,The result of this procedure are 
given in volume percentages,Tie analysis enor/standarA deviation/ 
amounts to some 10 per cent for the above-mentioned number of countings. 
The examination of polished preparates in reflected light was aimed



at an identification of opaque minerals and the determination of their 
qbundance.

The polished preparates were maue in the following way: 
one part of the sample was fixed to tne glass slide by a special glue 
and polished subsequently.The examination comprised identification 
of opaque minerals and planimetering for the samples,which were piani- 
metered in transmitted light also.The true abundance of each opaque 
mineral in the whole heavy fraction was calculated on the basis of to
tal opaques as aetei’mined in transmitted light.As concerns samples 
with less than 0.5/u heavy minerals,the identification of minerals was 
carried out on some samples selected at random.The approximate abundance 
of minerals was estblished unuer the binocular magnifying glass for 
the +(J.4-0-0.80 mm grain classes and the transmitted ligut microscope 
for +0.20-0.40 mm and 0,063—0.20 mrn classes.Planimetering in both 
transmitted and reflected light was applied only sporadically. 
Planimetering of heavy fraction was applied also to the samplos con
taining up to one per cent of heavy minerals and foi tne samples 
with more than one per cent of heavy minerals.Above not concern 
the samples with more than 2.0 gr. of heavy fraction.
A microscopic examination in transmitted and reflected light was, 
moreover.performed on some of the products separated magnetically 
and electromagnetically to determine their nature.

F.2,2.2. The X-Ray Analysis

In order to checkthe microscopic identification of the 
heavy minerals, X-Ray powder analysis were made by means of a diffra
ctometer in filtered CuK radiation.The diffractograms were taken 
within an angle of 0°-60°.

F.2.2,3. Magnetic and electromagnetic separation

Magnetic and electromagnetic separation of t;ie heavy frac
tions profiting by the differential natural magnetic susceptibility



of minerals enables the separation of particular mineral fractions.
Such a separation was made by means of a permanent magnet with a stable 
magnetic field intensity,So as to separate the magnetic fjaction 
the non-magnetic and paramagnetic fractions were separated using 
an inductive belt high intensity electromagnetic separator,made by 
ULPICH and having a high-intensity magnetic field of strong in homo
geneity.The rougher and cleaner phases of electromagnetic separations 
differed in the intensity of magnetizing cur rent.With the appaiatus 
of this type,the effectiveness of separation of the heavy fraction 
was limited by grain mass.As a minimal feed 2.00 gr of heavy mineials 
was accepted for the complex magnetic and electromagnetic separation. 
The recovery was generally not below 90/1 in this process.The follo
wing flow sheet for the magnetic and electromagnetic separation of 
the heavy fraction of investigated samples was adopted /Fig.89/.
It enabled the separation two of magnetic concentrates I and II, 
two III and IV collective para magnetic concentrates,two para magne
tic middling products Ill-a and IV-a and of a collective non-electro- 
magnetic concentrate V.The quality of concentrates and middling 
products was controlled in both powder and polisned preparates un
der the microscope,

F.P.F.d, Kleetrostatic separation

. iilectrostatic separation was applied experimentally to a
collective non-electrornagnetic concentrate V.depaation was made in 
a drum separator wit! an ionising electrode,according to Fig.9ü.
It gave a concentrate of non-conductive mineral,i.e. of zircon, 
plus a mixed concetrate of electrically conductive minerals and a 
middling poduct .It was confirmed during the exper inents that feeds 
of so small weight entail considerable losses of non-magnetic fra - 
étions.The examination has,moreover,revealed that the non-magnetic 
fraction contains small amounts of rutile.In view of these short’ 
comings as well as of the mineral composition of the non-magnetic 
fraction,the described method was abandoned.
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F.2.2.5. Laboratory Measurements of natural Radioactivity.

Laboratory measurements of natural radioactivity /total 
gamma x’adiation/ were carried out on tae samples from radiometric profi
le Ii 8/7 and fi om an El iisid dune on separate grain classes before and 
after separation in heavy liquid,witi> t e aim of determining them 
natural radioactivity ana its coj  relation with field measurements,
A Harshow scintillation sonde of a high separating capacity /7.'^
.for line ‘̂ "^CSjtype 12gIE/E, with crystal NaJ /71/ of 3X3" size 
was useo for scintillation spectrometry.After amplification, the 
sonde signal was analysed on a multi-c..annel pulse-heihgt analyser, 
type IJTA-102A to obtain t>e gamma radiation spectrum.Ti e number of 
countings i.e. of pulses per unit of time obtained item one spoc- 
trometric line within the energy range 30iieV - 3 KeV was the result 
of the measurement.The countings were reduced according to the 
mass of tire sample and - in the case of measurements on a heavy fra- 
ction-refered to sample mass before separation in a heavy liquid.
Such a normalization is indispansible for a comparison between parti
cular results.Thus, the laboratory measurements of natural radio
activity were expressed in cpm/g.An error was dete rmineu for’ e v e r y  

measurements.When ever its value surpassed $ 0  per cent o£* the
count in a sample,the sample was considered non radioactive.

1

F.2,2.6. The X-iay Microanalysis

The X-hay microanalysis covered the heavy raineials pre
sent in one of the samples from the El Msid dune: it aimed at 
a reconnaissance of the cremical composition of the sample,in 
particular its content of radioactive elements,rare elements and 
rare earth elements.The contents of radioactive elements in the 
investigated minerals allow to identify tnose responsible for na
tural radioactivity in the heavy fraction and, by the same taken, 
for radiation measured in the field.

V
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The measurements were carried out using a micro-sonde type 
APL 5EMQ 20 KV,sonde current of 150 um and counting time AO sec.
The following spectral lines,synthetic compounds and master cr.erni- 
cal were used:MgK ,SiK /Si02/,PK /InP/, CaK /CaCO^,/, TiK ,VK , 
CrK ,MnK ,FeK /FeSg / ,ZrK ,HfK ,LEL . Europium and gadoli
nium were detected by the line LB^, using a master alloy of rare 
earth elements ThM /ThOg /.Elimination of the influence of absor
ption,fluorescence and difference of atomic numbers to the 
measured intensity of X-lay radiation was mado using method ela
borates by Pkiibert J. and Tixior P. /1968/.

F.2.2,7. Indicative chemical Analysis

Indicative chemical analyses were made for the selected 
concentrates of ilmenite,zircon and for the mixed concentrate, of 
epidote,rutilo-ilmentte,monazite, garnets and stauiolite.
" On the ilmenite concentrates,the following assays were

inade:Ti0i?,Fe0,Fe20j,V20^fCr20^ ami HnO.Titanium was assayed by 
the peroxide method,calorirnetrically after previous removal of 
the ions Fey ‘ • The bivalent iron was assayed by KMnO^
titration; total iron,vanadium and chromium, and manganese- by 
the atomic absorption methode -ASA on the Pay- Unicam appara
tus.

As concerns the remaining concentrations,tie method 
of neutron activation analysis was applied.Samoles irradiated with 
thermal neutrons become radioactive. The gamma raniation emitted 
by them is characteristic of the emitting nucieius. A quantitative 
and qualitative assay of the sample can be made by recording 
and analysing the spectrum of the emited radiation.

The samples together witii the masters were activated in a
13 2neutioji flux of cjcnsity 6 x 10 ^ n/ern a  for 20 minutes,Tire measu

rements carried out one week with a semiconductor detector Oe/Ui 
after activation.Every sample and rnastor was measured twice for 
10 minutes each.The spectra were registered in the energy range 
of 0-2 MeV.The reagents Zr,Zr0g,Ce,Ce20 y  LagOyTh /N0^/ 2 , 
6lI20,U02/N0j f i ^ t 5H2O. were used as masters. The mass of the
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analysed samples was 200 mg.
The content of ZrOg, U f 0 ^ t TlO^U^Og and La^O^ was assayed in the 
concentrates of zircon; ThOgiUjOg t C e ^ O ^  and were assayed
quantitatively in the mixed paramagnetic concentrates III.

F.3* Testing of Borehole Samples.

F.3.1. Region of Tanit.

A total of 390 borehole samples from the region of Ta
nit was subjected to laboratory tests.They were taken from 1 j  bore
holes.After the decission taken in Vienna,the number of samples 
was reduced to 178.From the first 8 samples from earn borehole,to the 
liepth of 2,0 m,on initial weight of about 50.0 g was taken. Beginning 
with No 9, the weighed portion of eaci.h sample is about 200.00 g, 
from the last sample of vei y borehole an initial weight within the 
limits of 100.00-250.00 g was taken.This is the result of lumping 
together- k  successive samples,each giving a weighted por tion of 50.0 g. 
For instance,sample T 2/9 corresponds to a one-meter interval at tire 
depth of 2.0 - 3.0 m,it is the result of lumping together the four- 
successive samples Nos 9»'№»'1'1»'12, each of an initial weight of 
about 50,0 g, taken from four drilling interval of 0.25 m each.

Table Ho 1 shows the result of inital testing/sieve ana
lyses,separation in a heavy liquid,identification of minerals of 
heavy fraction /MI/,planirnetration of heavy fraction /Mile/, and 
magnetic separation /MS/.

,'.3. granulometry

The sieve analysis represents the result of a classification 
of samples into 5 grain classes,according to the assumptions auopted 
by tue method,The feed mass of the sieve analysis/itcin "a" in the 
table/ is equal to the sample mass after washing in water and drying 
as well as tc the sub of yields of the selected grain classes.
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The sieve analysis showed that sands amount to more than 
90 per cent of the sample mass, the rest consist of silt and clay 
/Table 1/.Two grain classes are predominant in the sands: the rneuium 
+0.20-0.'VO mm class ana very fine +0.06^-0.20 mm class.For instance 
in sample T 0/9 the medium-grained sands amount to 70 per cent appro
ximately while in samples T 0/10 and T 0/11 the +0.06j> -0.20 mm 
class i.e.,the fine and very fine class gave a Similar percentage.
The coarse-grained sanus the r-O.AO mm-0.80 mm class is between 
several and tens per cent,the percentage of the +0.80 mm class is 
below 10.

The results of the sieve analysis have also benn pre
sented by cumulative curves /Figs. 9V and 92/.The aounuance of 
heavy miner als in the analysed sampler, has been marked on the 
curves.on the basis of the above-mentioned curves and using me
thods proposed by McManus and duller in 1972,it is possible to se
parate the sands of aeolian and beach origin.For this pmpo -i 
the diameters d^^jd^^ and d ^  mm are reau off the cumulative car
ves for the percentiles 16,50 anu 8A, on this basis ,the mean diameter 
GOS the sorting coefficient SA and tie skewness OK were calculated . 
.These parameters /cf.Fig.93/ permit to distinguish the aeolian 
sands from the beach sands.?..e sands with a sorting coefficient 
belowO.1 and a mean diameter between 0*1 and 0.3 mm can be conside
red aeolian,while Sands with sorting a coefficient above 0.1 
and a mean diameter between 0.10 ana 0.80 mm a r e  beach sanus.
For example Fig. 93 shows samples Nos from borehole T-10
to be aeolian sands,anu so are samples 1-A from borehole T-11.
The remaining samples from the borehole T 1U,T 11 and T 12 a;e 
beach sands,The general aim of such oiffer entiation of sands 
is the identification of the individual stages of beach formation, 
including tne olu beaches.This is, however, a separate ana great 
probler ind tfie merely wishes to suggest the possibility of such 
a solution.The above-mentioned data can be used for a correlation 
between tue boreholes,for' instarrco.between T 10 and T 11,

I
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F.3.1.2. Heavy Liquid Separation

The grain clauses +0.063-0.20 mm,+0.20-0.60 mm and 0.40- 
0.80 mm were subjected to heavy liquid separation /Table 1 /.
No separation was carried out for the +0.80 mm class- which contains 
only sporadic single grains of heavy minerals- and for the - O . u G j  m m  

class, from which,piactically no reavy minerals can be recovered.
The feed of separation was equal to the yield of each sieve Glass 
and the abundance of heavy minerals was refered to the whole 
heighed-in sample,the yields of heavy minerals in pa: ticular grain 
classes could thus be auued up, to give the total yield of the 
sand fraction.
For every separation in heavy liquid recovery was calculated.A heavy 
minerals content above 1.00 wt/ was confirmed in the following 
samples from drillings in the region of Tanit:

Ho of borehole No of sample Aggregate Thick Average heavy
ness represented ninuials con
by the! sample S tent , wt/

T 0 1,2 0.5 m 3.25
T 1 1,2,2,4 1.0 m 3.30
T 2 1,2,3 0.75 m 6.11
T 2 1,2 0.50 m 3.6 2

' T 4 ■ 1. 0.25 m 2.56
T -5 1,2 0.50 m 1 .¿>8
T 6 1 • 0.25 m 6.10
T 7 1.2 ' 0.50 m 6.61
T 8 1 0.25 m 2.42
• T 9 1,2,3,4 1'.00 m 2.02
T 10 1 0 .2 5 m 4.74

2 0.25 m 1.90
T 11 1-7 1.75 m 3.84
T 12 1,2,2 0.75 m 2.66

The calculated average ... / minerals content for this group of
samples amounts to 3*34 wt/, 73/ of which is in the +0.062-0.20 
mm grain class,26 %  in the +0.20-0. 0 mm class and only' 0.6/ in 
the +0.60-0.80 mm class.Heavy minerals content 0.50-0.99 wtZ
were confirmed in the following samples;
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of borehole No of sample Aggregate tnick- 
ness represented 
by the samples

Average heavy 
mineials con
tent Wt/J

T 4 ' 2 0.25 m 0.6'.
10 1.00 m 0.75

T 9 6 0.25 m 0.50
T 10 2 0.25 m Q . & ‘

T 11 8 0.25 m 0.66
10 1,00 D 0.70*

In tie reference borehole T 6 the content of heavy minerals generally 
does not exceed 0.25 wt'/u at depth greater than 2.0 m.

The richest concentrations of heavy minerals occur in the 
top parts of the borehole profiles:their abundance decreases with increa
sing depth.A minor em ichment in heavy mineials is obseived at the 
dep+n of 2.0- 5»0 m in some boreholes for instanee: T 2,V 4,T 7, T 9*
T 11 ana T 12 but only up to O.50 wt,̂ .
A grain size analysis of heavy minerals in all the samples ftom 
the region of Tanit confit med that 72;.. of the heavy fraction is in 
the +0.065-0.20 mm class, 27h in the +0,20-0. 0 mm class ami 1‘,t in 
the +G.1O-O.8O class.The uveiage content of heavy minejals for the 
+O.O63 - 0.20 mm class amounts to 0.55wt£/t» for the +0.20-0.40 mm 
class to 0,21 wt% and for the class +0.40-0.80 mm to 0.0lwt',j, which 
adds up to 0.77 wt/i heavy minerals in the sands of that region.

Microscopic otudy

The identification of heavy minerals unuer a binocular magni
fying glass and under the microscope in transmitted light confirmed, 
that the heavy fraction contains up to about r//<> of light minerals, 
mainly quartz.The following non-opaque heavy minerals were spotted: 
garnets,ziicon,epidote.disthene, staurolite, sillimanite, tourmaline, 
pyroxenes, amphiboles, monazite, leucoxene, pure rutile and rarely 
co' undum, chlorites, biotite, spinels, anoalusite, apatite, tho - 
rite.Opaque minerals appear in the taoles as op.m. In the case of 
a quantitative preponderance of one of those mineials over the others,

«
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its approximate content was given.The observations confirm that opaque 
minerals are considerably more abundant than transparent ones 
in the +0.063-0.20 mm grain class,For the coarser classes, it is 
the other way round.

The microscopic study reveals no major differences 
in mineral composition between the samples deriving fiom different 
depths of the same borehole or between the boreholes.The mineral 
composition of the heavy fraction as well as the grain shape,indi
cate the nearness of the primary source of the indentified heavy 
minerals and a Si,ort time of their transportation.

Table No 2 shows the result of planimetering in both tj a- " 
nsmitted and reflected light on 15 samples. The results show a con
siderable preponderance of opaque minerals over the transparent 
ones in the +0.063-0.20 mm grain class.The following opaque minerals 
were idontified:ilmenite,sphene,anatase,rutile, hematite,magnetite,
goethite and sporadically chroraitefcassiterite and brookite.

*
5 utile,ilmenite and hematite predominate.Sample T 11/10 was parti
cularly ricn in these minerals.Of the transparent minerals garnets 
are predominant especially,in the +G.20-0.AO mm grain class 
zircon, epidote and disthene. The remaining minerals ha/e a share 
of a few per cent,or below 1 per cent in the case of monasite, 
sillimanite and tourmaline.

F*3.1./+. Magnetic and ¿lectromagnqtic Separation. * I

A total of 12 samples from this area,representing single 
or combine grain classes of the heavy fraction of the sample or, 
at most, of h samples with a mass weighting more than 2.00 g were 

( subject to magnetic separation /Table j / . T n e  magnetic concentrates
I and II contain mainly ilmenite.

The para magnetic concentrate III contains mainly epiuote . 
/above VO/) of it in samples T 12/1-3,T 11/3-^ and T 11/1-2,ferrous 
rutile,ilmenite-rutile,leucoxene and small amounts of monazite, 
staurolite,tourmaline-,pyroxenes and amphiboles, The para magnetic
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concentrate IV is practically made up of two components:garnet and 
rutile with admixture of pyioxenes.amphiboles,tourmaline and epi- 
dote.A garnets content of over was found in the para magnetic 
concentrate of the samples:? 11/5-8,T 11/3“^»ant* T
The paramagnetic middlings Ilia and IVa also contain epiuote,rutile, 
ilmenite,garnets,sphene,leucoxene.The non magnetic concentrate 
V of the samples T 12/1-5,T 11/5-^,T ío/1-3,T 6/1 and T 0/1-2 con
tains more than lj 0  per cent zircon as well as pure rutile,quartz, 
distiene,apatite,tourmaline and monazite.

The results of plo ..metering and the qualitative evaluation 
of magnetically separated concentrates show rutile,ilmenite,garnets 
zircon-epidote and disthene to be the main minerals in the heavy fra 
ction in the region of Tanit.By a mineralogical classification on 
the1 basis of the minerals whoso abundance exceeds 1 / the deposits 
of black beach sands are rutile-ilmenite-gajnet-zircon sands with 
epiuote and disthene,The average contents of the abovo-rnentionod 
minerals in the heavy factions in the region of Tanit are: 
rut/le-27/,ilmenite-2j>/>,garnets-15‘/ , zircon-12/,epidote-7/ , and 
disthene 5/.The remaining 11/; consist mainly of hematite,leucoxene, 
staurolite and pyroxenes and amphiboles.

0
F.3.2. Region of Blaouakh

m
In the region of Blaouakh, a total of A78 samples from 

15 drillings was taken,The average sampling interval was 0.25 m.
After a reduction of the number of samples according to the ear
lier-described method,a total of 211remained.The initaial sample 
‘weights used, in the same range as in the region of Tanit,

The results of the initial laboratory tests are snown in 
a Table 4,and so is information on the identification of minerals 
of the ht.'vy fraction /symbol MI/,planimetering/MI{¿/ and magne
tic separation /MS/.
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F.5.2.1. Granulometry

As concerns the sieve analysis sands gave more than 
95/' of the mass of the examined samples.Ti.e combined mass of silt 
and clay amounted to a few p a r  cent/rarely over 1 0  p e r  c e n t , f 02 

instance in the samples 3 1/2,D 11/5,8 11/6.A considerable prepon
derance of medium grained sands i.e, of the +0.20-0.AO mm class, 
was noted in some samples,in several samples fine and very-fine 
grained sand was more abundant/i*e of the -t0.065-0.20 mm class/.
The coaise-grained sands of the +G.A(j-0.d0 mm class gave on the 
average more than 10 per cent of the samples unuej consihoiation.'

The results of the sieve analysis were presented by 
cumulative curves /Figs. 9;i and 95/.On that basis the sands were 
tentatively divided into beach and aeolian sands.A sample correla
tion of average diameter and sorting coefficient on a biloguiitmic 
probability gi id is presented for boreholes R 7,8 8 and B 9/Fig. 96/.
It can be seen that,in borehole B 8,the samples R 8/1 to B 8/6 ai e 
typical aeolian sands,the samples B 8/7 - 8 8/0 are beach sands,
B 8/10 is aeolian again ann,beginning; with 8 8/11 they are beam sands. 
In borehole B 9 samples:B 9/5,B 9/8 and B 9/8, B 9/9 were aeolian, 
the remaining ones were beach sands,Finally in borehole 3 7 only 
samples B ' 7 / 1 -  8 7/5 were aeolian.

« * 
F.5.2.2. Heavy Liquid Separation

Separation results are presented in table A.In the jegion 
of Blaouakh heavy minerals contents exceeding 1.00 wtZ were found 

* in the following samples'?
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“ b o r e h o le No o f  s a m p le A g g r e g a te  t h i c k 
n e s s  r e p r e s e n t e d  
b y  t h e  s a m p le s

A v e r a g e  h e a v y  
m i n e r a l  c o n 
t e n t  ,V i t ‘/tf

B 1 1,2,3,4 . 0 0 3 3.d6
a 5 1,2,3 0.75 m 3.53
B ^ 1,2 0.50 m 1.53
B 5 1,2 0.50 m 3.75
B 7 1,2,3 0.75 m .>.79

8 0.25 m 1.07
B 8 1 ,2,3,4 1.00 ra 3.52
B 9 •',2 O.pO m A.16
B 10 1,2 c . 0 3 j>.80
B 11 1,2,3.4,5,6 1.50 m 3.8b

8 0,25 m 1.06

B 12 1-8 2.00 m 3.6A
10 1.00 m T. 20

b 13 1 0.25 ra 5.72
B 1A 1.* O.3O m 1.78

The average content of heavy minerals in this group of 
samples amounts in the region of Blaouakh to ¿.92 wt7j , of which 
56(/o is in the +0.063-0.20 mm class,42h. in the +0.¿0-0. '>0 aim class 
ana only 0 , l &  in the +0.4-0-0.80 mm class.these proportions are 
somewhat diiferent for different boreholes: for instance in bore
holes B 1,B 3,b 4,0 10 and B 12- more than 507» of the neavy mineral 
grains are.in the +0.20-0.AO mm class.

contents 01 heavy minerals between 0.50 and 0.99 wtiu were 
found in tne following samples:

borehole No of sample Aggregate thick
ness represen- 
teu in the samples

Average heavy 
mineials con
tent, wt/d

B 4 4 0.25 m 0,6'i
B 5 H 0.25 m 0.8A
a 6 1 0.25 m 0.72
0 7 5 Q,e:5 m 0.50

7 0.c5 m 0.85
10 1.U0 m O.pO

B .1 tO 1.00 m 0.76
B »2 9 i.Ou m 0.94
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These samples, contain, on the average,0 .67 wt/3 heavy mine- 
rals of which 7 X J in the +0.063-0.20 mm class,26ii in tlie +0.20-0. 0 
mm class and 3/j in the +0.h0-0.80 mm class.blight heavy mineral con
centrations not exceeding 0.3 wtii were obsei ved at the depth 2.00- 
5.00 ra in the boreholes B 1,B 3,B 4,B 5,B 7,B 9» B 11 and B 12.
Still, generally speaking the content of heavy minerals decreases 
with increasing depth,conspicuosly so in the profile of the refe
rence borehole B 6,

The quantitative distribution of heavy miner als regardless 
of the concentration in the samples of total amount 211 fiom tie 
region of Blaoukh is as follows: 37/-> of heavy minerals fall in 
the +0.063-0.20 mm class, which contains on the average of
ti ose minerals,d2 %  in the +0.20-0.ho mm class containing 0.p6,> 
and 0.9‘/i> in the +0.A0-0.80 mm class.The sands of the region of 
Blaoukh contain on the average 0.85/i of heavv minerals to a depth 
6.0.m.

F.3.2.3» Microscopic htudy

The microscopic examination of powder prepara^es in 
transmitted light and under a binocular magnifying glass con
firmed the presence of the same group of heavy mii.erals in the 
region of Tanit.iio major differences in vertical and lateral distribu
tion weie discovered.

A total of 16 samples from this area were planimetera 
in transmitted and reflected light /Table 3/.The aounuance of 
ti e opaque minerals varies between 33 and 73 per cent and that of trie 
transparent ones between 21 and 63 per cent,relative aoundances 
vary in opposite senses in the +G.G63-0.2G mm and +0.2G-U.h0 mm 
classes.h.g. of the transparent minerals garnets anu epidote are 
prepon eront in the +0.2(J-G.h() mm class,whereas rutileTiimenite 
and ip some samples hematite /t,able 3/ are preponderant in the +O.063- 
0,20 mm class.The content of zircon oxeeds 12 per cent,that.of 
disthene and tourmaline a few per cent each for the latter grain
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class. The leucoxene content is higher here than in the otner re
gions.

F.3.2.A. Magnetic and ilectromagnetic Reparation

A total of 15 samples from tite region of Biaouku were subjec
ted to separation,the results aie shown in Table 6.The quality of 
the concentrates was controlled microscopically.A creek X-. ay 
analysis was made on sample B 11/5-^.In the case of the paramagnetic 
concentrate IV draws attention a relatively high yield.as well as 
the content of garnets amounting in it to 60-30 per cent,mainly 
in the +Ç).20-0.h0 mm class,among ti.e otners in samples:B h/i-4,
B 5/1-h,B 7/1-2 and B 3/1-h- /Table 6/,In this concentrate rutile is 
accompanied mineral.The total jield for magnetic concentrates I 
ana II.containing mainly iiraenite is at the level of 32 per cent.

The X-ray check analysis for the concentrates and middlings 
of the sample B 11/3-T revealed the presence of the following mineralsV 
- Concentrate I - ilmenite.geikielite,hematite;

- iimenite,hematite;
- epidote,rnonazite,rutile-iImenite;
- almandine,rutile;

- Concentrate II
- Concentrate III
- Concentrate IV
- Middling Ilia
- Miauling IVa
- Concentiate V

- epidote,titanite,ilmenite-rutile; almanaine;
- epidotefalmanuine,ilmenite-rutilc ;
- zircon, sillimunite.dist Irene, rutile, quartz.

Planimeteiing'and magnetic separation revealed tnat in toe 
region of Blaoukh,the samples containing more than 1,00 ut% of heavy 
minerals represent rutile-ilmenite-garnet-zircon sands with epiuote. 
They contain on the average: 28% rutile,20^a ilmenite,20% garnet,
15^ zircon and 7£<i epidote.Ti.e remaining 19% is mainly composed of he
matite,disthene, tourmaline and other heavy minerals.

F.2.3» hegion of Jreida

In the region of Jreida a total ;>85 samples was taken and 
were subjected to laboratory tests.After reduction,tne number of
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samples was 17 1.The initial weighted portions were the same as in 
the case of Tanit and Blaouakh.The results of the initial laboratory 
tests covering the sieve analysis anti separation in a heavy liquid 
are shown in Table 7» and so is information on identification of 
iieavy minerals /symbol MI/,planimetering /MIQ/ and magnetic separation 
/Kd/.

F. 3.3.1. Granulometry

Tho sieve unalysis of samples from the rcgio" of droida 
reveal" similar distributions of ¿prain sizes /table 7/ a#". i" ‘•’""it 
and BTaounkh ,Tne samples contain about 10/1 of silt and clay were 
derived from the paleosoic levels,whic : identified in all samples 
in t’he region of Jreida.The meuium-grained sands of +0.20-0.40 mm 
class are predominant generally.Sometimes fine and very-fine grained 
sands of the +0.063-0.20 mm class was more abundant as, for instance 
in the samples J 1/9 nnd J 1/10 /Table 7/.Coarse grained sand of the 
+0./#0-0.BO mm class usually makes up a few to a tens per cent of 
the sample mass,rarely exceeding 20'/.The +0.80 mm class ranges from 
a few tenths of a per cent to a few per cent,rarely exceeding 10 per 
cent as, for instance in sample J 3/7.

Cumulative curves have-been plotted also for this region 
/Figs. 97 and 98/ so as to distinguish the aeolian sanos from the 
beach sands by the McHanus-Buller methou.Figure 99 presents such 
a correlation in a biologaritmic probability ,griu for samples 
from boreholes J 1,J 2 and J jl.For borehole J 1,all the samples 
are of beach orogin.In boreholes J 2,J 2/1 to J 2/9 the samples 
are aeolian sands,those from J 2/10 are beach sands,Sample J 2/10 
proper represents the transition.For borehole J 3»samples J 3/4 
-J 3/6 are of aeolian oi'ogin,the remaining ones especially from 
J 3/7 down to J 3/42 are of beach origin,

F.3,3.2, Heavy liquid separation

As above separation in a heavy liquid was made for the 
classes +0,40-0,80 mm,+0,20-0,'0 mm and 0,063-0,20 mm,The results
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are shown in Table 7.
As a general conclussion the region of Jreida is the readiest in 
heavy minerals of the tnree prospected regions.heavy minerals 
content exceeding 1,00/v were found in the following samples:

No of borehole No of sampl 

•

e Aggregate Thick
ness represented 
by the sample

Average heavy mi
neral content,wth

J 1 1,2 0.3 m 3.A8
J 2 1,2,3,4 1,0 m 1.90
J 3 1 - 6 1.90 m 7.98
J A 1 - 8 2.00 in 2.VA
J 5 1 - 7 1.7r3 m 1.7A
J 6 1,2 0. '50 m 1.56
J 7

\
1 O .25 m >.02

J 8 1.2 0.50 m 2.79
J 9 1 - 3 0.75 0 2.69
J 10 1 0.25 m 1,?3
J 11 '.1,2 0.50 m 1.09
J 12 2 - a. 0.73 m 1.63

The above samples have an average heavy mineral content ̂ >f 2.78//,
92/1 of it in the +0,063-0.20 mm class, '■ 7fr in the +0.20-0.90 class
and 1/-' in the +0• /(0-0.80 mm class. ♦

heavy mineral contents between 0.90 and 0.99^ were found in tne fo—
llowing samples: 1

No of borehole No of sample Aggregate thick- ' 
ness represented 
by the sample

Average heavy mi
neral content, v,’t‘/j

J 1 3.A 0.50 m 0.75
J 3 9 1.00 m 0.65
J A 11 1.00 m O .63
J 5 8.9 1.50 m . 0.5 A
J 6 - 8’ 0.25 m 0.50

J 7 2 0,25 m 0.73
J 8 3 0.25 m 0.95
J 9 4 0,25 m O .65
J10 2 0.25 m 0.89

A ' 0.25 m O .38
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J 'll 1 0.25 m 0.60
•

5 0.25 m 0.66
7 0.25 m 0.64

The average content of heavy mineials is 0.67* in this group of 
samples, of which 57*0/i> In 'the 0.065-0.20 mm class,'f1/<, in the 
+0.20-0.4u mm class and 2/ in the + 0 , ' 0-0.80 mm class.The quantita
tive distribution of heavy minerals in all tho samples from ti.e, le
gion ol’ Ji eida regardless of t)ie concentration in tho samples is 
t v > f a  I lows: 56/ of heavy minerals fall in tiio +0.vhV)-O. ; O mm eLnr.r., 
h 2 , >  in the +0.2G-u.do mm class and 2',-, in tho +0.50-0.80 mm class.
In the region of Jreida a drop of tiie content of heavy minerals in 
the profiles of boreholes is observed, together with growth of 
depth,as in the o.her regions.
In the reference borehole J 9 , the content of heavy mineials sues 
not exceed O.dO wth> on depth greater than 1.5 m.

F.5.5»3. Microscopic otudy

The mineral composition of the heavy fraction,5potter under 
the binocular magnifying glass and in the powder préparâtes uriner 
the microscope in transmitted light,is similar to the compositions 
from Tanit and Elaouakh /Taole 8/.Attention is drawn to tie pre
ponderance of opaque minerals over the transparent Ones in a majority 
of the samples.Iio significant uifferences were observed in the verti
cal and lateral distribution of the heavy minerals,17 samples were 
subjected to planimetering in both transmitted and reflected ligiit.
Most samples revealed a predominance of opaque minerals,tne exceptions 
being tne +0.20-0,do mm classes of the samples J 6/1 and J 12/1. *
There is,overall a considerable preponderance of opaque minerals in the 
+O.065-O.2O mm class.I utile and iimenite are the most abundant among 
them.Of the transparent minerals zircon and epidote aie the main ones 
in the +O.O65-O.20 mm class,and garnets in the +0.20-0.50 mm class,
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up to 29/j of the heavy fraction .The Jreida sands contain about 
equal amounts/up to several per cent/ of disthene,staurolite,tour
maline and pyroxenes-amphiboles.

F.3.3.4. Magnetic and Electromagnetic Separation

A total of 14 samples was subjected to magnetic and electro
magnetic separation.The results are given in table 9»
Tho quality of the concentrates and middlings was checked microscopi
cally.

Magnetic anu electromagnetic separations of heavy fraction 
from the samples of the region of Jreida shows a relatively high 
yields of the magnetic concentrates I and II,e,g. samples: J 3/1-2,
J 3 /3 in the +O.063-O.20 mm class,J 3/4 in the same class,J 4/5-3, 
j 7/1-4 an J 8/1-2 which are ricn in ilmenito.Major yield. of the 
paramagnetic concentrate Iv,indicating an abundance up to 704 of 
garnets,are noted for samples J 1/1 -2,J 2/1-4,J 3/1 -2,J 3/3-4 in the 
+0.20-0,40 mm class and J 4 /1-4.

The nonmagnetic concent*ate V of the samples J 2/1-4,
J 3/3 of the 0.063-0.20 mm class,J 3/4 of the same class,J 7/1-4 
and J 9/1-4 are richest in zircon, ^

The data of magnetic separation and plunimetoring imply, 
that the samds in the region of Jreida are of the rutilo-iimouite- 
garnet-zircon type with epidote.They contain on the average:274 rutile 
214 iimenite,lO$i garnets,7/« zircon and 74 epiuote.The remaining 284 co 
nsists mainly of hematit,diS;then9tspi.ent>,goethite and other heavy 
minerals.

F.4.- Testing of samples from radiometric profile R 8/7 and

the dune of El Ksid

f.4.1. Goals and Methods of Testing

The goal of the laboratory tests of samples from profile 
R 8/7 and of the El Msid dune was to determine the natural radioacti-
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vity of the prospected sands,and of its particular minerals and, 
in consequence,to establish the relation between the field radiome- 
try measurements and the heavy minerals content in the beach and dune 
sands.

For this purpose sampling was made from one of the dunes in 
the region of hi Msid,where a richor concentration of heavy minerals 
had been macroscopically confirmed,and from the radiometric profile 
I’ 8/7 in the region of Tanit.The selection of the profile was made in 
tre presence of Mr.B.Balkay,br.

The methods of sampling the El Msid dune and the radiometric 
profile depended on the technical parameter's of radiometers used du
ring the field operations.Their penetration depth amounted to lm. 
maximum for' the sandy for mations.For this reason, the samples were 
taken using a hanu probe from the surface,f 1 ora the dept . of 0.5 in 
and of 1.0 m in the points of the field radiometry measurements.
The samples from the radiometric profile V 8/7 wore designated by sym
bol w or E,depending on the position to the base lino "O'*.The di
stance between the measurement points was given in meters after’ a le
tter symbol,i.e. giving the place and distance of sampling from the 
above-mentioneu base line.For instanceisample W ¿0/0.5 was' extracted 
in the measurement point at a distance of ¿0 meters wes ¿iiard of the 
base line,at the depth of 0.5 m.
From part "U" of the radiometric profile I? 8/7 1^ samples were made 
from the surface,1m samples from the depth of 0.5 rn and 1d samples 
from the depth of 1,0 m,i.e. the total of samples was 52.From the 
part "E" of this profile respectively 12 samples thus,on the total- 
-¿6 samples.

The samples from the El Msid dune were given the successi
ve numbers with the symbol EM and the presented table shows their 
localization and the sampling depth.lt is also seen in the Figs 4 
and 5»

*



Sample N- Place of sampling Depth in m.

KM 1 E 10/3 0 0-.0
EM 2 E 10/3 0 1.0

KM 3 E 30/3 0 0.0
EM h E 30/3 0 1.0

EM 5 E 30/S 20 0.0
EM 6 E 30/3 20 1.0

EM 7 E 30/3 hO 0.0
EM 8 E 30/3 AO 1.0

EM 9 E hO/S 60 0.0
Ell 10 E hO/3 60 0.5
EM 11 E ho/5 60 1.0

EM 12 E 30/3 30 0.0
EM 13 E 50/3 30 1.0

EM 1h ' E 50/3 60 0.0 0

EM 13 z 50/3 6o 0.5
EM 16 E 50/S 60 1.0

F..A.2. Results of Mineralogical Tests

The samples from the radiometric proi’ilo R 8/7 and from 
the aune of 81 Hsid were subjected to the same course of preliminary 
laboratory tests as the samples from boreholes.They were additionally 
washed i.i a hydrogen peroxide solution, in order to eliminate from 
them the soluble minerals and the organic matter as well.After such 
a washing and drying the samples were sieved i nto four grain cla
sses,i.e,+0.80 mm,+0,A0-0.80 mmj+0,20-0,A0 and -0.20 mm.
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The +0.80 mm class was not divided to the separation in heavy 
liquid,because it contains only light minerals or shells or their 
fragments.

The/tables 10,12 and 16 prosent the result of preliminary 
tests,separately for: samples from the western part of profile ¡-8/7»
the samples from its eastern part anu those from the dune of hi Msid 
Trie following results have been presented by the above-mentioned ta— 
bles:sieve analysis,separation in heavy liquid,both laboratory and 
field measurements of natural radioactivity,identification of heavy 
mineials under a binocular magnifying glass and microscope,as well 
as information on further testing.

In onlor to determine the content of heavy minerals for 
the thickness of 1.0 m in a each measurement point,wero summed up 
the ^feeds of samples their yields of heavy and light fractions of 
the throe successive samples.i.e. of the samples taken from the sur
face,from the dept i of 0.5 m and of 1.0 m.Tiie sum of the feeds of 
such throe samples was assumed as 1GC/J and the percentage yields of 
both heavy and iigtit fractions were calculated in relation to it.

The samples,which contain 0.5 to 1.0 wtf,j of heavy mine
rals or above and the mass of their particular grain classes or 
of their sum had not exceed 2.00 g wore planimolerd in both trans
mitted and reflected light/syinbol Ml(i in tables 10 ,13 Ino 1b/, 
when this mass was more than 2.00 gr. in the samples containing more 
than 1.00^ of heavy minerals,they were directed to magnetic and 
electromagnetic separation/symbol MS in tables 10,12 and 16/.
Fine samples were washed initial in hot water and hydrogen pero
xide solution for determining and removing the soluble minerals 
and organic matter.For the samples from the western section of the 
radiometric profile 1. 3/7 the total contents of soluble minerals 
and of organic matter amounts on the average to 0.51 wt/.i within 
the limits of 0,16 - 1,61 '/,for the samples from tiro eastern se
ction of the profile-respectively 0.58 wt/5 within the limits of 
0,12-2.7-5/-’» and for the samples from the dune of £1 Msid of 0,50 wt1,. 
-within tho limits of 0.17-1
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The results of the sieve analysis of the samples from 
the western part of profile .R 8/7 indicated a domination of the +0.20- 
0*40 mm grain class,i.e. the medium grained sanu,which represents 
50—70;" of the mass of the samples,excepr the sample \i 40/0.0.
The -0.20 mm class,i.e. the fine- and very-fine grained sand, repre
senting 15 - 55/j of the mass of the tested samples. In a few samples 
among the others in Vi 40/0.0,W 45/0.5, V< 50/0.0,1.' 50/o.5,V< 55/0.0,
W 55/0.0, W 55/1.0,'1< 60/0,0 the share of this sand is dropping to 
several percent /Table 10/ and its place is taken by coarse-grained 
sand i.d. the +0.nO-0.80 mm class.As concerns the remaining samples, 
t ¡ a amount of the coarse-grained sand does not exceed, as a rule, 
the several percent.The +0.80 mm class usually does not exceed seve
ral per cent.

A several distribution of grain classes was confirmed 
in the eastern part of profile R 8/7,i.e. a domination of me<<ium-gra- 
ined sand/the +0.20-0.AO mm/ within the limits of 60-78', ,over the re
maining grain classes,except the samples E 5/0.u,E A0/0.0 anu E 60/0.0 
in whies there is a considerable .siiare of the +0.; u-0,80 mm and 0.80 
mm classes.The fine- and very- fine grained sanu,i.e. tie -0.20 mm 
class represents 20-25M of the mass of the samples.

The samples from the dune of El lisid reveal a somewhat uil’fe-
Prent classification,except the samples EM 1 and EM p,taken fi om the 

surface at .the foot of tue dune.The remaining samples,dai iving f/om tiie 
central section of the dune,reveal 60-805' in the -0.20 mm class.
’The •+0./‘0-0.80 mm and -0,80 mm classes represent only about 1;. of 
the mass of the samples,

Reparation in heavy liquid of the particular grain classes 
revealed that samples from the western part of the rauiornetric pro
file R 8/7 contain from 1,19 wt^/sample Vi 20/1,0/ up to 24.w2 wi; 
/sample Vi 25/0.5/ of heavy minerals /tablo 10,point Ma"/.The above 
mentioned heavy mineial content are changing for eacit measurement 
points in the field /Fig, 100/,

'A'he sampled from the eastern part of the radiometric ptofile 
1 8/7 contain the heavy minerals within the limits from tenths



pe; centage /samples E 60/1.0, E 60/0.5, 2 55/^«0/ up to 11 Jo /samples 
£ 5/0.0, and £ 40/1.0/.Similarly as the case of samples from the 
western part,reveal changeability together with depth /Fig.101/.It 
can be generally said that a depletion of heave minerals content 
is taking place in the eastern uii action of profile i 8/7.

The Samples fiom the dune of £1 Msid contain up tp d3.11 
of heavy minerals /sample £M 9/|0Xcept barren sample EM 4.The r ema- 
ining samples reveal very high contents of heavy minerals /Table lb/. 
Beacause a particularly small yields of the +0.40-0.80 nun grain class 
are noted in the samples:EM 5,£M 6,EM 7,£H 8,EM 9*EM 10,EM 11,EM 14, 
£M 15 and EM 1o,no separation in the neavy liquid v;as made or thorn. 
The content of heavy minerals amounts to some 70/3 in the -0.20mm 
grain class,and to about 25'//- in the +0. 20-O.;'O mm class.In tiro case 
of samples from the uune of £1 Ms id,they sometimes represent 50/ 
of the -0.20 mm grain class./Table 16/.

Identification of minerals under t.e binocular magnifying 
glass for the +0 .40- 0.80 mm grain class and in toe powuer prepaiates 
in tire transmitted light for the +0 .20- 0.40 mm ana -0.20 mm classes 
of heavy f action were mane mainly for tho samples frum profile 
JV 8/7 as well as for tire samples EM 2 and EM 5 from the dune.

The following transparent minerals were distinguished: 
garnets,zircon,epidote,tourmaline,staurolite,uisti. one,sfilimanite, 
leucoxene,monazite,pyroxenes,amphibolcs,corr undum and andalusi te 
In tiie same time,it has been confirmed that the heavy fi action con
tains up 5/ of light minerals /not in all ti.e samples/,essentially 
composed of quaitz.more rarely of cordieiite and sporaically of 
beryllium.On the basis of observations in the jeflected light,it is 
known that the opaque minerals are: ilmenite,rutile,ilmenite- 
rutile,anatase,sphene,geikielite,. ematite,gootkite, maghemite, 
magnetite and tlie hydrated iron oxides. In the case of a distinct 
domination of one from among t.ie heavy minerals,the percentage 
content in relation to the whole of the analysed sample was given 
beside /Table 10,15/»

On tho basis of microscopic observations it can be said
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that the opaque minerals are dominant in the -0.20 mm grain class, 
the transparent minerals being bominant-mainly gainets-in the coarser 
classes /table 10,15,16/.The separate grains of cassiterite,brookite, 
chromite,spinel,chlorite,topaz and thorite were met in particulai 
samples,but they are not ihdicateci in the tables,There wore not 
found special aifTerences in the mineial composition of tiie heavy 
fraction of the sample from profile i' 3/7 and from the uune of 
Id 1 lisici.

Planimetei ing in both transmitted and reflected ligi.t was' 
cai riod out for 2 lj  samples 1’i om the wester n part ami for 13 samples 
from too oaslc.ru part of the m u  iomo trie profile i 3/7» /Table ii and 
'll /.The opaque minerals from the western part of the profile repre
senting 0-72';̂ of the heavy, fraction and 26-762/ respectively in the 
eastern part.The transparent minerals represent from 22 to ‘jBf of this 
fraction for the western part,ana 22-7./6- for the eastern part.
In the group of opaque minerals ilmonite,rutile and also hematite as well 
are preponderant ovei tiie remaining ones,i.e. «phone,unataso, magiio- 
mitQ-magnetite and goetliite.Tiio ciieck X-kay analysis of sample 
W was indicated presence of geikielite-HgTiO^ in tne -0.20 mm
grain class.(leikielite is an isomorph of ilmenite,however,it is 
very difficult to be distinguished fi oib ilmenite under the microscope.

Among tiie transparent minerals of tiie iieavy fraction of tiie 
samples from profile h 8/7|t he dominant are:garnets,zircon and epi- 
dote, and aduitionally leucoxene in the sample from the eastern 
part of tiie profile,barnets are concentrated in major quantities i n  

the +0,20-0, 0 mm grain classes zircon being concentiated in the 
-0.20 mm class.However,major uiiTerence aren’t noted, in the quanti
tative distribution of epidote in the separated grain classes,The 
remaining ti ansparent minerals,i.e,: leucoxene ,disthene,st>aurolite, 
sillimanite,monacito,tourmaline,pyi oxanos and umpniboluu amount to 
some . ‘/o of the heavy fraction,

A magnetic and electromagnetic separation comprised the sam-
t M ,

pies with iieavy fractions of grain classes-singular or complex-has a 
mass of more than 2,00 g.Owing to tiie separation,the two magnetic
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concentrates I ana II wero obtained using a permanent magnet with a 
stable intensity of magnetic field.Two collective concentrates III 
and IV of paramagnetic minerals,two middling products Ilia and IVa 
of those minerals and the nonmagnetic concentrate V were obtained 
using the inductive belt high intensity separator.To the separation 
were subjected: 25 samples fiora t.e western part of profile ¡8/7,
11 samples from the eastern section of profile I 8/7 and 25 samples 
from the dune of dl Msid.The result of th5„s separation are presented 
in tables 12 ,15 and 1?.

The control microscopic examination of the separate con
centrates in the refloctod or in the transmitted light /tables 12 ,15  
and 17/ revoaled that:

- magnetic concentrate I and II is mainly composed of ilmenite, 
ilmeno-rutile,strongly ferrouginous rutile and hematite.The 
ilmenite forming 6u-90;5 of concentrate I and II.These minerals 
are accompanied by small amounts of anatase.spiiene ana anu*a- 
dite;

- the paramagnetic concentrate III is Composed mainly of epiuoto 
/up to 80/./,ferrouginous r utile, ilmeno-r utile and small amount 
of staurolite,monnzite,tourmaline,pyroxenes anu amphibolos;

- tire paramagnetic concentrate IV is practically coi^rosea of two 
components:garnets and rutile,The concent of garnets amounting 
to 90^,especially ir. the samples representing tie +0.20-0'. 0

, rnm grain class;
- the intermediate products Ilia and IVa heve piactically a simi

lar mineral composition:ferrouginous rutile,iirneno-r utile, ilme
nite, spi.ene, anatase, epiuote, gar nets, staurolite, leucoxene,mona- 
zite,tou»rnaline, pyroxenes anu umfcrhiboles occur in oiffeient 
quantities,w ile the first minerals being dominant;

- non-magnetic concentrate V contains zircon up to 90‘,-w as its 
main component,which is accompanied by the changing quantities 
of pure rutile,brookite,tourmaline,monazite and quartz.

On the basis of an analysis of the quantitative distribution 
of particular heavy minerals in the obtained concentrates and middling
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products as vieli as of the results of planimeteri'ng it can be stated 
that the main components ai e the following minerals:ilmenite-on the 
average 28/' of the heavy fraction utile respectiveiy-2V,,j, garnets- 
13f/~, zircon-11/,> and epidote 7/'*The remaining 19/> of the heavy fraction 
are composed of other minerals,occuring in the quantities up to se
veral per cent.

The presence of rutile in almost all concentiates ana mid
dling product is a result of changaole content of iron in it, and-by, 
the same- of its different magnetic susceptibility.Vne pure iutiles 
without the iron admixtuies penetiate into the non-magnet c concentra
te.This kind of rutile-t^.e metamorphic rocks,while ferrouginous ru
tile from magnetic ana paramagnetic comes directly from concentiates • 
being tne product of ilmenite transformation in the hype, genic conditions

betection of radioactive minerals,i.o. "response!Die" for 
natuial radioactivity of tne prospected sanas war one of the ossential 
goals 01 testing of the samples from the radiometj ic profile I 8/7 ana 
from the dune ox hi Hsia.rhe microscopic observations of tne se:ies 
of samples allowed essentainy for singling out only one mmeiai cna- 
racteiized by radioactivity,i.e. monazite.The sporadically inclusions 
oi thorite met in^zircon grains can not De taken into consideration, 
l'ianirnetering of samples from proiile fi 8/7 showed tnat the monazite 
content in xne neavy fraction oscillates witmn tne limits 0.9 - 3.8/T 
for the western section and respeclively -0,7 - 5.//? lor tne ‘'astern 
section,In a few samples monazite was completely absent.Thus,such 
quantities of monazite can not take the /esponsabiliuy of tne inten
sity of gamma radiation,ODtained for the heavy fraction.For this 
reason, tne check X-Kay analysis being carried out for various 
magnetic fractions of samples: dtt 7 of the -u.20 mm class and l, 29/0.5 
of tjie same class.The microprobe analysis were made for epioote,zir
con,monazite, rutile, idirncnite,hydrated iron oxides and garnets,which 
carife from the concentiates of sample ¿M 15.

Tkie presence of the radioactive elements mainly of thorium, 
was confijmed by tne microscopic analysis in opidote /Table 22/,zir
con /Table 21/,monazite and the hydrated iron oxides /table 25/.
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The activation chemical analysis executed for the zircon preconcentra- 
te and for the collective paramagnetic concentrate III /table 26/ con
fined tne presence of uranium and thorium on the heavy fraction of the 
samples.

the* content 0.05 - 0.551-' of Ti.Ô  /table 22/,The activation cnemical 
analysis of the paramagnetic concentrate III, of wnica epiaote is tne 
main component,revealed up to tentns of per cent of T hOg.The same

probe analysis -0.U5 - 0.18b' ThO^ / table 25/.
The most radioactive minorai is zircon.Yho micruprobe analysis
rov*ealoo for it 0.05 - 0.2?>i of ThUg /table 21/ anu the activation
analysis of its concentrate from the samples oh 111 revealed r.1lj -
l-. 7/j ThQ„ and 0 ,6 ' i - 1.58,, of U..O,,, Tne presence of those ele- 2 j  o
ments in zircon is possible because this mineral forms a continuous 
isomorphic series with ti.orite,uranium-tnorite and coffinite.
In trro case of greater quantities of these elements in zircon, it 
can contain t e inclusions of thorite or uranium-thorite.The presence

fraction diagrams for tne non magnetic concentrates of samples:,,!. 7 a 
and W 25/0.5 whicn are characteruzeu by tne higher intensity of the 
gamma radiation.
Tne X-i ay diffraction diagrams,executed for particular magnetic fiac-

The epidote from sample ÜM 15 of the -0,20 mm class reveals

The hyd-ated iron oxides containes- on the basis of micro-

tions of sample Vi 25/0.5 revealed tire presence of the following 
minerals:

- concentrate I - ilmenite,geikiei*ite;
- concentrate II - ilmenitc,geikielito;
- concentrate III - epiuote,sphene,andratite;
- concentrate IV - almandine,rutile,ilmeno-rutile;
- middling product

Ilia
- middling product 

IVa

epiuoto, ilmenite,goikielite;

almanuine,geikielite,ilmonito;
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- concentrate V 
For the sample EM 7:

- concentrate I

. - concentrate II
- concentrate III
- concentrate IV
- concentrate V

- zircon,quartz.

- ilmenitc, ;.emutite,psudobrookite,geikieiite;
anu magnetite;

- ilmenite,geikielite,almunuine;
- epiuotd,stuurolite,monazite,tourmaline;
- aimandine,ilmeno-i utile, goikielite.;
— zii con,sillimanite.aisthene,iutile,tour

maline.

The monazite microprobe analysis,showes the presence of ThO^ in this 
mineral within the limits 0.15 “ 1.56 wtpj.

The natural radioactivity of the investigated sanus derive 
from four uifferont minerals: zircon, epiuote,monazite and the 
nyota ed iron oxides.The order in' which tno minerals have been enumerated 
is not incidental,becuase zircon anu epiuote have a more abundance then 
monazite and . yutareu iron oxides in the heavy fractions of samples 
from profile 1 8/7 and the uune of El Ksiu,especially as concerns the 
-0.20 mm grain class.

F.h-,3. results of ladiometric testing

* The measurements were carrieu out for the separated grain
classes of the samples,before ana after a separation in the ueavy 
liquid,Tae results of those measurements were later noimalizeb to the 
mass of grain classes.The ?imples not revealing radioactivity befo*e 
the separation in the heavy liquid /uesignated in tue tables by symbol 
"nr"/ were not measured again after separation /symbol "nm" in tae 
tables 10,15,16/.The measurements of natural radioactivity were not 
made of both heavy anu light fraction in these classes of samples whica 
revealed a minimal intensity of gamma radiation before separation in 
the heavy liquid,
T ie intensity value of gamma raaiation measured in the field was re
calculated from cps to cpm being put in the tables 10,15f16 fo- every mea
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sûrement point.
The results of laboratory measurements of the natural ra

dioactivity of the grain classes of samples before tiie separation ini 
the heavy liquid indicated /tables 71U,"13 and 16/ that this radioactivi
ty is principally connected with the r0.20 mm grain class anu - as con
cernes samples £ 50/1.Ü - with the +Û.8G mm class, as well.The results 
of those measurements fori the -0.20 mm grain class of the samples from 
the surface and from the depth of 0.5 m and 1.0 m as well as of the 
field-made measurements are presented in the diagrams of profile h 8/7 
/Figs. 102 and 103/.

• t •
The radioactivity of the heavy fraction,compared with tire 

radioactivity of tiie sample before separation in ireavy liquid /tables 
1 0 ,1 3 ,16/ siiowed that it is almost completely connected with tris fra
ction /Figs. 10'(• anu 1(3/.Only certain light fractions of tno samples 
revoal a moderate natural radioacLivity.The intensity rate of gamma 
radiation in tire i eavy fraction is independent of tiie depth, of sam
pling and ogf tiie position of t'he samples in tire profile.For this 
reason,the cor.elation of the intensity values of gamma radiation 
for’ the grain classes before and after separation in'tiie heavy 
liquid was carried out only for trie -0.20 mm class anu fo. tne same 
deptii of sampling /c.iaw.106 and 107/. **

It is generally seen tiiat tne correlation between the rauia- 
lion value and tiie total content of neavy minerals in fairly satis
factory.It goes without saying tiiat there are defections from this 
directly proportional dependence,among ti.o others,as concerns sam
ples: 60/0,0, Vi 60/0.5, W 55/0.0 V< 55/0.5 and tiie oti ersVnis fact can
be explained by a lesser or greater’ contotnt of minerals wnicn are 
"responsible" for the natural radioactivity in the neavy f.action.

The samples from the eastern part of profile 2 3/7 are gene
rally characterized by smaller values of the intensity of gamma rad
iation, which is connected with a crop of the quantities of heavy 
mine’als,ana by tiie same,of radioactive minerals.
The remarks concerning the samples from profile k 8/7 referías well, 
tc the samples from the £1 Msid dune,being, however, richer in the he
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avy fiaction and, due to it,revealing a greater radioactivity.

F.4.4. Correlation between the field rauiometiy measurements 
ane the heavy minerals content.

The laboratory measurements of the natural radioactivity of 
samples and determination of the heavy fraction content in them has 
confirmed a supposition that there exists a good correlation between 
both quantities.lt is cleaily seen on the figures 100 and 10? obtained 
for the -0.20 nun grain class,As the minerals "responsible" foi tne 
radioactivity namely¡zircon,epibote.monazite and hydrated iron oxides 
are concentrated mainly in that class which represents some 70;j of 
the heavy f)ac ion,no analogous figure is shown foi the +0,20-0.ho mm 
gra^n class, though when analysing the data in the tables 10,1 j>,16 
similar relations can bo observed.

In order to obtain a relation between field radioactivity 
measui emonts and heavy mineral content all available pertinent data
has been gathered;},'8/7 pj ofilo data,data from the dune of El i-isid and

:i
the 'borehole data /fig,108/,The memeber of data is 7 1.

The following statistaical parameters has been obtained 
from these data;
- Mean value of the heavy mineral content
- Mean value of radioactivity
- Standard deviation the h.m,'content
- S.tandm d deviation of radioactivity
- Correlation cpefficient 
-The95‘;i confidence interval is
- The lineai regression equation has a form

y = 9.60x + 97.90
where:

y - radioactivity in cps
x - percentage of heavy minerals fiaction.

- 4.^1^
- 80.28 cps
-  9.77/i
-  68,55 cps 
-+0.308

0.7 -  0.85^

The regr essian coefficient a,. = 9»60 lias the interval of 95^ coni’i-
• >

denco of + 1,68
The second linear regression equation is as follows: 

x s 0.063 y -1.05'.
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and w i m  an interval of 95/S confiaence
X r /0.068 + 0.006/ y - 1.05

The second equation can be used for calculating the heavy minerals 
content when the field radioactivity is given.Fo r example for 60 cps 
value the heavy mineials content is in average 3.'i5‘v.It can vary within 
limits of 2.67% and 3.40‘j with 95/j of confidenece.

It must be remembered that the calculated regression equations 
aie valid for the investigated area only.

F.5. Mineral Composition of heavy Fraction

The microscopic examination,X - hay microanalysis of the 
heavy and magnetic fiactions of the borehole samples anu from the 
rauiomottic profile l< 8/7 and from the iil Msid dune,the following 
minerals were identified:

- opaque mineials: ilmenite,iimeno-iutile,spuene, rutiie,gei-
kielite,anatusefpsudobrookite,hematite, 
maghemite,magnetite,goethito,chromite, 
cassiterite; 0

- transparent minerals: gainets, zircon,epiaote,uisthene,stau-
iolito,sillimanite,tourmaline,pyroxenes, 
amphiboles,ieucoxene,rutile,monazite, 
andalusitG,biotite,corundumfspinel,cor- 
dierite,beryllium.

Of the heavy mineral's above-mentioned,tiie following are present in 
significant quantities in the heavy fraction: ilmenite,iutile, gar
nets, zi.con, epidote, and more rarely disthene and hematite.Of pra
ctical importance are the following:ilmenite and rutile/ as titanium 
ores/ and also zircon,gai nets, distnene and hematite.
Ti.e above-mentioned mineials are described below.

Ilmenit-e

Generally makes up more than 205* of the heavy fiaction in 
the tested samples.lt is enriched rather readily in the magnetic con
centrates I and II.It is also present in the paramagnetic concentra
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tes III,Three varieties of iimenite were ^distinguished microscopically:
1. - homogenous,rounued grain of typical iimenite;
2. - grains with different degrees of replacement by sphene

and anatase;
- homogenous grains enriched in TiO^ and ueplated in FeO,

The last type of iimenite was most abundant in the tested samples.lt 
seems to be a product of transformation towards rutile, a transitio
nal ilmeno-rutile stage.This interpretation is confirmed by its '
anomalous optical features in reflected light.Its colour is greyish- 
white with an almost invisible bi ownish tint.Anisot: epy is v.cal: or 
absent.Internal reflexes of dirtily- fcauny colour are visible only at 
the grain edges. The minerals sometimes' reveals a distinct cleavage * 
possibly as n result of o. ion ted p«ou biookite-ilnienite inter g. or. l.;S.

The assaying of microprobe composition of iimenite /table 
10/ shows a surplus of TiOg against toe formula of this mineral,impor
tant admixtures of Mg,Fin and a considerable amount od biO^.bhen a TiC^ 
surphus is considerable was observed secretions practically isotropic 
having tne colour of rutile.Such a agregate transforms next to t..e form of 
rutile one.

Isomorpnous geikielite /MgTiO^/ sometimes shows up with 
iimenite in the diffractograms.

Tutile

makes up about 25?3 of the heavy fi action of tested samples.
It is encountered in almost all the magnetic fractions.The rutile is 
identified in transmitted light anu it hasn't contain of iron admix
tures and characterizing minor amounts of Ta and l*b /Table 19/.
These grains have a red-brownish to almost black columnar habit.
Those factors are typically for rutile corns from the metamorpliic 
rocks,The amount of rutile of t'his type is not great in the tested 
samples.lt passes in to the nonmagntic fraction.
The bulk of rutile finds its way into both the paramagnetic and ma
gnetic concentrates.'^ is identified in reflected light .¡-¡ore often
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it occurs as a separate Grains revealing typical features and.some-
times, it appeals in intergrowths with anatase and sphene or with
ilmenite/ilmeno-rutile/.TheSe rutile varieties are characterized by
an increasing iron content affecting the magnetic susceptibility.which
suggests that the rutile derives f. om the ilmenitc.The described
varieties of rutile contain, a considerable amount of Ci- 0.. also

t- ‘J
but no Ta and Kb: this is characteristic of the 1 utiles of this 
types.There are rutiles high in Ca.they may be related to sphene.

Sphene /titanite/

occurs in small quantities/up to 5// in tne heavy frac
tion.It takes the form of separate grains or intergrowths with ii- 
menito.In the second case,sphene originated as a i cplucement of il- 
menite, the process of its formation was accompanied by segregations 
of anatase.The chemical assays on titanite reveal a considerable ad
mixture of Al,Fe ana often of Cr /table 20/,in addition to the essen
tial components Ca,Ti and Si.Microscopy and chemical analysis suggest 
that the optically homogenous pure titanite grains contain smaller 
quantititos of admixtujes /tables 20,points Bp.Kp/.

Kagnetite-Haghemite-I'ematite

Hematiteio the most abundant in the heavy fraction investi
gated,It contents to be a 10/ or so.Commonly,it forms oriented inter
growths with iimenite:this form can be considered as primary.hematite 
also forms separate grains .They occur rnoi e rarely with maghemite, 
Generally,itrepaces tie iimenite grains.Segregations of anatase also 
results from this process.Oiains of the Fe and Ti oxides a t e  formed 
by processes of replacement.They aie often so fine that the mass is 
microscopically homogenous and is identified as leucoxene,Vle pro
ducts of this process- reveal considerable deviations from tiie ci.emi- 
cal composition of typical* iimenite,rutile or titanite.

Magnetite of typical optical properties is a rare component 
of the i.eavy f;action.The extant grains of tnis mineral are being re
placed by nematite or maghemite. •
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iiydiated Iron Oxides
sometimes occur in in the heavy f; action.Their chemical com

position is varied,with significant admixtures of A1 and Si,probably 
in the form of clay minerals /table 23/.The ? and Th content is also 
higher in them /'table 23/.The hydrated iron oxiues contain residues 
of the non-uisegregated ilmenite,sometimes of hematite and,commonly 
of goethite.

Zircon
occurs in amounts of about 1 % , in tlie neavy fraction.lt 

passes in its bulk into the non-magnotic fraction of which it makes 
up 80-90/1 of tho value.lt concentrates mainly in the +0.063-0.20 mm 
grain class.Zircon is easily identifiable in transmitted lig t.iou; 
Vuriaties of ziicon can be oistinguisnod:

4
1. - Long,idiomorpnic crystals witii an elongation of 1:1u-12.

They are most often transparent witii no inclusions of 
other mineials;

2. ’ - Columnar crystals witii rounded ends a distinctive zonal
H structure and inclusions of opaque minerals of spneiical

1 shape.Elongation is 1 : 5-7j 
. 3.' - Crains with distinct spalling and an elongation of

1 :1 -2.Tiiey are transparent,brownish and yellowish- 
brown with a zonal'stiucture.;

k , - hell- rounued grains of worh surface,transparent with»
a weak plaochroism.

In reflected light zircon is isotropic anu its reflexsixy 
is ca 10; ,Ti,e zonal structure of ziicon is well visible in reflected 
light,thanks to the different hardness of adjacent zones,and also, 
to the spalling on the zone edges.

A microprobe analysis in order to interpret the differen
ces in the hardness and mineral composition between the zones.Hafnium 
is the most valuable admixture in zircon:its content varies between
0.58 qnd 1 ,2 3  % UfOg.Thorium andphosphorus also enter the structure 
of zircon, their quantities are important but variable.The content 
of the above-mentioned elements and of Cr progressively increases
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from the outer zones towards the inner zones.Some zonal zircons le- 
veal strong interzonal differences in the content of Cr and Fe /table 
21/.

Garnets

amount to approximate 12f> of the heavy fraction in the test
ed samples.A concentration of about pO/i; is ci.aracteristic of the 
+G.20-0.A00mm grain classes.They find their way into the paraniagnetic 
concentrate lv during electromagnetic separation, to make up 80-90/j 
of that concentrate.Gonarally,they are a brownish-pink colour intrans- 
mittud light, or more ruroly,colourless or almost black.Tno garnet 
grains are off regular shapo, from the elongate to the isomorphic; 
ti.ey have sharp unwar edges with a preserved conchoidae fracture.
This indicates that' tl.eir transport from t e source area was not long. 
Tnoy are isotropic in reflected light,having a reflexivity of about 15/ . 
In chemical composition,they resemble almandine most,although impor
tant admixtures of Ja,Hn,iig /table 2d/ suggest tno presence of en 
almandite-grossulai-spessartite series.X-!ay analysis confi. mod that 
oresenco of almandine /the main component of the paramagnetic concen
trate IV/,of grossular ana andradite /admixtures in the magnetic con
centrate II/. *

Epidote

is encountered rather wiaespread, averaging some ?-S/j in 
tne heavy fractions of the tested sands.lt is iuutea into the parair.a- 

. j gnetic concentrate III, in which it is enricned up to 90/->,as well as 
in to the middlings Ilia and IVa.In transmitted light,epidote is seen 
to form spherical and slightly oval flattened graines of a greenish- 
yellow colour with weak pleochroism.Sporadically,it contains inclusions 
of opaque minerals.In reflected light,epidote often reveals a refle
xivity of about 10/.A rather iiig.h Fe content /table 22/ is typical 
of this mineral.Epidote contains 0.95/1' ThO^as well as minor amounts 
of Ti and Cr. *
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Konazite

is present in rnouest quantities /up to 3/V in the heavy 
fractions of the tested samples.In magnetic separation enters the 
paramagnetic concentrate III or the middlings Ilia and IVa.lt is some
times encountered in the non-magnetic concentrate V as well.In transmi- 
tted light,it takes the form of spherical and transparent giains,colo
ur less,pale-yellow or pale-green,with high coefficients of refraction 
and oblique extinction.lt is biaxial in convergent light.A micropro- 
be analysis of monazite revealed the following chemical composition 
/in weight per cent/: SiO^ 2.10-3.A9, 17.39- «-4.50, ThO^ 0.15-
1.30, CaO 2.50-5.59, Feo0j 0.08-5.09, AlgG., 0.02-0.20, C e ^  20.50-
y  .I0,ha Ci 1 5 -05-24.08,?r 0 0.08-5.10, Nd 0 5.15-12.60, 8mno_ 0.08-
1.30.

'i'ourmaline

‘is common in minor quantities /up to a few per cent/ in tne 
heavy fracion of the tested samples.lt occurs in two varieties:

1 . as idiomorpiiic p.ismatic crystals withs lightly rounded 
ends and a distinct cleavage parallel to the pj ism edge.'ih ose 
grains have a strong pleochi oism depending on the Colour and 
cut of the crystals.lt is'most often green to brownisn-green 
and more seldom colourless to pinkish;

2, as oval forms,well-rounded of a brownish-yellow shade.Its
pleocnroism is distinct,but it is sometimes isotaopic.Tiio 

grain shapes imply that tourmaline originates from two aificrent 
source of unaque distance.

bisthene /cyanite/

occurs in the majority of samples under investigation both 
in the fine and medium classes. It concentrates in tne non-magnetic 
fraction together wjtn zircon.Noteworthy concentration were found 
in the region of T anit /5h> on the average/.It most often forfu elong
ate and formless grains colourless or yellowish with a weak pleocbro-



izm and oblique extinction.lt has high coefficients of diffraction and 
and paleinteiference colours. '

\ .

Staurolite

is a common mineral /up to several h/, mainly in the para
magnetic fraction, It is characterized by a distinctive brownish- ye
llow,strong colour,a distinctive pleochroism and hit’ll coefficients 
of diffraction.lt shows the characteristic interference colours.The • 
stauro.lite chip are sometimes intoi grown with other minerals,most 
often opaque ones.

Sillimanite
occurs much more seldom than the others in the heavy frac

tion.It is elongate,well-. ounued,yeilowis .-green and brownish,with 
a distinctive cleavage,parallel to the crest of the prism.The grains 
reveal a visible pleochroism,

Andalusite

is a rare mineral in the form of elongate and shape
less grains with aed pleochroism.

' *

The Pyroxenes■Group
usually makes up several por cent of the heavy fm e  lion,The 

most common species is uugite.lt forms short prisms,slightly rounu ed 
and with formless edges,A columnar- step like .jointing is visible 
at the prism end.Augite is pale green,sometimes'pleoc. i oic,it tends 
to occur in the class +0.06jJ-0.2G mm.Its coarser grains are green, 
always weakly pleochroic.Identified in the majority of preparates 
it is more rare in the coarser classes.Certain feirous varieteis. are 
non-transparent and might be missed.

The Amphiboles Group
is loss abundant than the pyroxenos.The amphiboles are dis

tinguished by the habit of ti eir crystals.The optical pronorties r e
veal hornblende to dominate in this group.lt has shredded prism ends
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and a distinctive cleavage.Changes in colour /tarnishing or reuness/ 
occur mainly along the cleavage plane.hoinblende is distinctly more 
pleocjuoic than augite and its colour is a more intense brownish- 
green.It occurs less often in light shades. ~

9
Biotite

is rare.It foims yellow flake lying flatways,and the inten
sity, o£ its colour, depends on the thickness of the flake,Biotite is 
distinctly pleochroic and sometimes isotropic. ,

Quartz
'b common not abundant in the heavy fractions /up to 5 wt‘h/. 

In the light fiactions it is the main mineral.wuaitz is transparent, 
sometimes yellowish-brownish by iron oxides.Quartz most often occurs in 
the form of well-iounded and either oval grains.Sharp-edges quartz fiag- 
ments were also confirmed,mainly in tre finest grain class.Their size 
however is decidedly smaller than the average diameter of other grains 
of quartz and of other minerals,Quartz was also observed as a product 
of leucoxene transfoi mation.

F.6. Chemical Composition of Concentrates

The ilmenite magnetic concentrates I and II,the zircon 
pre-concentrate V and the paramagnetic concentrate III were subjec
ted to chemical analyses.For the magnetic concentrates I and II,con
taining mainly ilmenite,the assays coveredzTiO^V^.FeOjFegO^Ci^Q^ 
and MnO /table 25/,the components decisive as to market quality.The con
centrates under consideration -ontains between A2.4 - 51 •60/'-. Ti02«
This low content is due to contamination of the concentrates with otner 
heavy minerals in quantities up to 10 p n  cent.The assays of Fe0,Fe20 ,̂ 
Cr20^ and MpO remain within the norm.On the other hand,the content of 
vanadium is much higher t?an admissible in an ilmenite concentrate 
envisaged fpi the production of titanium white /up to 0 , % j V¿0^/.
Sue ! a high content of var.aoium can suggest that the ilinenite/which 
is present in both beach and aeolian sands/ derives largely from 
basic-ultratasic rocks or from their roetamorphized equivalents pj e-
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sent in the Precambrian of Kauritania.Thid-hypothesis is confir
med by the presence of ilmenite-he.aatite and ilmenite-rutile inter
growths,typical of such rocks.

The indicative activation analysis of the zircon pre- 
concentrate V in the nonmagnetic fraction /Table 26/ shows fluctu- 
acting quantitites of ZrO^. This results*from the differences in 
zircon concentration in the nonmagnetic fractionf/see table 26/.
An appropriate cleaning of this pre-concentrate may give an almost 
monominerals zircon concentrate whose Zr0o content will be 64 to66/.

C.

The zircons in the prospected beach and aeolian sands a r e  low in ha-, 
fnium /tabla 26/ and comparatively high in U and Th,especially in 
tiie samples T 1/1-4 and ZK 8,
In those samples,the zircon may contain inclusions of uranium,tho
rite or coffinite.
Zircon is enhanced in value by the increased content of radioactive 
elements,especially of uranium.The recovery of uranium from zircon 
is possible by well-triod technologies.This, is however,a pr oblem 
requiring further research work.

Cerium was discovered in samples J 7/'i—/t ,Zii 9 and Zi-i 16 .
Ti.is confirmed the : microscopic identification of .monazite in the 
nonmag.retic fraction.
A total 15 samples of the paramagnetic concentx-ato IIlhJwere,moreover- 
subjected to activation analysis.Tue assay covered ThO^tUJ^,,
Ce^O^ and ' I^O^cThe samples T 1/1-4,11 5/ 1 ,4,ZH 9 and dll 16 in which 
modest amounts of monazite were identified microscopically fir-f 
med are much higher in cerium and lanthanides than the remaining ones 
/table 27/.In part of samples The U^Gg content exceeds 0.9i<-.It is 
bound in epidote.The resluts of this analysis confirm tire radioacti
vity of epidote as revealed by the refractemeter.
No other minerals of the paramagnetic concentrate III except epidote 
and monazite can contain in the radioactive elements in their stru
cture,

F.7. Comparison witij ¡laystalls ; eport /1976/.

Whan comparing the results from J.Z.F.h»arshallos report 
with t ose in present one tire following points should bo stressed:

l i
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1 . sort of samples;
2. aim and methodology of laboratory studies; 
j .  mineralogical ana chemical results;

The samples analysed by Marshall was already pre-concentrated i.aving 
heavy mineral content about 80£j as compared ot our "raw" samples 
containing usually few percent of heavy fraction.The weight of 
Marshall's samples was usually 5^0 g,when our samples ueifyited SO g 
/or 200 g fi om the depth greater tuen 2 tii/.
The aim of the Marshall's analysis was to find methods for minerals 
separation and to obtain from them concentrates of separate minerals.
The main aims of our analysis was to determine heavy minerals content, 
to identify minerals in heavy fraction,to find minerals with iauio- 
activie mineral content.different aims resulted in different methods 
used in this analysis.lt can be deduced from the Marshall's report 
that the mineral identification was made by a binocular glass,when 
wo used in a great extent a microscope.
In spite of those differents the results of mineialogicai studies are 
similar with some exceptions.The content of main minerals is simi
lar in both reports.The differoncies are as follows:

1, Apart from the ordinary rutile,the iron r utile <i.as identified 
as a one of principle minerals;

2. the greater number of heavy minerals was identified;
j , because of the small weight of our samples ana low heavy 

minerals content in them in magnetic separation no ferro
magnetic fraction wan separated,but tie magnetite was iuentified 
in samples under a microscope; 

h , tie high vanadium content was determined in the ilmenite 
concent, ate /up to 0 . ^  of V/;

’ 5. the monazite content in heavy fraction was established;
6. in the region of Tanit one of principle minerals is disthene.

F.8. Conclusions

The group of methods chosen for laboratory testing enabled 
a qualitative and quantitative characterization of the group of
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heavy minerals present in the beach a.id aeolian sands of the prospe
cted area of the Mauritanian coast.The tests shows tiiat concentrat- 
tions of heavy minerals of commercial importance,i.e.containing 
as least 1 .00% heavy minerals /tne limiting content of the placer de
posits of the beach and dune-type,being worked in world practice/ 
axe present only in the surface sand layers, anu their thickness xare- 
ly exceeds 1 m.No concentrations of tnis quality were confirmed at 
the deeper levels,especially in the "deep” boreholes T 6,B 6 and
J 9.

The minerals composition of the heavy fraction as well as 
the grain shapes of the minerals confirm the comparison proximity 
of the primary source of heavy minorais as well as to the brovily 
of the period of concentration.The implication is that the old 
beaches which are now covered by younger sandy formations in the 
area between Nouakchott and l as Tiiniris should contain no heavy i
minorais concentrations of significant size.The profiles of the 
executed drillings have confirmed this conclusion.
The heavy minerals from all the areas prospected in uetail are con
centrated to the tune of about 60% in the fine and very fine grain 
size classes.The main minerals of the heavy f.actions ^re as follows: 
rutile - 24-28%,ilmenite - 20-26%,garnets -9~15%»zircon-7-12%» 
epidote- 7% and distehne only in the region of Tanit - 
By minoralogical classification,tire placer deposits of the beach and 
dune type found in the prospected area, a rutiie-ilmenite-garnet- 
ziicon ore.l;utile/a raw material in world demand/ in its most valuable 
ingredient it is folowed by zircon.Ilmenite and garnets ads to its 
value less than rutile.

Trie sands from the prospected : egions ar e easily enriched 
and according to tire results of magnetic and electromagnetic separation 
on the heavy fractions tested- the pre-ooncentrates of ilmenite,garnets, 
and zircon are relatively simply obtained.1 utile is a problem* 
bepause,as a phase deriving from ilmenite,it contains iron in va- 
siable quantities.Its magnetic susceptibility varies a cordinghly.
As a result it is routed into various concentrates or middlings.
For this reason,electrostatic separation should be tried as a 
means of its enrichment oh an industrial scale,after separation of
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ilmenite from the heavy fraction.
The chemical analyses of the obtained zircon pre-poncentrates re
veal considerable admixtures of U and Th whic. can be recovered from 
zircon with the technologie available.
The vanadium contents in the concentrates of ilmenite,suggested 
that this minerals comes f, om basis or ultrabasic locks.
The above information can be u eü as a résoxaci; promise in tho pro
spection of ore deposites of the Fe-Ti-V type in botn basic and 
ultrabasic rocks or in their metamorphic succesors in the Pre-Cam- 
brain.of Mauritania and of deposites of U-Th ores in those for
mations and areas.

According to the results of the laboratory tests,the 
natural rndiouctivity of the aands of Mauri tanian coast between 
Nouakchott and Pas Timirist is connected wit> their heavy f;action. 
Zircon,epidote,monazite and hydrated iron oxides arc t.tie radioacti
ve minerals.Tl'.e correlation between the radioactivity measurements 
ih the field ana the content of heavy minerals in tne surface stiatum 
of 1 m,thickness was confirmed.Taus ruuiometric mapping permits 
to outline tho richer concentrations of heavy minerals on the beaches 
and dunes of tne coast,only in investigated areas. ^

i 0

/



Geological ResultsG»

G.1. Estimation of Reserves and Resources

On the basis of ear lier prospecting between Nouakchott 
and has Timirist /Blanchot 1975/ the existence of 2b0 000 t of 
ilmenite was confirmed /Fig 1/tbut the degree of reliability of 
this figure was not given.The survey executed by the Polish team 
allows a calculation of reserves in throe categories,thanks to the 
broad scope of the executed geophysical and drilling prospection.
The reserves explored by drilling are placed in tire categor y of 
proven reserves.Those in the undriiled areas covered by a detiled 
radiometric survey should be considered probable ones.Finally, the 
reserves on the whole coast section.covered by a semi-detailed geo
physical survey should be placed in the category of îesouces.

G.1,1. Proved Reserves

They were calculated for three areas prospected by drilling 
the region of Jreida,Blaouakh ana Tanit.Every where,the outermost 
positive boreholes /i.e. the boreholes in which a minimum of 1i<- he
avy minerals was found in a thickness minimum of 0.25 m outlined 
the boundary of the reserve block.In order to calculate the surface 
area of the shape obtained in this way,it was divided ¿nto trape
zoids and triangles.The average mineralized thickhesh and the we
ighted average content of the heavy minerals were calculated for 
every block.This permits calculate the volume of rnineralizeu sands 
for- every block.For calculating the tonnage of sairds the unit weight 
of 1 .5^ t/m was adopted,being calculated from the equation:

d= 1 , 5  t /0 .0 115 x heavy minerals content in',/.
The content of the useful component was calculated in percentages 
as a weight average over' all the samples containing more than 1/ 
of heavy minerals.
The equation for the unit weight of the black sands is given by 
"Manuel du prospecteur1 minier",BRGM,Orléans, 1981.
'The reserves of heavy minerals were calculated from the sana tonna
ge and from the average content of the useful component in each 
block.The results are given as follows:



Kegion of Tanit:
1, block T I

- surface 44 CUO
- volume for thickness 0.69m 30 360 nr
- tonnage 46 754 t
- average content 3.28%
-  reserves 1 533*5 t

2. block T II
- suiface 45 500 m~
- vi lume for thickness 0.59Q 22 750 nr

, - tonnage , 33 035 t
- average content 3.60%
- reserves 1 261,3 t
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3. block T III

«

surface
volume for thickness 0.62m 
tonnage
average content 3.83% 
roserves

25 250 m? 
15 781 m^ 
24 303 t

930,8 t

'A

4. block T IV
- surface ? 700 nr
- volume for the ti,ickne3s0,75m5 775 nr
- average content 3*31%
- reserves ' 294,4 t

total reserves of Tanit 4 020 t

The total confirmed reserves for the region of Tanit amount,thus
• * » •

to 4 020 t of heavy minerals.The surface aroa was cneckod with a 
planimeter.A result of 121 250 m^ was obtained.Tho average thick
ness of 0.63 m was adopted for the check,the average content of 
heavy minerals being put at 5.55%.In this way reserves of 4 176 t 
were obtained.
The distribution of heavy minerals in the sands of the region of 
Tanit are as follows:

- rutile 27%
- ilmenite 23.0%
- gar nets 15.0%
- zircon 12.0%
- epidoto . 7.0%
- disthone 5.0%
- otrers 11%

t
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The total reserves in the region of Blaouakh amount to 5242.5 t.
A check run by the same method as was used for the region of Ta-

' . 2nit,gave reserves of 4915»^ t for a surface of 115 1li8 m , a 
thickness of 0,81 m and an avex-age content of heavy minexals of
5 • 48/ j . (
The share of particular heavy minexals in the sands of the region
of balouakh is as follows:

- rutile
- ilmenite
- garnets

> - zix'con
- epidote
- remaining

Thus,the r e s e r v e s  amount to: 
rutile 
ilmenite 
garnets 
zircon 
epidote 
remaining

28.05»
20.0/o
9.05&

11.05*
75»

25.05J

1 467.8 t 
1 048.5 t 
471.8 t 
576.6 t 
567.0 t 

1 510.6 t

hegion of Jreida 
1. block J I

- surface
- volume for thickness 1.21 m
- tonnage
- average content 5.44?»
- reserves

0

20 000 m? 
24 200 nr 
57 268 t

1 282 t

2. block J II
- surface
- volume for thickness 1 .05m
- tonnage
- average content 5*25»
- reserves

59 000 m? 
40 170 nT 
61 862 t

1 979.6 t

5. block J III
* - sui face 25 313 m,

~ volume for thickness 0.71 ® 17 976 m
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- tonnage 2? 663 t
- average content 2.26#
- reserves 625.7 t

Totals reserves of Jreida • 3 887.3 t

The total resejves in the region of Jreida amount to 3887.3 t.
The check-run by the method outlined above gave reserves of 3686.8 t

2for a surface area of 84- 000 m , a thickness of 0.95 m and a average 
content of heavy minerals of 3.0#. .
The share of particular minerals in the sands of the region of Jre
ida is as follows:

- rutile 2 7 . 0 ^

- ilmenite 2 1.0^
- garnets 10 .0#
- zircon 7.0#
- epiuote 7.0#
- r emaining 28#

Thus,the reserves of particular minerals amount to:
1 049.6 t 
816.3 t 
388.7 t
272.1 t
272.1 t 0

1 038.5 t

- rutile 
ilmenite

- garnets
- zircon
- epiuote
- remaining

Total proven reserves for the three regions amount to 13 1+9.6 t 
or according to the method used for verification 12 776.3 t.The 
difference is 373.3 t or 2.84# of the higher figure.

(i.1.2. Probable reserves

They are calculated for- the area of detailed radipmetric 
mapping /the regions of Tanit-Blaouakh and Jreida/.The area out
lined by the 60 cps isoiad is admitted as the mineralized surface, 
without taking into consiuei ation the anomalies on the iccent beacn, 
in view of the changing character of those resejves.A one-meter thick
ness was adopted as the average in keeping with the depth of pene
tration of the radiometj ic method,After calculation of the volume 
the sand tonnage is obtained using the unit weight of the proven
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i eserves /"¡.54 t/m3/.The average content of heavy minerals is read- 
off the simple coirelation diagram /Fig.107/:foi 60 cps.it amounts 
to _j.15iu.This value was adopted as the average for the whole area 
outlined by the isorad 60 cps it is rather conservative.The numbers 
of sectors correspond to that of the detailed radiometric mapping.

Region of Jreida
Sector 1

_ volume 800 095.7 m-*
- sand tonnage 12523 544.3 t
- reserves 3 385.5 t

Sector 2
72 187.5 n3_ volume

- sand tonnage 111 168.7 t
«• 'reserves 3 501.8 t

Sector 3
«M volume 82 500 m3
— sand tonnage 127 050 t

reserves 4 002.0 t

Sector 4
- V O  i HI"if t -• av> m'
- Utiini Loimugo ,’/>>) 1 )*V1. > l
- réservas 7 559.7 t

Sector 5
_ volimo 128

sand tonnage 197 t
- - reserves 6 '¿ jQ , 2 t

Sector 6
volume 91 :57.5 i

- sand tonnage 140 815.7
— reserves 4 455.0

Thus, the total of probable resreves in the region of Jreida 
amount to 29 614.6 t.

legion of Tanit and Blaouakh 

Sector 1
- volume 
■- sanu tonnage 
•  reserves'

875.0 m' 
55 707.5. t 
1 691.7 t
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Sector 3
volume 15 560.C m

* - sand tonnage 23 8?0.0 t
- reserves 751.0 t

Sector 3
volume 40 187.5 m

- sand tonnage 61 888.7 t
- reserves 1 949.5 t

Sector- 4
- volume 171 625.0 m
- sana tonnage 264 502.5 t
- reserves > 8 525.5 t

Sector 5
_ volume 59 457.5
- tonnage 91 55^.7 t
- reserves 2 885.5 t /

Sector 6
volume 81 625.0 m3

- sand tonnage 125 702.5 t
- reserves 5 959.6 t

Sector 7
_ volur- 95 250.0
- sana tonnage 143 603.0 t
- reserves 4 523.6 t

Sector 3
0

_ volume 86 662.5 m3
- sand tonnage 133 506.2 t
a* reserves 4 199.1 t

Thus the total probable reserves in the region of Tanit-^laouakh 
amount to 28 284.2 t and in region of Jreida 29 614.8 t.Tne grand 
total for the region of Jreida and Tanit -Blaouakh /probable reser
ves/ amounts to 57 898.8 tons.
The following distibution of heavy minerals in the sands of the area 
of detailed radiometric mapping /the average of the drilled areas 
of the correlation profile 2 8/7 and of'the dune of Dl Msid/ is as 
follows:

- rutile 26,5
- ilmenite 22.5^
- garnets, 11.8fr

!
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- zircon 10.2&
- epidote 7.0/b

- others 22.0/j
'heir probable resej ve:- amount to:

region of Jreida region of Tanit total
Blaoitakh

- rutile ‘ 7 8'.7.9 7 ^95.3 15 3>3.2
- ilmenite 6 663.3 6 ^63.9 13 027.2
- garnets 3 9̂'+. 5 3 337.5 6 832.0
- zircon 3 020.? 2 885.0 5 905.7
- epidote 2073.0 1 979.A 4 052.9
- remainings 6515.2 6 222.6 12 737.8

G. 'I. j}. Resources

This category is calculated with a high degree of uncei tain- 
ty .The results of the semi-detailed geophysical mapping with a 
profile spacing of 1 km were taken.as thebawis of claculation.The 
resources of the recent beach /low and outer/ of the strom beacii 
/inner/ and of the recent-uunes are aggregated on tue assumption 
however,based on the ciilling,that the fossil beaches ai o not mi
neralised.The surface area considered is outside tee 60 cps
isorad of the semi-detailed'sur vey.It is assumed that the sea-sno- 
re is staright in particular sections of tne littoral.The eastern 
boundary is adopted as the sections that link the extreme eastern 
values of 60 cps.Vhe surface area of the following sections of tire 
littoral was calculated:

from profile N 3 to profile K8 - ‘northern part of £1 Mansour
dunes;

from profile N12 to profile N22- the dunes soutward of Jreida ; 
from profile N22 to profile N 37-Balise Marie-i'errat; 
from profile N4-3 to profile N36 -the area south of Tanit day ; 
from profile N55 to profile **63 r the £1 msid dunes .

The volume is obtained on the assumption that the thickness is 1 m.
■x

The unit weight of the drilled areas unit weight 1,5^ t/m .The average 
content of useful components is determined by correlation,as above . 
This gave the following results: -

I
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- between the profiles N3 to N8
- volume
- sand tonnage
- resources

1 312 000 m3
2 020 430 t

63 045.1t

- between the profiles N12 to N22
- volume
- sand tonnage
- resources

1 949 000 m 
3 001 46o t 

9 456.0 t

- between the profiles N22 to N37
- volume
- sand tonnage
- resources

» between the profiles N43 to N56

4

- volume
- sand tonnage
- resources

923 000 m3 - 
1 421 420 t 

44 774.7 t

1 137 000 m^
1 750 980 t 

55 155.9 t

- between the profiles N55 to N56
- volume
- sand tonnage 
« resources

2 >24 000 v ?
3 573 960 t 

112 737.2 t

Thun, H im luLul rononroou in H i m  ppon|>n<:tml unction ni' Hi" Mount be
tween Nouakchott and has Timiris amount to 370 853.9 t of heavy mino- 
ials. **

For further calculation it is assumed that the distribution of mine
rals in the heavy fraction is the same as in the regions of Jreida 
and Tanit.Thus,their resources amount to:

- rutile
- ilmenite
- garnets
- zircon
- epidote
- others

98 277.6 t 
83 443.3 t 
43 761.5 t 
37 827.6 t
25 960.1 t
81 S88.Q t



G.2. Evaluation of the heavy mine:-als.Occurances on the Investi-
' Gated area. >
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The above-presented reserves and resources of the prospe
cted section of the Mauritanian coast seem to indicate the economic 
viability of exploitation if the balance values ' i m thickness ,1f,« 
average of heavy minerals content and 1 milion t of mineralized 
sands i.e. "10 000 t of heavy minerals for a single deposit are ado
pted.
However,the Mauritanian coast can not be conceived of in terms 
of deposit:it is rather a long mineralized znne where the operations 
coasts and in pa: ticular the costs of transportation wouici preclude 
the viability of minin.
The smallest Australian producer /KOLTnHLH JIVERS ¡UTILE PTY Ltd/ 
produced 7 000 tons of rutile in "¡970.Assuming this value as the 
minimum of profitable extraction,the probable reserves of the sur
veyed section of the coast would allow a two-yea: exploitation.
Tiiis figure should be adopted as the life-time of the mines.
The above mentioned producer extracted 6 000 t of zircon annually.
The resources of the surveyed coastal section would assure the extra
ction of onl'y 3 000 t appi OKimately of zircon annually during .the 
two-year period,
Ilmenite could be extracted during the two-year period in the quan
tity of about 6 000 t per year which woulu assure an annual.
Go the probieae reserves as certainod by us are too small,because 
they suffice for two years of mining only then the mining would not 
be rentable.
¡.utile,ilmenite,garnets and zircon are the only minerals in the Ilauri- 
tanian deposits which can be of market value,
'I utile,an article traded internationally,has usually a guaranted mi
nimum content of 95iG of TiO,,, and a maximum content of ZrO? as 
'well as 1# FegOj.Only one of the three analyses on Mauritanian rutilte 
theminumu stipulation of the market,The iron content meets the norms 
of the raw material that is in market demand.

1
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Ilmenite- the following features determine the market value of this 
raw mateiial:

- content of Ii022;
- ratio of trivalent to bivalent iron;
- grain size distribution.

The Mauritanian ilmenites is a poor quality.The marketable ilmenite 
concentrates usually contain more tdhn TiOg.Varieties with a high
Feo0^:Fe0 ratio are in demard.In the Mauritanian ilmenite,this 
ration nowhere exceeds if : 1 and is typically j>:1.Uitii its Ti02 con
tent'which does not exceed rjO/d,Mauri Ionian ilmenite can not com
plete with,for instance,the Australian raw materials.

Zircon- throe varieteis of zircon -standart,intermediate and premium 
are available in the market,different as to this contents of Zr02 + 
Hf02,Si02,Ti02 and Fe^O^.The standard quality is the cheapest.
It should contain a minimum of 6y/o ZrC>2 + Hf02.ISven the pure Maurita
nian zircon concentrates do not meet this minimum.The remaining 
components are within the norm.The purity of the concentrate is the next 
factor of importance for the purchaser.The Australian concentrate 
contain a guaranteed 99.2?j of zircon.The easy recovery of the 
initaial concentrate from the samples from Mauritanian coast justi
fies the assumption that a concentrate of the derived purity can be 
easily obtained in a commercial size concentratot too.
As it results from the above-mentioned comparison,no of the useful 
components of the heavy minerals from the Mauritanian deposits seems 
to be marketable.

/



Prospects of discovering industrial black sands depositsH.

The prospection on the Mauritanian coast between liouadhi- 
bou and Nouakchott have revealed the lack of industrial deposits of 
the black sands.The northern part has been proved negative by ear
lier F.ench prospection,and the central part has been investigated 
rather thoroughly by our team with negative lesults.Vhe black sands 
deposits are formed when all four of the following factors occur:

1. strong surf waves helped by ebb wave;
2. distinct sea cur ent near the coast serving as a transport 

moan for clastic material;
p. accumulation,which ought to be big,.-or than the coast 

erosion;
t . source of the heavy minerals.

Hebi-aru/“1973/ believes that in the Quaternary such conditions
appealed as late as in the Tafolian f l * 000 - 2 000 y.Bi5/.In
that time the breakers got strouger and the banary se-~. current
appeared creating conditions favourable for fo> ming large black
sand concentrations along the best African coast.Varous parts of
this coast have specific local'conditions which either favour
or prevent the formation of big black sand deposits.* v

The northern part of.the ^auritanian coast is sepax’ated
from the high sea by shallows of the bank of Arquin ana this#
is why the first two factors are less pronounced and tne deposits 
formed are small.
The cerltral part has better conuitions:two first factors are well 
pronounced abd so io the fourth,but geological data / i  ebrard,l9?3/ 
supported by our field observations,air photos analysis and geophy
sical oata s ow that tno fast erosion of the sea coast in this area 
destroys and rnwortcs black sands uoposits formed previously,Our 
investigations revealed the absence of bays which, when filled, 
could be the site of black sand accumulation.The groat bjt of Ta- 
foli which existed during Nouakchottian age,was in that time se
parated from the open sea by shallows and at the beginning- of 
Tafolian very fast became a lake closed by a sand barreir.fcater 
it turned to sebkha Drhamcha.dvic^ently significant black sands 
deposition could not have occured either on the coasts of this
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bayor on the sand barrier eroded and móved eastward.
Tiie situation is different in the southern part of

the coast Aftout-es-Saheli.Qn the basis of geological data ¡¡ebrard
/1978/ states:"/There are/ the concentrations of an order of twen- \
ty million tons of heavy minerals:ilraenite,iutile,zircon, in the 
littoral sand barriers situated between Nouakchott and bakar,wiieie 
the heavy minerals content is of an order to >0% in the fossil beach, 
of 10% in the littoial superposed dunes,and of j>% in the littoral 
dunes depalced sometimes four kilometers inland,but the tonnage 
of the latter is greater".

Geological data indicate the existance of the beach sedi<r
ments both of the Noxakchottian and Tafolian age in the southern
sectox of this part of the coast.In the area of the Senegal river
estauxy in tie N uakchottian there was a deep cut bay /Lrouarc, 

o
1979/ • filled curing the Yafclian.Yhc Senegal, i iver alluvial cone 
is an obstacle fox the sea current flowing from the north,so north
ward from the Senegal liver the rate of accumulation ought to be 
greater tai n the rate of erosion,creating conditions fox- piesui- 
,ving the black sand deposits of gx eater dimensions.

An open cuestión is the cc.is lonco of lie b. ,r'V sands
. 0

deposits of Nouakchottian age.hebiard/1978/ believes,as it was quoted 
before,that in that time no conditions existed for heavy minerals 
concentrations in beach sands.however this assumption seems to be 
worth to checking by geophysical methods.

In concluding it seems,that while the northern and central 
parts proved negative,the soutnegn part of the.Mauritanian coast 
Aftout-as-Saheli is the most promising for black sánds accumula
tion.So far'only beach and dune concentrations of Legonichichi are 
known to occur in this area.

4
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I. Proposals for further works .

Drospection of the Southern part of the Mauritanian Coast.

For definitive evaluation of the black sands on the Maurita
nian coast,and taking into account the geological promises /see par. 
H/ the geological prospection of the southern part of the coast 
Aftout - es -Saheli is proposed.
he propose similar methodology of prospection as was used by us 
in prospection of the central part and which is presented in this 
report.The project will be divided on several stages and the results 
of prior stage will have influence on the realization on the next one. 
The stages will be performed in part in the same time e.g. laboratory 
testing should start about two weeks after the beginning of the sam
pling stage etc.

I.Preliminary stage - 1 month
1.1. Analysis of geological materials and air pjotos;
1.2. Field recconaissance, topographic and preparatory works.

IX.Geophysical_stage - 6 months o
11.1. Semidetailed radiometric survey-made by car -2 months;
11.2. Experimental radiometric invetsigations at sea -0.5 month;
11.3. Detailed radiometric survey of the most promising areas; 

III, II.4. Geophysical reporting -0,5 months
III. Drilling and £am]plinj£_stage " 6 months

111.1. Sampling of semiietailed geophysical and experimental 
sea profiles- 0.5 month;

111.2, Sampling of detailed geophysical profiles - 1.5 month 
/during the geophysical stage/;

111.3» Drilling to 6 - 8 m -6 month.
IV. Laboratory tes-bin^^stage - 6 month

IV,1. Heavy fraction separation ;
IV.2. Mineralogical studies;
IV.3. Special studies.

V. Reporting - 2 months.
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In totally months duration of the project is planned.

Expatriale personnel
stages man-months

1. chief- geologist I - V 15
2. geophysicist I,II.v 7
3. geologist-mineralogist I - V 15
4. mineralogist III - v 11
5. driller III,V 7

total 55

Mauritanian personnel -
stages man-months

1, driver-technician I - V 15
i \  driver I - V 15

prospectors I - III 20
4.

. 45-8. workers II - III 50
9* cook I - IV 15
10-13. laboratory assistants IV 25

total 140

In total 55 man-months of expatviate personnel is envisaged the
total cost yould be approximately 480 000 # .When the positive de
cission about the ■ above project is taken,the detailed programme 
has to be prepared.

>

\
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o terms
investigations

Ref.: U1?/mAU/78/292 Project title: Gtudy on Industriali-
* ' Df/iiAU/79/OQ5 &ation of Black Sands/ph&se II -

follow-up geological investigations

A. ” General Background Information
Tho existence along tho Mauritanian coastline of beach sands 

containing heavy minerals has been established by previous geological 
proapeoting /Babroweky; A. Allon, 1953-52» J* Vogt, '.956; 1* Hebrard, 
l958/> The information contained in those reports, however, is 
insufficient to assess the reserves of minerals and the viability of 
•the project. • . .

UNIDO's first contact with the Mauritanian beach sands problem 
was by an exploratory mission invited by the Mauritanian authorities / 
Marshall and Szakal,*1974; Marshall, 1975/» That mission recommended 

t/a/ systematic prospect ion with a view to finding out about
the location and geometry of tho deposits and to estimating 
tho reserves contained in those;

/b/ systematic sampling .to provide starting matorial for 
laboratory te s tin g  fo r  the purpose of 

/ba/ assessing the value and saleability of the minerals;
• • /bb/ devising an ore concentration technology apd preparing 

a conceptual design for a concentrating plant;
»

/0/ tho preparation of a techno-economic feasibility study to » ' '
serve as a basis for decision-making cor.coming the setting* 
up of a mining and ore concentration operation.

In an effort to promote the industrialization of this resource, 
the Mauritanian mining corporation SNIM performed on its own a 
preliminaiy/scout/geological and geophysical prospection*of the 
deposits /Zagortchev-Kralov-Katevski, 1973/, and commissioned the , •
UK firm YJS Atkins and Partners to test 'the samples taken, a task on* 
which an extensive report was submitted by that firm /Marshall, 1978/*

of reference for Phase IT/ follow-up/ ecological

• »
*•
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On the reception of the two loot-named ¿ocur.er.tG, UNIDO reckoned 
that these could he regarded as satisfactorily ending a stago of 
preliminary /Phaoe I or scout/’prospecting, Vat that a Phase II or 
follow-up stago of geological investigations was still needed to procure 
all the information required for a viability assessment /balkay, “973/. 
It is this Phase II work that the present Terms of Boforcnce is con- 
oemod with.

Late in 1978, UNIDO sent a follow-u? mission to Mauritania in 
order to discuss both the achieved Phase I and the prospective Phase II, 
and to explore, jointly with the competent Mauritanian organizations, 
the most appropriate ways and means of proceeding to Phase II /Balhay 
.and Sharipov, l973/> UNIDO simultaneously expressed its willingness 
in principle to provide, on request by the Mauritanian Government, 
technical assistance in promoting a more complete assessment of the 
said deposits and of their economic potential. The present Terms of 
Referenoo are compatible with the agreement reached with the competent 
Mauritanian organizations and with UND?/Nouakchott.

* <

8. The Aim of the Project

!• Long-term aims <*.*>
' „ /i/ to clarify whether the heavy mineral sand deposits of .the 

, . Mauritanian littoral provide a basis for an economically
Viable mining and ore-dressing /concentration/ operation.* *

/ii/’In the case of positive geological findings, to proceed to 
the acquisition of information sufficient to determine the 
technical and economic feasibility of a mining-cum-dressing 
operation.

/iii/ In the positive case, to increase the export potential
y of the country by the working of mineral resources which

, ’S  have not so far been utilized, through the sotting up of*
• » f

, a  mining operation and the construction of an ore dressing 
plant.



■. 2. Ironediate ains

/¿ii/ Follow-up drilling and sampling in those parte of the 
,V? Mauritanian littoral that are most promising of industrial 
' viability. •

.• ♦
/iv/ Laboratory testing of the samples taken under /iii/. *

/v/ Reporting.

C. The Scope of Contracting Services

1. To re-examine and evaluate all available information on previous 
prospecting and testing, including work performed ty the Mauritanian 
organizations. If it is deemed useful, to visit the French geological 
services on UNIDO's authority, in order to study any relevant documenta
tion not available in Mauritania. To collect and edit old /unpublished/ 
documentation concerning sampling, pitting etc., to  the extort that

»

such documentation is available and recoverable. To perform any other
relevant activity of documentation deemed useful ty the Contractor* s* •
Frojeot Manager.

2. To identify those minerals which are responsible for radio
activity in the beach sands, preferably using existing concentrates / 
o.g. those now with V/S Atkins and Partners/. To perform a detailed field 
scintillometer survey of 4 or 5 promising deposits in a density sufficient 
to permit the tracing _ of isorad maps. To follow up tho survey by surface 
sampling, in order to establish a correlation between scintillometry 
readings and mineralisation. •



3. To n m  a chock geomagnetic survey ir. the area covered by •the
1»

scintillometer survey, in the hope of establishing a correlation 
between the two methods; and to extend the geomagnetic coverage to 
' areas where the mineralised sands are overlain by barren sediment.

4. In possession of the information thus gained, to run a 
geophysical curvey of the promising sections' of the Mauritanian 
littoral.

5. To perform experimental runs with a scintillometer and/or 
a magnetometer carried in a boat, in order to find out whether 
offshore concentrations of heavy minerals in rhoal water can be 
identified in this way. To perform check seabottora sampling by some

• simple moans. Provided that this prospecting tcchr.iquo is found to
• bo adequate, to run a geophysical survey and follow-up sampling in 
some of the shoal waters off the Mauritanian littoral, with a view 
to identifying offshore heavy'mineral deposits in those waters.

. 6. In some five of the most promising zones of the Mauritanian 
littoral, to perform a three-month drilling campaign using one 
suitable light /banka-type/ drill capable of drilling to a depth 
of about 20 m at a diameter of about 10 cm in loose or littlc-con- 
solidatod sediment; total aete’rago drilled should bo ¿15 m at the 
least, but as muoh as can be achioved within the time span envisaged. 
For* drilling and sampling details see under IV below.

• ' 7» To set up a temporary laboratory at Nouakchott for the
study of the samples taken under 6, and for the handling of 1200-plus 
samples of heavy-mineral pre-concentrates prepared by the field team.

, For details of laboratory work see under IV below.

8. To perform certain laboratory tests /see under IV below/ in 
Contractor's home laboratory.

V ' •
9* To write a comprehensive report on the findings *of tasks

0 ,

1. to 8. above, especially ao regard their impact on the reserves • 
picture. Over and abovo .the usual subject matter of such reports, 
the report is to dwell in the greatest possible detail compatible



required for the industrialization of the heavy mineral sands of the

washing water for the concentrator.

10. The Report should include a separate chapter on detailed

organio continuation of Phase II. Those recommendations should he 
supplemented by a budget estimate.

. I » ;  ' ’ •  *Ì •

D. General Time Schedule • . m

, t AUgUSt lyOX
i) evaluation of all available information on 

previous prospecting and testing of the 
black sands; ' September 1:

9

'•ii) •identification of those minerals which are 
'responsible for radioactivity in the beach 
•sands; performance of a detailed field 
scintillometer survey of 4 to 5 promising 

•’ deposits in a density sufficient to permit 
. * the tracing of isorad maps; follow-up of

the survey by surface sampling with a view 
of establishing a correlation between 
scintillonetry readings and mineralization; •

• implementation of geomagnetic survey ir. th3 • i 
area covered by the scintillometer survey 

> . so as to try to establish a correlation

Mauritanian littoral» including especially the availabi

recommendations for further work, which appears most reasonable as an

. The General Time Schedule is as follows; Time and Duration

(a) Invitation of bids for the preparation of ' ' 
the scout prospecting, selection of a con
sulting firm, signing of a contract. May - July i960

‘ (b) Hiring/procuremer.t of 3 lorries for the 
. Contractor's field work. • August i960

(o) Tripartite discussions in Xouackchott on
A U  a  ¿9 a 4 a i l  «il u à  m k a  w e e  V n  4 C m

between the two methods; September I960 -  
October 19Ô0



gecohycical survey of the promising sections 
of the Mauritanian littoral;

• :iv) performance of experimental runs with a
scintillometer and/or a magnetometer carried 
in a boat in order to find out whether off- 
.shore concentration of heavy minerals in 
shoal water can be identified by one of those 
methods;

" v) carrying out, in some five of the most promi- 
: ■ } sing, zones of the Mauritanian littoral, a 

' ■ ' ;; three-months drilling campaign using one
' Suitable light (banka-type) drill capable
V of drilling to a depth of about 20 » at a
' , : ' diameter, of about *0 cm in loose or little

consolidated sediment (total meterage drilled 
should be 3^5 13 At the least)

' Vi) setting up a temporary laboratory at
Nouakchott for the study of the samples taken 
. under para (v)

vii) Contractor's home office work on laboratory 
, testing and preparation of a comprehensive 
final report containing both the analysis of 

* work under paras (i) to (vii) as regards
• . their impact on the reserves picture and

■ the matters related to the possible indusr
' > ; trialization of the blaçk sands as well a ^

detailed recommendations on further work as 
organic continuation of phase II with a 

, budget estimate.
. *♦ . .

(a) Discussion in Nouakchott on the draft final - 
report with participation of selected member 
of a contractor team and UNIDO's team,

(f) Submission of the Government's and UNIDO's. . 
comments on the draft final report to the'
. Contractor. * ♦ • *• • • i

(g) Elaboration of the Government's and UNIDO's
. comments and submission of. the final report, 
by the Contractor,

* •

November 198*

November 19ÛI

November I960 • 
January 19Ô1

‘September - 
October 1930

February - 
April 19Ô1

.May 1981

June 1981

July 1981,
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£• ' Personnel in the Field
iN

Contractor's teas should comprise three expatriate personnel:

. onegedogist veil versed in sicrosineralogy, vith experience 
in beach sand prospection, to act as Contractor's Project 
Manager,

* one geophysist vith field survey experience in reaote areas,
veil versed in radionetry, and capable of conducting a aagneto- 

• V seter survey, also borehole sitting and eleaentary surveying,

o one drilling foreasn vith experience in Bsnka-type drilling 
in renote areas.

The field vork is envisaged to take 80 to 90 days. The rest of 
the vork/preparations, viad-up, and report vriting and presentation ’ 
should take tvo souths at the cost.

. F. Language Requirements

All three persons should speak good Preach. The geologist and 
geophysicists should be able to write and edit, reports in Preach.

&

G#-' Retorts

' The contractor vill prepare a Draft Final Retort for cossents 
by UXIDO's Metallurgical Industries Section and take into 
account those consents in preparing his Pinal Report. The 
Draft Final Report is to be subsisted to ВДХ2Ю in three copies 

. in French and one copy in English.

The contractor vill prepare and subsit his Final Report in ten 
copies in Prench and three copies in English.

t *
H. Provision of Services and Equipment ;

The contractor is to vork in close co-operation vith the Mauritanian 
aining ecepany Societe Rationale Industrielle et Minidre (SKIM), which vill
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act as the Government-designated counterpart organization. The contri-1»
buttons of the two parties will he as follows.

/i/ Expert services. The contractor will provide the experts 
. enumerated in para (E) of the Terns of Reference.

/ii/ SKIM will provide office and lab space» secretarial and copying 
! services» as appropriate» for bachstoppin? the contractor's activi 

ties under the Contract.
t
/iii/ - SNIH will provide local personnel.

/iv/ Preparation of bulk and monomineralic samples and of combined 
•v> monomineralic samples to be performed by the contractor.

/y/ Testing of samples to be performed by contractor.

/vi/ Laboratory equipment to be provided by contractor, except for 
the microscopes, which are to be furnished by S.YIM.

/vii/ Vehicles, to be used also for the local transport of contractor's 
• experts, also fuel and maintenance, to be provided by contractor. 
Drivers to be provided by SNIK.

f i r i i i /  Petty field mission equipment including camping gear tc be »
provided by SNXM.

V ’ »
f i x /  Prospecting and sampling toools and equipment including the drill 

' rig to be provided by the contractor.

/x/ Geophysical survey instruments to be provided by the contractor.

f x i f  Packaging, local and overseas transport and freight of samples, 
postal services, etc. to be performed/provided by SKIM.I- *

f x i i f  A Zodiac type inflatable rubber raft to be provided by SKIM’ 
for one month.
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f/ *8.75 96.97 0.05 0.06 *8.57 96.62 *8.60 96.68 1
s/ 1 .5; 3.03 na • m - - -

* 1/9

a/ 199.a; 100.00

Ml/op.ra. 30,tu 20,»: gn,ap,m,bl,at/

b/
«/
d/
•/

10.55
39.41110,61
51.17

5.28
19.72
55.3515.60

na
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0.33 
3.15 
33.88 
11.37_
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а/ 20 0.03 100.00
ъ/
с/
а/
•/

30.54
80.3964.10
18.87

•5.27
40.1932.05
9.43

na
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na0.00
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■/ 49.98 100.00

- - 'ь/
•/4/
•/

3.45
6.7025.27
13.88

6.90'
13.4150.56
27.77

u
0.00
0 .0 5
0 .1 7

0.00
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0.34
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11.3516.9950.73
18.25

99.3899.84
99.45
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«/ 9.34 4.68 ва ■ - - - - -

* 3/10

а/ 199.88 100.00

»

b//•/d/
•/

21.2846.5695.65
28.75

10.6523.2947.85
14.38

ва0.010.07
0.22

o'oi0.03
0.11

46.2895.03
28.23

23~1547.54
14.12

4б~2995.10
28.45

23~1647.57
14.23

99.4299.42 
98.96

2/ 19 2.24) 96.17 0.30 0.15 190.82 95.46 191.12 95.61
. __ С/ 7.*4 3.83 ва - - т



Tabloa ij 
Tab la

Borfthols Somltg* * J»/l«
1 2 3 It 3 0 7 8 'i 10 11 12

■/ 199.88 100.00

—
* 3/11 «/d/

•/

23.57 67.19 84.36
16.58

11.7933.6242.21
8.29

as0.000.02
0.12

0.00).01
0.06

23.5766.4083.62
16.13

11.7933.2241.84
8.07

23.5766.4083.64
16.25

11.7933.2241.85
8.13

98.82
99.15
98.01

*/ 191.70 95.91 0.14 0.07 189.72 94.92 189.86 94.99
s/ 8.18 4.09 ns - •

* 3/1*

a/ 200.02 100.00

V > • • .

b/c/
i

59.9193.9736.97 5.49

29.7546.9818.482.74

ns0.02
0.050.11

. 0.01 0.02 0.06

59.9193.3636.705.23

29.7546.68
18.352.61

59.9193.38
36.755.34

29.7546.6918.372.67
99.3799.4097.27

*/ 195.94 97.95 0.18 0.09 194.80 97.39 194.98 97.48 ' ■ V  '
8/ 4.08 2.05 nm - - - - -

f 3/1J 
•

•/ 99.98 100.00
b/
«/

29.7944.4820.502.66

29.79
44.4920.50 2.66

~ ns 
”0.01 0.02 0.02

0.010.020.02

29.7944.1020.142.58

29.79
44.1120.142.58

29.79
44.1120.162.60

29.7944.1220.162.60
99.1798.3497.74

*/ 97.43 97.44 0.05 0.05 96.61 96.62 96.66 96.67 -
«/ 2.5! 2.56 ns - - - - —z -

J

1



T n b l M U  W i l  
T u b l a  '

/ ,
RESULTATUS D 'A N A L Y S E  CRARUIXL’ ¡E T R IL L E  E T  RE  SEPA R A TIO N  OAMS L I S  L IQ U ID A S

LOURDS DES SAULES PRELEVES UE3 SONDAGES DE L A  REOXOM DB  T  X M 1  T

RESULTS 0 *  G R A IN  S I Z E  A N A L Y S IS  AND HEAVY L IQ U ID  SEPA R A TIO N  O P  SANDS  

FROM UORUIOLES I N  THE REGION O l T  X N I  T

Doratolo - -y ̂  
Soodaft

Lo tosti 
Ilo* N<
Saapls

N o

\

Analya*
Kranui onia triqua 
Grain alas anafyaia

•/
b/
o/
d/
•/

f/

»/

adiai anion 
faad
fraction »0,8m 
fraction .0.4mm 
fraction ^0,2aa 
fraction +0.06aa
total fraction da aabla
total aand 
fraotion

fraction da vaaa 
at d'argils
s i l t  and c la y  
f r a o t lo n

rsndaaant 
y laid

Separation dana las liquidas danaaa 
llsavy liquid nepara t/.on

Kraotionlourds
Ilanvy
fraotlon

randaisant
yiald

Fraction
lo g o ro

L ig h t
fraction

yiald

Randanonttotal
Totalyiald

randamsn t 
yiald

Raoupa-
ration
Roco-
vo ry

Hanarkn
Rannrquaa

10 11 12

*•4/1

50.00 100.00

w
«/
4/
•/

0.50
5.25
51.63
10.78

1.00
10.50
63.26
21.56

na
0.01
0.45
0.82

ti 48.16 96.32 1.28

1.84 3.68 n a

0.02
0.90
1.64

0.50
5.20
31.00
9.61

1.00
10.40
62.00
19.22

0.50
5.21
31.45
10.43

1.00
10.42
62.90
20.86

99.23
99.43
96.75

2.56 46.31 92,62 47.59 95.18

, »i,ru/
MI/ga,pp.m.,oplld i,py,a
HIQ /ana tab. 7 . /

/voir tab.2/

100.00

1.89 
6.99

t! 48.66 97.79
1.10 2.21

na0.00
0.11
0.21

0.00
0.22
0.42

0.94
3.44
25.93
17.11

0.32 0.64 47,42
na

1.89
6.91
52.11
34.39

0.49
3.44
26.04
17.32

1.89
6.91
52.33
34.81

98.85
98.45
97.36

95.30 /7.74 95.94

„1/op.nS ap,*a,pyt4i/ 
Kï/àPé m, ga, ap, ai, ta, sil,dl,pjr,a»/

* 4/3

49.99 100,00
T7
o /
A/
_•/
t!

1.14
3.26
26.62
17.72
48.74
1.25

2.28
6.52
53,25
35.45
97.50
2.50

na
0.06
0.05
0.03
0.14
na

0.12
0.10
0.06
0.28

3.14
26.09
17.41
47.78

2.28
6.28
52.19
34.83
95.58

1.14
3.20
26.14
17.44
47.92

2.28
6.40
52.29
34.89
95.86

98.16
98.20
98.42

NX /fn.ll/



T n b loau
T a b i »

Hor*bci«Sondila*ì / ì k T *•

1 1 1______ 2 3 [ 4 5 b 7 5 ! 5 ( ù> 1 \ 12

* 4/4

•/ 49.90 100.00 !______ I_____ - - - - ■
b/o/
4/
•/

1.473.23
26.26
17.66

2.946.46
52.54
35.33

no0.00
0.02
0.03

0.00
0.04
0.06

1.473.20
26.01
17.50

2.546.40
52.04
35.01

1.473.20
• 26.03 
17.53

2.946.40
52.08
35.07

99.07 
99.12 

‘ 9̂ .26 ■V  v '* i -,
ri 48.62 97.27 0.05 0.10 48.18 96.39 48.23 96.49
il 1.36 2.73 AB - - - - -

* 4/5

■/ 49.94 100.00 ]

»
«»/•/

2.983.43
23.0018.43

5.976.07
47.8236.90

no0.00
0.05o.o3

.0.00
0.100.06

2.983.35
23.5018.16

5.976.71
47.0636.36

2.983.35
23.5518.1S

5.976.71
47.1636.42

97.67
98.6298.70

X/ 48.72 97.56 0.06 0.16 47.99 96.10 48.07 96.26
e/ 1.22 2.44 na - - - - -

* 4/«

•/ 49.97 100.00
b/
0/
%

2.554.3023.4218.19

5.108.6196.8736.40

~ no -0.02 0.03 0.03
0.040.060.06

2.554.2223.0617.94

5.108.4546.1535.90

2.554.2423.0917.97

5.108.4946.2135.96
98.6098.5998.79

40.46 96.98 0.08 0.16 97.77 95.60 97.85 95.76
d 1.51 3.02 na m - - -

* 4/7

«/ 49.96 100.00
•Ho/

%

1.996.7427.4711.00
3.9013.4954.9022.02

no0.00o.o30.03
0.000.060.06

1.996.6927.3110.69

3.9813.39 54.66
2 1 .4 0

1.996.6927.34]10.72
3.9813.3954.7221.46

99.2699.5397.45
tl 47.20 94.47 0.06 0.12 46.68 93.43 96.74 93.55
il 2.76 5.53 na - - - - -

* 4/8

«1 49.99 100.00 •

Ih2/ op.M. g«,«p/
Ko / 
4/ •/

2.717.64
27.948.50

5.4215.28
55.8917.16

ns ' 0.01
0.050.03

0.02
0.100.06

2.717.60
27.68
0,33

5.4215.20
55.3716.66

2.717.61
27.738.36

5.4215.22
55.4716.72

99.61
99.2597.44

X/ 46.87 93.75 0.09 0.18 46.32 92.65 46.41 92.83
g/ 3.12 6.25 na - - a» - -

* 4/9

«/ 199.84 100.00
b/o/
4/
•/

20.8- 49.0< 
98.0; 
23.3i

10.4324.55
49.05
11.67

ns0.01
0.03
0.02

0.01
0.01
0.01

20.8448.52
97.18
23.04

10.4324.28
48.64
11,53

20.8448.53
97.21
23.06

10.4324.29
48.65
11.54

98.92
99.16
98.89

x/ 191.2! 95.70 0.06 0.03 189.58 94.87 189.64 94.91
il 8.5S 4.30 na . - - - - -

-

frf t

—
m - m m m - - m

—
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TaI>Vo«̂
T a b l »

REbULTATES U  AKALXEE GÍU .NU1.0M ETÍIIW E E T  D E  SEPARATXON DAKS L E S  i T ijir( n|ft 

UHJilUS DES SAULES PUELEVES DES SONDASES U S  L A  liSOXOM D E  T  1  X X  T

B ESlfLTS  Oy  O ltA IN  8 I Z U  ANALYSXS ANO ItEAYY LXQUXD SEPABATXON O r  SANOS  

FMOM UOEEUOLES XN T U S  IUSGION OF T  Á  N  I  V
Oornht.lv T 3
S ta d a y *

I

/Eohaal lio» Ni
Sanpl»No

Analyas
(¡rMuioatlrliiua 
.Oral» «ixo analyaia

SrfílsrstlOf» (JaflA i «A J 1<|UÍ'1«8 
Ü«AVy U4(Ui(J 4*¡i«r«llun

■ •'• '

'* H«mar<]u«a

H

•*/
«V
«/
*1/
0 /

admlaalun 
f añil
frat; tioi* +0* ttmm 
frautlon Ô.'limii 
frautlon *0.]n« 
frautlon +0.06imh

• I*
ioiirUt
írauLiuii

t l  ar 1. i un J a.,ara
Llftllt 
f rao ti un

Ilsiulsmsn t tul a L
Tola i ylald

l(«ÜUp«*Iftiivn
¿<•<10*vory

1/

«/

tolul frautlon 
da sabia

total saail 
fraolion

frautlon ila vaaa 
at il'ai'Kllo
allí and olay! >■> M«a ,

j
- ». i  ’ j fmlawfii t y *•!<! y km [ti

! r. > i; V, A 1:
i 2 3 4 '« 6 7 H 10 11 12

9 5/1

a/ 5 1 .0 4 100.00
o.O'
0.59
1.39 • !,5

b/0/
d/
•/

3 .0 7
6 .4 4

3 2 .2 1
9 .0 2

6.0212.62
63.11
17.67

ns0.02
0.30
0.71

3 . - 7
6.
33.

6. 14

6.0a'2.48
Í.40
•’.95

6.<12.62-
17.34

99.22
99.81
98.12

Ul/'op.m, 50,sPf5StAlft ru.tu/ „ _UZQ /sss tsb. ..•/
. /volr tob.2/f/ 5 0 .7 4 99.42 1.08 2.02 49.43 96.85 50.51 98.87 i*

g/ 0 .30 0.58 ns - - mm - -

T 5/a

a/ 50 .0 1 100.00
ru,l*MI / op.ni', 3 5.5 s.sp.di

MI /bp.M. 7 0.gs.sp.di St.kl

Vo/
d/
a/

1 .0 5
4 .8 9
33.46
9.80

2 .0 9
9.78
66.91
19.60

ns0.00
0.24
0.43

0.00
0.48
0.86

1.054.89
33.01
9.11

2.099.78
66.01
18.22

1 . 0 5
4.89
33.25
9.54

2.099.78
66.49
19.08

100.00
9 9 .3 7
97.35

f/ 49 .20 98.38 0.67 . 1.34 48.06 96.10 48.73" " 97.64" - --- ‘ -
o' ,/ 0.81 1.62 ns - - - -

* 5/5 •

a/ 50,92 100.00
b/
0/
d/
•/

0.26
2.3031.42
16.75

0.52
4.5261.70
32.89

ns
0.00
0.04
0.08

0.00
0.08
0.16

0.26.
2.2731.28
16.56

0.52
4.46
61.43
32.52

0.26
2.2731.32
16.64

0 .5 2
4.46
61.5132.68

98.7099.68
99.34

tf 50.73 99.63 0.12 0.24 50.37 98.83 50.49 99.07
e/ 0.19 0.37 ns - - a» - m

.

-m m m

.
- -

n ,



Tableau__(Vu- .__- Ppfahola -, -
T a b le  '  ' Si>n«laji* •

1 2 H i ----Ъ--- 0 r ^ I H r » 10 11 -
а/ Í 5 0 .0 2 100.00 Í * ,
ъЛ 0.16 0.32 n e - 0.16 ! 0.32 ■ 0.16 О. 3 2 f •
с / 1 2.15 ц 4.30 [ 0 .00 0.00 2 . 1 5 4.30 ' 2.15 : 4 .3 0 100.00

« 5/4 а/ 52.52 65.01 0.02 0.04 32.06 : 64.09 32.03 64.13 i 9S.65в/ 14.74 29.47 0.05 0.10 14.39 I 28.77 ; 14.44 28.8? 97.96
f/ 49.57 99.10 О.0 7 0.14 48.76 97.48 It 48.83 97.62i •i в/ 0.45 0.90 n e - - - Í •* -

а/ 50.00 100.00 !
ъ/ 0.41 0.82 ne - 0.41 0.B2 ; 0.41 0.82
о/ 4.15 0.3Q 0.00 0.00 4.14 8.28 ' 4.14 8.28 99.76

ï 5/5 а/ 55.14 70,28 0.01 0.02 34.62 69.24 i 34.63 69.26 98.55•/ 9.15 18.26 0.02 0,04 9.00 18.00 9.02 18.04 98.80
г/ 48.85 97.66 0 .0 3 0.06 48.17 96.34 fI 48.20 96.40
в/ 1.17 2.34 n e - - -

i я»

а/ 49.9? 100 то !
I ъ/ 0,18 0.3* “ n e • - 0.18 0.36 0.18 0.36 ,
I о/ 2.66 í*-3i. -0 .00 0.00 2.64 5.28 2.64 5.28 99.25
* 5/6 а/ 52.20 64.45 0.02 o.'cw 31.67 63.37 31.69 63.41 98.42

<♦/ 15.43 _ 26.87 _ 0.05„ 0 .10 — 15j?1.(-28,43 13,26 _26.53 9.8,73 V
и 48.47 ~~х96.98 0 .0 7 0.14 4 7 .7 0 95.44 4 7 .7 7 95.58 »

в/ 1.51 3.02 n e - - - -

■ ■ а / 49.97 100.00 • - --— -
■ -  - ■ ■

V 1.05 2.19 n e - 1 .0 9 2.19 2 T W

• о/ 5.38 6.76 0 .0 1 0.02 3 . 3 7 6.74 3.38 6.76 100.00
*  5/7 а/ 23.41 46.85 0 .0 1 0.02 23.07 46.17 23.08 46.19 98.59

! в/ 20.37 40.76 0.16 0.32 20.02 40.06 20.18 40.38 99.07
г / 48.25 96.56 0.18 0.36 47.55 95.16 47.73 9 5 .5 2

в/ 1.72 3.44 n e - - - «fl -

а/ 49.97 100.00
V 1.49 2.99 n e - 1.49 2.99 I.4 9 2 .9 9. с / 4.13 8.26 0.00 0.00 4.10 8.20 4.10 8.20 99.27

t 5/8 а/ 24.69 49.41 0.01 0.02 24.43 48.89 24.44 48.91 98.89
а/ 19.12 58.26 O.09 0.18 18.88 37.78 18.97 37.96 99.22
и 49.93 98.92 0.10 0.20 48.90 97.86 49.OO 98.06
в/ -0.54j * 1.08 n e Jk - - * -I

. — i....
. Iа/ 199.741 100.00

ъ/ 16.59 8.30 n e - 16.59 8.30 16.59 8 ,30 -
, с / 2 7.0а 13.55 0.02 0 .0 1 26.94 1 З.49 26.96 13.50 99.63

15/9 а/ 93.74 • 46.91 О.ОЗ 0.02 9 2.8 6 46.49 92.89 46.51 99.14
•/ 55.4С( 27.74 0.14 0.07 55.01 27.54 55.15 27.61 99.55 •

t/ 192.75Í 96.50 0.19 . 0.10 191.4C 95.82 191.59 95.92 -
. в/ ¿#9íj 3.50 ne - - - - -

а/ 199.85 100.00

f  5/10

V
в/
а/
9/

t/

B /

191.Ï

8.68
26.17
45.27
17.91
96.05
5.97

n e
0.05
0.02
0.10

0.19
ne

0.02
0.01
0.05
0.08

17.55
52.04
85.75
55.27

190.59

8.68
26.04
42.91
17.65
95.28

17.55
52.07
85.77
55.57

190.54

8.68
26.06
42.92
17*70
95*36

99.56
99.18
98.80

S ' ' \
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LOUntiS DBS SABLES 1‘RE IXV E S DBS SONDAGES DE  L A  RKOION DB T  X N  Z  T
i

RESULTS OF O R A IN  SX ZB  A N A L Y S IS  AND HEAVY L IQ U ID  SEPARATIO N  O P  BANDE 

PNOM BOREHOLES I N  TUE REOIOS O P  T X N  I  T  ,
D orato la  
Soadig* . T  6

1

[

i '
I Bohan tl 
I Ho» Nc
|

Aaalyaa /
tfranulon*trlqua
Orai» alca analyala

Saparatlo» dana laa liquida* daaaaa 
llaavy liquid aaparatlo»

•

1Ramarka 
Remarqua»

* / admlanlon 
f aait

Praotlo»
lourd# Kraotlom

lagàra
Ll«ht
fraotioa

Randamaat
total
Total
ylald

a

Raoupa-
ration
Raoo-
vary

w
*>/

d/
• /

frantina a 0.8mm 
fraotioa a 0.4mm 
fraction 4 0.2mm 
fraotlo» 4 0,06mm

1Samplo 
> No
!

i

!

t/

total fraction 
da aabla

total aand 
fraotlo»

frao Lion

gf

fraotlo^» da vaaa 
at d'argll»
■lit a»d olay 
fraotlo»

i
t
i
i

randamaat * 
y laid

randamaat
ylald

randamaatylald
randamant 
ylald

1*K > g 5* g > g >

i 2 3 4 5 6 7 8 9 10 11 12

» a / 5 0 .5 0 100 .00

M1/S a .o p ,* . ,m o ,» p /
MS5 /bo# tab. , ? • /  
M5 /voir tab.5/

T 6 /1

b /
c /
d /
o/

2 .0 4
1 1 .5 3
27 .66

9 .01

9.05
2 2 .83
59 .77
17 .09

no
0 .0 2
0 .9 7
2 .0 9

0 .0 9
1 .9 2
9 .1 9

2 .0 9
1 1 .5 0
2 6 .5 9

6 . 8 3

9 .0 5
22 .77
5 2 .55
13 .52

2 .0 9
11 .52
27.51

8 . 9 2

9 .0 5
22 .81
5 9 .9 7
1 7 .6 6

99 .91
9 9 .9 6
9 9 .0 0

f/ 5 0 .2 4 99 .99 3 .0 8 6 .1 0 6 5 .2 7 9 2 .8 9 68.35 9 8 .9 9

e / 0 .2 6 0 .51 no m* - - - -

a / 5 1 .07 100 .00

„ j/o p .m .i 4 0 ,e p ,g * ,tu ,p*  0 *2

b /
c /
d /
o /

1 .1 4
5 .0 3

26 .71
17 .90

2 .21
10 .90
5 1 .0 9
32 .79

no
0 .0 0
0.03
0 .0 8

0 .0 0
0 .0 6
0 .1 6

1 .1 9
5 .6 5

2 6 .5 9
17 .35

2.21
10 .52
5 5 .3 6
33 .58

1 .1 9
5 .6 3

26 .57
17 .93

2.21
1 0 .9 8
5 1 .9 2
3 3 .7 9

100 .00
99 .40
9 9 .0 3

I _ V 5 0 .9 9 9 0 .5 9 0 .11 0 .2 2 5 0 .6 6 9 8 .1 3 50 .77 9 0 ,3 5 -a .

k / 0 .7 3 1 .91 no m am m • -

! *  6/J

a / 52 .19 100 .00

•../b p .m . 50 .ffP .lE .P y*/>  
, z i , t u , o t , o i l , d i /

Stai ma.

b / '
c /
0 /
0/

O.BC,
5 .2 0

2 7 .6 9
1 0 .1 6

1 .6 9  
1 0 .1 2  
5 2 .9 6  
39 .80

no
0 .0 0
0 .0 5
0 .13

0 .0 0
0.09
0.25

0.BG
5 .2 0

27 .95
1 7 .7 3

1 .6 9
10 .12
52 .60
33 .97

0 ,0 6 ’
5 .2 8

2 7 .50
1 7 .86

1 .6 9
10 .12
52 .69
39 .22

1 0 0 .0 0
99.99
98 .35

t/ 5 1 .9 9 9 9 .5 2 0 .1 8 0.39 51 .32 9 8 .3 3 5 1 .5 0 9 0 .6 7

g / 0 .2 5 0 .9 0
—
■ -

*  6 /4)

,

a / 51 .97 100 .00

wr/óp.m ,' 60,ep,py,am . 
• 1 t u , z i , o t , l a , d i /

V
0/
d /
A  /

1 .01
9 .5 8

2 9 .2 7
21 .75

1 .9 5
0 .81

4 6 .7 0
91 .05

no
0 ,0 0
0 .0 2
0 .0 3

0 .0 0
0 ,0 9
0 .1 5

1 .01
9 .5 8

2 9 .2 3
21 .66

1 .9 5
8 .81

9 6 .6 2
91 .68

■ 1 .0 1  
9 .5 8  

29.25  
21.79

1 .9 5
8.81

9 6 .6 6
91 .83

100 .00

m
f / 51.61 0 9 .Î1 0 .1 0 0 .1 9 5 1 .98 99 .06 51 .58 ?9.25



Tableau
Tabi» i/ao paratala .

Sondai*
1 2 3 !» 5 6 7 8 'J 1 0 \ \ \ lì

»

* 6/5

a/ 50.76 100.00 ..

Ij/ap.*.* 30 ,g a ,e p ,lo ,
55.®P,py»le,

g a ,tu ,d i,o t ,ru /

b/
e/
d/
o/

0.95
4.57

24.56
19.06

1.87
8.61

48.38
39.13

n3
0.00
0.02
0.07

0.00
0.04
0.14

0.95
4.37

24.52
19.73

1.87
0.61

48.31
38.87

0.95
4.57

24.54
19.80

1.8?
8.61

48.35
39.01

100.00
99.92
99.68

f/ 49.74 97.99 0.09 0.18 49.57 97.66 49.66 97.84

k/ 1.02 2.01 ns - - - - -

? 6/6

l

a/ 50.29 100.00

• \b/
e/
a/
o/

0.54
2.42

19.03
26.11

1.08
4.01

39.43
51.92

no
0.00
0.01
0.05

•0.00
0.02
O jO

o.54
2.40

19.80
26.52

1.08
4.77

39.37
51.74

0.54
2.40

19*81
26.07

1.08
4.77

39.39
-51*04

99.17
99.90
44.85

t/ 48.90 97.84 0.06 0.12 40.76 99.96 48.82 97.08

iJ 1.39 2.76
1

a/ 53.24 100.00

1
!

* 6/7

b/
e/
d/
a/

1.20
3.19

21.29
25.99

2.25
5.99

39.99
48.82

~ no 
"0 .0 0  

0.01 
0.06

0.00
0.02
0.12

1.20
3.19

21.20
25.93

2.25
5.99

39.82
48.70

1.20
3.19

21.21
25.99

2.25
5.99

39.84
48.82

100.00
99.62

100.00

f/ 51.67 5;\05 0.07 0.14 51.52 96.76 51.59 96.90

e/ 1.57 2.95 no - - - «• -

f  6/8

i

a/ 53.01 100.00 - - -  .  .

b/ 
e/ 
d/ 
o/

f/

1.20
2.47

18.41
30.37

2.26 
4.66 ■ 

34.73 
57.29 _

no
0.00
0.01
0.08

0.00
0,02
0.15

1.20
2.46

13*39
29.75

2.26
4.64

34.69
56.12

1.20
2.46

18.40
29-83_

2.26
4.64

34.72
56.27

99.60
99.95
98.22

52.45 93.94 0.09 0.17 51.69 97.71 51.89 97.88

r./ 0.56 1.06 nn - - - - - •

T  6/9

a/ 211.01 100.00 ■w

/ vo lr lnb.2/

MIQ/aea tnb, . 2 ,/
Iti/o p . «a, ga, ep, a i , py, 

ru ,o t ,tu /

b/
e/
d/
o/

0.56
36.21

104.00
57.65

3.96
17.16
49.32
27.32

no
0.03
0.37
0.16

0.01 - 
0.18
0.00

8 .3 6
35.93

103.13
57.46

3.96
17.03
48.07
27.23

0 .3 6
35.9»

105.50
57.62

3.96
17.04
49.05 
27.31

99.36
99.44
99.95

tf 206.30 97.76 0.56 0.27 204.88 97.09 205.44 97.36

g/ 4.71 2.24 no - - - - -

* 6/10

a/ 227.59 100.00

Hl/.op.mv 5 0 ,g a ,a p ,la ,
lll/bp.m . 6 0 ,a p ,la ,* i, 

a t,d i,g a ,s o /

b/0/
d/

•/

53.76
95.07
50.70
13.41

23.63
42.12
25.79

5.85

ns
0.03
0.05
0.11

0.01
0.02
0.05

53.76
95.37
58.09
13.29

23.63
41.90
25.52

5.84

53.76
95.40 
58.14
13.40

23.63
41.91
25.54

5.89

99.51
99.04
99.93

f/ 221,74 97.43 0.19 0.08 220.51 96.89 220.70 96.97

«/ 5.8i 2,57 no • - - - - -

f 6/11

a/ 232. y 100.00

t l / ‘»p>i«.J0| l# ,ga ,8$ { 
III/ 40.ga.ap.py.tu  

s l , l a , a t , a l i , di.no/

V
a/
d/
•/

27.8;
61.01
87.83
47.70

12.00
26.26
37.80
20.53

na
0.02
0.06
0.13

0,01
0 .0 3
0.06

27.8:
60.5'
87.36
47.5'

12.00
26.24
37.60
20.45

27.87
60.98
87.42
47.64

12.00
26.25
37.63
20.51

99.95
99.53
99.87

_ t/ 224.4' 96.59 0.21 0.10 223.73 96.29 223.91 96.39 /
«/ 7.93 3.41 na - - m II

r
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ТпЫ ацц
Tu b io 1 / 2 2

11 i ! 5 Г - * — C Z = « y H> 1 1  *

• j я /  1204.11 10 0 .0 0  j !
_________i_______

V 1 *1*06 1 .9 8 j ns . ! 4 .0 6 1 .9 8 j 4 .0 6 1 .9 8
i с / 7 .1 6 ! З .З 1 0 .0 1 0 .0 1 i 7 .0 6 3 .4 6 7 .0 7 3 .4 7 9 8 .7 4

4t 6 / 30 .33 1 4 .0 6 0.02 0 .0 1 i 29.90 1T .69 j 3О.ОО 1 4 .7 0 98 .91
! *>/ 125 .34 61 .41 0 .32 0 .1 6 123.81 6 0 .6 6 124 .13 6 0 .8 2 99.03

j f / 166 .09 8 1 .7 6 0 .35 0 .1 8 164.91 8O.79 H65.26 8 0 .9 7

I с / j 37 .22 1 8 .2 4 - - -
I

-
I-------
Í a / ¡199.37 100.00  Í II
1 V ! 6 .69 3 .3 6 ns 6 .6 9 3 .3 6 6 .6 9 3 .3 6
1 с / 1 0 .6 6 5 .3 5 0 ,0 1 ■ 0 .0 1 1 0 .49 5 .2 6 1 0 .5 0 5 .2 7 9 8 .5 0

•? 6 /2 0 <1/ 3 1 .9 3 1 6 .0 4 0 .03 0 .0 2 3 1 .7 5 1 5 .9 3 3 1 .7 8 1 5 .9 5 9 9 .3 7
i в / 9 6 .9 0 4 0 .6 4 0 .2 1 0 .11 94 .91 4 7 .6 0 9 5 .0 2 47.71_ 9 7 .9 8

¡ f / j l 4 6 . 3 1 73 .39 0 .25 0 .1 4 1 4 3 .8 4 7 2 .15 144.09 72 .29
I .
! e/ 5 3 .0 6 26 .61 no • «a

■ j !
n / i l9 9 .5 4 1 0 0 ,0 0 t

1 V t 10 .04 5*43 na 1 0 .8 4 5 .4 3 1 0 .8 4 5 .4 3
c / |  1 2 .4 7 6.25 ”  0 ,0 2 0 .0 1 1 2 .3 8 6 .2 0 1 2 .4 0 6 .21 9 9 .4 4
e / ' 3 2 .5 3 1 6 .3 3 0 .0 7 0 .0 4 3 2 .2 6 1 6 ,1 7 3 2 .3 3 16 .21 9 9 .2 3
« / !  74 .23 37 .23 . 0 .0 8 __0.04_ 7 3 .0 8 36 .62 7 3 .1 6 36 .66 - 9 8 , 4 9

V 130 .17 6 5 .2 4 0 .1 7 0 .0 9 12 8 .5 6 6 4 .4 2 128.73 64 .51

?J 6 9 .3 7 34 .76 na - «a - -

' a / 2O6.92 100.00
i V  1 5 .5 0 7 .4 9 ne 1 5 .5 0 7 .4 9 1 5 .5 0 '7 .4 9
I c /!  14 .07 6 .0 0 0.03 0 .0 1 1 4 .0 0 6.76 1 4 .0 3 7 .7 7 9 9 .7 2

? 5 /2 2 1 d /!  4Q.35 2 3 .3 7 0.05 0 .0 2 4 8 .2 4 2 3 .3 1 4 8 .2 9 2 3 .3 3 9 9 .8 8

I 6 5 .5 3 31 .67 0 .1 4 0 .0 7 6 5 .1 6 31 .49 65.ЗО 3 1 .5 6 _ 99»65
I—

i tf
143.45 6 9 .3 3 0 .2 2 0 .1 0 14 2 .9 0 6 9 .0 5 13 4 .12 6 9 .1 5

! в / 6 3 .4 7 30.67 na - - - - -

a / ! 223.66 100 .00

1 V 19 .10 8 .5 4 ns 1 9 .1 0 8 .5 4 1 9 .1 0 8 .5 4
I 0 / 1 6 .46 7 .3 6 0 .0 1 0 .0 1 1 6 .4 2 7 .34 1 6 .4 3 7 .3 5 9 9 .8 2

m 6 /2  > d / 66 .01 29.51 0.09 0 .0 4 65 .83 2 9 .5 3 6 5 .9 2 2 9 .4 7 9 9 .8 6

I • / IO 3.79 46.41 0.39 0 .1 8 10 3 .0 1 4 6 .0 5 1 0 3 .4 0 4 6 .2 3 9 9 .6 2

I f / 205.З 6 9 1 .8 2 0.49 0 .2 3 204 .36 9 1 .3 6 204.85 9 1.5 0

к / 1 0 .3 0 8 .1 8 ПЯ - - - - -

в / 221 .10 100 .00

V 1 5 .2 0 6 .1 4 ПЯ 15 .2 0 6 .1 4 15 .2 0 6 .1 4
о / 20 .29 9 .1 7 0 .0 4 0 .0 2 2 0 .1 8 9 .1 2 2 0 .22 9 .1 4 9 9 .6 6

"  6 /2 4 d / 6 3 .1 6 2 8 .5 6 0.07 О.ОЗ 63 .01 2 8 .5 0 6 3 .0 8 2 8 .5 3 9 9 .8 7

в /
104 .46 4 7 .2 3 0.29 0 .1 3 IO 3.88 4 6 .9 7 104 .17 47. IO 9 9 .7 2

« 2 0 3 .11 9 1 .1 0 0 . 4c 0 .1 8 202 .27 9 0 .7 3 202 .67 90.91

с / 18 .07 8.90 na • - - em - - ¡

в/ 202.67 100 .00 •_ ;

! V 6 .0 5 2 .9 7 na 6 .0 5 2 ,9 7 6 .0 5 2 ,9 7 1

! о / 1 3 . 6i 6 .7 4 0 .0 ' 0 .0 1 1 3 .5 7 6.70 1 3 .5 8 6 .71 ! 99.49
” 6 /2 5 d / 53.C?i 2 6 .5 9 O.Oi 0 .0 2 5З .З 9 2 6 .3 4 5 3 ,4 2 2 6 .3 6 1 9 9 .15

в/ 8 0 .3 ' 3 9 .6 3 0 .3 7 0 .1 8 79.З 9 39 -1 4 ‘ 79 .69 " 3 9 .3 2 ■ 99.23  1

f / 153 .89 7 5 .9 3 o A 0 .2 1 152.3^ 7 5 .1 5 152 .74 75 .36
•

■rJ 40.7¡J 2 4 .0 7 ne m  j -  I m - -

.Bomloco T 6

12

/voir tab.;/ 
MI^ /ее* tab. 2./

MI/?n.m.i 40,ap,py,«I, ru,di,M,all/ —

MI/.'op • 45 *py.la. «1»
tu ,a t,ru ,b lfdl/

MI /ibp.m̂ la/
MI 35.P7.tn.ap,
aaf, la  ,  «1 ,d i  ,b i  ,  gn/

as ,P 7 ,tu ,e

4



Tnt»)eni|'lo bin • /23 •*ul villi) «homing*

‘ 1 1 2 ■]-------J — l-----------J!------- r f  ь 7 I H I 7 10 { n 1X*

1

* T 6/26

1
i

!■/ 205.13j 100.00 •
I
j

i V  i 10.171 ^«96 
о/ ! 12.12 5.91 
Ы /  j 47.27,’ 25. 01- 

•/ j 77.01 j 57.51-

no
0.02
0.03
0.29

0.01
0.01
0.14

10.17
12.03
16.7G
76.40

4.96: 10.17 
5.86! 12.05 

22.79! 46.79 
37.24j 76.69

4.96
5.87

22.80
37.38

99.42
98.98
99.58

HI /-<»P .-..90,ea,«i/

HI /  o p .». 60( py( * p ,tu ,
i f /  j 147.57! 71.15 0.31 0.16 115.36) 70.85¡145.70 71.01

g/ j 58.561 28.55 ZUS - i i Щ*

!i
!
1
1
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: T i,b le u  
Tub lu l/2»t

' ,  ^ /
HESIXTa TES 1> ANALYSE CiU M .'.û :X T h l 4 IE  CT BE SEPARATION DAXS LES LIQUIDES

LOURDS BES SAULES PRELEVES BES SONDACES DE LA RECION DE T  1  N I  T

KESULTS OK CHAIN S IZE  ANALYSIS ANU HEAVY LIQUID  SEPARATION OK SANDS 

F MOM UOltUIOUIS IN  THE HECION OK T  Л X I  T

UorollG lO T y 
boii(lnt;0

] ----------
КллХутт ^ S e p a r a t io n  daim  la a  l i q u i d e *  d e a e e e
. , чп 1 •iiiiBki ANU*

Jfaavy l i q u i d  a a p a ra t lo A
• i * ! » »  a ix a  a n a ly a ia

lSoh*iiUHorn N<
Sample
No

•/

ь/
о/
«1/
а/

г/

«/

admlaalon
lead
fractloa ♦O.Bmm 
fractloa ♦0.4mm 
Tractiun ♦0.2mm 
frac Ноя ♦ 0.06mm
total i'raction 
da aabla

total aaad 
Trao tiOR

Treat loa da vaaa 
at d'arKtla
all t at clay
Г Гао t t un

KraotloRlourde
Heavy
fraction

KraotloR * 
lattare
LlXhtfraction

Rendement
total
Total
yield

Recupe
rati or
Reoo-vary

ч '

'Hemarka 
Remarquée

i • V ■ , , ■ t ,

11
гап«1ам»ая t 
y labi

ramtainael y labi
faattamaniy laid aanilamentylal.t

« I > K V* « > K > >
1 1 2 3 4 5 6 7 H 9 10 11 12

1
« 7/1

I

в/ 49.92 100.00 ’ » * » * ■ . - * f

HS®/eaa tab. A./
SIS6 /voir tab, 2/

ъ/
о/
л/
•/

0.48 
3.44 
33.76 
10.48

0.96
6.89

69.63
20.99

ne
0.01
0.71
3.30

0.02
1.42
6.61

0.48
3.40
33.74
6.92

0.96
6.81
67.59
13.06

0.48
3.41
34.45
10.22

0.96
6.83
69.01
20.47

99.13
99.11
97.52

Г/ 49.16 98.48 4.02 8.05 44.54 89.22 48.56 97.27

I я/ 0.76 1.52 no - - - - -
в/ 49.98 100.00

el.la.dl.tu.no.oh: 
UI/op.m. 60,ep,ga,am 
MIQ /aeo tab. . 4/ 

/voir’tab,2/

!
T 7/2

Í
I

V
о/
Л/
о/

1.37
2.74
29.82
14.93

2.74
5.40

59.66
29.07

no
0.00
0.11
0.48

0.00
0.22
0.96

1.37
2.69
29.29
14.14

2.74
5.38
58.60
28.29

1.37
2.69
29.40
14.62

2.74
5.38
58.82
29.25

98.18
98.59
97.92

t/ 48.86 97.75 0.59 1.18 47.49 95.01 48.18 96.19
е/ 1.12 2.25 ne *■ - - - sa

f
'5 7/?

I

■/ 49.91 100.00
ъ/с/
<5/
в/
f/

0.41
2.22
28.46
16.28

0.82
4.45
57.02
32.62

ne
0.00
0.06
0 .13

0.00 
• 0.12 
0.26

0.41
2.20
28.09
15.92

0.82
4.41
56.28
31.90

0.41
2.20
28.15
16.05

0.82
4.41
56.40
32.16

99.10
98.91
98.59

47.37 94.91 0.19 0.38 46.62 93.41 46.81 93.79
в/ 2.54 5.09 ne - - - - - * ,

I

* T 7À
i
I

а/ 49.93 100.00 - • 1
Vс/<1/
"/

1.14
1.7423.94
21.35

2.28 
. 3.48
47.9542.76

ne
0.00
0.03
0.00

0.00
0.06
0.16

1.14
1.74
23.70
20.95

5725
3.48

47.4741.96

1.14
1.74
23.7321.03

5755"
3.48

47.5342.12
100,00
99.12
98.50

*/ 48.17 96.47 0.11 0.22 47.53 95.19 47.64 95.41

г*/ 1.76 3.53 — ne - - - -



Tablaa*
Tabi* foadig* '»/*3

1 t I ^ :> 5 6 7 8 10 1 12

a/
L. , --

49.96 100.00
%

V  V 3  * t .

!

I T  7/3
i
iiiiì

b/
0/
d/
•/

0.51
1.42

20.97
24.93

1.02
2.84

41.97
49.90

DB
0.00
0.02
0.04

0.00
0.04
0.08

0 .5 1
1.41

20.90
24.80

1.02
2.82

41.83
49.64

0 .5 1
1.41

20.92
24.84-

1.02
2.62

41.8?
49.72

99.30  
.99.76 . 
99.'64

f/ 47.8J 95.73 0.06 0.12 47.62 95.31 47.68 95.43

r/ 2.43 4.27 na
\

i
i

• 7/6
f

!

a/ 49.94 100.00 •

b/
o/
d/
•/

1.21
3.41

31.54
13.69

2.42 
6 .8 3  

63.16 . 
27.41

na
0.00
0.03
0.06

0.00
0.06
0.12

1.21
3.39

31.21
13.32

2.42
6.79

62,49
26.67

1.21
3.39

31.24
13.38

2.42
6.79

62.55
26.79

1
t

99.41
.99,05
97.74

t/ 49.85 99.82 0.09 0.18 49.13 98.37 49.22 98.55 1
i e/ 0.09 0.18 na - - - - mm

»

! 5 7/7

•/ 49.97 100.00

b/
o/
d/
•/

1.03
2.64

27.74
10.16

2.06
5.28

55.51
36.34

na
“ 0.00

0.04
0.05

0.00
0.08
0.10

1 .0 3
2.60

27.50
17.96

2.06  
5.20  

55.03 
35.94J

1 .0 3
2.60

27.54
18.01

2.06
5.20

55.11
36,04

98.48
99.28
99.17j

1
1f

f/ 49.57 9."«19 0.09 0.18 49.09 98.23 49.18 98.41

e/ 0.40 0.81 na - - - - - -

l

!
! «  7/8

i
i
i .
i

■/ 49.98 100.00

■X/'op.n. 55.R4.P7.*»
m l.tn .ru .a t .l* /

b/
c/
d/

t/

1.52
2.79

25,90 
__19,11

48.40

3.04
5.5 8 

5 1 .0 0  •

na
0.02
0 ,0 3
O.16

0.04
0,06
0.30

1.52
2.75

25.60
17.81

3.04
5.50

5 1 .2 2
36.63

1.52
2.77

25.63
17.46

3.04
5.54

51.28
36.93

99.28
98.65
99.17

5l..83 0.20 0.40 47.68 95.39 47.88 95.79

k/ 1.50| 3.17 na — - - - . -

i!
1? 7/9
ii
i

*/ 200. 09! 100.00

«P»tl/op.m, 50.ap.R4.at,. 
il/óp.a* 6 0 ,g a ,d i,c l, f

b/
o/d/
•/

5 . 42I 2.71 
15.66 7.83  

104.22 52.09 
70.87 35.42

na
0.02
0.11
0.73

0.01
0 .0 5
0.36

5.42
14.97

102.85
68.99.

2.71  
7.48 

51.4Q 
34.48

5.42
14.99

102.96
|.69,,?2

2.71
7.49

51.45
L24i84_

95.72
98.79
98.38

t/ 196.1 'h 98.05 0.86 0.42 192.23 96.07 193.09 96.49
tn ,p 7 . !

)
fJ 3.9ij 1.95 na — _ - mm - -

? 7/10'
•
’
.

a/ 200.0^ 100.00

il/ap.a. 30,R4,ap,an. , 
Uiq /aaa tab. .2,/

/voir tab.2/

b/
c/
d/
e/

3.69 1.84 
10.99 5.49 

102.18 51.08 
75.7 } 37.87

na
0.02
0.12
0.76

0.01
0.06
0 .3 8

3.69
10.52

100.26
73.83

1.84
5.26

5 0 .1 2

36.91

3.69
10.54

100.38
74.59

1.84
5.27

50.18
37.29

95.91
98.24
98.4?

f/ 192.6^ 96.28 0.90 0 .4 5 188.30 94.13 189.20 94.58

r/ 7.4 3.72 na mm mm m  | mm - mm

? 7/11

«/ 199.81 100.00 I

«
V
o/
d/
•/

2.67
0.95

90.29
89.12

1.34
4.48

45.19
44.61

na0,01
0.08
0.04

0.01
0.04
0.02

2.67
8.85

89.01
88.39

1.34 2.67 
4.30 8.86 

44.55 89.09 
44.24j 88.43

1.34
4.30

44.59
44.26

98.99
98,67
99.21

f/ 191.0* 95.62 0.13 0.07 188.92 94.43 189.05 94.50

b/ 0 .7 Ì 4.38 na m - -  I  - -



Vnhtpftu
Т л М * \ .  ¿O T

1 У 3 U — Г 0 ". ? ¡ к ч I io  { 11 12

*  7/12
%

•/ 199.91 100.00 L  !

Ш  /о р .а , 5 0 гар,кп.ав 
Р7.в1,га,в1,1а/

ъ/
с/
Л/
•/

15.78
36.09
94.20
43.83

6.89
18.05
47.12
21.92

па
0.00
о.оз
0.14

0.00
0.02
0.07

13.78
35.57
93.26
42.22

6.89
17.79
46.65
21.12

13.76 
! 35.57 
! 93.29 
L  42.36

I 6.89 
17.79 
46.67 
21.19

98.56
99.03
96.65

t/ 187.90 93.98 0.17 0.09 184.83 92.45 i 185.0С 92.54

6/ 12.01 6.02 па - - Ì -

* 7/15

л/ 153.78 100.00 !

ь/
о/
Л/
•/

14.27
23.75
68.10
40.04

9.28
15.46
44.28
26.04

0.00
0.03
0.13

0.00
0.02
0.08

14.27
23.40
67.65
38.92

9.28
15.22
43.99
25.31

14.2Î
23.4С
67.61
39.0:

9.28
15.22
44.01
25.39

98.53 
99.38
97.53

г/ 146.14 95.04 0.16 0.10 144.24 93.80 144.46 93.90

« / 7.62 4.96 па - - -

ф

'

и ■W

•
-

!
•

✓

■

ч

-' —

-------- ------------------------------------

-

•
_ . — _J ___ ____

%

-

_________



>VM M A
V alilo Vî?

D 'aNAI.YUIÍ UIIANW.OMKTHIhUE ET DE SjíbARAIXUM DAKS Ш  1Д| UIDES '
LOVl'Jtì b l i l  ii.UUJw MUXLYES LLS S òXIm IHXì DE LA ULClON  OH t  A  К  1  V

lù ^ L L l S  0 Г  C R A IN  S IZ E  A N A I.Y -IS  ЛХ1) HEAVY U r l i l a  SEPA R A T IO N  01 S A M 'S  

YHoU b o iU llO L U S  1 3  T U -  U lU lC N  Ox T  1  N  1  T

D o  r * h o l a  _  я
Sondoc*

1

EohantJ 
I l o *  N<

A o « ly « «
Kl'KHUi ОЙ8 lri<|U« 
C r a i *  t i x «  « n a ly s l »

S ah a ra *■ lo»» «lana I a * l i q u id a *  d M aaa  

llaavy l i q u id  n«|>araiiun

Kanarl.a
Remarqua*

i

* /

ь/
,с/

*|/
•/

•ilm ia«iun
Гаа.1
f r a c t io n  ♦ 0*8mm 

f r a c t io n  ♦ 0 • filini 

f r a c t io n  ♦ 0*2mm 

f r a c  tion  ♦ OoOòiiuii

I- rao t l  on 
lu u rd *

Heavy 
Ггас Li un

br s c l l c n  
J a j, a ra  . _ . _

l i a c l i o n

Heinleman t
. - L u U l -----------------

T o ta l
y l*J d

Ii. o u|m > 
- r a t  Ion

JtaOO-
> *ryS cop i*

No

i  :
tl
1

i /

« /

t o t a l  Irn e  Lion  
d* a a b l*

t o t a l  » n l  
f r a c t io n

f r a c t io n  d * vaae  
•  t < l* a r£ l l*

• i l l  and Olay  
f r a c t io n  p

raiidainan L 
y ia ld  *

j andamani 
У la  ill

randamanl 
y i a i il

rainlainan t 
y la li l

• !t: ’ft» t: •- K > fî >

! i 3 4 5 ù 7 H V to 11 >2

1 .1

1

¡5  8/1

I

а/ 45 .98 100.00

~na
0 .0 0
0 .3 4
0 .8 7

ь/
о/
Л/
в/

0 .12  

1.77  
53.12  

13- ) 1

0 .2 4
3 .54

66 .27
27.83

0 .0 0
0 .6 8
1 .7 4

0 .12
1.71

32.58
12 .88

0 .2 4
3.42

65 .19
25.77

0 .1 2
1.71

32 .92
13 .75

0 .2 4
3 .42

65 .87
27.51

96.61
99 .40
98.85

/ v o ir  t a b .2/

H Q  /eaa  t * b .  ?-*./ 
H Q  /вас t a b .  Л /

t/ 48 .92 97 .88 1.21 2 .42 47.19 94 .62 48 .4 0 97 .0 4

j
ì rJ 1 .06 2 .12 ne - - - - -

? 8/2

а/ 49.92 100.00

Vв/
d/
в/

0 .4 0
3 .23

26.19
18.92

0 .0 0
6 .47

52 .46
37.90

na
0 .00
0 .0 2
0 .1 4

0 .0 0
0 .0 4
0 .2 8

0 .4 0
3 .20

26 .02
18.41

0 .8 0
6 .41

52.12
36.88

0 .4 0
3 .2 0

26 .04

18.55

0 .8 0  
■ 6.41  
52 .16  

37.16

99 .07
99 .43
97 .88 m / ;  o p . » > 6 0 ,K a ,a p .d i ,a l .  

■ i l . p y .a p .m /
t/ 48.74 97 .63 0 .1 6 0 .3 2 48 .03 96.21 48 .19 96 .5 3 - - -

в/ 1 .18 2 .37 ne - - - - -

а/ 49 .97 100.0Q
в

h

* 6/5

ъ /
о/
0/
в/

0 .64
3.34

25.52
18.92

1 .28
6 .68
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¡ о/ I
!

4 2 . 5 4 i 100.00 I Í
!i I  — ^

-  12/5

! ь/i 3 .4 3  
C/Í 0 .7 5  

! <3/! 3 .4 8  
) _ V  j— 3 .2 6

! f/ ! 1 0 ,9 2

i 8 .0 6
1 .7 6
8 .18

-------  7 .6 6 __

[ nn
0.00
0 ,0 3

2 9 .0 2 .

0.00
0 .0 6

• . А О *

{ З .4 3  
! 0 .7 5
! 3 .4 2  
) __ 3 .1 3 -

8 .0 6 : З .4 3  
1 .7 6 ! 0 .7 5  
8 .0 4 ; 3 .4 5  
7 .4 7  3 .2 0

8 ,Oí 
1.76 
8.1C 

j 7 .5 -

100.00
9 9 .14

1

j

2 5 .66 0 .0 5 f  0 .1 0
Í

10.78 Í 25.33 ! 10 .8 3
i
! 25.43 •

i g/j 31 .62 7 4 .3 4 ne - i
i ■
i____ -

|а/ j 33.91 100.00 j !

? 17/6
; о/

! d/ 
L?/.

í /

1.75
2.2 7

17.66
5 .3 0

5 .1 6  
6 .6 9  

5 2 .08  
С  15 .63

“  nfl 
- 0 . 0 2  

0 .0 2  
0 .0 2

0 .0 6
0 .0 6
0 .0 6

i 1 . 7 5
2 .2 4

17.56
I 5.21

5 .1 6 ; 1 .75 
6 .6 1 ; 2 .2 6  

5 1 .7 8 ) 17.58 
1 5 .36 ) 5 .23

I 5 .1 Í 
i 6.67 
I 51.84 

15.4S

¡ 99 .56  
99.55 
98.68 U

i
1-------
! 26.90 ' 79 .56 0 .0 6 0 .1 8 ! 26.76 78 . 9 1 ! 26.82 79 .O9!

z/ 1 6.93 2 0 .4 4 na
í i !

11
1 - !

*

а/ ! 49.97 100.00 ! ! Г ! 11

;r 12/7

Ъ/ j 0 .0 9  
с/ I 3 .1 2  
< V ¡ 19.87 

_o/_!_22«.06  

f/ ! 45.94

1 .7 8
6 .2 4

39.76
44.15

ns
0 .0 0
0.01
0 .0 7

-  ¡ 0 .8 9  
0.00  j 3 . 1 2  
0 .0 2  19.83  
Q .1 t L _ 2 1 .6 4 _

'■ '1 .78; 0 .8 9  
6 .24! 3 .12 

39.68) 19.84 
___ 43.30! 21.71

j 1 .78
6.24) 100.00 

39.70 99.85  
43^44___ 9 Ü .A 1 _

k

!

)M I / bp.m . 70.ру.ш а.

!
!

• i
!

9 1 .9 3 0 .0 8 0 .1 6 45.48 9 1 .0 0 45.56 91.16
; • p , B i l , e a , W

!
í
1
1 r,/ ¡ 4 .0 3 8 .07 ne - - - - - !

1
1
1 « / Í 49.99

J .
100.00

" ! !
1

i? 1я/в
1

V

с/
d/

« /

0 .7 8
4 .1 4

21.36

_ ? 1 - г>1

1 .5 6
8 .2 8

4 2 .73
43.23

ne
0.01
0.01
0.05

0 .0 2
0 .0 2
0 .1 0

0 .7 8
4 .0 2

21.25
21.29

1 .5 6
8 .0 4

42.51
42.39

0 .7 8
4 .O 3

2 1 .26
24.34

1 .5 6
8 .0 6

42.53
42.69

9 7 .34
9 9 .5 3
98.75

!
i Г/ 47.09 9 5 .8 0 0 .07 C .1 4 47.34 94 . 7O 47.41 94.84 i
J j к/ 2 . 1 о; 4 .2 0 ne - - - - -

1 !
i в/ 1 8 2.99’ 100.00 fI '

■■ 1 lili 1

J *■

¡ ! 
I?  17/9

V

с/
<V
о/

4.39!
17.741
69 . 5 1!
7 6 .97

2 .4 0
9 .6 9

37.99
4 2 .06

ne
0 .0 0
0 .1 0
0 .2 6

—

0 .0 0
0.05
0. 13)

4 .3 9
17.61
6 9 .30
76.21

2 .4 0
9 .6 2

37.87
4 1 .65

4 .3 9
17.61
6 9 .40

76.47

2 .4 0
9 .6 2

37.92
4 1 .7 8

99.27
9 9 .84

99.35

U l/ 'o p .m . 3 5 ,g a ,e p , 
d l , 0t , z i ,d l ,m o /  

111/ op.m» 4 0 ,g a ,p y , 
E Í , C t , d i , t U , [ ) i Í

1

i

f / í 168. б1] • 9 2 .1 4  I 0 .3 6 0 .1 8 167.51 91.54J 167.87 9 1 .7 2 f
I

f*
I г / 1 4 .38 7 .8 6  ¡ па

.
-

1
a» * - i

1
-  . . .  - .......................... i

r
I я /

i 1
1 9 9 .8 4

j
100.00 ¡

■ I H J
i
1

i
j

I
I
!

?  12/10
j
I

V

с/
1 / Í

« / . I

5.64;
15.61)
ео.55
76. от!

2 .8 2  j
7.81 

40.31 
38.46 J

na

0 .0 2
0 .1 7
0 .5 7

0 .0 1  !
0 .0 8  ! 
0 .2 8  f

5 .6 4
1 5 .54
79.98
75.40

2 . 82!
7 .7 8

4 0 .02
37.751

5 .6 4
15.56
80.15
75.97

2 ,8 2
7.7 9

4 0 .1 0
38.01

9 9 .68  Í 
■ 9 9 .5 0  

9 8.83

d l ,
М 1/'ор,1ч.40,(!!а,ор, 
U IQ  /ева ta b , , . 3. /  

/ v o i r  I n b ,2/
• ■ i f / ! 1 7 8 .6 t 8 9 .40  j 0 .7 6 0 .5 7  I 176.56 88 .35  17 7 .З 2 ! 80.72
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RÉSULTATS DE L'ANALYSE PLANI.MLTRÎ UE - LUMIÈRE TRANSMISE LT REELECTIVE - Rl'GION TANT! 
CRAIN COUNTS RESULTS - LIGHT TRANSMITTED AND RET LECTED - REGION TÎNIT /VOL. ?./

/POURCENTAGE EN VOLUME/ TableauTable

. ■  I E E E A U X L 0 0 E D S
. B E A T I  K I N E I I I S

■ I I 1 E H I O P A Q U E S B I S  e' e A U X T B A 3 S P A E B B T S

0 P I Q U E H I S m L S T E A S S F I B E S T H I 3 E H A L S

EchafTt .No » • - aa Autrea py Aut-
Sample No| n aph ru an ho mag goo ot

hers
Total

OP
le z i mo ga d l at e ll

17~

tu

" 18“

ep +
an.,'

'20 '

• re s 
ot
her.!

1 2 3 * 5 6 7 a 9 10 11 12 13 14 15 1 € ~ 19 21

*  2/1 ap
♦ 0.'20x 8.0 1.9 17.7 2.6 5.5 •* 6.7 — 42.4 — — — 36.2 5.3 “ — — 15.1 • 1.0

T 2/2
+ 0.20 9.5 1.2 1 5 .2 0.8 8.9 — 2.1 - 37.7 - 1,0 - 30.0 6.1 3.2 - - 21.0 - -

12/3 - sp
0.5♦ 0.20 8.6 .1 20.8 0.7 8.2 — 4.7 - 44.1 0.5 1.0 — 30.1 5.3 1.0 — — 16.0 —

Ï  4/1 '
0.5 3.6

—
♦ 0.063** 15.2 0,5 39.2 1.3 8.9 1.3 1.3 - 67.7 0.9 9.1 - 11.4 4.1 - - 1.8 **

T 4/10 . •
28.0

-
+ 0^20 12.9 0.5

.
15.5 1.3 16.0 0.4 2.2 - 48.8 - 1.6 - 3.8 1.1 - - 10.8 1.1 —

15/1 -
6.5+ 0 .063- 16.9 0.8 49.5 2.0 6.1 - ” - 75.3 1.4 10.7 — 1.9 — • •* 3.7 — •*

T 6/9 . '
3.1

»
+ 0.20 . 26.2 0.6 6.2 0.6 6.2 - 42.4 - 82.2 2.2 — - 9.4 1.1 - - — —

T 6/19 . -
3.8 3.e

M
. 0.06J J19.4 0.6 40.9 3.7 4.7 “ — — 69.3 2.0 3.4 - 4.9 — • •* 6.4 1.3

T 7/2
. 0.053. 35.1 0.9 22.5 2.8 14.0 - 0.6 - 75.9 0.4 8.3 - 5.0 4.6 0.4 0.4 0.4 1.7 1.7 chi

0.4
T 7/10 

♦ 0.DÓ3- 17.4 - 30.6 3.7 - 1.0 - 52.7 2.1 13.2 - 10.4 9.0 1.4 - - 6.3 2.1
” I

*  8/1
♦ 0.Ó63 BO. 2 1.9 36.7 1.3 5.2 0.4 0.6 - 66.3 1.7 10.0 0.4 10.0 3.9 0.4 2.6 2.6 1.3M

0.4ca
T 8/1 - - -

10.6Olf<vo♦ 10.3 1.0 16.4 1.3 7-8 0.1 2.3 - 39.2 0,8 3.7 0.2 37.1 4.8 0.4 - 0.3 1.3 —
T 11/10

0.5 0.9 5.8♦ 0.063 7.7 - - - 43.1 - Ti- - 6 - 6J._,4 4.9 9.5 - 4.0 5.0 - 4.1 0.5
T 11/9 -

8.8 bi
♦ O.OÓ3 16.9 0.7 32.0 5.4 5.4 - eo.4 2.4 6.8 0.5 5.4 1.0 - 1.0 2.9 7.8 0.5

T 12/1C - -
0.5 6.3♦ 0. O 'j 3 7.8 1.7 41.7 1.5 2.9 0.4 - - 55.9 1.8 , 10.9 - 3.6 7.2 *“ - 6.3 -

i l l __ _____ _____ l______ 1 _ .\ __ ... I - -- - .. - -•

TotalHMTotal
ITT
22

57.6

61.3

54.4
31.4 

4G.4

24.2

15.8

25.6

23.3

44.5

35.3

59.1

35.2 

37.1

36.9

23 

1C»

99.c

93.5 

99.1 

95.?

99.5 

93.c 
94.9
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24 —

1.0

1.5

0.9

4.8

0.5

2.0

5.1

25

99.2 0.8
97.2  2.1

99.6 0.4 

93.3

93.6
97.5

92.3

0.7

1.7 

1.4 -

1.5

7 .2

1.0

T o t a l

LMr

' z < r ~

C . a , d . *.0. SO - J.« + 0.20 - 0.̂ 0 r.i cl dr*
, th.) ♦ 0.20 - 0.̂ 0 l . jr.iln c!

1 *o*ch in C 11 of th*' snnnIon T 3 e T :2M / 1 c . a. Ou 3 .d. 
i . e

0.0'>3t hr* - 0.20 
O.Of-3 - 0.20 n; :

is*..! d*' I échantillon T 
iln cl t -* *. o f  t h-1 soit:;le
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0.9

4.8
0.5

2.0
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0.8

2.8 
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2.5
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RESULTS OF MAGNETIC AND SLECTROKAGKSTI3 SEPARATION OF THIS HEAVY FRACTION 
OF THE SAMPLES FROM BOREHOLES IK THE REGION OF ThNIT*

\ Tableau 3/1 
‘ Table 3/1

MS -

Échantillon
Sample

Concentre
Concentrate

T 0/1

T 0/2

1 Separation de l'échantillon T 0/1-2
Separation of the sample T 0/1-2

Poids 
Vi eight

Minéraux
Minerals

+ 0.20 
+0.063 xx 
+ 0.20  ■ 
+0.063

g

0.4o65 
1.4225 
0.2067 
1.2482

&
/0

acimiïoiaï T 0/1-2 
total feed 
MAGNÉTIQUES 
KAGNETICS

Concentre I 
Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics
PARAMAGNÉTIQUES 
PA! AMACN,.TICSv

Concentré III 
Concentrate III 
Produit intejmedi 
ire Ilia
Midûling p: oduct 
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 
Hiddling product 

IVa^
total paramagnétiques 
total paramagnetics 
NON-MAGÎJETIQUES 
NOMMAGNKTICS

Concentré V 
Concentrate V

Remarques
Remarks

3.2839 100.00
>

0.2337 7 .12 1196 MI

0.3272 16.05 il95,he,ga MI

0.7609 23.17

0 .13 10 .5.99

’0.1653 5.04 ru50,ep,st,ga j MI
:ia
1 .5 17 5 41.50 ga50,ru50 MI

0.2540 7.96 ru45,ga,ep,di,st Ml

1.8680 58.29

0.5615 17.10 zi70,ru MI

5.1904 37.13 .rendement total 
total yield

c.a.cL, '+0.20-0.AO mm grain classe de l'échantillon TO/1-2 
+0,20 i.e. the +0.20-0.A0 mm grain class of the ^sample TO./1-2 
xx s-, c.a.d. +O.063 -0.20 mm grain classe de l'échantillon TO/1 

+0.063 i>e# the +o,063 -0.20 grain class of the sample TO/1.

I



•

de l'écnantillon T 1/1-4

iarceau _>/ 
Table 3/2

2 Séparation
MS Séparation of the sarâple T 1 /1-4

s  ■îic; antilion Poids
✓

Minéraux Remarques
Sample V/eight Minerais .Remarks
Concentre S %
Concentrate •

T 1 Al +Ü*2Ü 1 '  +0.063
■ 0.02A4 
1.0213

0

T 1 /2 +0.20 O.IO9A
+0.06j 0.1:463

T 1 ^  loioêj
0.2891
0*88^6

T 1 1 4 to!o63
0.1892 , 
0.6890

Admission total „ . 
Total food ' * 3.7923 100.00

MAGI-jS'i'Ii.iüiiS •
MAüIiiSTICS

Concentre I 
Concentrate I .0.3270 8.62

N
10.02 .

*

Concentre II 
Concentrate II 0.3800

Total magnétiques 
Total magnetics
PA! AflAGi.CTÎ UfiS 
PAPAMAOÎICTICS ̂

0.7070
N

18.64
/

Concentre III 
Concentrât? III 
Concentre IV 
Concentrate IV

:V 306 

1.8317

. 11.88

48.50

an.chim 
ch.a.

Total paramagnétiques 
Total paramagnetics 2,2823 60,18

0

NONwMAQMTIQUES
IIOîIMAGihvi ICS

r '  ’
Concentre V 
Concentrate V 0.6392 16.86 ' an.caim, 

c 11 • a •

1endement total 
Aotal yielû 3.6285 95.68



MS-
Séparation de l’échantillon T 2/1-4
Separation of the sample T 2/1-4

Tableau 3/3
T’able 3/3

ici anti lion Poids Minéraux
Sample V/eight Minerals
Concentre g %

Concentrate
T 1/1 +0.063 1.0632
T 2/1 +0.063 1.49*5
T 2/3 +0.063 1.6676
T 2/4 +0.063 0.1250 .

;endement 
Total 4.3531 100.00

MAGNETIQUES
HAGNdTTCS

Concentre I
Goneo h trate-I Concentre II
Concentrate II

0.641?
0.6626

14.74
15 .22

Total magnétiques 
Total magnetics 1.3043 29.96

PA PAMA GKETIqUES 
PA! AH.'.GM vTICS

Concentre III ‘ 
Concentrate III 
Kidd Ling^prod. Ilia 
Concentre IV 
Concentrate IV 
Middling prorl. IVa

\

0.4229 
0.1323 
0.9702
O .2566

9.71.
3.06

22.29

5.89

Total paramagnétiques 
Total pararnagnetics 1.7825 40.95

0

NON - MAGNÉTIQUES 
HONMACÎNÂTICS 

Concentre V 
Concentrate V 0.4616 10.60 -

Iendement total 
Total yield 3.5484 81.51

Remarques
Remarks



Tableau 3/4
Tabla 3 A

MS4
séparation de ^échantillon T 3/1-2
Separation ‘of the sample T 3/1-2

échantillon
Sample

J?
Concentre

Concentrate
I

t 3/1 + 0.20+c .06 3
t /0+0.201 v -+o;o63

fleids
height Minéraux

Minerais

0.9100 
O .9896 
0.3113 
1.2038

Remarques
Remarks

Admission total 
Total feed

MACH ifl’IqTldS
tiA G Ili'lT I OS

Concentre I 
Concentrate I 
Concentre II 
Concentrate II

T

total magnétiques 
total magnetics

3/ 1-2 3.P1A7
•

100.00

0.4444 13 .0 1 il 95 an.chem. ,.T.folV:ch.a.
0.7594 2.2.24 il 97 an.chem. • 

ch.a.

1.2038 35.25 /

/

PAlAHAGMSTL.UCS 
PA i AM A  Cil i ITICS^

Concentre III 
Concentiate III 
Concentre Ilia 
Concentrate Ilia
Concentre"" IV 
Concentrante IV 
Concentre IVa 
Concentrate IVa

total paramagnétiques 
total paramagnetics

NüîM-ÎA'..ncÎT.UÎ':s 
NOMIl \GNCTI CS

Concentré’" V 
Concentrate V

0.5738 16.80 •
0.0644 1 .88

•

0.88yi 25.87 ga 60

0.12C4 3.53

1.6420 58.08

0.4940 14.47 zi 60

an.chem, 
ch.a.

MI

an.chem. 
ch.a . MI

' endernent total
Total yield 3.3398 97.81 «



Tableau 3/5
Table 3/5

Separation dè l'éc’nantillon T 6/1
Mo . “ Separation of the sample'T 6/1

iI

•

✓
lic antillon 
Sample

Concentri
Concentrate

«

ì

T 6/1 +o*2C'
T 6/1 +0.063

Poids
Weight

s %

s'
Mineraux
Minerals

Pemarques 
i ejnarks

0.9713
2.0864

«

admission total T 
total feed 1 D/' 3.0595 100.00 -

MAGNITI .Ul'.r, 
MAGN.'iTI CO ^

Concentre I 
Concontx-ate 1 0.1892 6.18
Concentre II 
Concentrate II 0.4248 13.08

total magnetiques 
total magnetics 0.6140 21.06

PAI'AMAfili '.TIDIES 
PAI AMA Gii o TICS ^

* Concentre III 
Concentrate III 0.4057 13.26 ru+il40tga^Jfep20 an. c item* 

ch«&i rii**(,
Concentre IV 1.3528 '44.22 •
Concentrate IV

total pararaagnetiques 
total paramagnetics

NON-HA GN ; TTÎ UliS 
HONMAGNGTICS^

1.7585 47.46
O

Concentro V 
Concentrate V 0.5350 17.' 9 zi6 0,qu2 0,iu,mo an.chem. 

eh.a, ’ Miti

hendement total 
Aotal yield 2.9075 95.03

i



\

MS6
Separation de l'échantillon ï?/1
Separation of the sample T?/1

échantillon Poids
Sample Weight
Concentre
Concentrates 6

■ r j , !  ->-0.20
u  +0.063

0.708>
3.2951

Admission- total™ 
Total feed 4.0034

HACiJ '/.i'T'.UIh'; 
macnti'Ics

Concentre I 
Concentrate I 
Concentre II 
concentrate II

s
total magnotiques 
total magnetics
PA - AIIACIJ!',Tr,|.Uh5 
PM AiIACIhlTICG ■ 

Concentre III 
Concentrate III 
Middling prod.Ilia 
Concentre IV 
Concentration IV 
Middling prod.IVa

0,2002

0.9810

1.1812

0.¿271
0 . 0 3 0 7

0.9561
0 . 2 8 1 0

total paramagnetiqi:9S 
total paramagnetica 
NOW-HAfimiTi^UriS 
HONMA'ìHBTICS 

Concentre* V 
Concentration V

1,6849

0 . 5 5 8 7

100.00

5.00

2 4 . 5 0

2 9 . 5 0

8 . 1 7
2.02

23.88
7.02

4 1 . 0 9

1 5 . 9 6

Tableau 3/6
Table 3/6

Minéraux ¿remarques
Minerals hemarks

0

Z i 8 0 ,  j u 1 0 , q u 2 0  ” MI i-i,

88.55rendement total 
Total yield 3:3848



Tableau 3/7
Table 3/7

7MS' -
séparation de l'échantillon T 9/1-4
Separation of the sample T / 9 /1-4

y¿ci antilion 
Sample
Concentré
Concentration

Poids
Weight

g %

¡•uneraux
Minerais

T 9/1

T 9/2

T 9/3 
T 9/4

/
+o.ro 0.> 70
+0.063 •0.8661
+0.20 0.
+0.063 0.6993
+0.P0 0.0-165
+O.G63 0.8669
+ 0.20 0 .1 135
+O.O63 0.5793

A'i tn.i ; i on total 
Total i'oi'd  ̂^ 3.986A- 100.00

1l
MA(;ii,m:uEs 
MA Oit .TICS J

Concentre I 
Concentxate I 0 .2 7 1 0 6 • 80

Concentre II 
Concentrate I I 0.5 25 3.59 /

ytotal magnétiques 
total m.-yyietics 0.6155 1 5 . 3 9

¡'•Al.AMAÜIJCTIcWES. 
PA i Ai 'A ' I< uTICS

•

Concentré I I I  
Concentrate I I I 0./;855 12.13 ep 80
Middling prodjllla 0.2125 * 5.33 ru 6 0,ga,py,ep,st#lj>,di
Concentre IV  
Concentrate IV

1.2615 51.65 ga 60

Middling prod.IVa 0.1955 J.90 ru6 0,gafep,pyttu, sii
/total paramagnétiques 

total paramagnetics 2.1150 55.06

N O Ii-I IA Hi.ÎT I qUES -
MOMiAGilCTICS
Concentré V 
Concentrate V 0.9745 ' 2A.A 5 qu40fzi 55

i cndement total 
Total yield 3.7030

V
92.90

Remarques
Remarks



Tableau 3/8
Table 3/8

Separation of the sample, T '10/1*3
Separation de l'échantillon T 1G/1-3

M8° —

échantillon
Sample

Poids 
Weight

Minéraux Remarques
Minerais Kemarks

Concentré
Concentrate

: + 0 . 2 0
t  io/i! +0 .0 6 3  

T 1 0 /  '1 n o / ‘ +0 .0 6 3

T 1 0 / 7)
1 1 ( J  + 0 . 0 6 3

g

0.3588
1.9856
0.0737
0.3249
0.1775
0 .7 5 9 9

ci'o

Admise ion total̂ , l*3
Total feed 

/
MAGNKTiqiJWi 
MACMCTICS

3.682A. 100.00

an. chem
Concentre I 
Concentrate I 0.4661 1 2 . 6 0 ch.a.

an.chem.
Concentre II 0.3 280 11.62 C * • EL #

Total magnétiques 
Total magnetics 

PAi'AMAüN'CTIl-iüBS 
PAi AMAC-HàTICS 

Concentre III

0.8941 34.22
•

-T\

Concentrate III 0.2878 7.82
Middling prod.Ilia 0.2118 5.75
Concentré IV 
Concentrate IV 1 . 0 2 5 2 . 27.84 g a 5 0 » i u /f0

Middling prod.IVa 0.3683 10.00

total parama netiques 
total paratnagneiics
NON-MA GIlé'L’I -¿UEÎS 
IlOHMA THKTICS

1.8931 61.41 !

zi6 0tqu1 5 .iu#siiConcentre V 
Concentrate V 0.6644 18.04

MI

MI

' endement total
Total yield

3.4496 95.67



Tableau J  9
Table 3/9

MS9 -
Separation de l'échantillon T “1 *1/̂ —2
Separation of the sample T 11/1-2

/
Ischantillon 
lample

Poids
Weight

Concentré
Concentrate

g %

f

T 11/1 +0,^°1 11/1 +0.063
T 11/2 +0.+0 
1 +0.063

0.4923
0.9280
O .5456
1.664?

Admisión tota* 1 V 1 _2 
total food 3.6306 100.00

MAGNKTIOUF.S
MAOMCTI.CS

Concentre I 
Concentratfcll 
Concentren 
Concentrate II

0.4770

O.37IO

13.14 

10.22 ‘

total magnotiques 
total magnetics 0.8430 23.36

PA: AMACiHBTKiUBS 
PAIiAMAGNCTiar

Concentré III 
Concentrate III 
Middling prod.Ilia 
Concentre IV 
Concent rate IV 
Middling prod.IVa

0.5570
0.2320
0.9950
0,4425

9.83 
. 6.39
27.41
12 . 19

total paramagnétiques 
total paramagnetics

non-macijctioucs
NOmiA'iNi-.TICo

Concentre V 
Concentrate V

2.0265

0.4985

55.82

15.73

Minéraux
Minerals

Remarques
Remarks

ep80 MI

Íendement total
Total yield 5.3730 92.90



Tableau j>/10
Table 3/10

MS10
Separation de ^échantillon T 11/3-4
Separation of the sample T. 11/5-4

Concentré 
Concenti ate

Échantillon
Sample

VJ eight 
Poids

Minéraux
Minerals

%

•T 11/3 

T 11/4

+0.20
+0.063
+0.20
+O.O63

0.6333
2,5793
0.5920
0.9745

Remarques
Remarks

Admission total r
Total feed T 11/3-4 ^ 100.00

MA' u.cn-.ncs 
MAcn./ncs 

Concentre 1 
Concentrato I 
Concentre II 
Concentrate II

0.3570

O.O863

17.99 il

1.7Ó

an.chom 
ch.a. MI

total magnétiques 
total magnetics

s '

PA. m-La,I.u,IvcUna 
PANAMA GIJSTICS ̂

Concentrate III 
Concentré III 
Middling prod.IIIa 
Concentrò IV 
Concentrate IV 
Hide ling prod.IVa

total paramagnétiques 
total paremagnetics 
NON-HA CNhTItjUMS 
NONMAGNETIC.}* 

Concentre V 
Concentrate V

0.9435 19.25
1

c « ro CO v_r
> 10.79 ep90 MI

0.2015 4.11. ■an.chem.

1.2207 • 24. 92 ga 70 ch.a.

0.^107 '10.42 0

2.4612 50.24

1 . 1 1 3 0 22.72 zi70 an.chem. ..T , ni ch.a.

Rendement total
Total yield 4.5177 92.21



MS11

Concentré
Concentrate

Echantillon
Sample

Tableau 3/11
Table 3/11

Separation de l'échantillon T 11 /5-8
Separation of the sample T '¡'l /5-8

g

Poids
Weight Minéraux 

Mi ne l’a Is
hemarques
hemarks

Si

T 11/5.
i

T 11/6 

T 11/7 

T 11/8

+ 0.20 
+0.06p 
+0.20 
+O.Ü63 
+0.20 
+Ü.Ü63 
+0.20 
+O.Û63

0.7114
1.0455
0.7053
1.1510
0.4200
0.9674
0.0914
0.2311

Admission total 
Total foorl T 11/5-8
HA GUSTI hUE-S 
MAGNETI CS

Concentré I 
Concentrate I 
Concentre II 
Concentrato II

ytotal magnétiques 
total magnetica

PAJ AMA CI ¡ÉTIQUES

Concentre III 
Concentrate III 
Midd'ling prod.IIIa0.2200 
Concentre IV 
Concentrate IV
Hiddiing piod.IVa 0.4815

5 .5211 100.00

/
0.8485 15.95 il

0.ÓU60 1 1 .3 9 il an.chem. 
eh.a.

1.4545' 27.34

0.5440

1.4780

/1.total paramagnétiques ^ ng/r 
total paramagnetics * J

yNON-Kà ' iN.'.TIOUES 
N0NMAGNSTIC3

Concentre V 
Concentrate V

10.22

4.13 ru40,epfga,py,5t,no
27.78 ga 70
9.05 rz4p,ga#epfpy,amf,st,mo

0.8822

51.18

16.58

Rendement total
Total yield 5.0602 95.10 ,



, „12 Séparation,de 1*échantillon T 12/1-3
MS Separation of the sample T 12/1-3 „ .

échantillon Poids Mnei aux Remarques
Sample , Weight Minerais remarks
Concentré ! 
Concentrate

g %
,

t 12/"! :«:o°63
0.31''4 
1.1283

\

m +0.20 X ic ./ cl r r  -+0.06.5
T +0.20 
1 12/-> +0.063

0.3530
0.8877
0.3430
0.9615

admiüüion total a o / 
Total, feed 1-0- 5.9879 - 100.00
MA0MKTIC;UC3
MA Otl STI CS

Concentre 1 0.402 4 10.09Concentrate I 
Concentré 21 -0.5764 9.44Concentrate II

total magnétiques 0.7788 ' 19.53total magnetics
PA J AM A i ï ï L ï ' l (;USS 
PAi'AMACiiCTICS

Concentre III 
Concentrate III 
Produit inter-

0.4195 10.52 ep90

médiaire Ilia 0.2775 6.96
Miduling Pro- •

duct Ilia 
Concentré IV 1.1555 28.92 ru 50,

X»

Concentrate IV 
Produit inter

médiaire IVa 
Middling Pro

duct IVa

0.4070

total paramagnetiqueSg 2575 
total paramagnetics .pai
NON-MA SÎTCTICU2S 
HOHMAGÎIKTICS 

Concentré V 
Concentrate V

ondement total

0.55 34 

3.5897

10.21

56.61

13.88

90.02

zi 80
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GfvAlN COUNTS itLSVLTS -  L IG H T  TíiANE: J. .Ti-D  AND K L í'L L C T iT ) -  ÍC-.Gl ON BLAOUOAjvH /  V O L . > /

Ta b lo itu  
T..H1©

K I K E E A D I  L 0  V R v  a
H B A V T H I K E H A L s

M I S Í 1 m O P A Q U E S i n s R A U I  T B A N 8 P A R E N T S bii;r.PAUX LEG' 3
0 i> 1  q 0 e 11 I K E H A L 8 T H A N S P A B E N T B I N s h a :L S LIGHT IUNERAIS

Echan t . Xo I U u f Aut-. l
rotiil

Sample No n sph ru an he --•5 geo
I

roa
Ot
hers '~

rT 9 
0 

__
__

_ le z l no E» di st a i l tu ep E f Ot
hers

Toth 1 
MT JIM ‘ <JU cor

J M • 
___ 1

N

1 2 3 4 5 6 7 8 9 10 11 12 1 3 .14 15 16 17 18 19 20 21 22 23 24 25 26

B 5/9
♦ o.oua* 28.4 0.5 12.1 1 . 6 1 C.6 0.5  ̂ 0.8 54.5 5.0 1 5 . 7 0 .5 9.2 1.7 1.7 3.3 2.2 1 . 7

and
0.5 39.5 94.0 6.0 6.0

b 5 / 1 0 18.8 - 18.3 * 20.6 - 0.5 - 58:2 6.2 8.9 - 5.0 5.5 1.2 - 3 .0 5.0 1 . 2 and
0.8 36.8 95.0 5 .0 - 5.0

♦ 0.053 /
B 6/1

♦ 0.063 17.7 0.6 24.2 2 .4 19 .7 0.7 1.3 — 66Í6 3.8 1 3 . 3 0.8 2.4 2.3 - - 2 .5 2.3 2.9 - 30.3 96.9 3 . 1 - 3.1
B 7/3 

+ O.O63 21.1 ~ 35.9 15 .5 73.7 0.8 6.2 — 3.0 5.4 0.8 _ 3.8 1 . 5 21.5 95.2 4.8 - 4.8 j
b 7/a

♦ o\o¿3 8.5 0 .3 39.3 0.5 3 .5 -
!

_ 52.6 0.7 3 . 7 - 13.* 6.9 - - - 12.5 2 .8 np
0.5 40.5 93.1 6.9 - 6.9 i

B7/10
♦ O.OoB 12.6 0.5 31.6 0.5 1 5 .8 0.5 0.6 62.1 0.8 10.0 4.1 4.5 ’ — 1.7 6.5 3 .8 3 1 . 4 93.5 6.5 6.5

B 11/10 
♦ O.Ó63 16.6 •» 22.3 0.4 23.5 1 . 2 1 . 2 65.2 2.4 10 .7 5.6 3.5 0.6 0.8 3.7 0.8 — 26.1 93.3 6.7 mm 6.7 <

B 1 1 / 1 1
♦ (5.053 16^6 0Í9 27.6 2 .3 4 . 1 0:5

.

0.5 52 ¡5 0.8 9.8 14.0 5.0 0.8 _ 5.9 2 .4 38.7 91.2 8,8 mm 8.8 t
B 12/9 

♦ 0.053 16.1 110 33.3 2 .5 1 .0 * 0 54.9 16.5 4.0 2.1 0.9 mm 2.5 14.0 1 . 1 41.1 96.0 4.0 mm 4.0 <
B 12/10 

♦ 6.20^ 7.1 23.* 1 . 4 a;o 1 .. 35^0 5.0 16.0 «• 22.5 1.0 18.0 1 .0 mm 63.5 98.5 1.5 mm, 1*5 1C
B 12/10 

♦ 0.0o3 18.0 0.5 39.2 2 . 1 1.6 0.6 62,0 11.0 7.0 0.5 0.5 * 4.0 8.5 2 .5 mm 34.0 9/3.0 4.0 mm 4.0 31
B 1 3 / 1  

♦ 0.20 12.6 0.2 31.1 0.8 3.0 1 . 3 0.2 49.2 5.5 5.1 20.9 2.8 0.4 0.4 10.2 1 . 2 m 46.5 95.7 4.3
_

4¿3 M
B 1 3 / 1

♦ 0.063 0.6 36.1 1 . 2 1.2
* • %

^0.6 65.6 1.2 1 8 . 3 3.9 1.2 1.6 0.4 2.3 1.2 30.1 95.3 0.4 4.7 M
b 1V1

♦ ©.2©, 1.2 16.4 1 . 2 1 3 . 4 M
r  _

- 44,4 8.2 1.7 0.9 25.9 1.3 0.4 - 0.4 11.6 - 50.4 94.8 5.2 - 5.2 14

B 14/1
♦ <5.063

’ ’ " I
23.9 - 27.5 0.4 6.6 c.9~ 0.4 - 5 9 .7 2 .7 14.6 - 6.7 1.5 0.8 - 0.7 2.6 2.0 - 3 1 .6 91.3 8.7 - 8 .7 -15

B 14/2 
♦ 0.063 20.0 j 0.6 36*0 1 . 3 4.4 0^6 -

« 63.7 2.8, 13.6. - 3.2 1.8 - - 2.8 5.1 1.4
be
0.5 3 1 . 2 94.9 5.1 - 5.1 -1€

♦ 0 . 0 6 3  c.a, 1 d. ♦
th e

0 , 0 6 3  • 0 . 2 0  m m  ¿ r a ir clas.se 
► 0 . 0 6 3  - 0 . 2 0  njn ¿;rair. c l a s s

d e  1 * e c h a n t  il lor» B  5 / 9  
o f  t h e  s a m p l e  fl p / 9

♦ 0 .2 0 1.d . ♦ 0.063 —
». t h e  ♦ 0 . 0 6 3

0.20 m m  d r a i n  c l a s s o  d o  1 e'ch.int i 1 I o n  M 12, 
- 0 . 2 0  m m  d r a i n  c l a s s  o f  t he s a m p l e  B 12/1'

; W



Tableau 6/1
Table 6/l

RESULTATS DE LA SEPARATION MAGNÉTIQUE ET ELECTROMAGNETIQUE DE LA Fl ACTION
l Pufde des Echantillons des sondages de la region de blaouaki;*

RESULTS OF MAGNETIC AND ELECTROMAGNETIC SEPARATION OF THE HEAVY FI ACTION 
THE SAMPLES FROM BOREHOLES IN THE REGION OF BLAOUAKH.

Separation de l'échantillon B 1/1-4 ,
MS1 - Separation of the sample B 1/1-4

échantillon Poids /Minéraux . Remarques
_Sam£le _ _ Weight Minerals Remarks
Concentre
Concentrate

6 /0 1

B 1/ 1B 1 / 1 +0.063
1.5202
1.0545

B 1/2 +U*20
0 +O.O63

1.8585
O .5150

I & 6 3
0.8853
0.6^69

:o.-o63
0.5152
0.1920

- •

Admission total 
Total feed B 1 /1-4, 
MAGNÉTIQUES

6.7776 100.00 *
MAGNETICS -

Concentré I . 
Concentrate I

0.6356 9.38
,1Concentré II 

Concentrate II 0.5641 8.32
total magnétiques* 
total magnetics ’ ^

17.70 0

PARAMAGNETIQUES
PAHAMAGHETIC5 •

Concentré III 
Concentrât^ III 0.2744 4.05 ep 80 Ml
Proiluit intermediai-0.7l60 10.56 1

re Ilia
Middling product Ilia •
Concentre IV 
Concentrate IV 1.3025 19 .22 • ga 70 HI
Produit intermé
diaire IVa 0.2494 3.68 -

Middling prj^uct
total paramagnétiques
total paramagnetiCBg 5423

NON-MAGNETIQUES
NONMAGNETICG

Concentre V ' p t.
_Conee n t r â t e _ V _  _ _ * J ^

6.2734Rendement total 
Total yield

>7.51

37.35

92.56

zi 40,qu 40 MI



Tableau 6/2
Table 6/2

MS2 Separation de ^échantillon B 3/1-4
Separation of the sample B 3/1-4

Échantillon •' , Poids
Sample Weight
Concentré g
Concentrate)/ »

Minéraux
Minerals

Remarques
Remarks

%

B 3/1

B 3/2 

B 3/3 

B 3/4

+0.20
+0.063
+0.20
+O.O63
+0.20
+0.063
+0.20
+O.O63

1.7000
0.9806
0.6273
0.7231
0.Ó530
0.4737
0.0626
0.0582

Admission toïaT 
Total, feed 
MAGHdTKiUHS 
MAGNETICO

Concentré I 
Concentrate I 
Concentré II 
Concentrate II 

total magnétiques " 
total magnetics 
PAI AMAiiNBTIiiUES 
PAI AMAGUATI CS 

Concentré III 
Concentrate III 
Produit intéimèdia- 

ire IHa
Middling product Ilia 
Concentré IV 
Concentrale IV 
Produit intermediai- 

ire IVa
Middling productive

total paramagnétiques 
total paramagnetica 
N ON-KA GU AT10UAS 
KONMAGMCTICS

Concentré V 
Concentrate V ^ _

rendement total
Total yield

5.2785 100.00

0.2470 4.68 il MI

0.280? 5.32 il MI

0.5277 10.00

0.5010 • 9.49 ep 60 0 MI

0.1795
/

3.40 ru75,ep,ga,py
mo,tu

MI

2.3500 44.52 ga 60 MI

0.*6130 11.61 ru 60,ga10,ep10, 
py,amf,sf
t

HIQ

3.6435 69.02

0.7800 14.78 zi65,qu30 MIQ

4.9512 93.ÔO

!



Concentré
Concentrate

échantillon
¿ample

Taureau 6/3
Table 6/3

3 séparation de l'échantillon B 4/1-4
Jk|JQ *

~ Separation of the sample B 4/1-4

e

Poids
Weight

%

Minéraux
Minerals

Remarques
Remarks

B A/1 / +0.20 0.7166
+0.063 1.0222

B 4/2 +0.20 0.1723
+0 .0 6 3 0.5086

B 4/3 +0.20
+0 .0 6 3

0.0309
0.1448

+0.20 0.0588
B 4/4 +0.063 0.2463
Admission total 
Total feed 2.9005
MA GUM i I'dIMS
MAGIir/i'IC.C

Concentra I 
Concentrate I 
Concentré II 
Concentrate II

y
total magnétiques 
total magnetics

PARAMAGNETIQUES- 
PA' AMAGIIMTICS

Concentré III 
Concentrate III 
Produit intermé
diaire Ilia 
Middling product 

Ilia 
Concentré IV 
Concentrate IV 
Produit interme
diaire IVa 
Middling product 

IVa
total paramagnetiqui 
total pa^amagnetics 
KOÎÎ-MAGBÜ PIQUES 
NOMMAÜNMTICS 

Concentre V 
Concentrate V

0.2253
0.4676

0.6951

100.00

7.77
16.12

23.89

Rendement total
Total yield

0.3345 11.53•
ep35,ru35,tu5,st,py,le ,MIQ•

0.0885
•

5.05 ru40,ep3 0,ga,s t,gt80 MI

0.4068 • 14.03 ga 80 MI«
0 . 1 3 2 2 4.56 ru40,ga30,py10,amf . MIÇ

ÌS
.

0.9820 33.17 •

1 .0 5 6 8 3 6.44 zi

2 . 7 1 1 9 93.50

\



. séparation de l#echantillon B 5/1”̂  
MS^ -

Separation of the sample B 5/1-4

Concentre
Concentrate

Echantillon
Sample

Poids
Weight

Minéraux
Minerals

B 5/1

B 5/2 

B 5/3 

B 5/'t

+0.20
+0.063
+0.20
+0.0Ô3
+0.20
+O.C63
+0.20
+O.O63

0.667^
1.2374
0.5895
1.1242
0.0079
0.1406
0.1247
0.29^2

Admission total n c- / a _ i . 
Total, feed B
MAGNETIQUES 
MAGNETICS

Concentre I 
Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics 

PARAMAGNETIQUES 
P A K AM A G NE TICS ̂

Concentre III 
Concentrate III 
Produit intermé
diaire Ilia 

Middling product 
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 

Middling product 
IVa

4.1858

0.5564

0.5444

13008 

0.4 211

e . 1 17 1

1.2420

0.2509

total paramagnétiques 
total paramagnetics 2.0311

NON-MA GNETIQ UE S 
NONMAGNETICS

Concentré V 
Concentrate V 0.6584

100.00

15.29

13.01

26.30

.10.06

2.80

29.67

5.99

48.52

15.73

il

il

ga 60

Tableau 6/4
Table 6/4

Remarques
Remarks

an.ciem.
ch. a. 
an,chem.
ci. a.

an.chem.
ch.a.

0

MI

Rendement total
Total yield 3.7903 90.55



Tableau 6/5
Table 6/5

Séparation de l'échantillon B 7/1-2
MS5 - Separation of the sample B 7/1-2 . •

échantillon Poids Minéraux Remarques
Sample Weight Minerals Remarks
Concentré
Concentrate

g %

,

t

B 7 / 1
ü +0.063

1.4625
1.6832

B 7 / 2  +û*20B 7/2 +0.063
0.3658
1.2837

Admission totalQ 0 
To ta J. feed B 7/1~2 4.7952 100.00
KACNETIQUES 
MAGNETICS

Concentre I 
Concentrate I 0.5291 6.86 il 90 Ml
Concentre II 
Concentrate II 0.4652 9.70 il 90 Kl

total magnétiques 
total magnetics 0.7943 16.56

PARAMAGNETIQUES
PARAMAGÎ.'ETICS

Concentré III 
Concentrate III 
Produit intermédiire

0.3488 7.27 ep70,ru+il MI

Ilia
Miauling product Ilia 0.4435 9.25 ep,ga,ru+ilfpy MI
Concentré IV 1.8774 39.15 $ OD O * MIConcentrate IV 
Produit intermédiaire

IVa 0.3138 6.54 ga,ru+il MIMiddling product IVa
total paramagnétiques 2.9835 62.21total paramagnetics 
ON-MACNcTtIQUES *
INMAGNETICS

Concentré V 
Concentrate V 0.6896 14.38 zi 60

Rendement total
Total yield 4.4674 93.15



Tableau 6/6
'■Cable 6/6

MS6 Séparation àe l'échantillon B 8/1-4
Sepasation of the sample B 8/1-4

¿chantillón Poids Minéraux
Sample Weight Minerals
Concentré
Concentrate

S %
t

B 8/1 +0.06J 
B 8/2 +0.063 
B 8/3 +0.063 
B 8/4 . +O.063

Admission total

1.0936
1.2001
0.6157
O .8O54

Total feed B 8/1-4^

M ACH ta’ i i j j a s
magncticg

100.00

Concentre I 
Concentrate I O .6553 17.04 il
Concentre II 
Concentrate II 0.8975 24.16 il

total magnétiques 
total magnetics
P A I  AM A GNiii T IQ U E S  
PAi-AMACUc.TICS

1.5306 41.20

Concentre III 0 cogo 
Concentrate III 
Produit intermédiaire

15.80 ep

Illa
Kidfiling product 

Ilia
0.3363 9.05•

Concentré IV 
Concentrate IV 
Produit interine-

0.1530 ■ , M 2

diaire IVa 
Miduling product

0.2860 7.70 •

IVa ----
total paramagnétiques 
total pagamagnetics 
N O N -M A G Ü íáT I^U S S

I.3622 36.67

MONHAGKBTICS
Concentré V 
Concentrate V 0.4812 / 12.95 zi

iiendement total
Total yield >•*** 9°’82

Remarques
Remarks

an.chem.
cii.a,

an.chem.
ch.a.

an.chem.
ch.a.



y

„ Séparation de l'échantillon B 8/1-4 
,MS' -

Separation of the sample, B 8/1-4

I

Échantillon
Sample

Poids
Weight

Minéraux
Minerals

Concentré
Concentrate

S /f t

y

Tableau 6/7
’̂able 6/7

Remarques
Remarks

B 8/,1 +0.2 1.0331
B 8/2 +0.2 0.9314
B 8/3 +0.2 0.9020
B 8/4 +0.2 0.4177

Admission total 3.2842Total feed B 8/1-4
MAGRKTI (,.Uri8 
MAMN Ci’lCC 0Concentré I 

Concentrate I 0.2027 6.17 il 94 MI
Concentré II 
Concentrate II 0.2671 7.97 il 94 . MI *

total magnétiques 
total magnetics 
PAPAMACKbTKiUES

0.4698 14.14

PA! AMAGÎICTICS
Concentré III 
Concentrate III 0.6588 20.06

1

Produit intermedia- •
ire Ilia

Middling product
0.1778 5.41

Illa
Concentré IV 
Concentrate IV 1.0490 31.94 ga 60 * MI
Produit intermedia-

ire IVa
Middling pioduct

0.3140 9.56
IVa *

Produit inermedia- 
ire IVb

Middling product 0.111Ó 5.58 -
IVb

total paramagnétiques 
total parpmagnetics
liON-MAGlJETKiUES

2.3106 70 o 5 • ■

liOilMAGNCTICS
Concentre V 
Concentrate V 0.4133 12.58

lcndement ^otal 
Total yield 3.1927 ' 97.24 1 . *



MS8 - ,

échantillon
Sample
Concentré g
Concentrate

B Q/ 1 +0,2° 9/1/ +0.063
0.8688
2.6422

B 0/2b +0.065
0.1187
0.5174

Admission toÿa^/„_0
Total feed “4.1471
MAGNCTIfyUKS 
MAGH .tic:;

•
Concentré I 
Concentrate I 0.4528

Séparation de l'échantillon B 9/1-2
Separation of the sample 89/1-2

Poids
Weight

%

Consentie II 
Concentrate II 0.3410

0.7958total magnétiques 
total magnetics 
PA PAMA ; iîîiT'i’I'¿UüS 
PA> AMAüIhCflCS^

Concentre III D pro? 
Concentrate III* '* J  
Produit interme- 
diaire Ilia ^

. hxadlxng product 
^Illa

Concentre IV * , . 7Q 
Concentrate IV^ * 
Produit intermé-
"iail:e IVa 0.5535 iiiaalxng pro
duct IVa

total paramagnetiqueSg 2876 
total pai^xmagnetics *
NON -MA GN NTI0UNS 
MONMAGMBTICS

Concentré V 0 8l/+0 
Concentrate V

100.00

10.92

8 .22

19.14

6.23

5.40

>i.B9

8.64

55.16

19.65

Minéraux
Minerals

Tableau t>/8
Aable 6/8

Remarques 
1 emarks

ru+il 60,ep15 ,st5»ui,tufmot MIQ 
ga

ga50, i 1171 ru28, hoj2, sph2, an2 MI Q,

xuj0,il20f he5,an2,sph'2t 
ga10,pytamf,st MIQ

zi50,qu30fï u,di,st MI

rendement total
Total yield 3.8954 95.93



Concentré
Concentrate

échantillon
; lampio

B 10/1

b  io / ;?

+0.20
+0.063
+0.20
+0.063

Tableau 6/9
Table 6/9

séparation de l'échantillt B 10/1-2
Separation of the sample B 10/1-2

Poids
Weight,

g % ■

1.2193
0.6026
0.82+4
1.1147

Minéraux 
Minerais .

Démarques 
! emarks

Alimi*;»ion total 
Total, food B 10/1-2
M A ON i’l T I ^ U I S S

M A O N r . T I O S
Concenti o I 
Concentrate I 
Concentrò II 
Concentrato II

3.7610

0.2228

0.3642

Middling pioauct 
Ha. _
"s ~ ~ ~total paramagnétiques 

total parpmagnetics
NON -MA OU ¿CT 1 (¿UES 
NOIiMACNHTICS

Concentré V 
* Concentrate V

2.5818

0.5115

100.00

5.92

9.68
total magnétiques 
total magnotics
PAPAMAC.NoTIqUiiS 
PA' AMAGNCTICS

0.5870 15.60

Joncontre III 
Concontrate III 
Produit intermédiaire

0.4283 11.39 '

Ilia
Middling product 0.1870 4.97 ru40,ep20fst,ga,sil,mo MI

Ilia #
Concentré IV 
Concentrato IV 1.4650 38.95 O
Produit intermédiaire t

IVa 4 0.5015 13.33 ru50,ep30,ga,letu,py MI

68.64

13.60 zi60,m,difqu20 MI

i ondoment total
Total .yiolü 3.68Ó3 97.84 -



Tableau 6/10
Table 6/10

«

Separation de 1 échantillon B 11/1—2
“ Separation of the sample ,B 11/1-4

échantillon
Sample
Concentre
Concentrate

S

Poids • Minéraux
Weight ' Minerals

fo

B 11/1 

B 11/2

+0.20
+0.06.}
+ 0.20
+0 . 06^

1.6?64
1.0033
1 . 0 1 1 6
1 .2638'

Alimi:;
Total

;io»
foodi°t̂ l1',/1"24.9591 100.00

HAGWMTICS 
MAGKHTIhUéS

Concentré I 0.7430 * 14.98Concentrate I
Concentré II Q < 8.50
Concentrate II * _ _ _ _ _  _ _____

total magnétiques 23.481.1645total magnetics 
P A ' AMAGNJ-ITI^UES 
PA f AMA GNé TI CS •

Concentré III 0ï56?8 
Concentrate III 11.45
Produit intermé
diaire Ilia

•

Middling product0.l890 
Ilia

3.81

Concentré IV ,, ,/jcq 
Concentrate IV^ * 
Produit interne-

26.54

diaire IVa 0.8100 
Middlinj? pro-

16.33
I

duct IVa
✓total paramagnétiques

58.13total par^magnetics 2,8827 
NON-MAGWüTIhUES
NONHAGNSTICS

Concentré V 0
Oonoôntrfttion V0 y 14.75

Rendement total 4,7787 
Total yield

96.36

il

Remarques
Remarks

an.cnem. 
ch.a.

0



M*. 0

y.,. reparation de 
MS -

l#echantilloa B 11/5-4

Tableau 6/11 
Table y  11

- - - - -
Separation of the sample B 11/3—4 *

✓
cici anti I Ion Poids Mineraux Iemarques
Aample Weight ' Minerals Remarks
Concentre E• %

Concentrate *

H 11/3

b 1 1A*

+0.20
+0.065
+0.P0
+0.1)65

0.3174
1.0383
0.7233
1.3397

Admission total 
To l.,u.I feed B 1/ •’-A

* 3*9591 100.00
H A O N C T I ' .U l ' IS  
m a o m  ,t i c .;

Concentre I 
Concentrate I 0.1256 10.75 il 98
Concentre II 
Concentrate II 0.7233 ■ 18.27 il 97

total magnotiques 
total magnetics 1.1489 ’ 29.02

PAI AH/dClCTICS 
PA I. AHA (¡il iTI'.UliS 

Concentre III 
Concentrate III 
i'roduit intermedia' 

ire Ilia
Mind I inn product

0.1317

0.3190

Ilia / ;
Produit intermeciik**

ire Illb ' '0.3214
Middling product

Illb
Conc'iitro IV
Concontiato IV
I’i oouit inlet imdiairo

1.1370

IVa 0.03x4

3.33

8,06

8 .12

30.P3

0.84
l i i  ori l ing prouuct 

IVa 
✓to I,a I p a  ramagnet iquoo 

La lai I paramagnotics
NON -11A ON ATI ‘¿UMS 
NoliHAiiU  i'l'i’ l  CO 

Conconti o V 
Concentrate V

2.OO25

0.3983

30.58

15.06 ' z i

an,i-X MI
X-i ay
an. r-X MI
X-“ay

un. r-X 
X-i ay

an.r-X
\> X- ay

an. 1 -X 
X-J ay

an,r-X 
X-i ay

an.i-X 
X-‘uy

l oin)ament total 
Ty la I yiold 3*7477 94.66



Tableau 6/12
'̂able 6/l2

Echantillon
Sample
Concentré 

, Concentrate

„  Separation de l'échàntillon B 11/5-8 
M S ^  -

Separation of the sample 3 11/5-8

Poids 
V/eight

Minéraux
Minerals

/
B 11/5 

B 11/6 

B 11/7 

B 11/8

+0.20 
+O .063 
+0.20 
•+O.063 
+0.20 
+0,06 5 
+0.20 
+O.O63

O.'HJO
0.78/»0
0.3895
0.6626
0.0624
0.0587
0.1496
0.3717

Admission total
TolaV feed B 11/5-8 2.9215 100.00
KAGII ¿TIQUES
MAOÎÎU.TICS

Concentre I 
Concentrate I 0.; 249 14 .54 il 90
Concentre II 
Concentrate II 0.5184 17.74 il 90

total magnétiques 
total magnetics 0.9433 32.28

PA! AMAGhSTIViUbS 
PAFAHACPETICS

Concentré III 
Concentrate III 0.5581' .12.26
Concentré IV 
Concentrate IV 0.9266 51.72

total paramagnétiques 
total paramagnetics
ÎJÜÎi-MAOISTI ¡¿IJES 
IiOIJMACIJCTICS

1.2847 4 3.98

Concentré V 0.4527 14.81Concentrate V

¡Remarques 
kemarks

MI

MI

an.chem. 
¿cl», a.

an', c hem, 
en • Cl»

i endement total
Total yield 2.7120 91.07



Tableau 6/15
T'able 6/13

MS 13

échantillon
Sample

Poids Minéraux
Weight Minerals

Separation de 1 échantillon B 12/1-4
Separation of the sample 3 12/1-4

Concentré
Concentrate

6 %

В 12/1 +0.20 1 . j 6 4 2
В /12/2 +0.20 1 . 0 1 6 3 •
В 12/3 +0.20 0.9405
В 12/4 +0.20 C.8 04

Admission total 
Total, feed
MA(jNKTI0,U3S 
MACii I'.TICS

4.1614 1 0 0 . 0 0

Concentre I 0.2»u6 6 . 7 4i .nnconti ati! I
Concentrell 
Concentrate II 0.028? 0 . 6 9 ,

s'total magnétiques 
total magnetics 
РА1ЛМЛ CNCTIQUKS 
PA! AMACHdTICS

0 . 5 0 9 3 7 . 4 3

Concentré III 
Concentrate III 1 . 1 1 9 5 2 6 . 9 0

Produit intermé
diaire Ш а  

Middling product
0 . 0 7 8 8 1 . 8 9

III a
Concentre IV 
Concentrate IV 
Produit intermé- .

0 . 6 6 4 4 1 5 . 9 6

diaire IVa 
Middling pro-

0 . 1 3 7 3 3 . 3 0

duct IVa «
total paramagnétiques 
total payamagnetics
li ON -MA OK ST I (¿UK 3 
NONMAGiJCTICS

2 . 0 0 0 0 4 3 ;  0 5

Concentré V 
Concentrate V

0 . 3 5 6 8 8 . 5 7

Rendement total 
Total yield

zi

2 . 6 6 6 1 64.07

Remarques
Remarks

0

an.chem, 
c h • a.

/

;

j.
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1
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¡

i

(Clhanll 
líos  N<

Mampia 
Na

Analy
(¡r . nulon* triduo 
Grato alza analyaia

Saptratioii d«aa llquidaii <!•■••• 
Haavy ••p attiio a

1

J4*mark»

>• V . y -  •, ,

•/

*»/
o/

«1/
•/

t /

•<Jmi • níuii
f **( I
fm otio »  ♦ 0 , 8mm 
fm otio »  ♦ Oô mm 
frcQUon ♦ 0 . 2mm 
< r«nt íom ♦ 0 . 06mm
t o i a 1 í i m• ? kiun 

d«  **lil*

LOt*l
fr*c  t ion

I'r*o t ion 
louril*
H**vy
fm otio »

L 1 O*
1 •

í 1*0 tío »

Lo La 1
T«  tal 
y 1*14

H« oup**
raliun

v*ry

K '
•

a , « /

fraolioa  d* v*#*
• t  d ' arK il*

• i l t  »»d olay 
íraolioa

randamaiit f1 
yi*ld

r * »ri*ra*n t 
y 1*1(1

r « n<!»m«nC
y i * Id

r * nd*m*n t 
y i . i.l .

K > K /• *C
> i *____ L *______

>

1 2 3 4 5 6 7 K 7 10 11 12

—
n/ 50.23 100.00

Kl./ga  7 0 , i  1 , 1o , mo,ai 
KS,J/noo tab . . ^ . /  t 
MS /voir  tab . r . . /

( •

'

J  1/1

b/
c/
d/
*/

0.22
5.64

55.05
4.04

0.44 
11 .2 3  
67.39  • 
0.04

na
0.02

_0»75
1.01

0.04
1.49
2.01

0.22
5.55

32.92
3.00

0.44
11.09
65.54

5.97

0 ,22
5.57

33.67
4.01

0,44
11.00
67.03
7.98

9 8 .7 0
99.47
99.26

t / 43.75 87.10 1.78 3.54 41.69 83.00 43.47 06.54

r,/ 6.40 2.90 nu - - - -

o/ 40.83 100.00

K6
J  1/2

b/
c/
d/
0/

0.91
6.52

55,52
4.12

1.06
13 . 55,
72 . 74.
8 . 4 4 ;

no
0.02
0.93
0.72

0.04
1.90
1.47

0.91 
6.45 

34.55 
3.55

1.86
13.21
70.76
6.82

0.91
6 .47

35.48
4 .05

1.86
13.25
72.66
8.29

99.23
99.89
90.30

f / 47.07 96.39 1.67 3.41 45.24 92.65 46.91 96.06

e/ 1.06 3 . 61, no • — ..

J  1/5

a/ 49.02 100.00 ■

KI/  op, m, , ; ( i , op, z i , py, ;
MI/o¡>,m. 8 0 , op, z i , |.-a , 11 
Oi, tu , oo, u i l ,py, bi/

b/
c/
d/
0/

0.92
5.17

27.24
10.44

■ 1.88 
10.55 
55.57 
21.30

no
0.00
0.18
0.27

o.uo
0.57
0.55

0 .92
5.17

27.00
10.15

1.88
10.55
55.08
20.71

0 .92
5.17

27.10
10.42

1.88
10.55
55.45
21.26

100.00
90.78
99.81

t / 54.77 89.30 ■ 0.45 0.92 43.24 88.22 4 3.69 09.14

<5/ 5.25 10.70 no - _ _

J  1/4

0/ 50.34 100.00

b/
c/

Sí

1.32
5.27

20.7110 . Vt

2.62
10.47

f e

no
0.00
0.12
0.17

0.00 
0.24 
6 . /,A

1.32
5.24

28.54
Q-fo

2.62
10.41

1 .3 2
5.24

28.66in.nq

2.62
10.41 99.43

f e
l/J /  Op. m, pn, 0p , r,l

f / 45.44 90.26 0.29 0.58 45.02 09 . 43 ! 45.31 90.01 d i , up, tu/

p/ 4.90 9.74 no - - - - -

: É
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7/iy

» , 

i A n « l y t «  ^
1 K r*n u loU «C rl(JU «
i
| O r a l »  i i z «  a n a ly s is

S a p a ra t lo n  dans l « a  l i q u ld a s  danaaa

ilaavy l i q u id  s a p a ra t lo n

V ' 8

1

. . V  •. ,

-/ adm lsa lon  
fa a d

•

fCohjuail 
l io n  N<

»*/

o/

<1/

•/

f r a c t i o n *  0.8mm 

f i a o l l o n *  O.^irnn 

f r a c t i o n *  0.2mm 

f r a c t i o n *  0.06mm

. K ra o t lo a  
lo u rd a

lla a vy  
f n c  l io n

F ra c t io n
la ^ a ra

M#?ht 
f r a e t l o n

Randamant
t o t a l

Raoupa*
r a t io n

Raoo-
va ry

H am rka

Sampla
No

r /

t o t a l  1 rn c t lo n  
da aab la

t o t a l  sand 
f la O L io n

y i a l d Hoaarquoa

«/

f r a c t i o n  da vaaa  
a t  d a r ^ H a

a i l t  anil O lay 
1 'r io  t lor>

randaman t 
y  la id

raadamant
y is  1 d

randamant 
y l a id

randamant 
y i a ld

K > K /* > > >

1 2 3 4 3 6 7 H y 10 11 12

n/ 50 .19 100.00

J 7/1

V
c/
<1/

e/

0 .62  
7 .1 ;* 

58.20

3 .13

1 .6 3
1 « . 2 3 
76 .25

6 .2 ')

no
0.05
0 .7 3

0 .7 «

0 .  10
1 .  « 5

1 . «7

0.02
7.07

37.26

2 .3 5

1 .6 3
14.09
74.24

4 .6 8

0 .8 2
7 .12

37.99

3 .09

.1 .6 3
14 . 19
75 .69

6 .1 5

99.72 
99.29
98.72

V l./ g a .o p .m .- .s t/
r.!i>n 1 /ooo t a b .  .;> ./  
f<iJ11 / v o i r  t o b .  M . /

* —

f/ «9 .3 5 96 .53 1.52 3.02 «7 .5 0 98.6)) 49 .02 97 .66

r/ 0 .84 1 .6 7 nn _ - mm - -

f >/ 50.71 10 0 loo f

J 7/2

b/
c/
>1/
<>/

0 .84
7 . 7 2

5‘>.6b
1 . 1 5

1 . 61, 
1 ',. 88 
78 .19  

8 .2 5

nn
o . c i
0 .19
0 . 17

0.02
0 .57
0.54

0 •  8« 
7 .6 9  

19.30 
0 .9 6

1 .06 
15.16 
77 .30  

1 .69

0 .8 4
7 .7 0

39 .49
1 . 1 3

1 ,66
15.18
77.87

2 .2 5

99.74
99.60

100.00 m V \Man i

17 4 9 .5 « 97 .30 0.37 0 .7 3 «8 .7 9 96.21 4 9 .1 6 9 6 .9 « <

k / 1 .37 2 .7 0 nn - - - - -

«/ 50.18 100.00

J 7/3

i)/
c/
(1/
ft/

0 ,88  
9 .6 ') 

3 7 .«4  
1 .62

1 .75
19 .2 1
7 «.6 1

3 .23

nn
0 . 0 «
0 . 8 3

0 . 7 5

0 . 0 8
1 . 6 5

1 . « 9

0 . 8 8
9 . 5 6

3 6 - 3 5
0 . 8 7

1 . 7 5
19 .05
7 2 . 4 4

1 . 7 4

0 . 8 8
9 . 6 0

3 7 . 1 0
1 . 6 2

1 . 7 5
1 9 . 1 3
7 ' ) . 0 9

; . 2 3

9 9 . 5 8
9 9 . 3 1

1 0 0 . 0 0
m V \
v s 1 1

f/ «9 .5 8 98 .80 1.02 3.22 « 7 . 6 7 9 4 . 9 8 4 9 . 2 9 9 7 . 2 0

K/ 0 . 6 0 1 .20 no - - - -

n/ 5 0 . « 1 100.00

J  7/«

b/
c/

f t .

0 . 6 5
6 . 5 0  

58.68 
5.06

1 . 2 9
12.89

no
0 . 0 «
1 . 5 0
1 .8  3

0 . 0 8  
2 .08  
3 .6  5

0 . 6 5  
6 . 4 0  

36.88 
1 .60

1 .2 9
12 .70
7 3 . 0 4

3.V7

0 . 6 5 1 . 2 9
1 2 . 7 8
7 6 . 0 2

7 .8 0 .

9 9 . 0 8 M l^/fga ,‘o p .a . , e p ,e t /

f  / « 9 . 5 9 9 7 . 9 7 3 . 3 7 6 . 6 9 « 5 . 6 7 90-.60 49.04 5 7 . 2 9

i7 1 .02 2 . 0 5 nn - - - ► -



»

*  1 *  1 - - »  J o u 2 2 * ¿  })6*l7t/. / »
i ~ -

ы/’гб 1 9 ¿ * 6 s j  617*26 6 ¿ * 5 ü b ь о * о 1,0*0 0¿*26 i '/*98b /1

1/9*66
2 5 * 6 6
* 0 * 6 6

20*62
6 ¿ * 0 5
01/*6
62*¿

6 2 * 0 5
9 0 * 2 0
60*01,
25*1/1,

20*62 
^ 6 ¿ * 0 5  

6 6 * 6  
62*¿

6 2 * 0 6  
9 0 * 20b 
80* « b  
26*1/1,

0 0 * 0
00*0
b 0 * 0

0 0 * 0
0 0 * 0
b 0 ‘ 0

u u

U *62
Í 0 * b 6
bl/*C
62*¿

'// 'О б  
'.5* 20 b  
*6*0b 
76'1/b

/0
/ Р
/ э
/ 9

- b / ¿  г

0 0 * 0 0 b 3 6 * 0 0 2 / 0
1

•“  № . _

- - - -• GU 6 6 * ¿ i/G*5b P

3 b / ¿  г

66* b ¿ 6¿*1;81 08*1,6 69*i/0b 6 0 * 0 0 b * 0 ¿ 0 * 2 6 bO*60b /í

b 0 * 6 6
6 0 * 6 6
£ ¿ * 6 6

9 L * b 6
9¿*1/1/
60*Ob
9 b * 5

2 9 * 2 9
176*60
Ю Ч 2
96*01,

5t,* 1,6
6¿*I/17
170*01.
9 b * 5

0 9 * 2 9  
00*60 
6 ¿ *  b2 
9 6 * O b

b0* 0
6 0 * 0
b 0 * 0

2 0 * 0
9 0 * 0
2 0 * 0

ou

22* b6
b0*1/*7
0O*Ob
9 b * 6

t/¿*29
0 0 * 0 6
¿ « 4 2
9 6 * 0 b

/0
/ p
/0
/9

/°0 0 * 0 0 b 6 6 * 0 0 2

/ о ш ' п ^ е  ' T p ' f j e ' x *
Ob « S ' O b  d * ‘ 0 ¿  * * * и а / 1 ц

~ ( J * T t T ”

” DU 1/6*9 Ь 2  * í  b 

2 0 * W »b

/ У

6 / ¿  ¿

~ u r a r ÜtJ'HVl b b * W b » o * o ¿ b * 0 9 '/ * í t . / J

¿ 9 * 6 6
¿ 5 * 6 6
60*66

9 ¿ * 6 2  
L b * 0 5  
9 ¿ * 2 b  
b 6 * 9  _

60*01;
62* 1.01,
00*62
9 L * 6 b

8 9 * 6 2ь ь * о 5
9 ¿ * 2 b
b5*9

9 0  *¿'/ 
62* b 0b 
0 0 * 6 2  
9 b * 6 b

6 0 * 0
0 0 * 0
0 0 * 0

¿ b * 0
0 0 * 0
0 0 * 0

c u

1/0*62
6 6 * 0 5
9 ¿ * 2 b
b 5 * 9

6b * « 1/
Í ¿ * b 0 b
*/«•62
9 b * í b

/ 0
/ Р
/Э
/ 9

0 0 * 0 0 b 6 b *  2 0 2 / 8

"
** • • BU 6b*i/ 6 0 * 2 p

0 / ¿  Г

¿ 5 * 5 6 69*¿1; 5i/*56 ¿5*¿i/ 2 b * 0 9 0 * 0 b « * 5 6 6 ¿ * ¿ V /i
2 ¿ * 0 b
2 ¿ * 6 6
2 ¿ * 6 6

¿0*1,2
If2*b6
U*17U
6 b * 6

06*01,
1/5*52
6 o * ¿
95*1;

LO* 1.2
8b* 1,5
bb*i;b
6 b * 6

¿17*01.
1 6 * 5 2
6 0 * ¿
95*1/

9 0 * 0
9 0 * 0
0 0 * 0

6 0 * 0
6 0 * 0
0 0 * 0

QU

6 b * b 2  
0 6 * b 5  

. 5b*i/b 
5 b * 6

6 6 - O L  
Ь 9 *б2 
60* ¿  
95*1г

/ 0
/Р
/Р
/ 9

O O 'O O b 1/8 *61/ / «

- - - - - OU L 9 * ^ 96* b / 3

U L  ¿

н о  *56 1?¿'0*7 _ 2 rj * 5 6 — b2*6i/“ 9 0 * 0 ío * o " 6 b * 9 ó 06*66 A l

6i r* 6 é
5 6 * 6 6¿¿*66

¿«7*Ob
0 2 * 2 9
9 0 * ¿ b
¿ 0 * 5

66*6
5 0 * 2 6
0¿*W20*6

5 i ;* 0 b
9 2 * 2 9
1rO*¿b
¿ 0 * 5

06*6 
1/0* 2 f  
¿ ¿ * 0  
2 0 * 6

2 0 * 020*020*0
b0* 0
b0* 0
bO*Q.

SU

65*01- 
6 9 * 2 9  
Ob *¿L 
¿ 0 * 6

21/* 6 
9 2 * 2 í  
0 8 * 8  
2 0*6

/ »
/Р
/0
/ 9

0 0 * 0 0 b 9V* b5 /® ;
«

- - - - - UU 9 6 * 6 6 ¿ * t P

9 / ¿  í

I
6 b * 9 6 0 0 * 0 6 ¿ 0 * 9 6 96 *6t/ 0 0 * 0 1/0*0 1/9*96 62*06 /.}

62*66
06*66
0 9 * 6 6 '

¿ 9 * 2
6 2 * 0 5
20*06
6 2 * 5

66*1,
0 2 * 0 6
1,9*61,
2 ¿ * 2

6 9 * 2  ! « 6 * b 
6b  *56 I 97*06 
0 0 * 0 6  I 0 9 * 6b 
62*6 2¿* 2

2 0 * 0  
♦Ю*0 
2 0 * 0  •

Ь0*0
2 0 * 0
b 0 * 0

3 U

6 9 * 2  
0 9 * 0 6  
2b* O í
6 2 * 5

O V b  /0  
¿1/*0б / Р  
99* 6 b /0  
2 ¿ * 2  I / 9

. 1 -  i !
O O 'O O b 00*26 I /u

I

- 1 -  i !
___________ 1____________L “ _____ i_____

o u 9 9 * 6  ¡!/0*b ! P  \

5 /¿  i?

5 0 * 9 6  ! 9 6 * 0 i/ ¡  1, 0 * 5 6  ! 1/7*01/ ¡ V 2 * 0I * 1 1 1 21. 0* 0 1/6*96 ¡b6*«*7 j / Л  j

06*66
¿ 9 * 6 62¿*66

0 2 * 6  1 b 9 * L  1 i/ b * í  j C 6 * l ,  ! 9 0 * 0  
0 5 * 6 5  9 Ó * 6 2 ¡  t r i *65 I « 5 * 6 2  9 L * 0  
5 0 * ¿ 2  20*i7l. i 6 0 * ¿ 2  1,0*171, 2 0 * 0  
0 6 * 6  L f . ' Z  ' 0 6 * 6  1 ¿ Л * ?  '

i f 1

6 o * o
8 0 * 0
b O ‘ 0

O U

2 2 * 6  L o * b i  /0  i
0 ¿ * 6 5  9 0 * 0 6  : / Р  1 
2 6 * ¿ 2  b o * i / t  j / 0  ! 
0 6 * 5  j/,¿ * 7  ! / 9 1

" I 1
1 « 

♦ : ! »
j 0 0 * 0 0 b  ¡66*06 1 / u  i 

1 ! 1

Z i I 1 O I  j ¿  1 Я ¡ ¿  1 9 — j— s ---------------- ! Ч Ч  - i —
. _ «Mupuns

o z / ¿
«I Ч'М,*»»мп>а





T a b l e a u  * 
T „ b la

■ 0 ^  ^

Iv.SlM.TATES D ANALYSE CHANULOMLTItluUE ITT l)’.'. SEPARATION DAMS 1 »■-< LXQUXDE3

i.oukds dee saulds willsvls des sokdaces de la region dk j it e x d a .
M.SULTS Oh CRAIN SIZE ANALYSIS AMD HEAVY LIQUID SEPARATION OF SANDS PHOM
itwltl.nolJiS IV  Tl!E REGION OK J !l E I  D A

B o r t t o l *  , _SnnUac* ' °

i

| A n a lyae  ^ 1 
1 K r»nu lou t« tr lq u a

G ra in  * l x «  analya^.a

S e p a ra t io n  dana le a  l i q u i d » *  denaea 

Haavy l i q u id  a e p a ra t lo n
t

(

Kemerka

Itomorquaa

Hohan l j 
l io n  N <

oample
N o

>

•  / I •tint 1 • A i  on
i 1 bait

Krao t io n  
lo u rd e

f r e e  l io n  
l e ^ e r e

M « h t
f r a c t i o n

nandamant
t o t a l

T o t a l  
y l a id

Haoupa-
r a t lo n

Raoo-
va ry

b/ 1 f r a o l l o a  ♦ 0,i3rnm

o/ [ f i 'a c l l o n  ♦ 0,*tmui 

d/ j f r a c t i o n  + 0.2mm 

•/  f r a c t i o n  + 0.06mm

r/

t o t a l  f  ih o  L ion  
da aab la

t o t a l  «and 
f r « c  tLon

f  ra c Lion

«/

f r a c t i o n  da vaaa
a l  d 'a r K l l a

a l l t  and O lay 
f r a c t i o n ^

i

r«m1«m*n t 
y la id

randemant 
y i e l d

rendemnn t
y 1 a 1 *1

rendamant 
y in ld

> > K > K >

1 2 I 3 4 5 6 7 8 9 10 11 12

J 8/1

n/ 50 . «9 100.00

M I/ga 70 ,op .m . .ep .py.D K

^ 1 2 /<U#e/ v o i?  i l v A . L
l'Jj

6/
c/

a/
<■/

7 .7 0  
12.04

25 .55
2.21

15.15
24.05  

50 .21 
4 . '4

no
0 .0 6  

0 .5 0  
0 . 7 9 . j

0 .12

0.71
1 .55

7 .70
1 2 . 1 1
2 5 . 10

1 .40

15 .15
25 .79
45 .52

2 .76

7.70
12 .17
2 5 .4 6

2 .1 9

15.15
25.91

-50 .05
- .4 .5 0 .

99 .45

99 .65
QO.m

r/ 47 .70 95.75 1.21 2 .57 46.51 91.00 47 .52 95.57

(5/ 5.19 6.27 no a - - - - -

J  8/2

«/

!>/
c/

<1/
0/

52.52 100.00

MI//ja 6 0 , i l , z l , e p . d l , p  
.,,.12 m o.ut/ 
‘“•M?
MS ^

5 .07
12,95
2 7.M2 

5.02

10 .7 1
24.45
52.57

0.84

n o
0 .0 4

0 .5 0
1 .08

0 .00

1 .09
2.04

5 .67
12.81

27 .07
2.4  2

10.71
24.21

51.15
4 .57

9.67
12 .0 5
27 .05

5 .50

10.71
24.28

52.25
6.61

9 9 .50

■99.59
96 .68

¡7 50 . 0'i 94 .55 1 .60 5.21 4 7 .97 90.64 4 9 .67 95.05

K/ 2 .88 5.4  5 n n a. *

3  e / j

m/ 51.82 100.00

V
c/
d/

0/

2 .06  
18,41 
27 .15  

1 .07

5 . 1 5
55.55
5:’ .55

2 .06

n n
0 .02
0 .2 7

0 .2 0

0.04
0.52
0 .59

2 ,60  
18 .50  
2 6 .80

0 .07

5.15
55.51
51.72

1 .68

2 .6 0
18.52
27 .07

1 .07

5.15
55.55
52.24

2 .07

99.52
99 .78

100.00

M I/op .m , 6 0 . g a . a p . l e , u 

M l/op-m . 6 0 , e p , g a , i i , d

r / ^9 .27 95.07 0 .4 9 0 .9 5 4 0 .6 5 95.04 49 .1 2 94.79

r : / 2 .55 4 .9 5 n n — m

3 D A

n

«/ 49 .90 100.00

b/
c/
d/
«/

1.51
14.05
5 1 .2 2

1.84

2 .62
29.51
62.4  6 

5.04

nfl
0 .0 0
0 .0 8
0 .0 6

0 .00
0 .1 6
0 .12

1 . 5 1
14.60
50.85

1 .76

2 .62
29.21
61.72

5.52

1.51
14 .60
50 .95

1 .72

2 .6 2  
29.21 
61 .08  

5.44

99 .66
99 .67
95.48

< 7 49.02 98.07 0 .1 4 0 .28 40 .52 97.07 4 8 .06 9 7 .3 5 ,
*

0 .9 0 | 1 .95 no
+—  —

- - -



Т*
ф1
ра
ц 

у 
po
ro
Uo
lo

T
it

b
lo

 
J 

¿o
n

d
a

lo



Tn b in iti) 
Tub lu

liofobo lo . e
bonauno “  °7/а<|

• ' ! а í 3 ; Ú ; i  , 0 , ? 8 V 10 11 12

0/12

' , ¡ i i i i 
; “ / ; 201 .85  100.00  ! ! !

ь/
с /

¡d /
¡0 /

''GO. 57 
48.91

7 .69
11.51
49 .72
24.2*5

r
1 n o  
¡ 0 .0 2  

0 .0 6  
0 .06

0.01
0 .0 5
0 .0 3

\

j  15.53  
22.71 

100.06  
48 .61

7 .6 9
11 .25
49 .57
24 .08

1 5 .5 3
22 ,73

100.12
40 .67

7 .6 9  
11 .26  
49 .60  
24.11

9 9 .56
9 9 .75
99.51

! i ’/ ! 1г:7.бл ! л ? .о б 0 .14 ! 0 .0 7 11)6.91 92 .69 187.06. 92.66
¡ { '/  j 1 4 .2 1 j 7 .05 nn [ - -

! о/ I 151.24 j 100 .00
I

8/13

0/
С/

I d/ 
0/

I 11.02 7 .08
23.02  15 .75  
09*1 1 1 45.09 
55 .'iO t 25 .41

na
0 .0 2
0 .02
0 .00

• 0 .01  
0 .01 
0 .0 0

11.92
23 .72
69.21
55.33

7 .6 8
15 .68
4 5 .7 6
23.50

I I .92
23.74
69 .25
З5 .З 5

7 .6 8
15.69
45 .77
2 3 .3 6 -

9 9 .66  
99.74 

- 99 .00

f/ 140.55 92 .93 0 .04 0 .0 2 140 .1a  j  92.66 140.22 92 .70

! {rJ
10.00 7 .07 n n - - - - » -

-
1

»
Ii • •

-

■

— -
------------ 1

I

i

Л|,  ̂ ■> ■' Ц (

■

- 4 '

í
i • I

i

t

\1

’

í1

}

• [
I

i !
i i



fuUoluU 7/éil  VuUlo
lilX lX l.TA Tl.S  l>*ANAI.ÏÜli G lIAK W .O JÜ .ÎÎiii'U H  !.T  !)L- 8  ¡..PAPATI ON DAN!» JJiii 1Л>2Ш>113 •'

lou:uk> lits sauuís мюилхз ш -s uímv.coí» uu u  num>\ i¿ J b u b a '
m v . u i . ' i - .  o í  u ;. '.x ;¡  o í/ ..: л р .м л о л ^  л .\ > io x aV ï  ] . i i ;i;ii>  p k p a h .v m o n  o f  s a n i».. н ю м  

i n  'iv.t: o í j  :: i d a '
Uorotiol* j tj Sondû tt
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RESULTATS DS LA SEPARATION MAGNETIQUE ET E LE CTROMA GN i'£1 QUE DE LA . 
FRACTION LOURDE DES ECHANTILLONS DES SONDAGES DE LA REGION DE JIEIDA

RESULTS OF THE MAGNETIC AND ELECTROMAGNETIC SEPARATION OF THE HEAVY ’ ~ 
FRACTION THE SAMPLES FROM BOREHOLES IN THE REGION OF JREIDA

Tableau 9/1
A Separation de l’échantillon J 1/1-2 Table 9/1

MS Separation of the sample J 1/1-2

ici antilion
•

Poids Minéraux , Remarques
Sample Weight Minerals Remarks
Concentre 
Concent rate

8 %

T 1J 'i +’U-2°X ** J V 1 +0.063
1 1 /? +0*?0 J 1/? +0.063

0.7312
1.0 122
0.9347
0.7165

■

Admission total 
Total food J 1/1-2 3.41A 6 100.00
MAGNETIQUES
MAGNETICS ,

Concentré I 
Concentrate I 0.1235 3.62 11 MI

total magnétiques 
total magnetics

• •

0.551-8 , 16.25
PA! AMA: INETIq UF.5
PANAMA GllsTICS

Concentro III 0.2A 4 6 7.16
Concentrate III 
Pjonuit interme
di si re Illa 

Hido line, pi oduct
.0,2835 8.36 ep40,ep.m.30,py,g S ,a t MI

Illa 4
Concentre IV 
Concentrate IV 
Produìt interme-

1.2510 36.64 • ga 60 HI

diaire IVa 
Middìior product

0,1340 12.71 ep.m,gatmo,ep MI

IVa *

¿otal paramagnétiques^ 21r'1 
total paramagnutics
IJON-MAGN ;TT:;.IJ!':;. 
!; i 'HI ;A ' i N i ' . T I C S  

Concentro V 
Concentrate

rondement t o t a l  
t o t a l  y i e l d

‘u/995

3.169V

6A.8?

11.7 0

92 .82

z i '4ü,qudO,di,tu

A lO.i'O c.a.d.+0,20 -'io mm ('rain classo do 1*óciianLi lion J 1/1 
i.a, tlio +0.20~'iO min (pain class oi’ tho sample J V 1

XXiO,u<>3 o.a.d. +0,06 j~<), 20 mm ('rain c I m m i j o  do 1 '¿elianti 1 Ion J 1/1 
i.o. the +O,o6p-0.2u min grain eluso oi’ too «ampio « 1/1

MI



Va. -au 9/2
V'able 9/2

2MS - séparation de l*éc,antilion J 2/1-4
Separation of the sample J 2/1-4

y
Échantillon Poids Minéraux Remarques
Sample Weight Minerais Remarks
Concentre g /i)
Concentrate

J 2/1 +0.û63 

J /̂2+o.o63

0.7022
0.21A6
0.3321
0.6649

î n/v+,'.20
J i/3+ü.o63

0.3003
0.0367

J 2/t+o.o63
0.5066
0.3390

Admission total 
V o t i l i  fo o d  «J 2 /

;.7064 100.00

MA1 nWL’I'CO. S 
l-i A( Üi i’i’1 1 .V.j0
encontre i 0.0990 2.61 il
Joncent>ate I 

0 _Concentro li 0.3700 9.75 ilConcentrate II
ytotal rnagnetiques 

total magnetica
PA.1 AMA OÌRi/TI'̂ UbS
paì ai;a':ììùtics

0.4690 12.36

Concentre III 
Concentrate III 
Produit intermé-

U j ' h 20 11.64

9

ep

tiiaire Illa
Mièli 1. ing pi oduct 

Illa

0.8115 21.33 ru+il,ep#ga

Concentro IV 
Concentrate IV 
Protuit interne-

0.9270 24.42 ga,ru+il

diaire IVa 
Hiduling product

0.1124 2.96

IVa

total pararnagnetique| 2 9 2 9  
total paramagnetics
UOIî-HA'iH.-iïI'ùüBS 
MOMMA Cil,,TICS

60.40

Concentré V 0.6845 18.03 qu50Concentrate V
Rendement total . 
Toti-l yield 3,4464 99.79

Kl •

Ml

MI

MI

l









Tableau 9/3
Table 9/3

MS 3
Separation de l#échar.tillon J 3/1“2 
Separation of the sample J 3/1—2

Concentre
Concertiate

échantillon
Sample^ _ _

J 3/1

J 3/2

/V 0.20 
+0.063 
+0.20 
+O..063

Admission 
Total feed^ ^ > 1 - 2

MAc.HéTifiinii;
m a g n e t i c;

Concentre I 
Concentxiate I 
Concentre II 
Concentrate II

total magnétiques 
total magnetics

Poids
Weight

g

2.8169
2.0212
1 . 1 1 3 0
1.5224

7.4735 100.00

1.1908 15.93

1.0389 13.90

2.229? 29.83

Minéraux
Minerais

PAI AKAdïWTIÇUfiS 
PAPAKAjHéTICS

Concentré III 
Concentrât» III 0.3065 4.10 ep50,iu+il,sphtmo

Produit intei me— 
diaire Ilia 
Mivdiing product 0.6185 8.28

•

Ilia <»
Concentre IV 2.3585 31.56 ga 50,ru+il5û
Concentrate IV 
Produit interme
diaire IVa 0.7735 10.35

Middling product
IVa

remarques
Pemarks

an.cnem.
ch«£l«

Kl

Total paramagnétiques 
Total paramagnetics

h.0570 54.29
HOK-MAOlIaTiyjBS 
NONMA Gh.vi’ICS ̂

Concentré V 1.1365 15.21 zi50tqu4üfru,di MI
Concentrate V * _ _ _ _ _ _ _ _

■ enuement total
Total yield 7.4232 99.53



•

^ 4  _ Séparation de l'échantillon «J 3/5-4

Tableau 9/4 
^ab^a 9/4

Separation of the.sample U 3/3-4

échantillon Poids Minéraux Remarques
Sample Weight Minerais Remarks
Concentré S %

Concentrate

J 3/ 5 +0.20 2.8160
J y \  +0.20 2.4917 '

Admission total 
Total feed
MAGNÉTIQUES
MAOHMTÎOS

Concontro I  
Concentrate I  
Concentre I I  
Concentrate I I

5.5077

0.5038

0.1920

total magnétiques 
total magnetics 0.6958

PA' An A id ¿/I IC uA'i A> 
PAPAMACNCTICS

Concentre III 
Concentrate III 
Prouuit interme- 
diaire Ilia 

Middling pro
duct Ilia 

4 Concentre IV 
Concentrate IV 
Produit interme- 
diaire iVa 

Middling product 
IVa

0.5055

0.7950

1.9625

0.5005

total paramagnétiques, 
total paramagnetics *
¡¿ON-HA GUiriqUCS 
NONMA ¿INSTI CS

Concentre V 
Concentrate V 0.9170

100.00

9.;'9

5.62

13.11

5.76

15.98

•36.97

5.06

64.37

17.28 qu50,ai40 MI

rendement total
Total yield 4.9763 93.76



Tableau 9/5

r. Separation do l'e-hantillon • J 3/3
Table 9/3

MS^ -
the sample J 3/3

—
Separation of ■ ■" 1

bcr.antillon Poids Kineraux Remarques
Sample Weight Minerals Remarks

Concentre B %
*

Concentrate

J 3/) +0.063 4.1631

Aumission totalj 
Total feed
SACNCTIfoUSS
nAOBtiTICS

4.1631 1C0.00

Concentre I ' 
Concentrate I 0.7060 16.96

Concentre II 0.7801 ■18.74Concentrate II
total magnetiques 
total magnetics
pa ai'ia n 111 t 1 qu¡'j3
PAPAMACiiKi’ICS

1.4861 35.70

Concentre III 
Concentrate III 
Produit interme-

0.0398 0.96

diaire Ilia 
Kindling product 

Ilia
0.3309 7.95 ’

Concentre IV 
Concentrate IV

0.5080 •12.20 i 120, i’u66, he13, an2, aph2

Produit inteime- 
(iiaire IVa 0.9757 23’.43

Mian ling product 
, IVa

A UN. 1 f 1 oUi‘10 
NOHMAON t.TI C'S

9

Concentfre V 
Concentrate V 0.6037 , 14.50 zi70,qu20ftu.sil

i’endement total 
Total yield 3.0655 73.63

\



échantillon
'jamóle
Concentré
Concentrate

Tableau 9/6
ri , » r\ t  d

6 Separation de l'échantillon J 3/4 HS •
Separation of the sample J 3/4 .

Table 9/6

Poids * U in ê i aux remarques
Weight Minerals Remarks

c*g y°

J 3/4 +0.C63 5.2335 100.CO
Admission total j , , r  
Totâ , l'eed
KACiK!iTIi¿UKS 
HAGNiàTICG

0  _
Concentre I 
Concentrate I 
Corleen t ru I I  
Concentrate II

5.2335

1.0807 

1 .0  '03

100.00

I

20.69 . il 90

19.97 il 91

an. ei.eni. 
ca.n. 
un.cnum. 
cii.a.

admission total 
total feed 
PAj'AMAOIIriTIQUES 
PAr̂ VHA 'AriTICS

2.1260 40.62
‘X

» /

Concentre III 
Concentrate III 
Produit intermé-

0.1575 5.0*1 ep50,ru2ü,st10tmo,py ¡ilv¿

diaire Ilia 
Middling product

0.2492 4.76 ep5C,ga^u, 1 u+ilj;0,mo,st til

Concentré .IV 
Concentrate IV 1 .5049 24.93 ga 70,fu+il30 HI

Produit interme- 
diaire IVa ,0.5657

i
6.99 ep30,ga30,st,ru+il30 HI

MiCcling product 
, IVa

liOK TM A GUiC TI ■ ¿U US 
¡(ONMACIAlTICS

Concentre V 
Concentrate V 0.8472

• « ' >

16 .19

O

«

Iendement total 
Total yield 5.0505 96.50



Vaoieau 3/ V
Table 9/7

/■échantillon 
Sample _
Concentié 
Concènti aie

^  séparation de l'échantillon J 4/1-4
»

Separation of the sample J.4/1-4

Poids Minéraux l emarques
height Minerals Remarks

g  ' lA

»
>

J 4/1 +0.2U 1 . 3620
+O.C63 1.2155

J 4/2 +0.20 0.7582
+O.C.63 0.7478

J V 5 +0.20 0.7768
+O.O63 1.0457

J 4/4 *1*0 •  ?0 0.6409
+0.06 3 0.8151

A ù rii i ' j  i•.ion total 7.5620.J o tal feed
100.00

MAGNETIQUES
MAGNETICS

Concentre I O .5277 7.17Concentrate I 
Concentre II 0.5791 7.37Concentrate II

✓total magnétiques 1.1068 15.04total magnetics \

PA! AHACiiATIqULS
PA; Aim' NETICS 

Concentre III 
Concentrate III 
Produit interine-

0.9155 12*. 41 ep 90 0 MI

ep45,ru+il20,st,tu,sil.5Idiaire Ilia 0.8907 12.10
Mino ling product

Ilia
Concentré IV 2.4888 55.81 ga70.ru,il MI
Concentrate IV
Produit interme
diaire iVa 

Middling product
0.6594 8.68

t
ru4Q,ga,ep,st,mo,tu,py MI

t»

IVa
total paramagnétiques
total paramagnetics £.9324 67.00

WON-MA GIJéTJ Q UKS
üOiiMA Jfiili'I C’A

Concentre V 
Concentrate V 1.0628 14.44 zi50,qu40,tu,di,ru HI

] endement total 
Total yield 7.1020 96.48



Tableau 9/8
Table 9/8

Concentré
Concentrate

¿ciiantillon
Sample _ _

Q Separation de l'échantillon J 4/9-8 
KS° - Separation of the sample J 4/5-8

Poids 
‘ Weight

g /»

Minéraux
Minerals

Remarques
Remarks

J 4/5'■ +0.20 0.3751
+0.063 0.4960

J 4/6 +0.20 0.3864
+O.Ü63 0.5461

J 4/7 •+0.20
+O.O65

0.3591
0.3797

J 4/8 +0.20 0.2596
+Ü.O65 0.5232

Aumiouion total
Total feed J 4/5-8 5.5232
KAGÎJi'lTÎ USü 
MAGNCTICG  ̂

Concentre I 
Concentrate I 
Concentre XI 
Concentrate II

total magnétiques 
total magnetics
PA !■: AM A GUST IQ JiS S 
PAFAMAGHalTICS

Concentre III 
Concentrate III 
Produit intermé

diaire Ilia 
Middling product 

Ilia
Concentré IV 
Concentrate IV 
Produit intermé
diaire I Va 

Middling product 
IV a •

o . 5096

0.5278

0,8574

total paramagnétiques 
total paramagnetics
KOH-MAGIifTIQUiiS 
NOWMAGmSTICS '  

Concentré V 
Concentrate V

100.00

8.79

14.98

23.77

i 161, ru28 • he8,an2 Hit*

Ü58,rul8,he22,an5 Klty

Rendement total 
Total yield

0.5110 •14,50
’ 0

0.37^5
£ . 1 ep40,ru+il20,ga10,le#st Ml IO.05

• )

0.7151 20.50

0.5068 14.58 .

•

2.1074 59.81

0.4627 1 3 , 1 3  zi55,qu40,ru,tu MI

3.4075 96.71



Tableau 9/9 
Table 9/9

MS 9 Separation de l'échantillon J 5/1-4 
Separation of the sample J 5/1-4

Concentré
Concentrate

échantillon
Sample _

Poids
Weight

g  %

Minéraux
Minerals

Remarques
Remarks

J 5/1 ̂ +020
+O.O63

0.2984 
0 .5450

J 5/2 +0.20 0.4210
+O.O63 0.5316

J 5/3 +0.20 0.4253
+O.U63 0.5810

d 5/4 +0.20 0.4067
+O.O65 0.4922

Admission total 5.1012Votai feed J 5/
** 1 - 4

i ÌA vjìÌìjTI ■cUOS
MAGHITICo
Concentre I 
Concentrate I 0.0810 2 . 6 1

Concentre II 
Concentrate II 0.3894 1 2 . 5 6

*total magnétiques 
total magnetics 0.4704 15.17
PAIAHAGNÜTIHU3S
PAI AMAGliETICS

Concentré III 
Concentrate III 
Concentré IV 
Concentrate IV

0.9217
1.1572

tota1 paramagnetiqueSg „ g Q
total paramagnetics 

/
1» 0 N -M A GI ! ri TI ̂  u c s 
KOKKAGNSTICS 

Concentré V 
Concentrate V 0.4193

29.72*
56.67

66.39

13.52

Rendement total
Total yield 2.9486 95.08



Tableau 9/10
Table 9/10

ĵ IO _ Séparation de l'échantillon J 5/5-8 
Separation of the temple J 5/9-8

■

s'
Mchantillon Poids Minéraux Remarque
Cample' Weight Minerals lemarks
Concentré
Concentrate

t

g %

>
I

+0.20 0.2806 \
+0.063 0.4077 /

I r/fi ■ +^* 20
J V 6 +0.065

0. 626 ( 
0.5017 V

+0.20 0.2537
./ 5/7 +0.065 0.4147
■> V 8 +0.06^

0.0756 
0.212 l

Admission total 
Total feed «1.5/5—8 2.6067. 100.00

(îHKTi-cüds
MAGNATICS
Concentre I 
Concentrate I 0.0953 5.58
Concenti 0 II 
Concentrate II O .2766 10 .6 1

✓total magnétiques 0.3699 14.19total magnetics/
PA!AHACdCTIC^UCS 
PANAMAONMYICG i

Concentre III 0.5480 21.02 J
Concentrate III 
Produit interme-
diaire Ilia 

Middling product
0.2187 8.59 ga + ep MI

Ilia * *
concentré IV 
Concentrate IV 0.7j>26 28.10 ga MI

total paramagnétiques 
toial paramagnetics 1.4993 57.51

¡¡CJi-MAGf-i.'.TIQfJiiiS
iiOi'iMAOÎJi.T I 

Concentr é V 
ioncentrate V 0.3252 12.02

Iendemcnt total •
Total yield 2.1824 83.72



Tableau 9/ H
Table 9/11

Separation de l'ecnantillon J 7/1-4
MS -

Separation of the sample-. J 7/1-4

Sci. antilion 
Sample
Concentre
Concentrate

Ê

Poids
height

Mineraux
Minerals

7/1 +0.20 0.7263
+0.063 0.7412

7/2 +0.20 0.1699
+Ü.063 .. 0.1672

7/3 +0.20 0.3254
+Ü.O63 0.7343

V A +0.20 1. 951
+O.O63 1.0262

Admission total J/7
1-4 6.7061 100.00

Total feed
MAGKiiTrjJi’.S 
MAGi^VI Jo

•

Concentre I 
■ Concentrate 11 0.5492 . 3 .19 • il
Concentre II 
Concentiate II 1.4600 21.77 il

total magnetiques 
total magnetics 2.0092 29.96 ’

t’A) AHAGI4.TICS 
PAPAMAOHS ICUCS •

I

Concentre III 0.1556 0
Concentrate III 
Pioduit interme-

2.29 ep

uiaire Ilia 0.4583 6.54
Middling product

Ilia
Cdncontre IV 
Concentrate IV 2.7511 41.02 ga 50,:u+il
Produit intdrme- 
diaire IVa 
Middling product 0.^648 5.44

IVa
✓total paramagnetiques 

total payimagnetics
I10N-MAG1ICTI. .OKS 
HOIJKAGMhTlCS

5.7085 55.29

Concentre V 
Concentrate V 0.7950 11.83 • z i

Uemarques
Remarks

*

/ *

90 MI

rendement total 
total yield 6.5105 97,OQ



Tableau 9/12
Table 9/^2

Separation de 1échantillon J 8/1-2 
Separation of the sample J 8/1-2

¡échantillon Poids
Sample . weight

Concentre 6
Concentrate

J 8/1 +0.20 0.3624
+O.O65 0.7888'

J 8/2 ' **20 0.5771
+0.063 1.0793

Minéraux
Minarais

Remarques
Remarks

Admission ' 
total J 8/1-2 
'L’ol.al food

J 8/1-2
2 .8 0 7 6  10 0 .0 0

MAüKÍTIaUftíí 
MAGKii/fl c.c

Concentré I 0.2780
Concentrate I 
Concentro II 0.4900
Concentrate II 

Total magnétiques 
Total magnetics 
PAl!AMAÜÍÍCTI^Ur,S 
PA¡AMAGKhTICS

Concéntre III 
Concentrate III 
Middling prod.Ilia 
Concéntre IV 
Concentrate IV
Middling prod.IVa T —

Total paramagnétiques
Total paramagnetics

KONHAGTlí ’IQUBS 
HOIIHAGMKTICS^ y  

Concentre V 
Concentaate V

9.9O il 90,ru,he,goe HI

17 .45 il 90,ru,he,goe MI

27.55

5.58 ep 50,ai, me \ MI
* 5.09

O
29.53 g a 50,ru . MI

3.10
ViToB •

10.26 zi 50 MI

O.768O

0.1000
0.1 A30

0.8255
0.0870
’I.’W

0.2880

Rendement Total 2,2099 78.69
Total yield

/

V



•
^ 1 3  _ Séparation de 
‘ “ Separation.of

l'échantillon J 9/1-4 
the sample J 9/1-4-

'échantillon Poids Minéraux
Sample Weight Minerais
Concentré
Concentrate

g /0

J 9/1 +0.20 0.9087 ,
+0.069 1.1405 *

J 9/2 +0.20 0.:,750
+O.O63 0.4 391

J 9/ 3 +0.20 0.2372
+O.O63 O .6316

J 9/^ +0.20
+0.063

0.0908
0.2320

Tableau c}/‘
1'able 9/13

¿<emarques
Remarks

admission total 4,3249 
total feed J 9/1-4
M A G K é T I ^ U Ë S  

M A G I  ¡ ¡ . T I C S

100 .00

Concentré I 
Concentrato I 0.2611 6.04
Concentre II 
Concentrate II 0 . -  0 8 3 11.30

tota] magnétiques 
total magnetics 0.7A96 17.34

PA i .'A MA G NC'il (¿U Ë S
PAIAMAGHCTICS

Concentré III 
Concentrate III 0.7287 16.85
Produit intermé
diaire Ilia 0.1921 4.4// ep,m,30,ep 30,qu20,py,st M K t

Hicdling product
Ilia

Concentré IV 
Concentrate IV 1.1843 27.38
Produit intermé
diaire iVa 0.5380 12.44 ga 50,ep.m.40,py Ml
Middling product 

IVa
total paramagnetique| ^ y \  
total paramagnetics *
KOH-MAGIJilTI^UdS 
HOHIiAGNSTICS 

Concentré V 
Concentrate V 0.6818

61 .11

19,76 zi50,qu30,ru HI



RÉSULTATS D'ANALYSE GRANULOMÉTRIES, DE SÉPARATION EX LIQUIDE LOURDE ET DES MESURES RADIOMÉTRI^UES Tabi»^ ,0' ’
DES ÉCHANTILLONS DE LA PARTIE QUEST DU PROFIL RADIOMÊTRIî UE R 8/7 * 1

RESULTS OF CRAIN SIZE ANALYSIS, HEAVY' LIQUID SEPARATION AND RADIOMETRIC MEASURE?LENTS OF SAND 
SAMPLES FROM THE WESTERN PART OF RADIOMETRIC PROFILE R 8/7

vi <J>—
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I
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&

\ J V lO*
c t -
+f e‘ T S

T---
io  t a J 
. MXa

Tc ta l 
HM .

qu cor T O t Li l  l
i>T , No,

1 8 ! 10 11 12 14 16 18 -32— 20 21 22 . . d L . 24 ?6

w 0/0.5 
” 0 ,2 21.4 3 0 .3 4 .2 4 .2 1.7 3 .0 64.3 3.3

j0,6 1 .6 4.9 o .5 9 .3 2 .7 _ 28.9 93.7 6.3 _ 6 .3 1
1 10/ 1 .0 -  

+ •0 .2 21.6 2.1 26.7 7.2 5 .1 1.0 3.1 __ 65.8 1.0 |i5 . 6 _ 3 .o — 1.5 0 .5 ' - 3 .0 1.5 ~ 26,1 92.9 7.1 - 7.1 2
S 10/+.0 

- 0 .2 33.5 . 23.9 5.1 3 .2 0.6 1.9 63.3 2.1 7.5 3.7 2.1 1.1 0 .5 o .5 4 .3 1.1 - 22.9 9 1 .2 8.8 - 8.8 3
S 20/0.0 

+ 0 .2 13.0 _
13 . a 2.2 4 .3 1.5 1 5 .8 40.6 3 .a ! 2 .8 27.4 0.9 2.8 _ - 8.5 6.6 52.8 93.4 6.6 - 6.6 4

i  20/0 .0  
• - 0.2 12.9 32.4 3 .9 10.6 - 0.6 2.2 62.6 0 .9 |l4.7 0.5 6.2 _ 2.4 - - '2.4 ' 2 .4 - 29.5 92 .1 7.9 - 7-9 5

W 20/0.5 ' 
-• 0.2 5 9 .* - 23 . a 3 .0 3 .0 0 .7 1 .4 - 71.3 1.0 | 8 .4 3 .0 •4.0 o .5 1 .5 - 3 .5 3 .5 - 25.4 96.7 3 .3 - 3-3 6

W 20/1.00.2 15.2 - 27.2 4 ,3 5 .4 2.2 3 .3 - 57.6 4.5
7 ,6

2 .3 1 5 .2 0.8 2.3 - 0.8 6.1 - - 39.6 97.2 2.8 - 2.8 7
S 25/0.0 

-  0.2 19.9 3 2 .8 3.9 8 .4 0.6 2.6 — £3,2 o . s 16.7 1 .3 4.5 0.6 1.3 - 1 .3 3 .2 0.6 - 30 .1 98.3 1.7 - 1 .7 3

J 35/0.5 
-  0 .2 31.2 ' .» 31.2 2.0 5 .3 - 1 .3 71.0 0.6 ■17.5 - 1 .3 -  ■ 0.6 0.6 - 2.6 - - 2 3 .2 94.2 5 .8 - 5 .3 9

V  35/1.0 
-  0 .2 3 1 .6 _ 22.8 2.7 6 .7 1.3 3 .4 68.5 — 15.4 2.5 * - 1.2 - - 3.1 1.9 - 24.1 9 2 .6 7.4 - 7.4 10

V  40/0.5
-  0 .2 2 5 .2 3 0 .8 0 .5 5 .7 1.0 1.6 64.8 1.1 :11.2 0.6 1.8 1.1 3-3 0.6 3.9 3-4 - 27.0 91.8 8.2 - 8.2 11

W 40/1.0
-  0.2 26.0 0.6 26.0 4 .5 2.8 0.6 —, 60.5 | 8.9 0.6 10.0 0.6 0.6 1.1 5 .0 4 .4 31.2 91.7 8.3 -  . 8.3 12

W 45/0.0 
*  0 .2 9.7- 15.3 . . . 10.4 - — 3.5 43.7 2.5 U . 0 1.7 26.1 0.8 0.8 - 10.9 2.5

and
0.8 51.1 94.8 5 .2 - 5.2 U

' v  45/0 .0  
I 0 .2 25.7 29.0 0 .7 14.5 0.7 1 .3 - 71.9 - 10.1 - 8 .7 0 .7 0 .7 - 0 .7 0 .7 0 ,7 - 22.3 94.2 5.8 - 5.8 14

*  45/0.5 
-  0 .2 15.4 33.7 3-5

0.8
11.2 63 . a 12.6 1 .7 5 .9 3 .4 1 .7 - 2 .5 4 .2 1 .7 - 33.7 97.5 2.5 - 2 .5 13

»  50/0 .0  
♦ 0 .2 12.5 0.8 15.8 5 .0 9.1 44 .0 2.9 2.9 26.0 4 .8 1.0 - - 13.5 2.9 - 54.0 100.0 - - - 16

»  50/0 .0  
-  0 .2 11.6 37.2 i.5 2.0 0 .5 - 54 .8 — 13.1 0 .7 17.6 1.3 - 2.0 - 7.8 0 .7 - 43.2 98.0 2.0 - 2.0 . 17_

1 50/0.5 
*  0 .2 18.6 22.0 2 .5 4 .2 - - 47.3 • 1.9 22.6 0 .9 - - - 23.6 0 .9 - 49.9 97.2 2.8 - 2.8 18

W 50/0.5 
-  0.2 17.6 • 26*1 2 .7 6 .4 2.1 2.1 - 57.1 - 35.1 1.8 2 .4 0.6 0 .6 - - 1.8 - - 42 .3 99.4 0 .6 - 0 .6 19

W 55/0.0 
♦ 0 .2 12.1 2 0 .2 0 .7 5 .4 0 .7 1.3 40.3 _ - a 0 .9 35.5 0 .9 - 16.8 0 .9 - 57.8 98.1 1.9 1 .9 20

*  55/0.0 
- 0 . 2 28.6 18.8 4 .0 1.5 0 .5 - 56.3 - 33.0 1 .7 2 .3 0.6* 0 .6 - - 3.4 - - 41.6 97.9 2.1 - 2 .1 21

W 55/0.5 
;  o .2 2 9 .0 11.0 1.0 6.0 6.0 • 53.0 1 .7 2.6 0.8 24.8 - 1.7 • - 1 1 .1 1 .7 - 4 4 .4 .97.4 2 .6 - 2 .6 22

W 55/1.0 
i -  0 ,2 18.8 0 .9 6.8 0 .9 20.5 1 .7 2.5 - 52.1 0 .9 0 .9

_ -I24.3 0.9 - - - 18.3 1 .7 - 47 .0 99.1 0.9 - 0.9 23
» 55/1.0 - 0.2 26.3 22.2 2 .3 2 .9 0.6 0.6 54.9 1 .3 15.5 1 . 3 ! 11.6 1.9 - - 0 .6 11.0 1 .3 - ■ 44.5 99.4 0.6 - 0.6 24
W 65/0.0 - 0.2 28.0 2.2 9 .5 1.1 19.8 o.5 0 .5 61.6 2.0 19.1 2.0 | 4 .4 - 1 .5 0 .5 - 5.9 0 .5

TOo c 36.4 98.0 2.0 - 2.0 25
c . a . d ,  -  

th e  -
0 . 2 0  rain ^ r a i n  c la s t> e  da 

0 . 2 0  mu j r a i n  c l a s s  o f
1 octian 1 i  1! 
th e  s u s i i lc

.on W0/0*3
V 0/ 0.3 1. •a.d. *tho 0 . 2 0  

►  20  -

- 0 . U 0  um ¿ ; ra in  c l a s s ©  tie X* 
0 . 4 0  uun ^ r a i n  c l a s s  o f  tho sam p le  V 1 0 / 0 . 0

T



RESULTATS DE LA SEPARATION KAGN&TI<iUS BT ELECTEOHAGNLtIvJJE LA FRACTION 
LOURDE DBS nCüALTILLQNS DB LA PARTIS OUBST DU PROFIL RADIOMETRI^ S 8/7.

RESULTS OF MAGNETIC AND ELECTROMAGNETIC SEPARATION OF THE HEAVY FiACTION. ---
OF THE SAMPLES FROM TIIE WESTERN PART OF RADIOMETRIC PROFILS R 8/7

„1 Separation de 1 échantillon W 0/0.0 
™  “ Separation of the sample V 0/0.0

Tableau 12/1 
Table 12/1

Bei. anti 11 on 
Sample 
Concentre 
Concentration

o /o .o
+0 .2 0

-0.20

X
XX

admission total 
total J'oed 
MAGUCVI'.-UES 
MAGlJETICS

Concentro I 
Concentrato I 
Concentre II 
Concentrate II 

✓
total magnétiques 
total magnetics

Poids Minéraux Remarques
Vi eight Minerals Remarks

e %
•

1.2398
2.4810 ■

3.7208 100.00

0.3080 8.28 il MI

. 1.04 20 28.00 il MI

1.3500 36.28
PARAMAGNETIQUES 
PANAMAGNETIC5

Concentré III 
Concentiate III 
Pi’oduit interme
diaire Ilia 
Middiing product 

Ilia

0.1120

0.2767

3.01

7.44-

Concentré IV 
Concentiate IV 
Produit interme
diaire iVa 
Middiing product 

*IVax
total paramagnétiques ^^S üQ 9  
total paramagnetics

1.0615

0.1587

28.53 ga 50 Kl*

A . 27 ru50,ep2ü,ga20,le
mo,st,py MIQ

'0.25

HON-HAGHETI(tUES 
NOMMAGHETICS

Concentre V ó.5350 14.92 zi90,ru,tu,qu2 MI
Concentrate V

rendement total 3.5139 94.45
total yield

x +0.20 c.a.d. +0.20-0.40 mm grain classe de l'échantillon VJ 0/0.0 
i.e. the +0.20-0.40 mm Grain class of the sample VJO/O.O

xx-0,20 c.a.d, -0,20 grain classe de l'échantillon WO/0.0 
i.e,the -0,20 grain class of the sample WQ/0.0

\



r

, 2 Separation de l/echantillon W'ü/1.0 
Separation of the sample V/G/1.0

»

échantillon Poids Minéraux
Sariiple Weight Minerals
7 7.7 “ g %.concentre
Concentrate

Ì

+0.20 1.C015
VO/1

-0.20 2.21^0

a d m i s s i o n  total 
t o t a l  f ood

HAOÎk/TI^UCS 
MA Ciò I TICS 

Concentre I 
Concentrate I 
Concentre II 
Concentrate II 

✓ ” total magnétiques
total magnetics 

y

P A P A H A C N C T i q U i S S

p a; a k a c i i s t i c s

Concentré III 
Concentrate III 
Concentre IV 
Concenti’ate IV

5.2165

G.71'16

0.9150

1.6296

0.2948

,0.6882

total paramagnétiques q 5350
total pa:amagnetics 

y
HOU-MA CNST KìUES 
NOUMAONCTICS

Concentre V 
Concentrate V O.A896

10,0.00

22.22  

28. 4 5

.'0.6?

9.17 

21.40

50.57

15.22 zi90,ru,stfdi
m

rendement total 3,1022 96.46
total yield

• Tableau 12/2 
Table 12/2

Remarques
Remarks

HI

0



T

Taureau '¡2/3
Table 12/3

..c,3 -
Separation be 1 échantillon lo/0.0
Separation of the sample W5/0.0

✓
bchantillon Poids
Samplo weight

/3
Concentré B

Concentrate
•

ri
+0.20 1.6973

1,' y 0.0 _ tJ^ 0 1.4490 >

admission total 
total feod

6.0463 100.00

HAf;r» i ;2J '¿iJîsr;

üagu .ïics
Concentre I 
Cortcent/ato I

0.9740 1 6 . 1 1

Concentre II 
. Concentrate II

0.>T68 5.74
y

total magnétiques 
total magnetics

1.3203 21.85

y
Pfv ! Âl i- P lui 'TI l’jb 
i3 Al A ri A GN.;TI Ci j

Concentre III 
(Concentr&le III

0.2810 A .65

Produit intermé-
diaire IIla 
üidiUinr; oroduct

0.4412 7.30
Ilia

Concentre IV 1.3267 21,94
Concentrate IV 
Pi oduit interme- 
diaire,IVa 
¡¡iddling pioduct

4.390.2652

IVa^ - - -
t̂ .tal pai amagnetiques 
total parumagnetiks

K OU -MA GU UT 10 U U S

2.3141 yS.38

UOUMAGUUÏICS
Concentre V 
(Concentra ¿e V

2.0358 y . , rjO

rendement total 
total yielu

5.7207 9 .63

Mine; aux démarqués
remarks

qu30tzi‘iOt le,di MI

v



Tableau 12/4
Table 12/4

<  ,échantillon Poids • Minéraux
Sample _ Weight Minerals

■ » £T />-Concentre °
Concentrate

/" .

V; 5/0.5 +0.20 1 .15 6 5

jjg4- ̂  Separation de l'échantillon V 5/05
Separation of the sample Vi 5/05

-0.20 2.2700

remarques
Remarks

admission total 
total fend
KAOÎi.Tri'.iüéü 
¡•al ; ! h . >TI CS 

Concentre I 
Concentrato I 
Concentré II 
Concenti'ate II

y '
total magnétiques 
total magnetics

y
PAi AMAGNMTIOUISS 
PA P A MA GiM T ICS 

Concentre III 
Concentrate III 
Produit interme- 
diaire Ilia 
Hicdiing product Ilia 
Concentre IV 
Concentrate IV 
i3roduj.t interme
diaire IVa
Hiddiing pioduct IVa

ytotal paramagnétiques 
total paramagnetics
NON-i-i A i IKSTIQUES 
îiOKMACiJLTICS^ 

Concentre V 
Concentrate V

5.4565 100.00

0.2: 30 • 7 .5 1

1.0520 50.61

1.5 10 0 58 .12

0.1490 - A. 54

0.1842 , 5.56

0.9525
f

27.72

0.1570 5.99

1.4 227 ' 41.41

•0.5195 1 5 . 1 1

O

ga 50 MI

zi90,qu5,Pu,tu, Ml

rendement total g 2Q y,.»
total yiela



r

c- Sepai’ation de ^échantillon W'5/1.Û.
.̂  Separation of the sample W5/1.0

Tauleau 12/5
Table 12/5

Échantillon Poids
Weight

total paramagnétiques 
total paramagnetics
NON-MA GNhTI^USS 
NONMACKKTICS i 

Concentre V 
Concentrate V

rendement total
total yield

1.5187

0.4708

2.2255

54.95

19.61

92.62

Minéraux 
Minerals .

Remarques
Remarks

Concentre
Concentrate

g C\

;
W 5/1.0 +0.20 * 0.5315 t

~0.20 1.8690

tt.l»lM>i°n u u ^ /total feed 2.4005 100.00

MAOUhTlCUdS
iiacucttc;:.

Concentre I 0.2228 9.28Concentrate I
Concentre II 0.2412 8.80Concentrate II

total magnétiques
total magnetics 

*
PA PAM A CN C T ItyUBS 
pahamai;k ,!.tics

0.4340 18.08

Concentre III 
Concentrate III 0.0430 2.00

Proud it intermé
diaire Ilia 0.2981• 12.42 •Middling product

Ilia «
Concentré IV 
Concentrate IV 0.8880 36.99
Produit intermé
diaire IVa 
Middling product

0.0846 3.52

IVa

zi70,qu10 #iu,di,st,co,aa MI

v



g Séparation de l#échantillon \« 10/0.0
" Separation of the sample V/ 10/0.0 _

Tableau 12/6
Tabla 12/6

¿chantilIon 
Sample u
Concentre
Concentrate

g

Poids
Weight

%

Minéraux
Minerals

Remarques, 
ite marks

+0.20
V. 10/0.0 . 20

1.1204

1.7150

Admission.total 
total yield 2.8354 100.00

S'
ÜACMMTICUdS 
riACiNi'.'TICS •

(.’oneentre I 
Concontratel 0.1525 4.67
Concentre II 
Concentrate II O .2636 9.30 •

total magnétiques 
total magnetics 0.5961 13.97

P A j.7i MA Gil ETIQUES
PANAMAGHETICS

Concentre III 
Concentrate III 0.0845 2.98

Prouuit interme
diaire Ilia 
Middling pi oduct

0.3457 12.19

Ilia •

Concentre IV 
Concentrate IV 
Produit intermé-

1.2674 44.70 ga50,ru+il45 0  MI

diaire IVa 0.1450 5.11
Middling product

I v ar

total paramagnétiques 1#Q426 64.98
total paramagnetics
¡4 ON -MA GN :iTI <èUSS 
hONMAGNETICS

Concentre V 0.4454 15.71 zi8Gfqu10,di,ru MI
Concentrate V

rendement total
total yield

2.6841 94.66



I Tableau 12/7
Table 12/7

MS7
Séparation de l'échantillon U 10/0.5
Separation of the sample V.’ 10/0.5

hchantillon Poids Minéraux Kemarques
.‘.¡ample height Minerals * Remarks
Concentre
Concentrate

/'

r  -in/0

e io •

0.7550
2.0575

admission total 
total food 2.7725 100.00

i i:\Gh iT'fî UhO
Ih i (jii I’.TlOb 
Concentre I 
Concentrate I 0.6255 22.56
Concentre II 0.4165 -A • C ro

Concentrate II .

total magnetiques 
total magnetics
PA 1. A MA III j/fl ¿¿UES 
PAIAHACIiCTICS

1.0420 57.58

#
Concenti’e III 
Concentrate III 
Prouuit intorme-

0.1792 6.46 ep80#ru10fsttmo,le#tu HI

’ ' e Ilia
i.i.Ci.ng product 0.1455 5.25 ep50fga30,ru+il50,st>mo MI

Ilia • • •
' o n e r ‘ .d IV 
• ■ rate IV 0.5289 19.08 /

■„cao-.'ttre IVa 
Concentrate IVa 0.0875 5.16

total paramagnetiques 
total paramagnetics 0.9411 33.95

r 1
NON-HA ull iiTI ¡.-¿UBS
iiOilHA OK CTICS

Concentre V 
Concentrate V 0.5817 20.98 zi50fqu40,difrutbr,tu MI

iendoment total
total yield 2.5648 92.51

\



Tableau 12/8
Tabla 12/0

Séparation de l'échantillon V/ 15/0.0
Separation of the sample W 15/0.0

/
лсbantil Гоп Poids ■ Minéraux Remarques
Sample Weight Minerals Aemarks
Concentré
Concentrate

) ' .
+0.20

g %

0.7700 1 ^
v; 15/0.0

-0.20 1.9500 ■
admission total * r /  
total feed 2.7200 100.00

МЛОПСИсНСС
ИЛ* .¡-¡.,ÏI • -

Concentre I 
Concentrate I U.37^0 13.75
Concentre II 
Concentrate II 0.5350 19.67

»

total magnétiques 
totai magnetics
PAi.ïiHAuIînTIviÜES 
PAPA ИА CilATICS

0.9090 33.42

Concentre III 
Concentrate" III 
Produit interne-

0.0798 2.93

diaire Ilia 0.2518 9.26
Hindiing product •

Ilia • <¡)
Concentré IV 
Concentrate IV 0.7836 28.81
Produit inter mc- 
diaire IVa 
Middling product 0,0825 2.03

IVa I

total pavamagnetiques
total paramagnetics 

/
nOI'I-I ÎAGN i’.TI '.-¿UbiS 
Ш Ж  CAoTICo

1.19 77 ¥..03

Concentre V 
Concentrate V 0, A .,90 16.14 zi60,qu20 MI

rendement total 
total yield <■ 2.5457 93.59



Tableau 12/9
Table 12/9

Séparation de l'échatiillon W 19/0.5
Separation of the samplé U 15/0.9

échantillon Poids Minéraux Remarques
.9amp le Weight Minerais Remarks
Concentré . ; g % •
Concentrate

■ +0.20* 
W 15/0.5

1.1051 >

-0.20 3.4563

admission totalw . r 
total feud J '  * J 4.5614 100.00 »

ИЛ' ;пкТ1Л1Ео 
плснглчс:.;

Concentre I 
Concentrate I 0.7897 17.31.
Concentre II 
Concentrate II 1.5260 29.07

total magnétiques 
total magnetics ' 2.1157 46.38 >

PAi AMAGH ITI9'UidS
PAJ-nHAOIîdTICS

Concentré III 
Concentrate III 
Piodqit intermé-

‘ 0.0795 1.74 ■ m

diaire Ilia 
Middling product 0.3305 7.25 #

Ilia •
Concentré IV 
Concentrate IV 0.8690 19.05 ga80,ru+il15#ep ^KI
Produit intermé
diaire IVa
Middling product IVa

0.0936 ‘ 2.05
,

# /total paramagnétiques 1.3726 30.09 •
total paramagnetics
NON -MA GN CTI • ¿UilS 
KOIlHACNuTICo

»

Concentré V 0.8905 19.52 zi80,qu9,Bt MI
Concentrate V /

rondemont total 
total yield '+ .3 7 8 8 95.99 -



r

Separation de l'échantillon W '15/1.0
HS ** Separation of the sample W 15/1.0

échantillon
Sample
Concentre
Concentrate

Poids
Weight

%

*Minéraux
Minerals

W 15/1.0
! '

+0.20
- 0.20

0.4784
1-9796

Tableau 12/10
Table 12/10

Remarques
Remarks

Admission total 
Total feed W 15/1.0

•KAGNCTIr'.lIHS 
MAGKKTICB 

Concentro I 
Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics
PANAMA GN ¿TIQUES 
PAI AIIAGNATICS 

Concentre III 
Concentrate III
Produit intermé
diaire Ilia 
Middling product 

Ilia
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 
Middling product 

IVa

total paramagnetics
NON -HA GU ETIQUES 
NONMA CNCTICS 

Concentré V 
Concentrate V

2.45801t 100.00

oo• 1A.93
0.6550 26.65

1.0220 41.58

0.0618 2.51

0.2317 9.43

0.4770 19.41

0.0851 » 3.46

0.8556 34.81

0.Ô009 • 16.310

ep40,ru+il30,le,ga 
mo,tu

zi80,qu5,di,st,sil

MI

MI

rendement total
total yield 2.2785 y92.70

\

X



Tableau 1«-/ »1
Table 12/11

.11

échantillon
Sample
Concentré
Concentrate

25/0,0
+0.20

-0.20

total f eed *
MAGNETIQUES
MAGNETICS

Concentre I 
Coricnntrato I 
Concentre II 
Concentiato II 

» ✓
total magnétiques 
total magnetics

PA1AHAGNETIQUES 
PAWAMAGNETICS

Concentré III 
Concentrate III 
Produit intermé
diaire Ilia 
Middling product 

Ilia
Concentre IV 
Concentrate IV# 
Produit intermé
diaire iVa 
Middling product 

IVa
total paramagnétique 
total paramagnetics
NON-MAGNETIQUES
NONMAGNETICS

Concentré V 
Concentrate V

 ̂ Séparation 
"Separation

de l*éciantiion W 25/0.0 
of the sample b 25/0.0

Poids
Weight

g  %

Minéraux
Minerals

1.5446
1.809? •

3 3.3543 100.00

0.3931 1 1 .7 2

0.7662 22.84

1.1593 34.56

0.1033 3.08

0.1913 5.70

0.9917 29.57
0.2419 7.21

8 1.5282 45.56

0.4370 13.03 zi80,ditsil,le,qu

Remarques
Remarks

MI

rendement total 
total yield 3.1245 93.15



Tableau 12/12
Table 12/12

* 2  Séparation de l'échantillon W 25/0.5
” Separation of the sample W 25/0.5

¿chantillón
Sample \

Poids
Weight

Minéraux
Minerais

Remarques
Remarks

Concentré
Concentrate

r

e 55

ï 25/0.5 +0.2 4.5680

admission total 
total feed

macncti ;U¡;:¿
MAC,NI.Tier,

Concentre I 
Concentrate I 
Concentré II 
Concentrate II

4.5680

0.2290

0.2894’

total magnétiques
total magnetics ✓
PA i • AKA GUI’j TIQIJSS 
PA PAIÎA GiitiïICo

Concentré III 
Concentrate III 
Produit intermé' 
diaire Ilia

0.5184

0.0368

0.2090

Middling product 
Ilia 

Concentré IV 
Concentrate IV 
Produit intermé
diaire I^a 
H i fld l i ng pr oduc t 

IVa
y  ~ 'total paramagnétiques

total paramagnetics
iïON-HAGHCTIwUSS
NOHMAGKCTICS 

Concentré V 
Concentrate V

2.9289

0.1850

3.3598

0.3735

100.00

5.01

6.34

11.35

0.81

4.58

0
6/V.12 ga 90,ru+il10,

4.05 _ru+il50fga40,pyfep,tu,amf

73.56

8.18 zi40truystrqu5

i endement total
total yield 4.2517 93.09



Separation de l'échantillon W 25/0.5
MS ^ -

Tableau '11/13
Table 12 / 13

Separation of the sample W 25/0.5
\ » i

Poids ✓Set antilion Minéraux Remarques
Sample Yieight Minerals Remarks

Concentré g % "

Concentrate
f

v; 25/05 -0.20 7.3103 100.00

Admission total 
Total feed 7.3103 100.00 ' / ’

HACLCT.I JJES
HAG» .TICS

Concentre I 
Concentrate I 0.7574 10.36 il.ge X-Ray an.
Concenti é II 
Concentrate II 0.4917 6.73 il90,ge X-Ray an.

s’
total magnétiques 
total magnetics
PA• A1-ÎAGM .iTI r̂UES 
PAfAHAGN .TICS

1.2491 17.09 •

Concentré III 
Concent ato III 
Pioduit intermé-

0.0470 0.6/1 ep,sph,ge,and, an X-Ray an.

diaire Ilia 0.3904 , 5.34 * ep,andfii,ge . X-Ray an.
¡iid'.iling product

Ilia 4»Concentre IV 
Concentrate IV 3.3667 46.05 il40,ru30,al30 X-Ray an.
Produit intermé- 
diaiie I a 0.2533 3.46 ql,ge,il X-Ray'an.
Middling product 

iVa
total paramagnétiques, , -  ¿Q
total, paramagnetics /
ÎJ0N-MA GiRiTIiJJSS 
NOMMA iMSTICS

Concentré V 1.3738 18.79 zi90,qu2tdi,st X-Ray an. MI
Concentrate V

odndement total
total yield 6.6803 91.37



Tableau 12/14
Table 12/14

Separation de l'échantillon W 30/0.0
Separation of the sample Vf 30/0.0

échantillon
sample''
, C one en.tr é 
Concentrate

6
Poids
Weight

%

Minéraux
Minerais

t

s >
+0.20 1.0534

30/O.O^.JO 2.7804

admission total 
total feed 3.833Ô 100.00

i ;a 1 .H ktt.'-.iik:; •i
[iACi'MTICC .

Concentre I 
Concenti atei 0.4565 11.39
Concentré II 
Concentrate II O.966O 25.20

✓
total ma f ,ne tiques 
total magnetics 1.4025 36.59

Remarques
Remarks

¡’AT AKAGHiSTIQUKJB 
PAi AMAGllATICS 

Concentré H I  
Concentrate III
Produit intermé
diaire Ilia 
Mibdling product 

Ilia
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa* 
MicicUing product 

IVa

0.1683 4.39 .

0.2879 7.5‘> a

1.0425 . 27.19 ga70fru,eptst MI

0.1923 5.02

1

total paramagnétiques^ gg/|Q 
total paramagnetics
h ON -MA GN ’¿TIQUES
MUîlIi/i HICTICS '  

Concentré V 
Concentrate V 0.5683

24.11

14.82 zi90,st,mo(tu Kl

>endemont total
total yield 3.6618 95.52



Tableau 12/15
Table 12/15

séparation de l'ôechantillon W 30/0.5 
MS_ •.

Separation of the sample ¥ 30/0.5

¡échantillon v Poids Minéraux Remarques
Sample Weight Minerals , Remarks
•***•"•■•*•*“ . cf
Concentre . *a . ‘
Concentrate

+0.20 1.0010
W 30/0.5 '

- 0.20 3.0010

ti'imji;:;ion total 
toLal fond A.0020 1 ,00.00

MAGRCTI JJiSS 
MAGKi.TICS f 

Concentre I 
Concentrate I 
Concentré II 
Concentraie II

0.7010

0.9305

77.52

23.25

1
il76.hel4.ru6.ma4, 

il62,iu32,he6

MIQ

MIQ

total magnétiques 
total magnotics 1.^315 40.77

PA! AMAOilKTI^USS 
PAKAMAGL'üTIÇS 

Concentré III 
Concentrate III 
Produit intermé - 
diaire Ilia 
Middling product 

Ilia

0.1110

0.2630

2.77 •

6.57

*

0

Concentré IV 
Concentiate IV 
Produit intermé
diaire IVa 
Middling product 

IVa

0.9723

0.1903

24.30

4.76

ru+ i150,ga45,py,mo MI
♦

total paramagnétiques^ „ g g  
total paramagnetics *x 38.40

WON-MA ONKTI (¿UES 
NOHMAGIü.TICS 

Concentré V 
Concentrate V 0.6685 16.70 zi9û,di,st,mo MI

rendement total
total yield 3.8366 95.87

v



Tableau 12/16
Table 12/16

Separation de l'échantillon V/ 30/1.0
* Separation of the sample V 30/1.0

échantillon Poids
-✓

Minéraux Remarques
Sample • Weight Minerais Remarks
Concentré
Concentratè

g % •
» "V

I

»: <0/1-50'1 -0.20
2.4078
3.6762

admission total 
total food 6.0840

MAr.Hi-;Tl((UBS
MAGüKTlCS 

Concentrel 
Concentrato I 
Concentré II 
Concentrate II

O.6I37

1 .0 1 1 5

100.00

10.09

16.63

total magnétiques ^ 6252 
total magnetics
PAi ■ AMA GH i:iT11 ¿ üUS
PA) AlíAGIíCTICS 

Concentré III 
Concentrate III O.I606
Produit intermé
diaire Illa 0.4575 
Midaling product

Illa
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa. 
Middling product 

Iva

1.8036

0.3089

/
tâtai paramagnetiqueSg o x q £  
total paramagnetic

HOH-MAUl-IETIQÜBS 
ÎIOHMAONSTICS 

Concentré V 
Concentrate V I.470O

26.72
/

2.64

7.52
t

29.64 ga70

5.08

44.88

24.16 zi50tqu40,6tfru,di

0

MI

MI

rendement total
total yield 5.8258 95.76

\



Tableau 12/17
Table 12/17

j^17  ̂Séparation de l'écl.antillon Vi 35/O.Ü 
Separation of the sample V 35/Q.O

Echantillon
Sample'1

Poids Minéraux Remarques
Weight Minerals Remarks

Concentré
Concentrate

I ‘
+0.20

w 3‘V ü .o
•0 .20

admission total
total food ✓
MA ' INETT., UNS 
MAGNETICS 

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

admission total 
total magnetics
pa pauagne tiques
PARAMAGNCTICS 

Concentre II.I 
Concentrate III 
Produit intermé
diaire Ilia 
Hide ling1 product 

Ilia
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa. 
Middling product 

IVa v
total paramagnétiques 
total paramagnetics
NON-MAGNETIQUES 
¡•JOHHACNETICS 

Concentré V 
Concentrate V

g ¿0

1.1980
2.7488

3.9468 100.00

0.4087 10 .36

1.0208 23.86 *

1.4295 , 36.22

0.1dA5 3.66

0.3190 .8.08
0

1.0143 25.70 ga 50»ru+il40,ep,st,py,amp

0.1308 3.31 ru':'0,ep30,ga2rv st,py,amp
\

1,6086
/

40.75 -

0.7165 18.15 zì70»qu2Ò,ru»di,st

MI

MIQ

MI

Amendement total
total yield 3.75^6 95.12



Tableau 12/18
Table 12/18

„,,18 Séparation de l'échantillon Vi 40/0.0 MS -
Separation df the sample b ^Û/0.0

Cenantilion \ Poids .
✓Minéraux Remarques

Sample Weight .Minerais Remarks

Concentré g %

Concentrate
Z-

+0.20 I.I323
'

" /K,//0*0w0.20 2.8667

admission total
total i’eed 

/
nAnïj.iTl k Uis-s 
HA Cil T IC S  

Concentre I 
Concentrate I 
Concentré'll 
Concentrato II

total magnétiques 
total magnetica
PA íií’LvGÍIij ri^UbS 
PA !•’Ai IA GU,: TI CS 
Concentré ITI 
Concentrato III 
Produit interme
diaire Illa 
I-iiiUiline product 

Illa 
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa . 
Hiddling pioduct 

IVa

3.9990 100.00

0.2371 5.93

0.5703 9.26

O .6074 15 .19

O.976O 1.90

O .3322 8.31

1.6903 42.27

O .2905 7.26

J  . *total paramagnétiques 
total paiamagnetics 2.^890 59.74

li OH -MA CK i, TI C,U iiS 
IIOMMA CUATI CS Y 

Concentré V 
Concentrate V 0.7520 18.80 zi70fqu10,rufst,di

0

rendement total
total yield 3.7^84 95.73

MI

\



T a b le ;  i f / l y  
ïable 12/19

j.̂ 19 Separation tie l'échantillon W 50/1 «0
Separation of the sample W -50/1.0

échantillon Poids Minéraux Remarques
Cample . , Weight Minerals Remarks
Concentré
Concentrate

S %  .

■ •

W 50/1.0 _ 0#20
0.6510
1.4859

\

admission total 
total feed
MA GiCdTI CUES 
MAGNETICS

2.II69 '100.00 « I

Concentre I 
Concentrate I 0.1583 6.53

> »

Concentre II 
Conconti ate II 0.4078.

I

19 .26

✓
total magnétiques 
total magnetics 0.5461 25.79 \

PA PAMAChùTI^UES 
PARAMAGHSTICS r *

Concentré III 
Concentrate III O', 1880 8.88 ep4ütru+il 20,ga10tle,st , mo MIQ
Produit interme- 
diairo Ilia 
Middling product 0.2094 9.89

• %
Ilia

Concentré IV 
Concentrate IV 
Produit interné-

0.4996 ’ 23.60,
0

diaire IVa 0.2865 „13.53 . ,

Middling product 
IVa

• ✓total paramagnétiques 
total paramagnetics
N 0 W -MA Gli f, TI r,.ua s 
HOKMAC-NETICS 

Concentre V 
Concentrate V

1.1835

0.2931

55.90

15.85 zi6û,ru,tu.di,metqu20 MI

rendement total 
total yield 2.0227 95.5^



Tableau 12/20
Table 12/20

20 séparation de l'échantillon W 55/0,5MS •
Separation of the sample Vi 55/0,5

Échantillon Poids Minéraux

Sample Weight Minerais

Concentre
Concentrate

g % '

M 55/0.5 - 0,20 5.0468 100.00

admission, total 
total feed

MAGNETIQUES
MAGNETICS

5.0468 100.00

Concentre I 
Concentrate I

0.3080 16.01
Concentré II 
Concentrate II

Ü.6890 15 .65

total magnétiques
total magnetics 

✓
PANAMA GH ETIQUES 
PA RAMA ON;, TICS

1,4970 2 9 . 6 6

Concentre III 
Concentrate III 
Produit intermé-

0.1925 5.81

diaire Ilia 
Middling product 

Ilia

0.0219 0.45

Concentré IV 
Concentrate IV 

Produit intermé-

1,4115 27.96

diaiie IVa 
Middling product

0.7452 14.77

IVa •

total paramagnétiques 2 , 3 7 0 9

total paranragnetics 
/

NON-MA GU;; TIQUES 
NONMAGNETICS

46.97

Concentre V 
Concentrate V , 0.9806 19.45 zi80,di,silfrui

j-endement total A.8485 »
9 6 . 0 6

i
total yield i

i
i
i
iii
i Vi
i
i
i
i

Remarques
Remarks

0

HI



Tableau 12/21
Table 12/21

21MS - Sépaiation de l'échantillon \ i  60/0.0 
Separation of the sample'Vi 60/0.0 ' •

f'échantillon
Sample
Concentré
Concentiate

Poids Kine'raux
Weight v Minerals

g  S *

Remarques
Remarks

« 6ô/o.o % %
1.2073
1.9720

admission' total 
total feed 5.1793

KAGÎWTI^UiSS 
MACi.dT-Ics 

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

0.7115

Q.2752

total magnétiques 
total mugnetics
PAI-Ai iAGii./TIQUES
p a; akacjüttico

Concentré III 
Cpncentrate III 
Produit intèrme- 
diaiie Ilia 
Miduling product 

Ilia 
Concentré IV 
Ccncentrate IV 
Produit interme
diaire IVa 
Hidaiing product 

IVa *
/

total paramagnétiques 
total paramagnetics
HON-WAGiiÎTIlilliiS 
H0UMAGNSTIC5 

Concentré V 
Concentiate V

0.98 V?

0.0810

0.2159

1.2015

0.1265

1.62^9

0 .JA O 0

100.00 ,

\

22.58

8.59

50.97

2.55 ep5O,ru20,le20ttutmo,st

6.79
•

57.79 

5.98

51.11

10.69 zi70fst,di,sil

/
0

HIQ

MI

rendement total
total yield 2.9^96 92.77



Tableau 12/22
Table 12/22

,tIg22 _ séparation de l'échantillon M 60/0.5
Separation of the sample W 60/0.5

échantillon
Sample
Concentré
Concentrate

S

Poids
Weight

C?
/0

Minéraux
Minerals

Remarques
Remarks

v: 6o M 0 '-20  
-0.20

1.0672

1.0155

admission total 
total.food 2.0827 . 100.00

MAOIMTI^UCS
MAonvncs
Concentro I 0.1893 9.09
Concentrate I 
Concentré II 
Concentrate II

0.3535 16.97

total magnétiques 
total magnetics 0.5428 26.06

PA: AMAGKû'fKiUSS
pa: a m a g n c t i c s.

«

Concentre III 
Concentrate III 
Produit interaé-

0.0629 • 0 ro

diaire Ilia 
Middling product

0.2338 1 1 .2 3

Ilia
Concentre IV 
Concentrate IV 
Product intermé
diaire IVa 
Middling product

0.7240

0.1434

34.76

6.89

IVa
total paramagnétiques 1.1641 55.90total paramagnetics
IIOK -MA GII CTI '■ ¿UES 
HONM/» GHCTICS

•

Concentre V 
Concentrate V 0.2385 11.45

rendement total 
total yield 1.9454 93.41

MI

11.45 zi60fqu5»difru,tu,le MI



23
MS

Separation de 1#échantillon vi 60/1.0

Separation of the sample Vi Ó0/.1.0 *

Tableau 12/23
Table 12/23

Échantillon Poids Minéraux
Sample Weight •Minerais

Concentré g ri •

Concentrate

+0.20 0.7938 \

“ -0.20 1.7949

admission total 
total feod 2.5887 100.00

M /vC iiJ/i'IpIJiiS
MAGNdTICS ■c ✓

Concontro I 
Concentiate I O.h269 16.49 •
Concentré II 
Concenti ate II 0.0888 3.43

total magnétiques 
total magnetics 
PAPAMA GIIaTI ̂ USS 
PAhAî',‘\Gîi:-;TICS

l

0.5157 19.92

Cohcentre- III 
Concentiate III 
P;ouuit interme-

0.2374 9.37

diaire Ilia 0.1456 5.62
Middling product 

Ilia -
•

0

Concentre IV 
Concentrate IV 
Produit intermé-

0.7828 30.24 V.

diaire IVa 0.3133 12.10 ru+il65,ep15,ga15fstftu
Middling product 

IVa

Kemarques
n’emarks

Klii

total paramagnétiques 
total paramagnetics
li ON -MA Gii STI iuU3S 
NOKM/vGN JTICS^ 

Concentré V 
Concentrate V

1.4791

0.3883

57.*13

13.84 zi90,ru,difsil,tu MI

aondement total
total yield 2.3530 90.89



\

Tableau 1 2/ 24
Table 12/24

,,„24 Separation de l'échantillon V.' 65/0.5 nS —
Separation of the sample V 65/0.5

Échantillon
S a m p l e

Concentré
Concentrate

+0.20  

” 65/Os8;20

Poids
Weight

Minéraux
Minerals

0.4938 

1.5179

Remarques
Kemarks

admission total 
total feed
M A M M o T i S U M S

m a c n s t i c s

Concentre I 
Concentrate I 
Concentré II 
Concentrate II

2.0117

0.1*40

0.2310

100.00

7.16

11.48

total magnétiques 0.3750 18.64total magnetics
PAI AMA - ;nSTKlh!,S -
PAi.AMAüI-idTICS 

Concentré III 0.1487 7.39Concentrate III 
Produit interme- 
diaire Ilia 0.2785 13.№ ru+il50tep30,ga1 üfst,lef
Middling product Pï.tu

Ilia
Concentré IV 0.6180 30.72Concentrato IV 
Pi oduit i.ntntmo- 
diai.ro IVa u.2835 Id,09

•

Middling product 
Iva

total paramagnétiques -,?q„ 66,04 f

total paramagnetics
IÎON -MA G1ÎETIQUKS 
HOIiMAONSTICS^ 

Concentré V 0.2963 14.73 zi90,iu,di,quiConcentrate V 

rendement total 2.0000 99.VItotal yield

MIÇ

MI



Tableau 12/
Table 12/25

MS25 Séparation de 
Separation of

l'échantillon W 65/1.0 
the sample W 65/1.0

s
Echantillon
¿ample

Poids
Weight

Minéraux
Minerais

Remarques
Remarks

Concentré
Concentrate

£ %

t
♦0.20 

“ 65/1.0 _ c < 2 0

0.8110
2.4753

admission total 
total feed
MAGNETIQUES
MAGNETICS 

Concentiü I 
Concentrate I 
Concentre II 
Concentrate II

✓total magnétiques 
total magnetics
PAl AMAGIiETIQUES 
PAluUIAGNETICS 

Concentré III 
Concentrate III 
Produit intermé
diaire Ilia 
Middling product

Ilia
Concentré IV 
Concentrate IV 
Produit interme
diaire IVa 
Middling product 

IVa

5.2863

Ü.A017

0.2880

0.6897

0.4781

0.1481

0.7649

0.4121

total paramagnétiques 
total paramagnetics
NON-MAGNETIQUES 
ÎI0NMA GNCTI CS 

Concentré V 
concentrate V

• 1.8032

0.5030

100.00

12.22
8.76

20.98

/

14.55

4.51 ru50,ep30tga10#st,le,tu, 
py.amp

23.27 0

12.54

54.87

15,51 zi80,tu,ru,le,di

MI

MI

rendement total
total yield 2.9959 91.16
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RESULTATS DE LA sSpA'AÏION MAGNETIQUE ST SLSCTROHAGnStIQUB DE Lit ..F; ACTION 
LOURDE DBS ECHANTILLONS DE LA PARTIS‘ORIENTALS DU PROFIL RADIOMBTEIQUE R8/7.
RESULTS OF MAGNETIC AND ELECTROMAGNETIC SEPARATION OF THS HEAVY FRACTION OF
THE SAMPLES FROM THE EASTERN PART OF RADIOMETRIC PROFILE R8/7 ' “* . •

1 b Sepaiation de l'échantillon E. 5/0.0 
Separation'Of the sample E 5/0.0

✓
Echantillon Poids Minéraux
Sample^ _ __ _ Weight

g  %
Minarais

Concentré
Concentrate

X : '
+ 0 .2 0 1 .4 7 7 0  .

E  5 / 0 - °  - 0 .2 0 4 .1 1 9 6

Tableau 15/"I 
Table 15M

Remarques
Remarks

admiseion total 
total food
MACHETIQUES 
MAGNETICS

Concentre I 
Concentrate I 
Concentre II 
Concentrate II

5,5966

0.6715
0.6765

100.00

12.00

12.09
total magnétiques 
total magnetics 
PARAMAGNETIQUES 
PANAMA GHiSTIÇS 

Concentré' III 
Concentrate III 
Produit intermé
diaire Ilia 
Middling product

Ilia 
Concentré IV 
Concentrate IV 
Produit i'ntermér. 
diaire IVa 
Middling product 

IVa x
total paramagnétiques 
total paramagnetics
NON-MAGNETIQUES
NONMAGNETIC!» 

Concentré V 
Concentrate V

rendement total 
totEL .yield

1.5480 24.09 é

0.1647 2.94 »

O.350O
•

$.25
*

t

1.2864 22.98 ■

O.4905 8.76 ru+il70(ga20,ep5,st,py MI

2.29 16 * 40.93

1.4575 26.04 zi50,quA0truttu MI

5.0971 91.06
\

x ~ 7 "Ô̂ cTâTcf.+0.20-0. AO mm grain classe de l'échantillon E 5/0.0 
+ü*̂ ui,e. the +0.20-0.AO mm grain class of the sample £ 5/0.0
XX n pftc,a,d# *0.20-8r*in classe de l'échantillon E 5/0.0 
-o^u .0,20 mm grain class of the sample E 5/0.0



Tableau 15/2
Table 15/2

HS2 Séparation de l'échantillon S 10/0.0

Separation of the sample S 10/0.0

»

échantillon 
, Sample

V

Concentré - 
Concentrate

+0.20
E 10/0.0 _ 0í20

Poids
Weight

e , *

1.3117
1 .13 2 6

Admission total 2.4443
total food
MAOIlijTltyUhS 
MAGNETICS^ 
Concentre I 
Concentrate 1 
Concentre II 
Concent;ate II
total magnetiques 
total magnetics

0.1420
O.6092

«

0.7512
PARAMA GM5TI(¿UBS 
■ PARAMA Gl-IETICS 

Concentré Til 
Concent; ate III 
Produit interné - 

diniio Illa
H l ' l t l l i i t i ;  p n t U i c t

Illa
Concentré IV 
Concéntrate IV

0.0807

0.1895

0.8295
Produit intermé
diaire iVa 
Middling product 

IVa

0,2049
/

total paramagnétiques 
total paramagnetics
WON-HAONETIQUES 
BONMAuHETICS 

Concentré V 
Concentrate V

1.3046

0.2781

100,00

5.81

24.92

30.73

3.30

• 7.75

*33.94

8.38

53.37

11.38

Minéraux Remarques
Hiñerais Remarks

;

0

ga 80 MI

rendement total g '3339 95,48
total yield * *

3



Tableau 15/3
Table 15/3

„-3 ̂ Separation de 1 échantillon S 15/0.0
^Separation of the sample £ 15/0.0

I

échantillon
Sample

Poids
Weight

% ' ^

Minéraux
Minerals

Remarques
Remarks

Concentré
Concentrate

g , %
\

%

E 15/p.O +0*20 
-0.20

1.0487
1.8223 « )

admission total 
total feed 2.8710 100.00 •»

MAGHETiqUES • 
MAGNETICS 
Concentré I 
Concentrate I 
Concentré II 
Concentrate II

0,6720
0.2906

23.41»
10.12 Ìl67vru25tan3.he2(sph2 MIQ

total magnétiques 
total magnetics
PARAMAGNETIQUES • 
PARA MAGNETICS

0.9626 '
»

33.53
/

Concentré III 
Concentrate III 
Produit intermé
diaire Ilia 
Middling product 

Ilia 
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 
Middling product 

IVa

0.0860

0.2816 '

0.6150

0.1386

. 3.00

9.81 
’ •
21.42

4.83

* •
ep40,ga30tru20,st(motpy
tu

#
1 ’ >•

•

,ampv

total pararaagnetiques,j 
total paramagnetics * *39.06

»

NON-MAGNETIQUES 
NONMAGNETICS 
Concentré V 
Concentrate V 0.4339' 15.11

0

Si60,qu5»di,t\̂ ,letmo,ru MI

rendement total 
total yield 2.5177 87.70

1

•

1



Separation of the saaple E 15/0*5
M_4 Separation de l'échantillon S 15/0*5H5 — ■

Tableau 15/4
Table 15/4

échantillon • Poids Minéraux
Saaple . Weight

a Ê
Minerais

0 *Concentre 8 *
Concentrate

B 15/0.5 +°*2 0.9040 *
—0*2 2.2926

admission total 
total feed 3.1966 . 100.00
MAGNETIQUES
MAGNETICS _

Concentré 1 
Concentrate I 0.6479 18.75
Concentré T Ü l  

Concentrate li 0.8502 24.60

total magnétiques 
tètal magnetics
t*A RAMAMI K'PIlJillI'SS . 
PANAMA tiNKTlCS

1.4981 43.35

Concentré III 
Concentrate III 0.1609 4.66
Produit intermé
diaire Ilia 0.0710 2.05
Middling product •

Ilia
Concentré IV 
Concentrate IV 0.8310 24.04
Produit intermé
diaire iVa 
Middling product

0.1493 4.32

IVa
tortai paramagnétiques 1.2122 35.07) \total paramagnetics
NON-MA GNETIQUES 
NONMAGNETICS
Concentré V 
Concentrate V 0.4326 /12,52

rendement total • 
total yield 3.1429 90.94

H marques' 
Remarks

t

I»

0

%
t



Tableau 15/5
Table 15/5

1^5 _ Séparation de l'échantillon S 15/1*0
Separation of the sanple £ 15/1.0

•
Echantillon Poids »Minéraux Remarques
Sample * . i . Weight Minerals Remarks

Concentre * 8 % - .
Concentrate ’

I ' +0.20 1.3153 * I
; >

-0.20 2.726 1
f

admission total *.<*14 100.00total feed
<*■

MAGNETIQUES .
MAGNETICS .. . »Concentré I 

Concentrate I 0.7700 19*05 - »
Concentre II 
Concentrate 11 0.8505 21.04 !

total magnétiques 
total magnetics 1.6205 40.09

PARAMAGNETIQUES
PAfAMAGNETICS

e

Concentre III 
Concentrate III 0il640 4.06 ep70,il+ru20,me MI
Produit interné-

, diaire Ilia 
Middling product 0.1845 4.57•

Ilia 0
Concentré IV 1.1663 28.86 ga50,ru+il40 MIConcentrate IV 
Produit interné- ep,st,mo,py
diaire IV.a 
Middling product 0.24001 5.94

|Va

paramagnétiques total -| 0543 4 ^ 4 3
total paramagnetica *
NON-MAGNETIQUES
NONMAGNETICS

Concentré V 0.5348 • 13*23 ' tzi60,qu10,ru,divtu MConcentrate V • 1

rendement total
total yield 96.753.9101



Ig.6 ^Separation de l'¿chantiléon B 20/0,0
Separation of «the sample E 20/0,0

Reliant il ion I Folds Minéraux
Sample' Weight Minerals
Concentre 
Conoentrate

8 '  %

•

b 20/0.0 1,0366
1.3661 » »

admission total 
total feed
MAGNETIQUES 
MAGNETICS

2.4027 » 100.00

Concentre- I 
Concentrato I 0.0500 . 2.08
Concentrò 11 0.2984 12.42(Concentrate II •

total mngnotiques 
total magnetics 0.3484 14.50* •• r

PAPAMAONETIQUBB * '
PAIAMAGNETICS (

Concentre III 
Concentrate III 
Produit interne- •.

0.2398 9.98 »

diaire Ilia, 
Middling product 0.1306 5.43 ' |Ilia
Concentre IV 
Concentrate IV 0.8493 35.35 •
Produit interne- -
diaire IVa 
Middling product 0.2986 12.43 * >

IVa  ̂^ ___
total paramagnéti^ùes 
total paramagnetica 1.5183 53.19 9

HOli-MA Gi JSTÎ UES > 
H0NMACK2TICS

(Concentre V 
• Concentrate V 0.3261 ’ 13.57 '

rendemont total 
total yield 2.1928

t
91*26

<•>

V. • I
• t

.Tableau 15/6
Table *15/6

Remarque*
Remarks

,# ••



Tableau 15/7
Tabla 15/7

U g 7  Séparation de l'échantillon E 30/0 .0

Separatimi of thè sampleK 30/0.0
»

échantillon Poids . Minéraux Remarques
Gaaple_ v _  _ Veight Minerale Reaarks
Concentré g % e

Concentrate
• ’ *

i? 30/0.0 ♦0.20 0.6225 
-0.20

■

t

»

i

admission -otal 
total feed
kagkÉtiques
MACHETIOS

2.8467 100.00

Concentre I 
Concentrate I 0.5498 19.31
Concentré II 
Concentrate II O.669O 23.50
total magnétiques 1.2188 42.8}total magnetica .
papahaghÉti ûss
PAIAI ¡ A  GNETICS 

Concentré III 
Concentrate III 
Concentré IV 
Concentrate IV

0.3617
0.6342

12.71
22.28 ep30,ga30,ru30tst,letmo MI

total paramagnétiques 
total paramagnetica 
NON-HAGNETiqUiSS 
NOHMGKETI’CS 

Concentré V 
Concentrate V

0.9960

0.4468

34.99
0

15.70 zi90,ruvstfdi MI

rendement tojtal «
total yield *

%



I Tableau 15/8
Table 15/8-

Ug8 Separation de l#échantillon.E 30/0.5
Separation of the sample S 30/0.5

échantillon 
Sample_ _ _
Concentre
Concentrate

Poids • » Mineraux Remarques
Weight Minerals . Remarks

% -
t

* 3VO-5 b №

admission total. * qq7& 100.00
total feed
HAGHETI<¿UES 
MAGNETICS 
Concontra I 
Concentrate I 
Concentró II
Concentrate II _

*  •total naGnetiques 
total magnetics
PAl AHAGNSTIUUES 
PARAMAGNETICS 

Concentre III 
Concentrate III 
Produit interne— 
diaire Ilia 
Middling product 

Ilia
Concentre IV" 
Concentrate IV
Produit interoé- 
diaire iVa 
Middling product 

IVa

0.5310 8 .28

0.4363 10 .9 1

0.7673 1 9 .1 9

0.6080 15.21

0.3418 . 8»55

1.2644 31.63

0,273^ 6.84

/

ga50(x u+iln5» ep,st,no
, 0

A

HI

#

total paramagnétiques 2 ft/1.76 62.23
total paramagnetica
udK-MA Glí ¿TIQUES
NONMAGUSTICS^ v

Concentré V o.,:896 12.25 si70,di10,xu,tufst
Concentrate V

HI

t*

rendement total 3,7V *5 93*67
total yield * >

*



jgg9'_ Separation de 1 échantillon S 35/0.0
Separation of the sample S' 35/0.0

Tableau 15/9
Table 15/9

échantillon
Sample^
Concentre
Concentrate

8 35/0.0

Poids
Weight

+0.2
- 0.2

S

0.4751
1 .7 12 6

admission total 
total feed
MAGNETIQUES
MAGNETICS

Concentre I 
Concentrate I 
Concentré II 
Conconti*ate II 

/ «total magnétiques 
total magnetics
PAI AMAGN¿TIQUES 
PANAMAGNETIÇS 

Co entré III 
Cc.tcentrate III 
Produit intermé
diaire Ilia 
Middling product 

Ilia
Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 
Middling product 

IVa

2.1877 100.00

0.1515 6.93
0.4675 2 1 .3 7

0.6190 28.30

0.1391 6.36

0.2201 10186

0.4393 20.08

0.0870 *' 5.98

total paramagnétiques 
total paramagneties ,
NON-MAGNETIQUES
NONMAGNETIC*

Concentré V ' 
Concentrate V

Minéraux
Minerals

Remarques
Remarks

rendement total
total yield

0.8855 40.48

0.3495 15.98 zi60#di,ru,qu20
/

1.8540 *84.76

MI

> i



^ 1 0 ^  Séparation de l'échantillon S 40/0,0
Separation of the saaple S 40/0*0

»

Tableau 15/lCf
Table 15/30

échantillon 
Sanple '

Poids
Weight

« r  t

Minéraux
Minerais

Remarques
Remarks

Concentré 
Concentrate

g %

+0.20
E W O . O  ^ - 2 0

0.8185
2.8858

’
»

admission total 
total feed 3*7043 ' 100.00

I * , t '

MAGNETIQUES
MAGNüTICS
Concentré 1 ' 
Concontmto I 
Concontrn II 
Concentrate II

0.4367
0.7*55

N

11.79
'*9.95

- m

total magnétiques 
total magnbicsf 1 .1 6 2 2 31.38 • %

PAIAHAGI1 ETIQUES 
PAIAMAGNiSTICS 
Concentré III 
Concentrate III .. 
Produit intermé
diaire Ilia 3 
Middling product 

* Ilia

0.0988

0.4603

i

2.67

12.43
* •

Concentré IV 
Concentrate IV 
Produit intermé
diaire IVa 
Midd1i nĝ  produc t

0.5432
0 .13 10

14.66  ̂
3.$4 • •

0

9

total paramagnétiques 
total paramagnetiqs 1.2333

/

33.30
NON-MAGNETICS 
MONHAGNËTICS
Concentré V ' 
Concentrate V 0.9223 24; 90 zi50,qu40 MI

rendement total 
total yield 3.3178 89.58 s

t

ft

9

I



Tableau 1 5 / 1 1
Table 1 5 / 1 1

ue11 Séparation de l'échantillon E 40/1.0 MS ■
Separation o* the sample B 40/1*0

> *

Échantillon Poids Minéraux
Sample Weight

%

Minerais
Concentré B
Concentrate

\
•

E 40/0,0 -0.20 3.7U51
/

admission total 
to'tâ  feed

3.7031 100.00 t
HAGHBTRiUBS
MAf >H KTlCrï •

Conçoit tro I 0.2151 5.81 •
Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics
PAPAIiiUiNI'.TKiUïïS 
PA RAMA (JH dTICS

0.3619 

0.5770 .

9.77

15.58
1

Concentré III 0.0800 2 .16 ep30,ru20,le,moftu,Concentrate III • 
Produit intfermé-d
diaire Ilia 
Middling product ̂ 0.3299 8.91 ru40, ep30, ga20, 1e,st

pyIlia .
Concentré IV 
Concentrate IV 1.4906 40.25 ga50,ru+il50

Produit intermé
diaire IVa 
Middling product

0.1840 4.97

IVa
total paramagnétiques 
total paruiüagnetics ■' 2.0845 56.29
H Oil -MAGN ETIQUES * / »
NOIJMACiNETICS ■NConcentré V 

Concentrate V 0 .9 12 3 24.64 - zi40,qu40fru,Bt,mi

rendement total
total yield 3*5738 96Ì31

Remarques
Remarks

/



I
Tableau
Tabi* 16 / 1

* .

RÉSULTATS 0*AXALYSE GRANULOKÉTRIhUSS, DE SÉPARATION EX LIQUIDE LOURDE ET DES MESURES 
DES ÉCHANTILLONS,DE LA DUNE D*EL MSID

RADIOMETRIQUES
\

RESULTS OE GRAIN SIZE ANALYSIS, HEAVY LIQUID SEPARATION AND RADIOMETRIC MEASUREMENTS OF SAND 
SAMPLES FROM THE DUNE OF EL MSID

✓

lillOJ
■No

5a=?li
N o

i

G r anulometrie
Granulometry

Separation d»5s le liquide lourd* 
Sr urati-n in LniVy liquid

i'.dioect Ivi t 9 naturelle' 
Natural r* i > >'.»c 11 vi ty

Remarques

Ri'-arVs

•/
b/
e/

«1/
•/

admission, Feed 
fraction* 0 ,3 e i  
fraction* 0,4=n 
fraction* 0,2ca 
fraction— 0,2sa

Fraction
lourde
Heavy
fraction

Fr.etica 
lecere
Light
fraction

Rendement
total

Total
yield

Recupe
ra i ion

Rtcov»*
ry

, Mesures
Measvire-sents
L a b o r a t o i r e
L a b oratory i>. rain 

Field
avant sepa
ration dans 
1.1.

before sepa
ration in 
b.l.

Traction
lourds
heavy
fraction

fraction
legare
light 
fraction

t

rendement
yi e l d

r«aj9S«Al rendement
yield

»
m > c $ C > ' e S ÿ cpai/s •epa/s cp.ve epa

« . 2 3 ~ 5-------- 3 6 7 6 9 ta u 12 O 14 15 16 __

-Ell 1

■/ 49.6841 100.00 3 .5 5 4 4 6.75 45.5634 92.52 • 49.3238 99.27 ‘

1 17 
3  /see t a b . . . . /

.'voir tab. 17/

V
e/
d /

•/

3.4111
3.1569
35.7770
7.3*121

6.86
6.35
72.00
14,79

ns
0.0084
2.4247
0.9213

0.02
4.88
1.85

3.4111
3.1430
33.0546
6.3257

6.86
6.32
65.59
12.73

3.4111
3.1564
35.5093
7.2470

6 .8 6
6.34
71.47
14.58

9 9 .9 8

99.25
98.70

n r
n r

1.04 -  0.05 
8.12 *  0.27

a
ns
na

1.39 *0.05 
7.26 *0.20

S 3
na  

’ n r

1.43 *0.23

a/ ’ 49.91*6 io o .ò ò o ;c 5 6 s 0.13 49,3506 98.93 49.4472 99.06
' * -■* . " ‘

SU 2
V

« /

« /
•/

0.2675
3.0007
39.1958
7.4506

0,54
6.01
78.53
14.92

ns

0.0067
0.0244
0.0355

0 .0 1

0.Q5
0.07

0.2575
2.9907
38.7267
7.3357

0.54
5.99
77.59
14.82

0.2675
2.9974
38.7511
7.4312

0.54
6.00
77.64
14.89

99.89
98.87
99.74

n r

n r
n r

■ n r. •

na

na
na
na

na

na
! na
I sa

• K I / e P i6 * t t u ,le ,d l 'B o /  
UI/op.m. 7 0 ,e p ,d i ,a = f ,  

p y .a t .s l l .g a u a o /

EUT ,2 99.5937 100.00 3.4210 3.43 95.3500 95.73 98.7710 99.16 5400

le,st,a=d,ix 
Ul/ep.*- 3 0 ,ea 3C,ep,py, 
ïl/op.»., 7 0 ,5a,ep,di,Et, 

cy.ac.le/

Sì 3
a/ 49.8479 100.00 o.ei5o 1.34 4S.S157 97.93 49.4857 99.27 . ». •••

V
e/d/
e/

0.2204
2.711142.6009
4.3155

0.44
5.44
85.46
8.66

n s l0.02500.2844
0.3806

o T o i
0.57
-0.76

0.2204
2.705242.0211
3.5700

0.44
5.43|84.30
7.76

0.2204
2.7102
42.3055
-4.2506

0.44
5.44
84.87
8.53

99.9799.3198.50

n r  
n r  '
5 p1.90^1,30

na
n a
na

1.5̂ 0.32

na
na
na
n r

■ ■ I
»• * ». ** • "ar - manque de radioactivité' * ms - non mesure
as* • nonradioactive ' * xus — not measured
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Tableau l6/J
Tabi*

! 1 г 3 Ц » — 5— 7 в 9 10 11
12

*-
i j 14 13 16

« / 47.3316 1 00.00 0 .0 0 0 0 0 .0 0 47.2497 9 9.8 2 47.2497 9 9.6 2

V 0 .8 6 5 8 1 .8 3 ns - 0.6658 • 1 .8 3 0.8656 1 .6 3 - n r na sa

E l  4 с/ 1.0342 ’ 2 .1 9 0 .0 0 0 0 0 .0 0 1.0275 2 .1 7 1.0275 2 .1 7 9 9 .35 n r rua na . *

d / 6 .9 9 5 6 1 4 .7 8 0 .0 0 0 0 0 .0 0 6.9554 1 4.7 2 6.9594 14.72 9 5.6 3 n r s a na

- в / 38.4 3 60 8 1 .2 0 0 .0 0 0 0 0 .0 0 38.3570 8 1 .1 0 38.3670 81.1 0 5 5 .6 7 n s na

к :з ,4 97.1795 1 00 .0 0 0 .6 7 0 0 0 .6 9 96.CSS4 9 8.8 5 96.7364 9 9 .5 4 3600

f
а/ 49.8 8 14 1 0 0 .0 0 4 .0115 8 .0 4 4 5 . 75ЗЗ 9 1.7 9 49.6018 99.64 'w

W 0.0221 0 .0 4 ns • 0.0221 0 .0 4 0.0221 0 .C 4 - n r ХШ na • *

Ы! 5 в / 0 .1255 0 .2 5 ns • 0.1255 0 .2 5 0.1255 0 .2 5 -  - n r rua na
в/ 45.4 0 74 9 1 .0 1 2.6482 5 .3 1 42.7030 85.61 45.3512 90.9 2 9 9 .6 8 0 .3 1 -0 .1 2 0 .5 2 + 0 .0 4 n r lîS V s e e  ta b . 1 7 ./
•/ 4 .3 3 6 4 8 .7 0 1 .3633 2 .7 3 2.9357 5 .8 9 4 .3 0 3 0 8 .6 3 9 9 .2 3 0 .0 2 + 0 .0 4 7 .5 6 + 0 .4 4 n r / v o i r  t a b .17/

. - */ 49¿8903 100.00 2 .9 7 3 0 5 .9 6 46 . 73OS .9 3 .7 3 49.7038 9 9.6 9 ‘
V 0 .0 0 4 7 0 .0 1 ns - 0.0047 0 .0 1 0.0047 0.01 - n r na na

K¿ 6 е/ O.19 4 5 0 .3 9 ns - O.1945 0 .3 9 O.19 45 0 .3 9 - n r ПЭ na

в/ 42.7667 8 5 .7 2 1 . 4026 2 .8 1 41.2272 8 2 .6 4 42.6298 85.45 9 9 .6 3 0 .4 9 * 0 .1 3 0,41+ C .C4 n r U S ' /sea ta b . 17*/ 
v r Î  / « •  tab , 17/ 

/ v o i r  t * b . 17/*/ 6 .9 2 4 4 1 3 .8 3 1.5 7 0 4 3 .1 5 5 .ЗО4 4 . 1 0 .6 3 6.8748 1 З .7З 9 9 .2 8 7 .3 2 * 0 .3 3 6,75* 0 .2 7 n r

E ¡ 5 , í 99.7717 1 00.00 6.9845 7 .0 0 92.2211 9 2 .4 3 99.2056 9 9.4 3 5880 '
f

а/ 50.0948 1 00 .0 0 9 .9 6 0 7 1 9 .9 2 39.9420 7 9.4 4 49.9227 9 9 .6 6

V Q .O Q 7 9 . 0 .0 2 b *  . «* 0.0079 0 .0 2 0.0079 0 .0 2 • n r na : na
H  7 «/ 0 .0 6 0 0 0 .1 2 ns 0.С6ЭЭ 0 .1 2 0 .0 6 0 0 0 .0 2 — n r na na

d/ 30.1622 60.21 2 .5 19 6 5 .0 3 27.5501 5 5 .0 0 30.0697 60.03 99.69 1 .0 7 * 0 .0 7 0 .9 5 + 0 .0 6 n r 1'Л* /вее tab. . . . /

в/ 1 9.8 6 4? 3 9 .6 5 7.4611 14.89 12.3240 2 4 .6 0 19.7351 59.49 9 9 .6 0 1 9.SQ + 0.4 0 2 1 .6 9 -0 .5 2 n r = • *  t m s i ì i . S '

а/ 50.3721 1 0 0 ,0 0 9 .5539 1 9.0 3 40.0*22 7 9.4 7 49.6161 9 8 .5 0 - !
1

V 0.0 Ç 3 0 0 .0 0
K

- O.OOCO 0 .0 0 O.OOOC 0 .0 0 - n r n a  i CB

IZ1 8 «/ 0 .1 8 5 8 0 .3 ? PS - 0 .1858 0 .3 7 0 .1858 0 .3 Z - n r sa i na

d/ 3 4.5 8 00 6 8 .6 5 2 .5 2 1 3 5 .0 1 31.9230 6 3 .3 7 34.4443 6 8 .33 99.61 1 . 33* 0 .70 1 .6 9 * 0 .0 5 n r USb /ееs tab. .’.Z/
а/ 15.6063 3 0 .9 8 7.Ò 626 1 4.0 2 7.9234 1 5 .7 3 14.9860 29 .75 9 6 .0 3 2 7 .9 0 * 0 .6 0 -6 .1 0 * 0 .2 0 n r  . US' /eee tab. .’7./

1 ’ ’ ■r /voir teb.1 7 /
ZX7JB 100.4669 1 00 .0 0 19.5646 19 .4 7 79.9742 7 9 .6 0 99.5338 99.07 • I 5 OOO

t

1 *

!1 '
1  ' !

I
. *' • •

•

1

»
. S

L _ 4
1 -  . 1 . ______ _______

I



Tableau
Tabi* 16/ y

i
1 a : 3 ------- ç—

5 a 7 8 ----------5-------- 10 11 12 ----------Ï3----------- — -ç --------
1~ Ï5 ------------- là

*/ 51.1S5S 100.00 24.5400 4 5 .1 4 25.3*57 51.4 5 50.9757 99.59 e

V 0 .0244 0 .0 3 ns. - C .C Ì4 4 ’ 0 .0 5 0 .0244 0 .0 5 • n r na na
13! 9 e/ 0 .0525 0 ,0 6 ns - 0,C*25 0 .0 6 0.0325 0 .0 6 - n r n s na L / v o i r  t a b .17/

a / 27.0486 5 2 .8 4 7 .2776 1 4.2 2 19.5*56 3 8 .3 2 26.8932 5 2 .5 4 9 9 .4 2 5 .3 2 -0 .2 4 5 .4 3 * 0 .2 3 n r KSB /see t s b .  .’v*..

•/ 2a . 0805 4?.Q 5 17.5524 3 3.9 2 €.6=52 13 .0 2 12.0286 4 6 .9 4 9 9 .7 3 62 . 82- 0 .56 7 2 .6 1 * 0 .1 9 n r US9 /see ts b . ,J7.
/ v o i r  u b .  J

*/ 49.S5CÓ 100.00 14.5357 23.77 3 7 0 .9 0 49.6585 9 9 .6 7

V 0.0015 0.00 ns - O.CO15 0.00 0.0015 0.00 - n r na m

EU 10 c / 0.0296 0 ;C 6 ns - O.C296 0 .0 6 0.0296 0 .0 6 - n r m XUB / v o i r  tab .17
a/

«/
26.9215
2 2.8750

54 .0 3
4 5 .9 1

2.7 5 4 4

11.5713

IA <V
IA Al

24.-SD 0

11.1=17

4 8 .4 0
2 2 .4 4

26.8844

22.7530
53.95
4 5 .6 6

9 9 .8 6

9 9 .4 5

1 .0 7 * 0 .0 8
5 4 .7 0 * 0 .5 0

1 .4 0 * 0 .0 7

3 7.7 3 *0 .15

n r
n r

l S 10/see ta b . J7. 
US11/see t s b .  J 7 .

- v o i r  taOoT/

• a V 49-5 5 92 100 . 0a 16.5628 3 4 .15 5 2 . ; ;  04 6 5 .5 3 49.2132 9 9.6 8

W 0 .0 1 7 6 0 .0 4 ns « 0.C17Ô 0 .0 4 0 .0176 0 .0 4 — n r na na
EU 11 c/ 0.0451 0 .0 9 ns - 0. 0=51 0 .0 9 0.451 0.09 - n r na na / v o i r  t » b .  17.

a / 30.9553 6 2 .7 5 5.6101 1 1 .3 6 25.2=34 5 1 .2 2 30.8995 6 2.5 8 9 9 .7 5 5 .1 C Ü 0 .1 0 5 .5 2 * 0 .0 6 n r • J iS ^ / s e e  ta b . .*/,
e/ 18.3252 37.11 11.2527 22.79 6.53=3 1 4.1 8 18.2510 36.9 7 99.61 4 2 .7 0 * 0 .6 0 =6.18*0.19 n r Ü S ^ / s e e  ts b . .17,. 

. v o i r  sb !>. 17/

EU 9, 10,11 150.3556 1 00.00 55.B335 ¡37.13 94.C219 62.52 149.8604 99.6 5 28800

' 1

«
!» t 1 1
!
:«

J

1
1
i* 1
1
I

«

*

a/ 51.1151 1 00 .0 0 7-J-6541 1 4.9 7 4 5 .2 13 3 8 4.5 5 50.8679 9 9 .5 2 1 .

V 0.1931 0 .3 9 fns — 0 .13 3 1 0 .3 9 0.1981 0 .3 9 ■ - é
n r  , na na

EU 12 c/ 1 .1269 2 .2 0 0 .1 2 4 0 0 .2 4 0.9356 1 .9 5 1 .1196 2 .1 9 99.3 5 n r  1 na na / v o i r  ta b .17 /

a/ 40,5829 7 9 .4 0 3.8701 7 .5 7 36.5121 7 1 .4 3 40.5322 7 9 .0 0 9 9 .5 0 1 .6 0 * 0 .2 0 1 .8 7 * 0 .0 5 n r US1 y s e t tab. .97/

•/ 9 .2 0 7 2 18.01 3.6600 7 .1 6 5.5030 1 0 .7 8 9 .1 6 8 0 1 7 .9 4 9 9 .5 7 2 4 .8 0 * 6 .8 0
1

2 6 .7 0 * 0 .8 0 n r V S ' ï / s f  ta b ./voir tab .171

49,5725 100.00 7.9 20 3 15.97 4C.5037 81.71 48,4290 9 7 .6 8
1
1

V 0 .0 0 5 7 0.01 «a» 0.0057 0 .0 1 0 .0 0 5 7 O.OJ - n r na na
EU 13 «/ 0 .1 2 6 7 0 .2 6 0,0 0 5 2 0 .0 1 0 .1 1 » Ò.2 3 0 .1172 0 .2 4 9 2 .5 0 n r na ns /voir tab.17/

a/ 32.4065 6 5 .3 7 2.5 3 0 3 5 .1 0 29.1708 5 3 .8 4 31.7011 6 3 .9 4 9 7 .8 2 1 . 08*<L07 1 .2 5 * 0 .0 6 n r iS1 V s e *  tab. 727/

a/ 17.0336 3 4.3 6 5.3 3 4 8 ¡10 .86 11.2202 2 6.6 3 16.6050 33.49 I9 7 .4 8 15.20*C .4 0 1 9 .4 0 * 0 .» nr? KS17/se* tab. S U /

EU 12 .A3 100.6876 1 00 .0 0 15.5744 ¡15.47 35.7225 83.15 99.2969 9 8 .6 2  I 7200
'V o ir  (lO .t//



Tableau
Tabi* W *

* l
r * z  ; 3 4 3 6 i — s— 9 IO 11 12 i j 14 15 16

f « / 20.2246 1 00 .0 0 15.5106 3 0 .8 8 34.1222 6 7.9 4 49.6328 9 8 .9 2

!• V 0 .0 1 0 2 ’ 0 .0 2 OS. - 0.0102 0 .0 2 0.0102 0 .0 2 • n r s a s a
EU 14 « / 0 .0 7 0 2 0 .1 4 s s - 0.0702 0 .1 4 0.0702 0 .1 4 - n r * s a s a - / v o i r  t a b .17/

6 / 3 5.4990 6 6 .7 0 5 .2 1 0 2 1 1 .3 7 27.2918 5 4 .3 4 33.0020 65.71 9 8 .5 2 2 .3 1 * 0 .0 9 2 .6 1 * 0 .0 6 sa USl8 /see ta b . , # /

« / 16.6432 3 3 .1 4 9 .6 0 0 4 19.51 6.7500 13.4 4 16.5504 32.95 9 9 .4 ? 4 2 .0 0 * 2 .0 0 3 3 .^0 * 0 .2 0 3 .7 2 * 0 .1 2 K319/see ta b . l i :, /
— ; 1 VJ>» 1//

« / 50.2615 1 00.00 12.9591 2 5 .7 8 36.8743 7 3 .3 6 49.8339 9 9 .1 4

V 0 .0353 0 .0 7 ns - 0.0353 0 .0 7 0.0353 0 .0 7 - E T s a sa
s u  1 5 e/ 0 .0 3 5 4 0 .1 7 ns - 0 .0854 0 .1 7 0 .0854 0 .1 7 - n r S 3 sa / v o i r  tab.,17/4/ 35.7253 7 1 .0 8 4 .2 0 3 3 8 .3 6 31.2079 6 2.0 9 35.4112 70.45 9 9 .1 2 1 .7 4 * 0 .0 7 2 .0 7 * 0 .0 3 0 .2 7 * 0 ,0 5 US20 /see ta b . .  V h

e / 14.4155 2 8 .6 8 8.7 5 5 6 1 7 .4 2 5.5452 1 1.0 3 14.3020 28.45 99.21 3 4 .8 0 * 1 .4 0 53* 1 .2 7 * 0 .1 7 KS21 /6ee te b . , v „
- / v o i r  t a b .17 /

-■ ■ */ 5 1 .0 19 4 1 00 .0 0 9 .6 4 0 5 18.89 40.6450 79.67 50.2855 9 8 .5 6 •

V 0 .0 2 4 0 0 .0 5 ns - 0.0240 0 .0 5 0 .0 2 4 0 0 .0 5 • s r S 3 £3
S !1 6 e / 0 .12 3 2 0 .2 4 ns - 0.1232 0 .2 4 0.1232 0 .2 4 ~ n r xn sa __ / v o i r  t a b .17/

d / 3 7.7399 7 3 .9 7 .3 .1 7 5 3 6 .2 2 34.4007 6 7 .4 3 37.5760 73.65 9 9 .5 7 1 .1 2 * 0 .0 6 1 .3 1 * 0 .0 5 0.35*0.002 US22 /see te b . .»7 .,«/ 1 3.1323 2 5 .7 4 6.4652 1 2.6 7 6.0571 11.95 12.5623 24.62 9 5 .6 6 3 0 .0 0 * 1 .0 0 •2.50*1.20 nr /see t s b . . U /

E !  14 «15» 151.5055 1 00.00 3 8.1102 25.15 111.6420 73.69 149.7522 9 8 .8 4 19800
/ v o i r  t a b .17/

_____i§
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RÉSULTAT DB LA SÉPARATION MAGNÉTIQUE BT ELECTROMAGNÉTIQUE DB LA FRACTION
lourde des Échantillons de la dune d 'el'msid.
results of magnetic and electromagnetic separation of the heavy fraction 
OF THE SAMPLES from the dune of el msid*

! " '1 .1

MC1 Séparation deHo A1 *Separation of
1 échantillon EM 1 
the sample EM 1

échantillon
Sample

Poids
Vielght

Concentré
Concentrate e %

• \ .
.  + o . ? o x 2.4247-
BM 1 -0.20X X / 0.9213
Admission total *3.3460 100.00Total(feed
MAGNÉTIQUES
MAGNETICS 1

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

0.3922
0.4325

1 1 .7 2

12.93
total magnétiques 
total magnetics 0.8247 24.65"
PARAMÀGHÉTIQUES 
PARAMAGNETICS

Concentré III 
, Concentrate III 0.3170 9.47
Produit intermé
diaire Ilia 0.1667 4.98
Middling product 4

Illa
Concentré IV 
Concentrate IV 1.0508 31.40
Produit intermé
diaire IVa 
Middling product

0.4037
> .. .

12.07
IVa

tótal paramagnétiques 
total patamagnetica 1.9382

1
■ 4

57.92
NONMAGNÉTIQUE 
NOliMA g n e t i c s .

Concentré V 
Concentrate Ï ' 0.2882 6.81 ,

rendement total 
total ÿield 3.0511

/
91.18

Tableau 17/1 
Table 17/1

I

Minéraux
Minerals

Remarques * 
Remarks

O

*

t

. #

zi70(qu5»ty(rutmoy
1# MI

x c.a.d, 40*20-0.40 mm grain classe de 1 échantillons EM 1 
+0,20 i.e. the +0*20-0*40 miif grain class, of the sample EM 1 c.a.d, -0.2p grain classe de 1 échantillon EM 1XX

-0.20 i... th. -0.20 Mm grain olaaa. of tbo umpl. BH 1.



Tableau 17/2
Table 17/2

_ séparation de l'échantillon KH 5 ue^ . Separation of the saÉple SM 5

Table 17/2

iiiion
Sample
Concentré
Concentrate

Poids
Veight

g %

Minéraux
Minerais

Remarques
Remarks

%
EH 5 t0*20 

“0# 20

2.6482
1.#33

■ * ■‘ >

admission total . 
total feed 4.0115 100.00 •

MAGNÉTIQUES
MAGNETICS

’Concentré I 
Concentrate I

\ __

0.1970

•

4 .9 1 >

Concentré II 
Concentrate II 0.1772 4.42 *

total magnétiques 
total magnetics 0.3742 . 9.33 *

PARAMAGNÉTIQUES
pai amaghetics

Concentré III 
Concentrate III 
* Concentré Ilia 
Concentrate Ilia

0.2758
0.4120

6.88

10 .7 1

#

Concentré IV 
Concentrate IV 
Concentré iVa 
Concentrate IVa

1 .0 13 0 , 
0 .2170

25.25
5.41

•

ga 40,iu40 MI
0

total paramagné tiqueŝ  0*73 
total paramagnetics ** ’ 48.25

•
n

N ON -MA GII ÉTIQUES 
NONMAGNETICŜ  

Concentré V 
Concentrate V 1.4550 36.27

•
• 1

Ì

rendement total 
total yield 3.7470 93.41 •

y*



Tablée , "• Y/
Tabla 17/3

 ̂ séparation de l'échantillon SM 6 -  ■■ - •

” Separation of the sample EM 6

échantillon Poids Minéraux Remarques
Sample Weight Minerals Remarks
Concentré g *
Concentrate

+0.20 1.4026
EM 6 -0.20 1.5704
•admission total 
total feed
MAGNKTKiUKS 
HAGtlKTI C:>

Concentré I 
.Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total' magnetics

2.9730

0.2510

ü.1577

0.4087
PAIAIiAGNfiTIUUES
PAïAMAGIiETICS

Concentré III n ,7-7 
$oncentrate IIIf  

Produit intermé
diaire Ilia 0.2925 
Middling product

Ilia
Concentré IV 
Concentiate IV 
Produit interme
diaire IVa 
Middling pioduct 

IVa

0.8901

0.3640

100.00

8.44
5.30

13.74
i

12.50

9.83

29.94

12.24

/

ep8Ô

ga 70

MI

0  MI

0

total paramagnétique^ 64.51
total paramagnetics *
N ON-HAGHÉTI(¿UES 
1I0HMA GIÎETI CS ̂

Concentre V 0.4845, 16,>0 zi40,qu4üf1 u,di#tu,mo,sil MIConcentrate V

rendement total 2.8115 94.45total yield
t> * .

It



Tableau 17/4
Table 17/4

4 séparation de l'échantillon EH 7
Separation of the sample EM T •

1
échantillon Poids Minéraux Remarqués
Sample Weight Minerals Remarks
Concentré * 
Concentrate

g ■  %

-

KM 7 '+0,20 2.519 6

% »
100.00

\

admission total 
total feed 2 .519 6 . 100.00

/
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 0.0577 1 .5 0 •
Concenti é II 
Concentrate II O.2 3 7 5 9.42 -

total magnétiques 
total magnetics O.2750 10.92 • f

PAlAMAGNÊTiqUES
PARAMAGNETIC!»

Concentre III n 
Concentrate III* ^ 24.18

• ' Produit interiné-
diaire Illa O.0525 1.29 -
Middling product

Illa
Concentré IV 
Concentrate IV * 46,49 ga 90 *

»
MI

Produit inter-
médìare IVa 
Middling pio-

0*1287 5.11 p

• duct IVa
total paran»gnetiques 
total paramagnetics

1.9418 77.07
NON-MAGNÉTIQUES 
NONMAGUSTICS

Concentré V 
Concentrate V 0.1687 . 6.70 zi50,ru,di,tu, 

qu 5 le* MI

rendement total 
total yield 2.5855 94.69



Tableau "l?/5
) Table 17/5

5 Separation de l'échantillon EM 7 №  ^ » 1Separation of the sample EM 7

¡fo»?.atillon , 

Sample g
Poids
Weight £

Minéraux
Minerals

Remarques
Remarks

Concentre
Concentrate •

•

Eli 7 -0.20 7.4611 100.00
•

admission total 
total feed 7.4611 100.00 \
MAGNETIQUES
MAGNETICS

Concentre I 
Concentrate I 
Concentré II 
Concentrate II.

1.4234
1.756 0

19.08•
23.54

an.rX 
X-ray an.
’an.rX 
X-Ray an.

total magnétiques 
total magnetics 3.179̂ 42.62

PAI’AMA GNÉTIQUES 
PAPAMAGNIÏTICS

Concentré III 
Concentrate III 
Concentré IV 
Concentrate IV

0.7358
2.0892

9.86
28.00 e

an.rX 
X-ray an. 
an.rX 
X-ray an.

total paramagnetiqueSg^gg^Q 
total pai'amagnetics * .37.86 0

N0W-MAGHÉTIQUES 
NOHMAGNETICS^ 

Concentré V 
Concentrate V

«

1.2252

•

16.42 4

#
an.rX 
X-ray an.

rendement total 
total yield 7.2296 96.90 0

K

I

9 I



Tableau-1?/b
Table 17/6

^ 'Separation de l'échantillon EN 8 
®  '‘Separation of the saaple EM 8 .

échantillon
t

' Poids Minéraux Remarques
Sample > Weight» — CL

Minerals Remarks
Concentré > 8 * ■
Concentrate .

EH 8 +0.2
adnissi on total 
total feed
HAGHÉTIQUSS
MAGNETICS

Concentro I 
Concentrate I ( 
Concentrate II 
Concentro II ^

total magnetiques 
total magnetics
PAT AHAGNÌTIQUES 
PAPAHAGNSTICŜ

Concentié III 
Concentrate III 
Produit interae- 
diaire Ilia 
Middling pro
duct Ilia 
Concentre IV 
Concentrate IV
Produit interne 
diaire I^a 
Middling product 

IVa
total paramagnétiques 
total paramagnetica *
NON-MAGNÉTIQUES
NONMAGNETICS

Concentre V 
Concentrate V

rendement total 
total yield

2.5213 i

2.5213 100.00

0.0308
I

3.20 il.he HI
0.2639 10.47 il MI

0.3W? . 13.67
«

0.4820
V

19.12 ep30tga30,ru30, 
ga 50

MI

0.1798 7.13

1.1485 45.55 ga50
K i

* »
0.2705 , 10.72 . rutga . * MI

2.0808 82.52

0.0758 3.01 zi70 MI

2.5013 99.20 %

»



V

MS' -
Separation de l'échantillon EM 8
Separation of the saaple EH 8

Tableau 1 7 / 7

Table 1 7 / 7

échantillon 
Saaple

Poids
Weight

Minéraux
Minerals

Remarques
Remarks

t

Concentre
Concentrate •

\

8

I

%

•

EH 8 -0.20 7.0628 100.00

admission total 
total feed 7.0628 100.00
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

1.1226
1.9875

t»

15 .8 9

28.14
il
il

nn.chom.
ch.a.
an.chem.
ch.a.

total̂  magnétiques 
total magnetics 5.1101 44.03

i

PARAMAGNÉTIQUES
PARAMAGNETICS

Concentré III 
- Concentrate III 
Concentré IV 
Concentrate IV

0.7515
1.7303

10.64
24.50 

/ .

an.chem. 
ep30#ru40,tu10, ch.a. , 

an.chem.
ep,ru50,ga40ftu ch.a.

total paramagnétiques 
total paramagnetics 2.4818 35.1V

NON-MAGNÉTIQUES
NONMAGNETICS

Concentre V 
Concentrate V

»

1.3728

•

19.44 zi50(qu20yru10
an.chem.
ctf.a.
an.chem.
ch.a.

rendement total' 
total yield 6.9647

HI
MI

MI

98.61

t



Separation of the aanple EH 9 - - -- -
• «, *" *

échantillon Poids Min»aux Remarques
Sample Weight Minerals Remarks

g %
Concentre
Concentrate

Tableau 17/8
Table 17/8

1^8 ^ Séparation de l'échantillon EM 9

EM 9 +0.20
admission total 
total feed
MAGNÉTIQUES
HAGNETICS

Concentré I 
Concontrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics

7.2776 100.00

7.2776 100.00

0.5630 7.74 il54,ru24,he15
an4.sph2

KIQ
0.6342 8.71 i148,ru 35,he 13,n»2, MIQ

1.1972 16.45
sph 2

.PANAMA CINÉTIQUES 
PARAKAGHBTICS

Concentré III 0.4840 
Concentrate III 
Produit interné»

• d^ lC  1118 0.4260¡.idtling pro
duct Ilia
Concentré IV 3.4536 
Concentrate IV 
Produit inter
médiaire IVa 0.9816 
Middling pro
duct IVa

6.65

5.85 ru+il90 MI

47.46’ ga40,ru+il4ü,ep2ô, MI
0

13.49 ru+i18ü,ga,py,am,mo MI

tdtal paramagnétiques^ 2
total pararaagnetics’7*'̂ 73.̂ 5

NON -MA : JIJÊTIQUBS 
NONMAGNETICŜ  

Concentré V 
Concentrate V 0.4830 6.64

rendement total 
total yield 7.0254 96.54



Tabloau 17/9
Table 17/9

e9 séparation de l'échantillon EK 10HS •
Separation of the sample EK 10

échantillon
Sample
Concentré
Concentrate

Poids
Weight

g Z

Minéraux
Minerals

Remarques
Remarks

EM 9 - 0.20 17.5624

17.3624

100.00

100.00admission total 
total feed

MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 
Concentré II

total magnétiques 
total magnetica
PARAMAGNÉTIQUES 
PAPAMAGUSTICS #

Concentré III 
Concentrate II] 
Produit inter
médiaire III a 
Middling pro- 
. duct Ilia 

• Concentré IV 
Concentrate IV 
Produit inter
médiaire IVa 
Middling pro- 
duct IVa

total paramagnétiqui 
total paramagnetica
NON-MAGNÉTIQUES 
NONMAGNETIC5

Concentré V 
Concentrate V

1.6?04 9.62
an.client, 
ch.a.

2.5020 14.41 an.chem 
ch,a.

•

4.1724 24.03 .

ü.>504
*

2.02
• an.chem

ch.a.

0.1257 0.72 •

6.9060 39.78
0

ru40fga30,ep20 Kl

2.0243 11.66 -

*8 9.4054 .54.18 ‘

3.3610 19.38»

«
• _ an.chem. 
»*9° ch.a.

16.9398rendement total
total yield

/

97.59



MS10 Separation de l 'é c h a n t i l lo n  EM 10
Separation o f the  sample EH-10-

Tableau 17/10
Table 17/10

échantillon 
Sample^ _ _
Concentre
Concentrate

Poids 
Weight •Ç7

✓Minéraux 
Minerals •

Remarques
Remarks

. EM 10/ +0,20 2.7644 100.00

admission total 
total feed
MAGNETIQUES
MAGNETICS

Concentró I 
Coneontrnto I 
Concentré II 
Concéntrate II

2.7644

0.1110
0.0515

.100.00
f

4.02
1.86

total magnétiques 
total magretics 0.1625
PARAMAGNÉTIQUES 
PARAMA GNETICS ̂

Concentré III 1 
Concentrate III 
Produit inter
médiaire Ilia 
Middling pro
duct Ilia 
Concentré IV 
Concentrate IV 
Produit inter
médiare IVa 
Middling pro
duct IVaf

total paramagnétiques 
total paramagnatics

0.5420

0.0485

1.2380

0.2681

2.0 9 6 6

NON-MAGNÉTIQUES
hoNmagmltics

Concentré V 
Concentrate V 0.2137

5.88

1 9 .6 1 ep60tru2 0,le,ga,mo,st MI 

4.75

44.78 • ga 70 MI

9 .7O ep40,ga40lru10,st,le MI
i ___•  •  •  e

75.84

7.73 zi40,di,ru,leftu MI

rendement total 
total yield 2.4728 89.45

V



m  *

Tableau 17/11 
Table 1 7 / 1 1

.j

11 Separation del'échantillon EM 1(h NS ■
Separation of the sample EM 10

\

échantillon 
Sample (
Concentré
Concentrate

Poids _ 
Weight

g

Minéraux Remarques
Minerals Remarks

EM 10 -0.20 11.5713 10Ô.00 \

aiimiuiiion total 
total feed 11.5713
MAGNÉTIQUES
MAGNETICS

Concentre I 
Concentrate I 
Concentre II 
Concentrate .II

N

3.2730
0.9635

100.00

28.28

8.33

total magnétiques 
total magnetics 4.2365 3 6 .6 1

PAl AHAGHÉTIQUES 
PARAMAGNETICS

Concentre III 
Concentiate III 0.4489 3.88
Produit inter
médiaire Ilia 0.5580 • .82
Middling pr oduct

Ilia
Concentré IV 
Concentrate IV 2.6070 22.53
Produit intermé
diaire Î a 1.1071 9.57
Middling pro
duct iVa

total paramagnétiques 
total paramagnetics
NON-MAGNÉTIQUES 
NONMAGKETICS /

4.7210 40.80

* »
Concentré V 
Concentrate V 2.1140 18.27

0
ru80,ep10fst,le,ga,mo Ml

%

zi80,ru10 an. choiA#i.« 
ch.a. MI

rindoaent total -n .0 7 15 9 5,6 8
total yield . ■

\

i



jg.12 _ Séparation de l 'é c h a n t i l lo n  EH 11
Separation o f the sample EM 11

Tableau 17/12 
Table 1?/12

Échantillon
%

Poids Minéraux- . Remarques
Sample _ Weight' Minerals . " Remarks
Concentré g %

Concentrate
• \

EM 11 +0.20 5.6101 100.00

admission total c 
total feed 5 *6101 100.00

MA É T IQUESMA,GNL.TitS •
Concentré I Q i|6i,7 Concentrate I 
Concentré II 0,5699 
Concentrate II

8.28
1 0 .1 6

total magnétiques ,, n-inc 
total magnetics * **

18.44
PAPAMAGNÎTiqUES
PAPAMAGNSÎTICS
• Concentré îH q ^662Concentrate 8.51

H IProduit inter
médiaire IllaO.44-85 
Middling pro
duct Ilia
Concentré IV 2,5292 
Concentrate IV 
Produit inter0 6o6 
mediaire IVa 
Middling pro
duct IVa

7.99

41,52

10,81

I

0

ru45»ga45,ep10 Ml

total paramagnétiques 
total paramagnetics^'g^i 6 8 ,6 3

KON-MAONlSTIQUES.
HONMAGRETICS

Concentré V -,.C5 
Concentrate V ° * ^ 52

6 ,1 5  zi50,8t,ru,di,mo,tu HI-

rendement to ta l
to ta l  y ie ld 5.2300* 9-5.22

*



Tableau 17/13
Table 17/13

^13^ Séparation de l'échantillon EM 11 .

Separation of the sample EH 11

Échantillon Poids Minéraux Remarques
Sample Weight Minerais Remarks
Concentré
Concentrate

% *

i

EH 11 -0.20 11.2557 100.00
admission total 
total feed 11.2557
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

1 . 5 2 4 0

1.7750

100.00

11.77
15.77

an.chem. 
ch.a.

total magnétiques 
total magnetic
paramagnétiques
PAKAKAGHBTICS

Concentré III 
Concentrate III 
Produit inter
médiaire Ilia 
Middling pro
duct Ilia 
Concentré IV 
Concentrate IV 
Produit inter* 
médiaire IVa 
Miduling pro
duct IV a

3.0990

0.5850

0.4158

3.6354

1.2220

27.54

5.20

5 .6 9

3 2 .6 1 0

10,86 ru+il70,ga15»ep15 Hl

total paramagnétiques 
total paramagnetlcs5.8582 5 2 .3 6

NON-MA 3UETIQÜES 
NONMAGNETIC*

Concentré V 1>868fi 
Concentrate V 16.61 zi90,ru,tu MI

rendement total 10 8258 
total yield 96.51

(



„  ïable 17/4
+L Separation de 1 échantillon EK 12 

IS 1 - Separation of the sample EM 12 _

Tableau 17/4

échantillon Poids Minéraux Remarques
Sample Weight Miherals Remarks
- , » g SS » *Concentré
Concentrate

EM 12 +0.20 3.8701 , >
admission total 
total feed 3.8701 10 0 ,0 0

MAGNÉTIQUES
MAGNETICS .

Concentré I 
Concentrate I 0 .0 6 70 1.73 il,ma MI
Concentre II 
Concentrate II 0.4390 1 1 . 3 4 il » Ml

total magnétiques 
total magnetics 0 .50 6 0 1 3 . 0 7

PAl AMAGNÊTIQUES 
PAEAMAGNCTIC5

Concentré III 
. Concentrate III 
Produit inter-

0.2270 5.87 ep70,st20,tufga,mo MI

médiaire Ilia 
Middling pro- 0.4421 11.42

tduct Ilia *Concentré IV 
Concentrate IV 2.0228 52.27 ga50,ru+il50 MI
Produit inter
mediaire IVa 0,3482 9.00

* Middling pro -
duct IVa »

total paramagnétiques 
total paramagnetics 5i0401 78.56
NON-MAGNÉTIQUES
NOHMAGNETICS -

Concentré V . 
Concentrate V 0.2593 6.?0 zi50fru20,qu5 MI

rèndement to ta l
to ta l  y ie ld 3*8054 98.53

/



"•* »

1 5 Séparation de l'échantillon EM 12 MS • ^Séparation of the sample EK 12

Tableau 17/15
Table 17/15

¿chantillori ?oids * Hineraux Remarques
Sample . Weight Minerals Remarks
- __________-  g  %
Concentre
Concentrate

EM 12 -0.20 3.6600 100.00

admission total 
total feed 3.6600 100.00

MAGNÉTIQUES
MAGNKTICS

Concentré I 
Concentrate I 0.5770 1 5 . 7 7

Concentré II 
Concentrate II 1.1830 5.00

total magnétiques 
total magnetics 0.7600 20.77

✓
PARAMAGNETIQUES 
PARAMAGMSTICS^

Concentre III 
Concentrate III 
Produit inter
médiaire Ilia 
Middling pro
duct Ilia 
Concentré If 
Concentrate IV 
Produit inter
médiaire IVa 
Middling pro
duct IVa

0 .1 0 1 0 2.76
•

0 .3 10 0 Ô.47

1,2640 ‘ 34.54

0.2916 7.96

total paiamagnétiqueŝ  Qggg 
total paramagnetics *
NON-MAGNETIQUES 
NOMMAGMSTICS

Concentré V 
Concentrate V 0.5600

55.75

15.30

0

zi90,qu5,ru,tu

rendement t o ta l  3 .2 8 6 6  8 9 .9 0
to ta l y ie ld  . ,

i

MI

t



Tableau 17/16 
Table 17/16

«r Séparation de l'échantillon EN 13 _ _ _
MS -

Separation of the sanple EM 13

échantillon Poids ‘ , Minéraux Remarques
Sample Veight . Minerais Remarks
------- - g %
Concentre
Concentrate ’

EM 13 +0.20 2.5303
admission total 
total feed
MAGNÉTIQUES 
MA GN ET ICS

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

total magnétiques 
total magnetics

2 .5 3 0 3 100.00
»

0 .0 4 36 1 . 7 2

0 .0 7 2 2 2.85
0 .

0.1158 4.57
PARAMAGNÉTIQUES 
PARAMAGNETICS

Concentré III 
Concentrate III 
Produit intermé 
diaire Ilia 
Middling pro
duct Illa 
Concentré IV 
Concentrate IV 
Produit intermé 
diaire IVa 
Middling pro
duct IVa

O.256O
m

0.2884

1.2802
"  0.3880

10.12

11.40

50.59
15.33

total paramagnétiques 2 2 12 6  
total paramagnetics * 87.44
NON-HAGNÉTIQUES 
NONMAGNETICS

Concentré V 
' Concentrate V 0.1486 5.8?

0

.ga80,ru+il 20

zi60yru,sttdi,mo

MI

MI

rendement total 
total yield 2.4770 97.88



** *

17 Séparation de l'échantillon EM 13 ~no •»

Tableau 17/17
Table 17/17

Separation of the sample EM 13
% ■

Échantillon 'Poids

% ■

* * Minéraux . Remarques
Sample Vi eight Minerals Remarks

Concentré 1 
Concentrate .

g %

BM 13 -0.20 5.3848 -

admission total 
total feed 5.3848 100.00 \

MAGNÉTIQUES
MAGNETICS

i .
Concentré I 
Concentrate I 0.3998 7.42 .
Concentré II 
Concentrate II 1.0528 19.55

total Diabétiques 
total magnates 1.4526 26.97
PARAMAGNÉTIQUES 
PAPAMAGNETI CS

► »

Concentré III 
Concentrate III 0.1032 1.92 ep50,ru+i110,tu,mo,py,st
Produit interne-

> ' diaire Ilia 0.6181 11.48 0
Middling pro
duct Ilia 
Concentre IV 
Concentrate IV

2.0542 •38.15 •

‘ Produit inter-
mediaire Î a 
Middling pro
duct IVa

0.3078 5.72

total paramagn£tiqui 
total paramagnetics
HOR-MAGNfiTIQUES
NONMAGNETICS

“5.0833 57.27
-

Concentre V 
Concentrate V 0,7320 13.59 ii80,st,ru,di,tu,mo

m

rendement total 
total yield 5.2679 97.83

*



Tableau 17/18
Table 17/18

18 Séparation de l'échantillon EM 14 Mo -
Separation of the sample EM 14

t

échantillon
Sample
Concentré
Concentrate

EM 14 +0.20
admission total 
total feed
magnétiques
MAüNüiTICS

Concentré I 
Concentrate 1 
Concentre II 
Concentrate II

total magnétiques 
total magnetics

Poids
Weight

g %

5.7102 100.00

5.7102 100.00

0.2735 4.79
0.3728 6.53

0.6463 11.32
PARAMAGNÉTIQUES
PARAMAGHETICS

Concentré III„ 5500  
Concentrate III 9.63

Minéraux
Minerals

Remarques
Remarks

Produit intermé
diaire Ilia 
Middling pro-0.1242 
duct Ilia
Concentré IV 2,5350 
Concentrate IV 
Produit inter
médiaire IVa 1 . 1 6 5 0  
Middling pro
duct iVa

2.17 ru+il50tep40,ga,sttle M 
py#ara 0

44.39 ga 80 , Ml

20.40 ru+il5 0,ga20,ep20,tufpy MI
am

total paramagnétiques
total paramagnetics/u57/f2 7 6 ,5 9

NON-MAGNÊTIQUES 
NONMAGNETICS

Concentre V q.4142 7.25 zi30,di10frutle,st,tu MIConcentrate I

rendement to ta l  j 9 5 . 1 6
to ta l  y ie ld

i



tab leau  17/19
Aab le  17/13

MS1»-
Separation de 1*échantillon EM 14 
Separation of the sample EM 14

échantillon Poids ✓Minéraux Remarques
.Sample Weight

%

Minerais Remarks

Concentré
6 »

Concentrate ✓ , ']

EM 14 -0.20 9.8004 .

admission totals 9.8004 100.00tétai food
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 0.7160 , 7.31 il MI

’ Concentré II 1.1618 11.85 il MIConcentrate II
total magnétiques 
total magnetics 1.8778 19.16

PARAMAGNÉTIQUES
PARAMAGKETICS

Concentré III n *cnA 
Concentrate III 
' Produit intermé
diaire Ilia
Middlinc pro- 0>7/Æ0 ’ 
duct Ilia
Concentre IV ¿.o6in 
Concentrate IV 4 
Produit inter-

1.60

7.63
41.44 ga30»ru40,il20

he4(goe3»an3 MI

raédiaii’e IVa 
Middling pro
duct IVa

0.6690 6.83 ' ■ '

/ . •total paramagnétiques 
total paramagnetics 57.50
NON-MAGNÉTIQUES
HONMAGNETICS \ •

Concentré V 
Concentrate V 1.6403 16.74 zi70,ru5»di MI

rendement total 
total yisld 9.1533 93.40



Tableau 17/20
Table 17/20

NS20 Separation de l'échantillon EK.15
Separation of the sample EM 15

échantillon
Sample
Concentré
Concentrate

Poids
Weight

8
»

55

Minéraux
Minerals

Remarques
Remarks

EM 15 +0.20 4.2033 100.00
admission total 
total feed 4.2033 100.00
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 
Concentre II 
Concentrate II

0.1305
0.2143

3.10
5.10

•

total magnétiques 
total magnetics 0.3448 8.20
PARAMAGNÉTIQUES
PARAMAGNBTICS

Concentré III 0.3870 
Concentrate III 
Produit inter- * 
médisire Ilia n «-ono 
Middling pro- °*5908 • 
duct Ilia

9.21

14.06

Concentré IV * 
Concentrate IV * 
Produit interme-

IVa a.«28 Middling pro
duct IVa

42.10

11.49

ga 60 MI i

total paramagnétiques 
total paramagnetics 3 .2 3 0 2 76.86
NON-MAGNETIQUES
NONMAGNETICS

Concentré V 
Concentrate V 0.3548 8.44 stfru,mo MI

rendement total 
total yield 3.9298 93.50

 ̂ ■
*



Tableau 17/21
Table 17/21

21 Separation de l'échantillon EH 15 HS •
Separation of the-sample EM 15

échantillon
Sample

Poids
Weight

Concentré
Concentrate

1

g

I

%

EH 15 -0.20 8.7558 100.00

admission total 
total ffced 8.7558 100.00
MAGNÉTIQUES
MAGNETICS

Concentré I 
Concentrate I 
Concentré II 
Concentrate II

0.5482
0.9470

3.98
10.82

total magnétiques 
total magnetics 1.2952 14.80
PARAMAGNÉTIQUES
PARAMAGMETICS

Concentre III 0,7345 
Concentrate III 
Produit inter
médiaire Ilia 1.0157 
Middling pro
duct Ilia
Concentré IV P ,.q,a 
Concentrate IV * **

, 8.58 

11.60

24.94

total paramagnétiques 
•total parama*&neties2'£22^ 44.92

NON-MAGNÉTIQUES
NOHMAGNETICS

Concentré V 
Concentrate V 2.3756 27.15

rendement total 
total yield

Minéraux
Minerals

ep

ep+ga

ga

7.6042 86.85

Remarques
Remarks

MI

MI

V
MI



Tableau 1 7 / 2 1
Table 1 7 / 2 1

Separation de l'échantillon EM 1$
Separation of the sample EM 1.6i

échantillon Poids Minéraux Remarques
Sample Weight Minerals Remarks

g #Concentré
Concentrate*

EM 16 «.0.20 3.7753 100.00

admission total * 
total feed •** 100.00.
MAGNÉTIQUES
MAGNETICS /

Concentré I 0 ,,,« 
Concentrate Iw* 4.27
’ Concentre II Q ...gc 
Concentrate II* ' ? 4.93

total magnétiques,, pQ20 
total mannetics * ** 9.20
PA' AMAGBETIQUBS 
PAHAHAGNETICS

Concentré III 
Concentrate Jljg^ 11.46
Produit inter e

0médiaire IHan 
Middling pro- 0  ^ 10.17

• '
i

duct Ilia •
Concentré IV . 
Concentrate IV*P'M 43.37 ga70,ru30 . MI
Produit inter
médiaire IVan 
Middling pro-* 1 13.23 ep50,ga30tru10tst,le MI
duct IVa

total paramagnétiques 
total paramagnetic| • 78.23
NON-MAGNÉTIQUES •
NOMMAGNET1CS *

Concentré V n p^g 
Concentrate Vu*°'° 7.29 zi30,ru,mo,di,stfle

rendement total , 
total yield ‘i*0070 94.72

1



¡,jg23_ Separation de l'échantillon SM 16 
Separation of the sample SM 16

Tableau 17/23
Table 17/23

échantillon
Sample
Concentre
Concentrate

EM 16 -0.20

Poids
Veight

Minéraux
Minerals

Remarques
Remarques

admission total - 
total feed

MAGHÎ.TH,1JÜS
HAGNETICS

Concentré I 
Concentrate I
Concentré XI 
Concentrate IIs

total magnétiques 
total mngnetics
PA1-AKAGNÊTIQUES
PAHAMAGNiTICS

mediaire Ilia 
Middling pro
duct Illa 
Concentré IV

médiaire iVa 
Middling pro
duct IVa

total paramagnetica
NON-MAGNÉTIQUES 
NOMMAGNETICS .

Concentré V

g %

6.4652 100.00

6.4652
«
100.00 \ *

0.8955 13.85
e

il
an.chem.
ch.a.

1.2655 19.57 il an.chem.
ch.a.

2.1610 33.42

0.2735
I * «/

4 . 2 3 -

O.39 6 8 6,14 0 an.chem,
ch.a.

-1 . 9 3 1 5 2 9 .8 8 ru+il?0,ffí20fep,
p y . MI

0.3880. 6.00 ru/!0f.ep30vga2 0f
py MI

,82.9898 46.25
,

1 . 1 1 2 5

>

• 17.21 2i?0 an.chem.
ch.a.

rendement to ta l
to ta l  y ie ld 6.2633 96.68



Tableau
TableMICAOANALYSE DE l 'ILMÊNITE - POURCENTAGE PONDERAL - IEHANT. No, EM 15 - 0.20 

MICROPROBE COMPOSITION OF ILMENITE IN WTT 1° FROM THE SAMPLES EM 15 — 0.20

JL

¡ch an t .  

No «g o A l 0
2 5

S i0 2 P 0 
2 5

CaO T i0 2
- V s

KnO FeO a

11 1.50 1 .00 0 .37 < 0 .0 2 0 .80 61.46 0 .3 0 0 .50 32.55 98.48

B1 0.80 * 0 .0 2 0.35 ■ **0.05 51.20 «0 .1 2 0.30 47.00 99.65

C1 1.70 ■ 0.26 • ■ 63.67 1.38 0 .40 31.58 98.99

D6 1.81 « 0 .63 a 0 .6 0 62.69 0 .50 0 .20 33.38 99.81

l *

%

%

l %

I



Tableau 19
Table 19

Micioanalyse de TiO^ - pourcentage pondeval - echant. n° SM 15 -0.20

Microprobe composition of TiO^ in atfì from the sample SM 15 -C.20

Schant. n° 
Probe A!2°3 Si02 CaO Ti02 Cr2°3 FeO Kb2°5 Ta2°5 2
number

F 1 0.10 0.17 5 .6 0 91.76 1.17 0.40 0.10 o . o 8 99.30
H 2 0.51 0.33 9.19 8 6 . 8 6 2.21 0.76 ¿0.04 n 99.86
I* 2 ¿0.03 ¿0.02 0.50 98.50 0.24 0.07 0.15 0.18 99.58

^  - limite de detection au microsonde 
limit of microprobe detection

è



Tableau 20
Table 20

'Microanr:lyse de titanite - percentage ponderal - echant. n° FM 15 - 0,20
Kicroprobe composition of titanite in ut.£ from sample EK 15 - 0.20

>• ♦

Echant.n° «

Probe
number

ai2°3 SiOg CaO Ti02 Cr2°3 FeO E

B 3 1.4? 29.99 35.40 29.10 0.05 1.15 97.16
F 5 9.60 29.68 16.35 27.38 1.80 0.79 85.06
in 10.11 24.77 26;90 29.72 2.50 0 .2 5 94.25
I 4 7.11 30.25 29 .0 0 28.51 0 .5 0 0.25 95.62
K 2 6.05 3 0 .0 1 23.75 30.15 0.30 0.86 96.12
K 3 1.25 29.30 20.34 23.26 0.65 0.84 81.64



Tableau 21
Table 21

Microanalyse de zircon -pourcenta^e ponderai - échantiilon n° 3M 15 -C.2C 

Microprobe composition of zircon in wtfj from sanple £« 15 -2.20

pcnant. 1 o
L n
p r o b e
p u c b e r

MgO
A1 2C3

SiC„
eL P2°5 CaO T i0 2 ■Cr2C3 HnO FeC ”  r*Q

2 .
HfOg

*

ThOg 2  ■

3 1 < 0 . 01. 0 . 1 2 33.43 0.24 < 0 .0 2 0 .0 5 0 .0 5 < 0.02 <0 .03 0^.84 0.99 0.27 98.99
I S 2 n 0.10 3 6 .6 3 0.16 tt 0.04 0 .0 5 vt 0.04 c j . 1 5 . 0 .3 6 0.19 • 1C1.22
I D 3 C.06 0.J9 35 .0 9 c . 36 0.?6 0.06 1 .0 9 tt 1.63 57.67 c. 3 7 0 . 1 5 98.13
I C 4 o.c^ 0.23 3 6 .2 4 C.60 0.84 G.06 C.G8 G.04 0.51 59.21 C.83 0.21 98.99
I E 1 o .oa 0.45 3 4 .3 5 0.48 0.66 G.06 5» 50 <0.02 0.84 33.55 1.15 0.09 97.01I 3 2 <0.01 C.61 3 4 .2 5 C.16 0 .9 3 0.06 5.96 rt C.50 76.79 1.C4 C.15 ICC.2 5
I S 3 0.C6 c . 5 1 32.41 0 . 3 2 0.71 C.C5 2.17 tt 0.85 36.73 1.11 0.14 95.11I 2 4 G * Ĉ-r 0.41 34.97 <0.02 0.4? C.G6 1 . 2 9 II 0.C5 ¿ ..16 1.23 C.09 11o1.78I F 2- <0.01 C.10 34.34 tt 0.11 0.05 0.39 11 0.04 5-. 73 C.92 C.09 101*78 ' 'I G1. 11 0.12 p2.24 tl 0.31 C.C6 1.55 11 c . 5 1 52.27 C.97 <0.05 97.83
I 3 2 tt 0.19 32.46 II G.29 G.0 5 1.55 fi C.30 61.79 €.33 0.16 37.62I 2 3 n G.24 53.18 tt 0.37 C.C5 2.24 0.05 0.2? 61.99 0.85 0.15 99.391 u *+ - *t C.24 34.10 « 0.37 C.C3 2.16 0.04 0.06 63765 0.90 0.18 101.73
1 G 5 tt C.22 32.38 tt 0.59 C.C4 1.72 0 .2 5 6 3 . 1 5 G . >3 C. 1 9 96.50
1 I  2 0.1? 0.25 35.33 tt C.3 0 0.08 2 .CO C.05 G.26 62.42 O.S-2 0.25

•
101.93

y  _ licite de detection au nici cscnde - ̂  " licit of oicroprobe detection

«

I
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Tableau 22
Table 22

\

/ oMicroanalyse des Fe oxides - pourcentage ponderai .Schant. n 3M 15 - 0.20

Microprobe composition of Fe oxides in wti- from the sample 3M 15 - 0.20

Schagt.
n°

Probe A12°3 r Si02 CaO tìo2 Cr2°3 P2°5 Th02 Fe2C3 2
number

5 6.35 5.56 0.20 0.02 0.16 , 0.61 0.18 64.93 77.99
S 1 12.58 11.77 0.10 0.30 0.10 0.08 0.12 61.56 86.61
s 2 16.44 13.58 0.12 0.20 0.14 0.12 0.05 59.95 90.55
.2 3 18.4 2 2 0 .9 6 0.18 0.20 0.16 0.10 0.18 54.08 94.28

limite de detection microsonde
^  - limit of microprobe detection



Tableau 2 3

Table 2 3

Nicroanaiyse des garnets - pourcentage ponderai - echant. n° 3M 13 - 0.2G

Microprobe composition of garnets in from the sample 2H 15 -0.20

ichgnt.
I----------;-----

n A12°3 SiO„v C.
CaO Ti02 Cr2°3 Fe203 MgO MnO NaO zProbe e

number • ‘

B 3 21.50 37.71 • 5.07 0.08 0.12 27.36 2.50 4.00 ^C.C9 98.34
- B 4 22.38 38.4? 0.99 0.C8 0 .0 ^ 26.39 1.11 8 .6 0 ft 98.20
B 5 22.15 37.25 2.80 0.02 0.12 26.54 3.50 6.53 ff 98.89C 2 12.11 43.31 13.14 0.91 ^ 0 .0 2 17.68 2.01 3.20 1.82 99.18
D 3 22.15 36.82 1.33 0.08 0.12 23.89 0.80 1 C. 1 3 40.09 95.32
D 4 20.91 41.05 2.74 4  0.02 0.05 27.15 1.22 5 . 1 0 •t 98.22

limite de detectino au microsonde 
limit 4f microprobe* detection '



Tableau 24
Jlable 24

Microanalyse de l'epidote - poucentage pondeval - /chant. n° 1 5 ¿K -0.20 

Microprobe composition of epidote in wt./i from the sample 2M 15 -0.20

< - . bccant.
n

Probe
number

Al2°3 3i02 P205 CaO Ti02 Cr2°3 - FeO Th02

•

/

OH
cale. £

C 4 27.78 36.55 <0.01 24 .08 0.02 0.60 5.13 0.55 5.31 looloo
D 2 22.67 40.20 <•0.02 21.81 0.10 0.02 8.06 G.35 6.81 »»
K 1 21.54 36.4? tt 2 3 .2 0 0,14 0.18 6.46 0.16 11.85 II
D 1 24.33 38.08 fl 23.37 0.08 < 0.02 3.87 C.20 5.07 If
A 1 29.31 36.63 fl 24.08 <0.02 0.10 6.06 0.09 3.82 n

B 2 27.36 59.03 0.16 23.39 II <0.02 6.58 II 2.98 mi

limite de detection au microsânde 
limit of microprobe detection

-



KKSULTAT3 UK w* ANALYSE CHIMaW B  UK l/miKNlïB., 1‘OUMCBNTACB PONDÉRAL.
4 ' Tteble*M Tablé ■*

RESULTS OF CHEMICAL ANALYSIS OK XLMEMTK IN VT. >
" S ' I - * %

No. Ê oh n n t. No
•

Nanpltf No T i0 2 v 2o5 Fo20 3  I FoO 0 r 2° } MnO

Region I U  1 t
7 7
2.
3.
4.
5.
6.

'll 3/1-2 . , • 
I I  X 3/1-21 • 

I  * 10/1-3 » •
ZZ X 10/1-3 
Z X 11/3-4 
ZZ X 11/5-B

50.53
44.10
48.70
48.22
40.90
45.20

0.66 
0.54 

. 0.53 
0.64
0.07
0.23

35.30
32.70
35.15
30.20 
31.60
31.20

13.30
13.20 
11.70 
15.70
13.20 
13.55

0.07 
* 0.06 
0.05 
0.05 
0.07 
0.55

1.60
1.00
1.25
1.70
1.30
1.52

Ro'gion B Z tt о u о a к h

7. Z В 1/1-4• , » • 47.94 0.00 37.20 10.55 0.05 1.35
e. ZZ В 1/1-4 ■

9 46.85 0.05 30.35 15.65 0.05 1.55
9. 1 В 5/1-4

9 » * 49.98 0.99 34.50 11.95 0.05 1.32
10. ZZ В 5/1-4• f • » 46.05 0.76> 32.60 11.05 0.04 2.05
11. 11 В 8/1-4 . . 46.75 0.78 32.00 11.80 0.10 1.56
12. Z В-11/1-2 ■

48.90 1.18 33.55 14.50 0.02 1.65
13. ZZ В 12/5-6 __49.65— 0.64 36.10 11.90 0.06 1.90

Region J r o i  d a
14. Z J 3/1-2 •

48.90 0.99 33.50 11.80 0.06 1.5515. ZZ J 3/1-2* . * 43.75 0.69 . 29.30 14.45 0.06 1.0516. 1 J  J / t 43.80 0.82 33.80 10.65 0.04 0.97
17. ZZ J 3/4 44.48 0.83 31.45 14.50 0.05 1.4518. Z J 4/1-4 42.40 1.00 30.55 13.35 0.05 1.2519. ZZ J 4/1-4 46.63— 0.90 34.10 ___1?t20 0.05 1.60

Region E1 H o l d
20 . I l  ВИ 6

4 6 .2 5 0 .7 4 3 4 .30 1 3 .20 0 .0 7 1 .6 5
21. Z EK 6

♦ 0 .2 4 4 .60 0 .5 0 32 .60 1 3 .25 0 .0 6 0 .7 5
22 . Z I  EK 8

-  0 .2 0 .9 3 28 .50 14.85 0 .0 5 1 .8 5
23 . I  EK 9 .  0 f2 4 2 .5 0 0 .7 5 35.15 1 4 .20 0 .0 2 ' 1 .0 5

' *
51 .60 0 .5 2 33.45 1 1 .95 0 .0 5 1 .6 5

•. f.M t í
-  0 .2 4 2 .25  : 0 .6 4 3 6 .90  ( 14 .05 0 .1 0 1 .2 5

26 . XX EK 15
0 .2 4 9 .63  : 0 .4 9 35 .15  г 11 .75 0 .0 4 1 .3 5

27 . X EK 16
0 .2 4 6 .7 5  : 0 .8 2 34 .50 1 3 .15 0 .0 3 1 .3 5

28* X V 55/0 .5
4 8 .6 8  ; 0 .7 7 34 .10 1 2 .50 0 .0 4 1 .5 0

29 . XX V 55/0 .5
4 9 .1 0  ; ¿ .6 3 3 3 .7 5 . . . ......1 1 .8 5 ... . - .9 .1 0 1 .5 5

nunbor of linonito concentrato 
minoro do l'ilnonito oénoontró



.,-U»vi/;UKS 0<r  uA-SA ¡ x  (J]¡ l.>r¡ ( ;T! CC CCVCCX . ¡ 

í»OÍÍ>< C O . 'i . 'A I ' .^ T S  C i ■/ : u\ í.'o.VC’ KN ,

ivcha.nt .No t,u«♦ lité Ju . v,jj i e¿ y \
Samóle No tcu;ii it V 0! '. ^ r > ' en 1.1 -a(O

1 T 1/1-4 Si 75, qu 5, •p,K. 2

j

; 39<,71
í. T 3/1-4 si ?®, q« 1C, *Po®* f di, ; 34 ,65
3 * 6/1 zi 60, qu •p »SU 1®, di 1 j7
4 S 11/3-4 EÍ 60, qu 10, »P *s. 2®, di j 33 .28
..
5 B 4/1-4 si so. qu ĉ * Op.ls.lt, di ! r,o.52
6 B «/1-4 si 50, •p.*u 3t, qu 1«, di, tu, í .71,.89
7 B 11/5-» zi so, qu 10. •P .Si, 10, j 47 .12
• B 12/1-4 zi 50, • P*K. 20, cu 15, 41, • 29 .46

9 J 5/1-4 zi 6«, Op.au 2®, qu 10, >‘U, di, i * 1.72
10 J S/5-8 si 60, qu 15, Oír 10, ru,st ,d ti .31.18
11 J 7/1-4 si 60, qu 10, *P «s* 10, ' mu ! 36 .20

* c » - o:*(. zi 70, qu 15, •p •w. 5, di,b o , ¡ 37 .15
13 £íí .0*20 si e o , •p.a. 15» K«, di, qu. | 44 .85
|4. j TTK 10-0*20 zi 7e, •P 1®» qu 5,di,ail, | 34 .88
15 | EK 16-0.20 ai 70, ©p 1®, qu1ü,di,K!¿ , í 37 i

.98
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Q U E L Q U E S  C O M P O S A N T S  C H I M I Q U E S  D U  C O N C E N T R É  D ' E P I D O T E ,  M O N A Z I T E ,  R U T I L E , 

I L M E N I T E ,  C R E N A T E  E T  S T A U R O L I T E

S O M E  C H E M I C A L  C O M P O N E N T S  O F  C O N C E N T R A T E  O F  E P I D O T E , M O N A Z I T E ,  R U T I L E ,  

I L M E N I T E ,  G A R N E T S  A N D  S T A U R O L I T E

Tableau
Table

No Echant. No Sample No Qualité du concentré Quality of concentrate Th02 U 3 °8
CegÔ j AutresOthers

1 * 1/1-4 ep 60, e p .a .  2 0 ,a e ,a t , t u , z i 4.24 0.06 0.53 1.99 Zr02 -  7 .29

2 T 3/1-4 ep 50, e p .a .  2 0 , s t . g a , t u ,a a f \ 0.02 0.02 0.03 -
3 T (/1 • p . a ,  40, e p ,g a ,.  le ' - 0.93 0.47 m T.,Cr,Fe
4 T 11/3-4 • p . a .  40, e p ,g a , t u ,a t . m - 0.02 0.05

5 S 5/1-4 • p .a *  30, ep 40, p , H , 0.07 0.91 0.08 0.52

6 B 4/1-4 •p *a *  50, ep 30 ,« a  2 0 ,s i , - 0.12 0.01 - ZrO . •- 1.01

7 B 11/5-® •p 50, Op*a* 10, g a ,a t ,a e , 0.03 0.92 0.07 0.20

• B 12/5-4 •p .a *  70 , ep 20, ga  10 •- 0.02 - -
9 J 5/1-4 •p  (0 ,  « p . a ,  I 0 , s t ,g a ,a a :  , 0.01 0.02 0.03 -

10 J 5/5-4 •p  50, « p . a .  1 5 ,t u , a t , ' - 0.05 0.03 -
11 J 7/1-4 •p 40, O p .a . 3 0 ,s t ,a e ,g a , 0.05 0.92 0.07 0.29

12 EH 4 -  0.20 •p 40, « p . a .  30, g a , t u , 0.01 0.02 0.03 - /
f

13 EH 9 -. 0.20 ep 40, « p . a .  3 0 , a « , s t , l e , 0.73 0.94 1.58 <.44

14 EH 11 -0.20 ep 40, e p .a .  4 0 ,g a , le ,p y , 0 .93 0.02 «•
15 EH 16-0.20 ep 60, e p .a .  20 ,a e , a t , tu , 0 .3 « 0 .92 (.9 0 2.93
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Courbe cumulative des ¿chant.T4/t et T 4 /2
Cumulative curve of the samples T 4/1 a n d ' T  4 / 2
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Coeffscienî c g  classement SA contre médiane GSS pour sables des sondages T-10.T-11 et T-12

Sorting coeficient SA versus médian GSS for sanus fron poreholesT-10. T—11 and T-12

SA
m

t

j

Û.4H

I

i
I

: V) —*
*O

w

!

■fi

® * t

0,08 J

0,0 S —

0 i

G-J. r-

0,04 -*
!I

0,0;

0,02-J

I

I
'f ' -



Fig. 9 4
Courbe cumulative des é ch an t.B 7 /l et B7/2
Cumulative curve of the samples B?/1 and B7/2



Fig S 5
Courbe cumulative des échant. B 3,3  et B 9/10  
Cumulative curve of the samples 3 9 /9  and B 9 /1 0 .



r > A , . e. Fig. 9 0
Coeuaeni de classement SA contre médiane GSS pair sables des sonc*?iiesB-t B-2et B-3 

Sorting coeïicient SA versus mediano GSS for sanes from borsholes 3-1, B-2,and 8-3
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Fig 9 7
Courbe cumulative des échant J4/1 et J 4 / 2
Cumulative curve of the samples J4/1 and J4/2
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Courbe cumulative de échant. J 6/13
Cumulative curve of the samples J6/13
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radioactivité naturelle 
natural radioactivity

terrain
field

Fig .103
Comparaison de radioactivité sur terrain et teneur des minéraux 
lourds dans la partie occidentale du profil R 8 /7
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Fig .1 0 7Comparaison de radioactivité sur terrain et teneur des minéraux 
lourds dans la partie orientale du profil R 8/7

radioactivité naturelle 
natural radioactivity

terrain
«ield

Comparaison of the field radioactivity with the heavy minerals content 
from the eastern part on the profile R 8 /7

%
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-« «:La correlation de la radioactivité su? 
Profil raaiorr,étriqué R8/ 7 (=) dune

st teneur moyenn* 
El iVSsid. (c) et fora

Medium of heavy minerais content correlated with natural 
Radiometric profile R8/7 («O dune El Msid (*) a Ben
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et teneur moyenne en minéraux lourds 
Msid. (°) et forages ( )

ated with natural radioactivity in the field 
Msid ( ) Si.d Boreholes { )
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Carte des secteurs pour calculation de*. reserves 
certains cluni la region de t 'i ouakh

№.-»p of blocks for proved reserves ca c u la ie n 
in the C.faouakh region
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Fig. 11
C« .'to ‘veciour;, poo c.. 'ul.Kion rior. roserv-.'-: 
certain::, d ;ns !s region tie hei'da
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