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A.l. SUMMARY
The iron-ore occurrences south-east of Niamey, 
located within the plateaus of Doguel Kaina - Say 
and in the plateau of Kolo are - in general - of 
vertical, three part division, i.e.
- one upper horizon with iron Oolithes Indurées
- Intercalation with oolith bearing sands and clays
- bottom horizon with iron Oolithes Tendres.
Their thicknesses, reserves and contents have been 
specified in the table below:

O o l i t h e s I n d u r é e s I n c e r c a l a c  ions O o l i c h e s  'tendres
in che ar e a  of in che are a  of in che area of

D o g u e l K o l o D o g u e l Kolo D o g u e l Kolo
Kaina Ka i na Ka ina

A v e r a g e chiclcness ta 2 .  53 2-22 1 .  13 1 . 0 6 2 . 9 0 2 . 0 0

^ c o c a l 7 » 5 0 . 4 5 4 6 . 1 0 3 2 .  9 6 2 3 . 9 3 4 5 . 4 9 4 3 . 6 4

p 2 o 5 1 1 .  73 1.66 1 .  14 0 . 9 1 2 . 0 7 2 . 3 7

S i 0 2 •* a . 32 1 4 . 9 8 3 5 . 4 4 4 6 .  34 1 3 . 5 4 1 3 .  75

AI2Q3 Z 4 . 3 4 4 . 6 4 5 . 8 3 3 . 2 1 5 . 8 9 7 . 3 3

O r e  r e s e r v e s  in M  c 3 9 0 . 2 9 4 . 7 1 3 4 . 8 4 1 . 2 4 8 3 .  7 7 1 . 2

Consequently, the average overall thickness of the 
ore horizons amounts to 6.56 m in the Doguel Kaina 
area and to 5.28 m in the Kolo area.
The total reserves in the Doguel Kaina area equal
1.008.7 Mt at an average iron content of 45.73 %
Fe. Assuming a cut-off of 35 % Fe for the
Intercalation, the total reserves calculated equal
936.7 Mt at an average Fe content of 47.44 %.
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The total reserves in the area of Kolo equal 
207.1 M t at an average Fe content of 40.84 %. Consi
dering a cut-off of 35 1 Fe for the Intercalation, 
the overall calculated reserves amount to 173.2 Mt 
at an average Fe content of 4^.67 %.
For the larger portion of the deposit the iron-ore 
horizons are covered by clays and sarlstones of the 
Continental Terminal formation and by sand dunes. The 
thickness of che overlying material ranges from 0 to 
25 m.
Within an area of 3.4 km^ size near Doguel Kaina 
such overburden is either missing completely or has 
a thickness of less than 10 m. The reserves existing 
within that area are:
Oolithes Indurées - at an average thickness of2.22 m; 20.1 M t with 50.35 1 Fe

and 1.55 7o P2O5
Intercalation - at an average thickness of

0.82 m; 7.4 M t with 29.17 l Fe
and 0.83 % P2O5

Oolithes Tendres - at an average thickness of
2.54 m; 22.9 M t with 44.17 1 Fe
and 1.92 % P2O5

Emphasis is put on this area because the relatively 
thin overburden and the favourable ratio of Fe: 
P2O5 in the Oolithes Indurées might be the 
starting point for an initial economic mining of the 
iron-ore.
Mineralcgically the iron-ore is composed of iron 
oolites and pisolites mainly of a size of 0.5-5 mm 
being surrounded by a matrix of kaolinite, quartz 
and minor portions of superfine oolitic fragments.
Oolites and pisolites - per se - consist of concen
tric shells of goethite ( - FeO OH) surrounding 
mainly goethite fragments. Phosphorus could not be 
located as mineral of its own. Instead, it probably 
exists as adsorptive bond to goethite very finely 
and uniformly distributed in the oolites.
This means that even when grinding down to micron 
size it will be impossible to liberate the 
phosphorus components.
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With respect to process technique it means that 
there will be no feasible mechanical way for 
concentration of Fe and simultaneous reduction of 
phosphorus. Although the iron content can be 
concentrated at a rate of 3 - 4 X above the R.O.M. 
analysis, i.e. to approx. 54 X Fe, this concentrate 
will however contain about 2 % P2O5, and also 4
- 8 X SÌO2 and 3 - 5 X AI2O3.
For obtaining such a concentrate a preparation 
process has been developed on the basis of the tests 
made which provides for crushing the surface-mined 
iron-ore to minus 3 mm and subsequent screening of 
the fraction 0.5 - 3 mm.
The fraction corresponding approximately to the 
natural size range of the ooliths is subjected to 
attrition for removing the adhering clay particles.
An ore concentrate won in that manner and used as 
feed for metallurgical tests yielded the following 
composition for samples from:
- Oolithes Indurées: 53.7 X Fe; 2.15 X P2O5;

4.25 X SÌO2; 3.31 X AI2O3
- Oolithes Tendres: 49.34 X Fe; 2.37 X P2O5;

8.29 X SÌO2; 4.9 X AI2O3.
The mixed concentrate made up of Oolithes Indurées 
and Oolithes Tendres had been ground to pelletizing 
size (Blaine number 1 800 cm^/g). With bentonite
and pulverized limestone added, green pellets could 
be produced which featured satisfactory values as to 
strength in green and dry state. The pellets sintered 
of that mixture were characterized by optimum values 
regarding tumbler index, abrasion and cold compres
sive strength. However, the Fe-contents of these 
sintered pellets equalled no more than 57.1 X and 
the P content about 1.1 X.

In spite of having added limestone, it has been 
impossible to produce pellets of a basicity of 0.8 
which fact has to be attributed to the high quartz 
portion.
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Tests carried out for direct reduction of the 
sintered pellets with gas as reducing agent yielded 
acceptable reduction rates and metallization at 
reduction temperatures of 900 °C; moreover, the 
reduced pellets featured good cold compressive 
strength.
Although reduction tests performed with coal of 
similar composition as that occurring in the 
Republic of Niger resulted in adequate compressive 
strength in cold state and disintegration strength, 
their maximum metallisation did not exceed 73 ?..
For any direct reduction test, phosphorus remained 
in the reduced pellets and in the sponge iron res
pectively or it has been relatively concentrated 
during such operation. Consequently, removing the 
phosphorus will be possible only by suitable slag 
handling when further processing the material to pig 
iron or steel.
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A.2 INTRODUCTION AND OBJECTIVES 
A.2.1 SUBJECT OF THE STUDY

For a long time iron-ore occurrences have been known 
to exist in various parts on the territory of the 
Republic of Niger, and have been made use of in a 
simple, handicraft like manner to produce pig iron.
The iron-ores are iron oolite horizons which have 
been formed as part of the Continental Terminal for
mation of Miocene age as deposits in the Iullemeden 
basin.
These oolitic iron-ores have been located as large- 
area outcrops at the surface in the 'Massif Termit', 
in 'Le Dallol Maoari' (Dogondoutchi), in 'l'Adar 
Doutchi' (Tahoua) and in the valley of the central 
section of the river Niger (between Niamey and Say 
and near Kolo) (fig.A 1 and A 2, page A 9 and A 10).
Because of good accessability and advantageous 
location to the city of Niamey (40 km distance) the 
iron-ore deposits near the central section of the 
river Niger have, in particular, been since long of 
geologic and economic interest and subject to several 
exploration campaigns.

A.2.2 PREVIOUS TNVESTIGATIONS
First geological investigations have been carried 
out as early as between 1930 and 1945 which were 
extended and intensified between 1948 and 1957 by 
additional investigating parties. An evaluation of 
the quality and reserves of the iron oolite occur
rences at the central part of the river Niger south
east of Niamey have been the topic of a systematic 
study prepared by R. BOUPNAT, D. BELPAUME and J. 
BOULANGER of B.R.G.M. and O.C.R.S., between 1960 and 
1962. It is mentioned in reports that in 1961 the 
IRSID carried out processing and smelting tests for 
concentrating the Fe content. However, no information 
is available as to the results of these tests.
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In 1977 the experts M.E. COHEN and W.J. RIDDEL were 
astced by UNIDO to provide for a technical-economic 
approach and to submit suggestions as to "Utili
sation des Gisements de Fer de Say en République du 
Niger". Their reports state:
- that the deposits of several hundred million tonnes 

on an average contain very low Fe-contents of 
42 - 49 Z associated with relatively high P2O5 
contents above 1.0 %.

- that a concentration to more than 55 Z Fe could be
acnieved with the aid of processing and
metallurgical operations

- that subject to coke or fuel oil being available 
in the vicinity of Niamey open-hearth steelworks 
could be set up and operated. However, to be run 
profitably such steelworks would have to have an 
annual capacity of at least several million tonnes of steel

- that transport routes are missing for exporting 
the ores from Say to Nigeria or other neighbouring 
countries and that - apart from that drawback - 
the distances are in general too long. This means 
tha^ the transport cost per tonne of ore alone 
would be higher than the price of iron-ores of 
superior quality, e.g. from Brazil or Liberia.

These experts requested additional preliminary 
examinations and tests, in particular, as to geology 
and benefication of the ores so as to ascertain 
geological and technical parameters which could be 
used as a basis for preparing a detailed feasibility 
study giving information on exploitation of the 
iron-ore deposits near Say.
In consideration of the above statements and of the 
recommendations made in the reports of COHEN and 
RIDDELL, the Council of Ministers of the Niger- 
Nigeria Joint Commission for Cooperation (NNJC) 
decided in 1978 to have a detailed preliminary study 
made.



KHD H U M B O L D T  W E D AG  A G - A 7

A.2.3 OBJECTIVES OF THE STUDY AND CONTRACT AWARD
A tender entitled "Preliminary Study of tne Iron Ore 
Deposits at Say in the Republic of Niger" was issued 
by Unido in February 1981 under the project no. 
DP/RAF/79/067.
It included the following main objectives of the 
work:
- to identify the quantity and quality of the 

iron-ore resources to be economically mined
- to assess techno—economically the beneficiation 

characteristics of the ore including the associated 
iron-ore recovery and the quality of concentrates

- to assess techno—economically the pelletization 
characteristics of the concentrates and direct 
reduction characteristics of the pellets.

The 'Terms of reference' stipulated that the 
drilling and trenching work, as well as chemical 
analytical activities should be carried out by local 
staff and equipment of the 'Niger Department of 
Mines'.
The contractor was to establish, perform, supervise 
and evaluate the geological exploration programme 
and to supervise the chemical analyzing work in the 
project area.
The beneficiation and metallurgical tests were to be 
carried out in the research laboratories in the 
country of the contractor.
The period fixed for implementing the preliminary 
study has been three years.
Under date of June 10, 1981 UNIDO awarded the
contract by telex to KHD Humboldt Wedag AG for 
realizing the study in accordance with the detailed 
investigation programme submitted by KHD.

A .2 .4 SCHEDULE OF EXECUTION
Following the briefing by the project leader of KHD 
Humboldt Wedag AG at the Vienna offices of UNIDO on 
July 2, 1981, immediate action was taken to prepare 
the starting of the work in the project area in the 
Republic of Niger.
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During a first trip to Niamey by the project leader, 
the chemical expert and the project geologist between 
September 21 and October 8, 1981, preparations were 
made and discussions held with the Niger counterparts 
about the necessary activities and equipments.
The geological worn, in the project area, including 
the drilling and trenching activities, lasted from 
November 2, 1981 to August 31, 1983 and required the 
project geologist to stay in the project area for a 
total of 14.6 months.
The chemical expert who originally was to supervise 
the chemical analytical worn in the laboratories cf 
the Niger partner at more or less random intervals
only, finally had to perform most of the analyzing
himself because no qualified personnel was avail
able locally. The complete stay of the chemical 
expert in Niger, made up of several periods,
equalled 16 months.
The project leader visited the project area four 
times and, on the whole, stayed there for almost 3 
months for assisting in the settlement of organi
sational and contractual problems and to attend 
meetings of the Technical Committee.
A bulk, sample for technical tests could be prepared 
and dispatched only after completion of the drilling 
and trenching work. The beneficiation and
metallurgical tests could be started not earlier 
than after arrival of that consignment in the 
Cologne laboratories at the beginning of June 1933, 
i.e. 5 months later than specified in the
corresponding time schedule.
The processing tests and the production of 1.5 
tonnes of concentrate material were completed in 
October 1983.
Pyrometallurgical tests for pellet production and 
for direct reduction have been carried out at the 
pertinent sub-contractor, i.e. the 'STUDIENGESELL- 
SCHAFT FUR EISENERZaUFBEREITUNG' at Othfresen/FRG, 
Detween mid October and mid December 1983.



Fig. A Location map of western part of Reoublic of Niger
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A.3 EXTENT AND CHRONOLOGY OF THE INVESTIGATION WORK 
A.3.1 GEOLOGY
A.3.1.1 SELECTION OF THE INVESTIGATION AREAS

According to the Terms of Reference the investi
gation and field work were to focus to areas of 
lower phosphorus content; these have been selected 
on the basis of literature studies and evaluation of 
previous reports and initial field inspections.
The thickness of the ore body, visible at outcrops, 
the ore quality and the extension of the deposit as 
known from preliminary investigations suggested to 
give priority to the plateau of Doguel Kaina - Say 
(Fig. A3).
The plateau of Kolo has been classified as area of 
second priority. Here the ore thicknesses in the 
outcrops are considerably less than those noticed 
within the area of the Doguel Kaina - Say plateau. 
Moreover, literature studies and preliminary 
investigations suggested the Kolo deposit is smaller 
than that of Doguel Kaina. However, the thictcnesi of 
the overburden to be expected for the Kolo deposit 
is less than at Doguel Kaina.
Compared with the plateaus of Doguel Kaina - Say and 
Kolo that of Dyabou seemed to be of subordinate 
importance so that expenditure as regards time and 
work were to be kept low.
In the course of the field work, adjacent areas of 
the locations mentioned above have been investigated 
with respect to their iron-ore potential.
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Situation et délimitation approximative des gisement de fer de Kolo et 
Ooguet Kaina
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A.3.1.2 OUTCROP CONDITIONS AND GEOLOGICAL MAPPING
The ore bodies to be examined are the bottom part of 
the flat-lying sediment series of the 'Continental 
Terminal'. They are only outcropping at the edges of 
the Niger river valley where they form escarpments. 
These escarpments are the only natural outcrops 
within the area of the plateau. The ore outcrops in 
the field have been geologically mapped with the aid 
of aerial photoglyphs. The ore bodies inside the 
plateaus are legated under more or less thick 
covering sediments and they could only be reached by 
way of drilling or pitting.

A.3.1.3 PITTING AND TRENCHING
The iron-ort. horizons have been exposed along the 
escarpments by trenches on their complete thickness 
(fig.A 4)

Fig. A4: Digging of a trench at the escarpment.
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The trenches have been dug by 3 - 4 workers by no 
more than picks, crowbar and shovels. No blasting 
work was required. These teams required 2 - 3  weeks 
on an average for completing one trench. 1 to 5 
teams have been working at the same time.
Most of the trenches have been put down as channel 
trenches, but some had to be dug as pits. The depth 
varied from 3 to 10 m, the average depth has been 
near 5 m. In general, the stability of the trenches 
has been good.
Four trenches within the working area of the Doguel 
Kaina (PDK 17 , 29, 30, 31) have come across ground- 
water .
The pits and trenches in the Doguel Kaina area have 
been marked PDK (Puits Doguel Kaina), in tiie Kolo 
area PK (Puits Kolo) and in the Dyabou area PSD 
(Puits Say-Dyabou).
The initial spacing from one trench to another has 
been 1 000 m and has been later condensed to 500 m.
Pitting and trenching in the Doguel Kaina deposit 
had been started mid-November 1981 and lasted until 
end of June 1982. A total of 51 trenches (PDK) have 
been put down with a total depth of 397.50 m. In the 
area between Say and Dyabou (PSD) 6 trenches with a 
total depth of 22.70 m were completed from May to 
June 1982. In the Kolo deposit 5 trenches (PK) with 
a total depth of 27.00 m were dug in November and 
December 1982.

A.3.1.4 CORE DRILLING WORKS
Drilling pattern
The drilling points in the area of Doguel Kaina have 
been marked with the aid of a compass and tape or 
measured in strides. After completion of the 
drilling work, the coordinates and the altitudes of 
the drilling points and the trenches respectively 
have been surveyed' topographically by the 'Service 
Topographique du Niger'.
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For avoiding the time-consuming coordinate fixing in 
the terrain, an orthognal grid oriented to the 
geographical north has been laid over the drilling 
area of F.olo with the aid of a theodolite and a tape 
measure; this grid had been fixed on a survey point. 
This grid meant that the drilling points only had to 
be levelled. These work was carried out by KHD 
Humboldt Wedag.
The distance of the drilling lines running in north- 
south and northwest-southeast direction respectively 
at the Doguel Kaina deposit equals 750 m and the 
space of the dvilling points on the lines is 1.0 to 
1.5 km (annex B-4). The drilling points along the 
drilling lines have been shifted in north-south 
direction by 500 m and 750 m resp. relative to the 
parallel line of drillings.
Consequently, a better statistical distribution 
could be achieved over the exploration surface with 
the same number of drillings.
The distance between the drilling lines is 750 m for 
the Kolo deposit, too, and the spacing of the dril
lings along the lines equals 1 000 m. The drillings 
have again been shifted by 500 m in north-south 
direction relative to the adjacent line of drillings.
Drilling capacity

The drilling wô -tc was executed by one BBS and one 
Long Year 38 drilling machine of 0NAREM. Work has 
been done during two shifts of fa hours/day each 
during 7 days a week. The drilling work, nad to be 
discontinued repeatedly for lack of spares and 
towards the end of the campaign because of fuel 
rationing.
During the first part of the drilling compaign from 
January to May 1982 the average capacity for dril
lings with sufficient core recovery amounted to 
1.22 m/shift and machine (corresponding to 4.88 
m/day). That figure could be raised to 1.96 m/shift 
and machine (corresponding to 7.8^ m/day) during the 
second part of the campaign from November 1982 to 
March 1983.
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A total of 104 drill holes with a total depth of 
2495.80 m have been drilled. These were made up of

70 drillings of 2,038.60 m at Doguel Kaina
28 drillings of 330.55 m at Kolo and
6 drillings of 126.65 m at Dyabou.

All core drillings had a diameter HQ or 96 mm. 
During the first part of the campaign, the average 
core recovery has been near 74.60 7.; it could be 
improved to 78.53 7. during the second half of the 
campaign.
Drilling methods
The core drilling work was started with conventional 
wire line core drilling using core barrels of 3 m 
length. Due to the softness of the ore the core 
recovery in the upper horizon was 30 7. at the
maximum and in the lower horizons only 0 to 5 L
The drilling method therefore was changed. Through 
the sandy and clayey overburden drilling and coring 
was executed with the conventional equipment, as 
described above, to a depth 1 - 2 r.i above the upper 
ore horizon. This depth .had to be determined for 
each bore hole by the geologist.
High core recovery, which was most essential for the 
ore horizons, could be achieved by two ways:
- either by use of the conventional wire line core 

drilling with diamond bits, whereby the single 
core runs were reduced to only 0.30 m. These short 
runs ensured even in case of little core recovery 
of 0.10 m = 33 7. an exact determination of the 
stratigraphic position of the extracted core and 
in cases of 50 7. core recovery sufficient core 
material for representative sampling

- or by use of a pipe fitted with a hardened steel 
bit, which was driven by a hammer weight, 
especially into soft unconsolidated ore horizons. 
This method resulted in average core recoveries of 
90 7..
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A.3.1.5 SAMPLING AND SAMPLE PREPARATION
Channel samples and core samples have been taken 
from the iron ore won in the trenches and in the
drillings. The lengths of sample sections depended 
from the lithology of the ore.
A total of 347 samples have been taken fror pits and 
trenches, i.e.

311 samples from pits and trenches at Doguel
Kaina - Say

17 samples from pits and trenches at Kolo
19 samples from pits and trenches at Say - Dyabou.

A total of 439 samples have been taken from 
drillings, i.e.

338 samples from drillings at Doguel Kaina - Say 
92 samples from drillings at Kolo 
9 samples from drillings at Dyabou.

In addition, 15 samples have been taken from various 
outcrops so that on the whole 801 samples result.
For preparing the samples for analysis these have 
been pre-crushed with a jaw crusher, if necessary, 
then quartered and ground to analytical fineness in 
a vibratory disk mill.
Sampling and sample preparation have been carried 
out simultaneously with the drilling and trenching 
work.
A bulk sample of a total weight of 13 t has been 
taken as combined sample from trenches and drill 
cores and shipped to Germany. It was to be used for 
benefication and metallurgical tests. The sample 
material was kept separately for each of the three 
ore types (Oolites Indurées, Intercalation, Oolithes 
Tendres).
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A.3.2 CHEMICAL ANALYTICS
Each of the 801 samples taken has been 
quantitatively analysed for 8 elements. Fe total, 
Si02j P2O5 and AI2O3 being the main 
constituents have been determined by the following 
methods:
Fe total 

SiÛ2 
P205 
AI2O3

by the dichromate method 
by the perchloric acid method 
photometrically
first by atomic absorption 
spectrometry then gravimetrically 
due to defect of the spectrometer

Ti02j CaO, MgO and MnO are secondary constituents 
and have been determined by the following methods:
Ti02 photometrically
CaO first by atomic aosorption 

spectrometry then by titrimetry 
due to defect of the spectrometer

MgO first by atomic absorption
spectrometry then due to defect of 
the spectrometer by titrimetry 
together with determination of CaO

MnO by atomic absorption spectrometry
Furthermore, the total moisture has been determined 
at 500°C which after air drying of the samples in 
the arid climates of Niger essentially corresponded 
to the hydrate water of the iron hydroxides and, 
finally, the loss on ignition at 1 000°C has been 
determined.
For verifying the analytical results, 21 selected 
samples have been subjected to complete chemical 
analyzing for control purposes and, in addition, 
71 individual analyses carried out for determining 
specific elements.
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This results in a total of 822 complete chemical 
analyses. Systematic chemical analyzing of tne 
iron-ore samples was started on January 28, 1982 and 
completed in November 1983.
Details of the analytical results are given in annex 
B 2.1 to B 2.43.

A.3.3 MINERALOGY AND BENEFICIATION TESTS
A bulk sample of iron-ore weighing 13 t was sent to 
the KHD research and development centre in Cologne 
in June 1983. The material had been packed 
separately for the three types of ore; i.e. Oolithes 
Indurées, Intercalation and Oolithes Tendres.
Test work was taken up immediately after receipt of 
the sample material. It could be completed in 
December 1983.
The main target of the tests has been lowering the 
phosphorus content and increasing the iron content 
in the ore.
To that purpose various tests have been carried out 
for processing the raw material, i.e.
- concentration by classification
- concentration by selective comminution and 

subsequent classification
- concentration by selective comminution, attrition 

and classification
- concentration by sink-and-float methods
- concentration by high-intensity wet magnetic 

separation.
After a suitable beneficiation method had been 
developped in the course of the test work, two 
concentrates were prepared during a continuous 
process for carrying through metallurgical tests 
(pelletizing).

A. 3.4 PELLETIZING- AND METALLURGICAL TESTS
For carrying out metallurgical tests, which have 
been started in mid-October 1983, a mixed concen
trate was prepared from the two ore concentrates, 
and was chemically analyzed.
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The mixed concentrate had been subjected to drying 
and fine grinding before it was applied for the 
production of green pellets, for which it was mixed 
with different additives.
After checking of the physical properties of the 
green pellets obtained in this way, such as moisture 
contant, drop hardness number, green strength and 
strength in dry state, the green pellets were 
sintered in a facility, identified as "pot-grate" at 
a temperature of approx. 1 300 °C.
The physical properties of the sintered pellets, 
such as screen analysis, tumbler index, porosity and 
compressive strength in cold state, were determined 
subsequently.
The sintered pellets were tested as to their 
reduction- and smelting properties with the aid of 
gas and coal as reducing agent. Moreover, tests for 
determining the softening- and smelting properties 
of the pellets were carried out and evaluated.
All these tests were completed in mid-December 1983.
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Geology
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RESULTS OF THE INVESTIGATIONS AND TESTS
The tests carried out under this study covered three 
spheres , i.e. geology, t^neficiation and metallurgy 
of the iron-ores and th-i results obtained are 
specified in the following sections B., C. and D.

B. GEOLOGY
B.l GEOGRAPHIC LOCATION, INFRASTRUCTURE, MORPHOLOGY

The geological examinations of the oolitic iron-ores 
have been carried out in the areas of Doguel Kaina - 
Say, Kolo and Dyabou (fig. A 3 and Annexes B 5 to 
B I D * *

B.1.1 DOGUEL KAINA - SAY AREA
The iron-ore deposit of Doguel Kaina - Say is 
located some 50 km South-East of Niamey on the right 
side of the Niger river. It is accessible over the 
not yet tarred road from Niamey to Say (RN 27) in 
about 40 - 50 minutes driving time. The deposit
extends between the Niger river and the RN 27 and is 
well accessible over three connecting roads to Doguel 
Kaina, Tokey and Ganki Bassarou (being non-consoli- 
dated roads). The extension of the investigated area 
in north-south direction covers 24 km and its max. 
width in east-west direction equals 5.6 km. The total 
surface of the investigated area is about 100 km 2.
The corner points of the investigated area are 
identified by the coordinates:

*According to the 'Terms of reference1 the drill 
sites and the results of geologic investigations 
were to be shown on maps scale 1 : 10,000. Since
only topographic maps of a scale of 1 : 50,000 were 
available of the project area, these had to be 
enlarged to a scale 1 : 10,000 by the Niger
cartographers of ONAREM. KHD Humboldt Wedag AG 
received prints of these enlargements which, 
however, allowed copies only of unsatisfactory 
quality.
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13° 19' 18' ' N / 2° 16' 57 ' 'E north-west 
Kohan GaranKe

of
13° 18' 54'' N / 2° 17' 52 "  E east of 

GaranKe
Kohan

13° 14' 23'' N / 2° 20' 49 " E north-east
Warkere

of
13° 07' 00'' N / 2° 20' 49 " E north-west of Say
13° 11' 32'' N / 2° 18' 15 "  E Diakindi
13° 18* 09" N / 2° 16' 31' 'E
Morphologically the terrain is a flat plateau, i.e. 
the plateau of Doguel Kaina - Say. The average 
altitude ranges between 175 m in the lowlands of the 
river and 220 m on the plateau. The morphologically 
topmost point of the investigated area is about 4 Km 
west of Doguel Kair.a, at about 230 m. The plateau is 
interrupted by a side valley of a Niger tributary 
oriented west-north-west to east-south-east; that 
side valley is located at an altitude of 190 - 200 m 
above sea level.
In the east and north-east respectively the plateau 
of Doguel Kaina - Say is bordered by the natural 
erosion edge of the Niger river which forms an up to 
10 m high escarpment in this area. The ore body 
outcrops visibly at this escarpment. The Niger 
valley which reaches max. widths of 3 Km is situated 
at an altitude of 175 - 180 m above sea level.
Six permanent villages and numerous small hamlets 
are situated within the area of the deposit. The 
hamlets are occupied temporarily only or their 
locations are altered as required.
The original savanna vegetation has been cleared and 
the plateau is agriculturally utilized by rainy 
season cultivation (sorghum) and extensive pasture 
farming. Apart from the interconnecting tracKs to 
the larger villages there are several smaller ways 
and paths which have the area well opened up.
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B.1.2 KOLO AREA
The iron-ore deposit of Kolo is situated some 20-25 
km south-east of Niamey on the left, eastern side of 
the river. Kolo can be reached over a tarred road 
from Niamey within 20 - 25 minutes driving in a car.
The terrain investigated by drilling and trenching 
extends in north-west to south-east direction over 
7.0 km and has a maximum width in north-east to 
south-west direction of 3.5 km. It is identified by 
the coordinates:
13° 20' 16' 11 N / 2° 18' 32' ’ E
13° 21' 53' 11 N / 2° 19' 48' ' E
13° 19' 58' 1' N / 2° 21' 54' ' E
13° 18' 52' 1' N / 2° 21' 54' ' E
The surface of the terrain investigated at the Kolo 
deposit covers approx. 18 km^.
As to its morphology, the area of Kolo is a flat 
plateau with average altitudes of 185 m above sea 
level at the escarpment in the south-west and of 200 m in the north-east and south-east of the 
inspected terrain. The north-west extension is at an 
altitude of 190-200 m. Some 3 km east of Kolo rises 
a small mesa of approx. 0.5 km^ and a maximum 
height of 205 m above sea level and beyond the 
surrounding level of 190 m.
A dry valley passes through the south-east part of 
the deposit in north-east to south-west direction 
which drains the area towards the Niger river during 
the rainy season.
The largest village within the inspected area is the 
agricultural centre of Kolo. Only small hamlets 
exist on the plateau of Kolo within the area of the 
deposit but no permanent, larger villages. As the 
plateau of Doguel Kaina, the plateau of Kolo is 
agriculturally utilized by rainy season cultivation, 
mainly sorghum, and extensive pasture farming. Near 
Kolo large rice plantations exist along the Niger 
river. Small ways and paths and the flat morphology 
make the wording terrain easily accessible.
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B.1.3 DYABOU AREA
The third working area, i.e. the plateau of Dyabou, 
is Located between the east-west oriented rivers 
Goroubi and Dyamongou, some 80 Km or 2 hours car 
driving south-south-east of Niamey. Trie area is 
accessible over the RN 27 from Niamey over Say and 
further in the direction of Tapoa and a 8 km long 
connection road which branches off 3 km south of the 
Goroubi bridge.
In contrast to the deposit areas of Doguel Kaina - 
Say and Kolo described above, the plateau of Dyabou 
is not yet agriculturally utilized to the same 
extent because the partly dense original vegetation 
(bushes and small trees) severely impairs its
accessability.
The plateau of Dyabou has s size of 180 - 200 km^, 
some 70 km^ of which had been included in the 
investigations.
It is bordered by the coordinates:

12° 53' 41' ' N / 2° 16' 07' 11 E
12° 53' 55' ' N / 2° 22' 00'1' E
12° 46' 40' ' N / 2° 15' 46"' E
12° 48' 25' ' N / 2° 25' 26' 1' E

From altitudes of about 240 - 250 m in its western 
part, it descends morphologically to the east down 
to the escarpment edge at the Niger river at an 
altitude of 200 m. The Niger flows at an altitude 
between 173 and 174 m above sea level.

B.2 PREVIOUS INVESTIGATIONS AND THEIR RESETS
The sedimentary, oolitic iron-ores outcropping along 
the central Niger valley have been known since the 
early 30-ties and have been repeatedly subject of 
geological exploration.
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They were first mentioned by N. REFORMATSKY 
( 1930-32). A.CHERMETTE (1938) described the iron̂ - 
ores as limonitic iron oolites occuring between 
claystones and the "basic sandstone" of the 
Continental Terminal. Between 1948 and 1957 
J.GREIGERT and H. FAURE dealt among others with the 
two intracratonic basins, the Iullemeden and the 
Tschad basin. In the course of their work they 
realized the enormous areal extension of the iron 
sediments at the base of the Continental Terminal.
In 1960, B.R.G.M. carried out prospecting work in 
the central Niger valley between Karma and Kirtachi 
by order of the Government of Niger (fig. A-l).
As regards ore quality and thickness of the ore 
horizons, the plateaus of Doguel Kaina - Say, Kolo 
and Dyabou were selected for additional 
investigations.
These areas were inspected once again by B.R.G.M. in 
1961/62 but on a smaller scale and these investiga
tions included primarily putting down trenches as 
well as geological logging and sampling of existing 
water wells. For technical reasons only parts of the 
deposit could be investigated that were covered by 
overburden of little thickness. Therefore, activi
ties in the areas of Doguel Kaina - Say and Dyabou 
were concentrated on the ore outcrop at the escarp
ment. A smaller area directly north of Doguel Kaina 
was explored over its entire surface and in detail 
by 15 pits and trenches because the overburden 
thickness was very small. Over the rest of the 
deposit, the pits and trenches put down by B.R.G.M. 
had a spacing between 1 and 8 km. Estimation of the 
iron-ore reserves has furthermore been based on 
geological logging and sampling of 19 water wells 
situated west of the ore outcrop at the inside of 
the plateau of Doguel Kaina - Say.
The plateau of Dyabou has been inspected by 17 pits 
and trenches.
The iron-ore occurrence on the plateau of Kolo is 
cov red almost completely by an overburden of less 
than 5 m thickness; that area has been inspected 
over the entire surface by 9 shaft pits.
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The reports of B.R.G.M. available specified the
following iron-ore reserves:
plateau of Doguel Kaina - Say:
safe reserves: 16.5 M t at an average Fe content

of 48.8 % and 0.7 - 3.5 7. of
P2O5 (for the area directly 
north of Doguel Kaina which Has 
been investigated in detail)

probable
reserves: 152 M t at an average Fe content

of 48.8 
P205 7. ard 0.7 - 3.5 7. of

geological
reserves : 420 M t at an average Fe content

plateau of
of 48.8 
P205

Dyabou:
7. and 0.7 - 3.5 7. of

geological
reserves: 180 M t at an average Fe content

of 49.5 7. and 0.7 - 3.5 7. of
P2O 5

plateau of Kolo:
safe reserves: 80 M t at an average Fe content of

42.3 7. and 0.7 - 3.5 7. of P2O5
B.3 STRATIGRAPHY AND DESCRIPTION OF THE VARIOUS STRATA 

AND THEIR REGIONAL DISTRIBUTION
The stratigraphically oldest rocks underlying the 
iron-ore bearing formation in the area of the three 
iron-ore deposits are according to MACHENS (1964) of 
the Precambrian age of the Birrimien. (fig. B-l)
These are predominantly medium-grained to coarse
grained granites. In addition, phyllites and mica 
schists occur some of which are garner bearing. 
Moreover, graphite schist horizons have been 
observed in these mica schists. There are very 
isolated quartzite occurrences and quartzitic 
conglomerates of which it may be assumed that they 
correspond stratigraphically to the Volta sandstone 
(Eocambrlan).
The crystalline basement outcrops in river or wadi 
valleys with seasonal, eroding water discharge.
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These basement rocks, particularly those rich in 
feldspar have been subjected to deep kaolinitic 
alteration. The thickness of the kaolinitic rocíes 
underneath the iron-ore bearing layers partly reach 
10 m, especially in paleomorphologic depressions. 
Some of this is in situ kaolinite, whereas there are 
other places where the kaolinite seems to have been 
subject to redeposition.
Following a stratigraphical gap of several hundred 
million years reaching from the Cambrian incl. up to 
Lower Tertiary, the continental sediments of the 
Continental Terminal have been deposited discord- 
antly on the basement. These are of the Miocene Age 
(Upper Tertiary). Paleogeographically the sediments 
of the Continental Terminal, including the iron-ore 
deposits, are located in the western part of the 
intracratonic Iullemeden basin which covers large 
areas of West Niger and North-West Nigeria. In the 
deepest part of the Iullemeden basin which has an 
asymmetric cross section, sediment thicknesses of 
more than 3,000 m are reported.
However, within the inspected area south-east of 
Niamey the maximum thickness amounts to 50 m only.
The sediments of the Continental Terminal start 
above the kaolinitized basement with a sandy-clayey 
transitional layer of 0.0 to 1.0 ir thickness. Already 
that layer displays iron-bearing portions in the 
form of isolated ooliths and pisolitns changing over 
without clearly defined boundary into high grade 
iron-ore.
The entire iron-ore horizon can generally be divided 
into three sub-layers which differ with respect to 
chemical and mlneralogical composition, granulometry 
and rock hardness. The oolitic-pisolitlc iron-ore 
horizon (fig. B-2) forming the deposit and made up 
of the lower Oolithes Tendres, an Intercalation and 
the upper Oolithes Indurées will be described in 
detail in chapter B-'i.
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Fig. B-2 : Escarpment near Totcey: On top plateau of
Doguel Kaina, formed by Oolitnes 
Indurées; persons standing on
Intercalation; at the bottom Oolithes 
Tendres.

The topmost iron oolite is followed by a clay layer 
of 0.5 to 3.5 m thickness. That clay is mostly harde
ned due to seasonally varying moisture content and 
of light-brown colour. In some drillings and outcrops 
at the escarpment that clay is of light-grey to pinte 
colour and displays plastic properties.
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On top of that layer follow alternate layers of silt 
rock, and fine grained sandstones with thicknesses up 
to 30 to 40 m, depending on the grade of erosion. 
Their colours range from red—purple over brown-yellow 
to light grey-white. Further iron oolite horizons 
with up to 0.30 m thickness occur intercalated in 
the silt rock.
During a phase of laterization iron sandstones of 
strongly varying thickness between 0.5 and 4.5 m have 
been formed within certain parts at the top of the 
sediments of the Continental Terminal. At the base 
of these iron sandstones 0.2 to 1.0 m thick horizons 
of iron oolites and quartz conglomerates have been 
intercalated. Mobilized iron solutions which were 
afterwards again precipitated have cemented iron 
sandstones and iron oolites so that both rocKs have 
been excessively hardened. The Fe and Si02 con
tents in the iron sandstones reach about 27 7. Fe and 
45 7. Si02; the average figures for the iron 
oolites are 39.85 7. Fe and 28.26 7. Si02*
Gravels of old Niger river terraces of Quarternary 
age superimpose at some areas sediments of the 
Continental Terminal and have been located at a 
level of 190 - 195 m above sea level. The pebbles 
are mainly well rounded milky quartzes of 1.0 to 
7.0 cm diameter and poorly rounded iron oolite and 
iron sandstone pebbles up to 20 cm diameter. Pebbles 
of quartzite or basement rock are found very rarely. 
The pebbles are embedded in quartz sand which latter 
has been weakly consolidated by iron hydroxides.
The sedimentation ends on the plateaus with 
subrecent to recent eolian fine sands of little 
thickness which have been blown to small dunes by 
the wind and may have thickness up to 4 m.
Fine sands and black-brown, humus mud have been 
deposited in the subrecent to recent flooding areas 
of the Niger river.

B.4 RESULTS OF THE PITTING/TRENCHING AND THE DRILLING 
CAMPAIGN

B.4.1 PETROGRAPHY AND MINERALOGY
Stratigraphy, petrography and mineralogy of the 
three ore horizons are described below. (Fig. B-l) 
The statements made are essentially applicable to 
all three deposits, i.e. Doguel Kaina - Say, Kolo 
and Dyabou.
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Above the kaolinitized basement the Continental 
Terminal commences with a sandy—clayey transitional 
layer Tn which first occurrences of iron ooliths and 
pisoliths have been noticed (fig. B-3 ) .

Fig. B-3: Outcrop at the escarpment near Say. On top 
of the white kaolinitized basement follow 
the brown Oolithes Tendres.
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With ooiiths and pisoliths increasing to 80Z at a 
max. of the mineral content, the clay-sandstones 
change over without a clearly defined geologic 
boundary into non-consolidated pisolitic iron 
oolites and oolitic iron pisolites respectively 
which have been designated as "Oolithes Tendres".
Note: ooiiths and pisoliths differ only by their 
grain size; ooiiths have a diameter of less than 
2 mm, pisoliths a diameter of more than 2 mm. Both 
are built of spherical to ellipsoidal, 
concentric-shelly goethite bodies ( <* -FeOOH) (fig. 
B-4 and fig. C-6).

i

Fig. B-4: Coarse-grained pisoliths 
ooiiths.

and smaller
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The iron ooliths and -pisoltths are surrounded by a 
matrix of yellow-brown, silty clay. Quartz sand of 
fine to coarse grain-size occurs as coarser clastic 
component. It may amount to up to 30 7, in the lower 
parts of the layer and decrease to about 2 - 5 % 
more or less continuously towards the roof. However, 
a horizon-specific distribution of the portion of 
iron ooliths and -pisolitns, as well as of the 
clayey binder could not be observed in the Oolithes 
Tendres horizon. The estimated portion of pisoliths 
varies over the horizon between 5 and 30 %.

Fig. B-5: Uniform ooliths in the Oolithes Tendres

The sediment structure is unbedded to massive in the 
trenches and the few natural outcrops. The colour of 
the roctc is medium grey to brown.
The Oolithes Tendres have thicknesses between 0 and 
5 .5  r.i.
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On top of the Oolithes Tendres follows a layer which 
is developed in large portions of the investigated 
areas. It is laterally and partly also vertically 
differentiated and indicates thus certain 
differentiations of the sedimentation basin and 
conditions.

Fig. B-6 : Outcrop at the escarpment east of ToKey: 
Oolithes Tendres at the bottom and
Oolithes Indurées on top, with thin
Intercalation at the level of the hammer

That layer which hereinafter is named as 
"Intercalation" consists of the following components:
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- iron oolites with ooliths bigger than 0.5 mm in 
clayey-sandy matrix; in which the mostly light- 
grey clay forms "schlieren" in the rock.

- strongly coarse-sanded iron oolites
- coarse sands made up of unrounded quartz grains
- light-brown, sandy-silty clays which contain some 

isolated ooliths
The phenomenon of the varying thickness (0 - 2.90 m) 
and, corresponding to the facies, the strongly 
varying iron contents of the 'Intercalation' is 
dealt with under para B.4.3 below.
The Intercalation is followed to the top by a dark 
red-brown iron oolite which appears stratified in 
the outcrop. Compared with the two underlying ore 
horizons this iron oolite has been significantly 
more consolidated and is hereinafter referred to as 
"Oolithes Indurées". Because of its hardness it 
forms the upper edge of the escarpment towards the 
Niger valley over parts of the deposits. At its base 
some isolated reworked iron-oolite pebbles have been 
noticed.

Fig. B-7: Escarpment near Tokey: Bedded
Oolithes Indurées
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The rock consists at more than 90 Z of spherical to 
ellipsoidal goethite ooliths. Most of these display 
radiated fissures which may be healed by iron 
hydroxide. Apart from that fractures of ooliths 
occur which are indicative of a deformation or 
fragmentation of the ooliths in solid state.
Particle size measurements made with 4 polished 
sections and by screen analyses revealed that up to
38.7 7. of the ooliths consist of the fraction minus 
0.5 mm and more than 62 7. of, the fraction 0.5 - 2.0 
mm. Only up to 2.5 7. are in ¿he fraction plus 2.0 mm 
and can be defined as pisoliths.
The portion of well-rounded quartz grains has been 
determined to equal 7 % at a max. in a polished 
section and consisted mainly of the fraction smaller 
than 0.63 mm. For the other polished sections 
examined the quartz portion has been below 1 7..
Evidently the pisoliths, ooliths and quartz grains 
are more densely packed in the Oolithes Indurées 
than in the Oolithes Tendres. Apart from that they 
do not have such strong clayey matrix. Because of 
the resulting interstices between the ooliths the 
rock gives a porous impression. The interstices are 
only partly filled with reddish-brown and yellowish- 
brown clay. On the basis of microscopical examination 
and tests with the X-ray diffractometer, the clay 
was determined to be kaolinite.
The stronger consolidation of the Oolithes Indurées, 
varying by strata, is attributable to a bonding or 
cementation due to remobilized iron hydroxide as a 
consequence of strain solution at the outer rims of 
the ooliths and pisoliths. In isolated cases the 
ooliths interstices are filled with goethite 
precipitations.
The structure of the oolites at the escarpment is 
Dedded with thickness of the beds from 0.10 - 0.60 m.
The Oolithes Indurées reach thickness of 5.0 m, in 
some parts of the deposits, however, thin-out to 
0.0 m towards the rims of the old sedimentation 
basin.
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In the soft parts of the Oolithes Indurées, the 
Intercalation and the Oolithes Tendres at the
escarpment face very often small channels or tubes 
can be observed which most probably result from 
digging activities of worms or insects or from roots

Fig. B-8: Escarpment near Warkéré: D ’.gging or root
channels in the Oolithes Tendres

Summarizing, the mineralogy and paragenesis of the 
ore can be described as follows:
The Oolithes Tendres and the Oolithes Indurées are a 
sedimentary, oolitic iron-ore, being little or not 
at all solidified.
The main mineral and Fe-carrier of the ore is 
goethite (rt - FeOOH), building up the ore by loosely 
to densely packed, spherical to ellipsoidal ooliths 
and pisoliths. In very rare cases, also finely- 
grained hematite was identified as iron mineral.

(fig. B-8)
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Goethite occurs mainly in the oolith- and pisolith 
components, but also in the matrix i.e. either 
finely-distributed in the clay fraction, or in many 
places as cement, which in the form of remobilized 
and re-precipitated FeOOH may bond the ooliths.
Hydroxide iron phosphates (such as vivianite) were 
presumed to be the carriers of the phosphorus.
A phosphor mineral of its own could, however, not be 
identified, i.e. neither by microscopic investigation 
nor by X-ray analizing. Micro-probe investigations 
revealed that the major portion of the P in the sedi
ment is bound to goethite and that the P- and Fe-con- 
tents are directly proportional to each other. P is 
present in the ooliths extremely finely-distributed 
and is not concentrated in different oolith shells. 
The extremely fine distribution of the P in the 
ooliths and the X-ray amorphism suggest that P is ad- 
sorptively bond to goethite as PO4 3-ion or that 
by an anion exchange of PO4 3- against tne 0H- 
shell the PO4 ^"ion has been coupled to the 
goethite.
In the ore detrital quartz is present as gangue 
component as well-rounded sand grains in the medium- 
and coarse fraction, and - moreover - very finely 
grained as silt in the matrix.
Clay in the form of kaolinitic clay minerals is the 
main matrix component, further details have Deen 
included in the chapter "Mineralogical investigation 
of the oolitic iron-ore", chapter C.4.1.
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B.4.2 GEOCHEMISTRY AND ORE GRADES
The lithological differences within the ore horizons 
which had been discovered in the outcrops and aLso 
in the drill cores could be confirmed by the 
chemical analyses and quantitatively determined by 
the ore grades.

B.4.2.1 VERTICAL GEOCHEMICAL DISTRIBUTION
Considering the vertical geochemical development in 
the three ore horizons from the bottom to the top the 
following can generally be stated for the deposits 
at Doguel Kaina as well as at Kolo (see drill and 
trenching logs, annexes B.3.1 - B.3.123, and
analyses tables, annexes B.2.1 - B.2.45).
The sandy clayey transitional layer between 
kaolinitized basement and the bottom layer of the 
Oolithes Tendres is characterized by high
Si02~conter.ts of more than 45 7. at correspondingly 
low Fe-contents of less than 25 7o and P205*-con- 
tents of approx. 1 %.

In the Oolithes Tendres, there are more or less
continuoui increases TrT the Fe—content from the 
bottom to the top from less than 25 7. to 47 % and in 
some cases even to 51 %, max. and in the
P205~content from 1 1 to 2 1 and 2.8 7», max., at 
a simultaneous reduction of Si02 from more than 
45 7» to 12 7. or 15 7.. There are no systematic
changes as regards the AI2O3 in the Oolithes
Tendres.
The table below compares the weighted average 
contents of all samples from the Oolithes Tendres 
from the deposits Doguel Kaina and Kolo with an
average thickness of 2.90 m in Doguel Kaina and of 
2.00 m in Kolo.
1----- 1--------------- 1-------- i
| | Doguel Kaina | Kolo |

I Fetot | 45.49 1  \ 43.64 7. I
| P205 ‘ | 2.07 7. | 2.37 1 |
| Si02 I 13.54 7. I 13.75 7. |
| AI2O3 | 5.89 7. I 7.33 7. I
J__________ !___________________________ !---------------— i
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In this connection, it has to be pointed out that a 
cut-off of 35 7. of Fetot< has been taken as a
basis for determining the average contents, i.e. 
only those samples of the Oolithes Tendres were 
considered for calculating that had an Fe-content of 
more than 35 %.
Under the conditions mentioned above, the Oolithes 
Tendres of both deposits are characterized only by 
slight differences with regard to the contents of 
the main elements. It is however striking that the 
average P205~content of the Kolo deposit is 
higher and the Fe-contents is lower than that of 
Doguel Kaina deposit.
According to the heterogenous regional facies of t'ne 
Intercalati on, which may consist of iron oolite, 
sand, clay or an alternation of these, also the 
geochemical pattern is very variable. Thus, the 
Si02_content of the Intercalation in sand facies, 
e.g. reaches more than 60 % at an Fe-content of
partly lower than 15 70. If, however, the Inter
calation is present in iron oolite facies, the 
Fe-content may reach more than 45 7. and Si02 may
be less than 20 7«.
The weighted average contents of all Intercalation 
samples from the deposits Doguel Kaina and Kolo are 
as follows:

Doguel Kaina Kolo

Fetot. | 32.96 % | 23.93
P205 | 1.14 7o | 0.91
S102 I 35.44 7. | 46.84
AI2O3 | 5.83 7o | 8.21

1 I
7. I
7» |
l I

J
The average thicknesses of the Intercalation equal 
1.13 m in Doguel Kaina and 1.06 m in Kolo.
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A comparison of the geochemistry of the Intercalat
ions from both deposits reveals an Fe-content being 
on the average almost 9 % higher in the Dogue1 Kaina 
deposit than in the Kolo deposit.
The average P2O5-content in the Doguel Kaina 
deposit is by 0.23 % slightly increased compared to 
the Kolo deposit. Contrary to this, the average 
Si02~content is higher by 11 % in Kolo than in 
Doguel Kaina. The Al203~contents are likewise by 
2.38 % higher in Kolo than in Doguel Kaina.
In comparison with the Intercalation the superim
posed Oolithes Indurées have a very uniform 
geochemical composition !
The contents of the different components in the two 
deposits range from - to:

Doguel Kaina Kolo

Fe^ot % P2O5 % 
Si02 l 
AI2O3 %

45.0 - 55.0 
1.13 - 2.41 
2.88 - 13.87 
2.49 - 7.54

37.16 - 53.17 
1.21 - 2.19 
4.05 - 25.50 
1.92 - 7.54

Comparing the weighted average contents of the 
Oolithes Indurées for the two deposits, the 
differences are as follows:

Doguel Kaina Kolo

F etot. 50.45 7» 46.10 %
P2O5 1.73 l 1.66 7o
Si02 8.32 l 14.98 7»
¿l2°3 4.34 7o 4.64 7o
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The average thickness of the Oolithes Indurées are 
in the Doguel Kaina deposit of 2.53 m and in the 
Kolo deposit of 2.22 m.
Comparing the average composition of the Oolithes 
Indurées in the two deposits show that the average 
Fe-content is 4.35 X higher in the Doguel Kaina 
deposit than in Kolo, whereas the Si02-content in 
the Kolo deposit exceeds that of the Doguel Kaina 
deposit by 6.6 X. The P205~contents and the 
Al2Û3-contents are of the same magnitude for 
both deposits.

The extremely low CaO-contents are characteristic 
for all three ore horizons of the two deposits and 
also for those of the Dyabou Plateau.
The average content of CaO + MgO on the whole of the 
ore horizon is 0.15 X, with maximum values of 0.5 % 
which presumably originate from anorthite-rich 
feldspars in the sandy intercalation.
On the basis of the stoicheiometrical ratio it can 
be excluded that the phosphorus phase is bonded to 
Ca and is present as apatite.
The Ti02_contents are always below 1 X and mostly 
even below 0.5 X. No specific geochemical distri
bution patterns of Ti02 have been discovered. The 
same applies to MnO, the contents of which being of 
the same magnitude as for Ti02•

B.4.2.2 REGIONAL GEOCHEMICAL DISTRIBUTION
On the basis of the vertical geochemical distri
bution in the trenches and drilling cores, the 
regional distribution of Fe and P2O5 has been 
investigated in the different horizons in detail for 
the Doguel Kaina deposit.
For the smaller deposit at Kolo with the little 
number of drillings such a distribution pattern 
could not be elaborated.
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Maps have been prepared by way of electronic data 
processing, which calculated and showed the weighted 
average Fe- and P205~contents in the different 
horizons - Oolithes Tendres, Intercalations, 
Oolithes Indurées - as well as the total ore horizon 
(Annexes 3-22 to B-29).
In the major part of the Doguel Kaina deposit, the 
Fe-content of the Oolithes Tendres exceeds 45 % and 
reaches a" maxii. m  of 51 % (annex B 22). In the 
northernmost part of the area of investigation, along 
the escarpment and in two east-west running strips in 
the southern part the Fe-content is below 45 %.
According to the bonding of the phosphorus to the 
iron carriers in the ore, described above, P2O5- 
contents of more than 2 % can be encountered in the 
areas, in which the Fe^ot-contents exceed 45 %. 
Areas implying P205-contents below 2 % substan
tially coincide with those, in which the Fe-content 
is below 45 %. (Annex B-23)
In accordance with the differentiated lithological 
structure of the Intercalation, a heterogenous 
regional distribution pattern of Fe and P2O5 
results (Annex B-25 and B-26). However, the corre
lation of Fe- and P205~contents can clearly be 
ascertained also in the Intercalation. The absolute 
values of Fe and P2O5 are, however, substan
tially lower than in the Oolithes Tendres under
neath. Merely three larger coherent areas in the 
northern, central western part in the south-east of 
the deposit could be identified, in which the 
Fe-contents exceed the cut-off of 35 %.
Just like the Fe-contents, the P205~contents are 
with 0.2 % - 1.6 distinctly lower than in the 
Oolithes Tendres.
Except for three partial areas near the escarpment 
at the eastern side of the Doguel Kaina deposit and 
a smaller area in the central western part, the 
weighted average Fe-contents in the Oolithes Indurées 
exceed 50 % (annex B-28). In the portions having an 
Fe-content of more than 50 %, the regional 
Fe-distribution is very uniform and is within a 
range between 50 and 54 % Fa.
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Except for two smaller areas in the valley in the 
south-east of the deposit, the P205~contents are 
below 2 X. The two areas mentioned have P2O5- 
contents of 2.2 or 2.4 X. The correlation between 
Fe-contents and P205~contents being distinct in 
the Oolithes Tendres and in the Intercalation is not 
so obvious for the Oolithes Indurées.

To summarize the results on the vertical and
regional geochemical distribution of the components
in the ores of the Dogue1 Kaina and the Kolo
deposits it can be stated:
1. The main elements in the ore horizons are Fe, Si, 

A1 and P, accompanying elements are Ti, Mn, Ca, 
Mg.

2. The highest average Fe-contents of 50.45 X are 
present in the Oolithes Indurées of the Doguel 
Kaina deposit.

3. The Intercalation of both deposits is lithologi
cally and thus geochemically built- up very hete
rogeneously. Some parts of the deposits featuring 
an Fe-content of more than 35 X are minable (see 
also para B.4.3 'thicknesses' and para B.7 
'reserve calculation'). In large parts of both 
deposits, the Fe-content is less than 35 X and 
considered as not being worth mining. The 
weighted average iron contents of the Intercala
tion are 32.96 X for the Doguel Kaina deposit and 
23.93 X for the Kolo deposit (table A-l).

4. In the Oolithes Tendres of both deposits, the 
Fe-content increases more or less continuously 
from the bottom to the top. The weighted average 
of all drill and trench samples equals 45.59 X in 
Doguel Kaina and 43.64 X in Kolo.

5. The phosphorus is bonded to the iron carrier. The 
highest P2O5 contents with an average of
2.07 X are found in the Oolithes Tendres of the 
deposit Doguel Kaina and of 2.37 X in the deposit 
Kolo.

6. Ca occurs in extremely low quantities only, so 
that for stoichiometrical reasons it can be 
excluded that the phosphorus phase is bonded to 
Ca and is present as apatite or phosphorite.

7. In control analyses, sulfur was found in traces 
only.
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8. The weighted average ore contents for the single 
ore horizons of the Doguel Kaina and the Kolo 
deposits are listed in the cable below.

Oolithes Indurées Intercalations Oolithes Tendres
in the area of in the area of in the area of

Doguel Kolo Doguel Kolo Doguel io »0
Kaina <a i na K a m a

Average thickness 0 2.53 2.22 1. 13 1.96 2.90 2.00

^etorai * 30.45 ¿*6.10 32. 96 23.93 45.4Î 4 3 .64

?2°5 - 1. 73 1.56 1. 14 0.91 2.07 2. 37

S ÌO2 - 3.32

00(T-r
-i 3 5.4« 46.84 13. 54 13. 75

Al203 % 4.34 4„64 5.33 3.21 5.39 7.33

The average contents of the total ore horizon amounts 
to 45.84 % of Fe and 1.80 % of P2O5 at a total 
thickness of 6.02 m at Doguel Kaina, and to 41.27 % 
of Fe and 1.76 % of P2O5 at a total thickness of 
4.24 m at Kolo.
The calculation of the average ore content was based 
on a cut-off of 35 % Fe in the Oolithes Tendres and 
the Intercalation. Thus, certain marginal drillings 
and the corresponding deposit areas featuring non- 
mineable thicknesses or low ore grades have not been 
considered. This explains the lower average thick
nesses in both deposits Doguel Kaina and Kolo, 
compared with the cumulative average thicknesses of 
the individual horizons.

B.4.3 THICKNESSES OF THE ORE HORIZONS AND OF THE OVERBURDEN
B.4.3.1 DEPOSIT DOGUEL KAINA

Oolithes Tendres
The average thickness of the Oolithes Tendres is 
2.90 m; this serves as a reference value for the 
following evaluation on the thickness distribution 
(annex B-24).
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Thicknesses of this ore horizon of more than 3 m are 
found between the Y-coodinates 1463000 and 1455000 
and reach a maximum thickness of 5.5 m between the 
Y-coordinates 1459000 and 1460000 in the western 
area of the deposit. North of the Y-coordinates 
14630000 to 1468000 the thickness of the Oolithes 
Tendres is between 2.0 and 3.0 m. Further north, the 
thickness decreases continuously, and finally, the 
Oolithes Tendres thin out completely. The deposit 
thickness in the southern area decreases as well - 
down to less than 0.5 m. This also applies to the 
escarpment where the thicknesses between the 
Y-coordinates 1463000 and 1465500 decrease to less 
than 1.5 m .
Intercalation
A map of the isolines of thickness of the Inter
calation is given in annex B-27.
The average thickness of the Intercalation in the 
Doguel Kaina deposit is 1.13 m. However, there is an 
extended area with an Intercalation thickness of 
more than 1.0 m, reaching even 2.7 m. It is limited 
by the X- and Y-coodinates 425000/1461000, 429000/ 
1464500, 423000/1470000 and 427000/1468000 (of the 
national grid). The Intercalation thins out to the 
north-west and the thickness decreases to less than
1.0 m to the north-east. To the south, the thickness 
also reduces to less than 1.0 m and the Inter
calation thins out completely in certain areas.
In areas with thicknesses exceeding 1.0 m, the 
Intercalation consists mainly of sandy-clayey 
facies, while in the adjacent southern area of small 
thicknesses, it is of iron-oolitical character.
Oolithes Indurées
The average thickness of the Oolithes Indurées 
measures 2.53 m.
There are three larger areas with thicknesses of 
more than 2.5 m and reaching in one area even a 
maximum of 5.0 m. These areas are situated:
1) between the X-coordinate 426000 and the 

escarpment and the Y-coordinates 1455500 and 
1462500,
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2) in a strip of approx. 0.5 to 2.0 km width 
running north-north-west to south-south-east 
along the escarpment between the Y-coordinates 
1463000 and 1465500, and

3) between the X-coodinates 423000 and 426500 and 
the Y-coordinates 1466500 and 1470500 in the 
north-east of the deposit.

In the northern-most and southern-most part of the 
investigated area the Oolithes Indurées thin out 
completely or to thicknesses of less than 1 m.
Total ore horizon
The calculated average thickness of the total ore 
horizon, i.e. the sum of the individual thicknesses 
of the Oolithes Tendres, of the Intercalation, and 
of the Oolithes Indurées, amounts in the Doguel 
Kaina deposit to 6.56 m.
In large parts of the deposit (annex B-6 to B-8) 
between the Y-coordinates 1456500 and 1469500, the 
thickness exceeds 6.00 m. Between the Y-coordinate 
1458000, north of the valley section, and the 
Y-coordinate 1461500, the. thickness of the total 
horizon exceeds 7.0 m. This also applies to the 
region west of the X-coordinate 426000 and to the 
area of the western-most drilling line (DK 33 to 37, 
18 and 59) between the Y-coordniates 1461500 and 
1469000. In the drilling DK 2, the maximum total ore 
thickness, found in the area, is 9.60 m. In a 6 km 
long and an approx. 500 to 700 m wide strip along 
the escarpment between the Y-coordinates 1464000 and 
1470000 the average thickness of the total ore 
horizon is less than 6.00 m.
In the same way as the individual ore horizons the 
total ore horizon pinches out completely to the 
north of the Doguel Kaina area. In the south of the 
deposit the thickness thins out.
Overburden

The thickness of the overburden is, in addition to 
the ore grades and the ore thicknesses, an important 
characteristic for evaluating a deposit with respect 
to open pit mining.
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The ore : overburden ratios of the individual areas 
will be dealt with in detail under para B 7.1. Here 
merely a general account on the overburden thick
nesses of the Doguel Kaina deposit is given (annex 
B-10 to B-12).
The thickness of the overburden in the Doguel Kaina 
deposit generally increases from east to west with 
increasing distance from the escarpment; this means, 
at the escarpment where the ore horizons crop out 
the overburden thickness equals 0 m. In a 100 to
2,000 m wide strip west of the escarpment with three 
larger partial areas, the overburden thickness is 0 
to 15 m (see also para B 7.1). The majority of the 
ore deposit is covered by 15 to 20 m of overburden.
In the north-western part of the deposit, the 
overburden thickness increases to more than 25 m.

B.4.3.2 KOLO DEPOSIT 
Ore horizon
Apart from the eastern area, the ore body Kolo is 
overlaid by terrace gravels of the Niger river. In 
other words, the original geological profile, as 
described under item B.3 and B.4.1 does for large 
parts of the Kolo deposit not exist completely, but 
has been partly eroded prior to sedimentation of the 
terrace gravels. The Oolithes Indurées particularly 
have been affected by this erosion so that - at 
least in the western part of the deposit - important 
sections of the ore body have been eroded.
The distribution of the total ore body thickness and 
the thickness of the overburden in the Kolo deposit 
are shown in the annexes B-5 and B-9.
The average thicknesses of the individual ore hori
zons have been determined on the basis of drilling
and trenching results:
Oolithes Indurées: 2.22 m
Intercalation : 1.06 m
Oolithes Tendres: 2.00 m
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The average thickness of the total horizon amounts to 5.28 m.
The ore thicknesses vary between 0.0 and 7.0 m at a 
maximum. Annex B-5 shows that the southern and 
eastern region feature thicknesses of more than
4.0 m while the thicknesses of the northern and 
western area are less than 4.0 m.
Overburden
The overburden thickness of the Kolo deposit range 
between 0.0 and 15.35 m (in drilling K 20) and are 
thus considerably less than at the Doguel Kaina 
deposit (annex B-9 and B-10) . Generally, the over
burden thicknesses of the Kolo deposit increase 
towards the east and the north.
The overburden thicknesses will be dealt with in 
detail in para B.7.1.

B.5 EXTENSION, STRUCTURE AND TECTONIC OF THE IRON-ORE 
DEPOSITS AT KOLO AND DOGUEL KAINA
The stratified oolitic iron-ores of the deposits 
Doguel Kaina and Kolo are lying tectonically comple
tely undisturbed like a plate on the Precambrian 
basement of the Birrimien.
The ore is bedded horizontally or dips with less 
than 1 ° to the east.
The ore body of the Doguel Kaina deposit pinches out 
in northern and north-western direction and reduces 
its thickness to the south. Towards the east and 
north, it is cut off by the natural escarpment of 
the river Niger but continues east of the river 
valley, i.e. within the Kolo deposit as well as 
south of it. However, extent and thickness of the 
oolitic iron-ore deposit outside Kolo are unknown.
The iron-ore horizons also continue to the west, 
however, are covered by very thick overburden.
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B .6 CONCLUSIONS AND INTERPRETATION ON THE GENESIS OF THE
oolitic Ir o n-ores ------
The recent formation of iron oolites can be observed 
in the Lake Tschad, where LEMOALLE St DUPONT assume 
the following conditions to have prevailed:
Reactive iron oxides and iron hydroxides bonded 
adsorptively to clay are transported together with 
the quartz sands of the rivers, in this particular 
case of the river Chari, the southern inflow, into 
the Lake Tschad. Compared with the fresh river 
water, the pH-value and the electrolyte concentra
tion in the Lake Tschad are higher because of the 
prevailing evaporation. The clay particles become 
instable when entering the differing environment and 
release the absorptively bonded reactive iron. The 
formation of iron oolite in the form of goethite 
ooliths then occurs by assembling iron hydroxide 
material around clay nuclei, more rarely around 
quartz nuclei or around oolith fragments, at the 
bottom of the in average 3.5 m deep lake the water 
of which is well aerated and stirred by the wind and 
has a temperature of 18 to 30 °C.
Comparing the Tschad basin, which nowadays, too, is 
an active inland basin without outflow, with the 
Iullemeden basin which at the time of the sedimen
tation during the Tertiary Continental Terminal was 
also an inland basin without outflow and which is 
now subject to erosion due to uplift of the West- 
African craton, several similar geological and 
climatic aspects become noticeable, such as
- large-scale tectonic and paleogeographic position 
as intracratonic basin

- morphology - reflected by a shallow basin with 
inflowing rivers of little gradient

- country rocks subjected to humid weathering
- climate
- presumably similar seasonally intermittent main 
discharge pattern of the inflows transporting the 
sediments
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Due to the aforementioned similarities of the 
Tschad- and the Iullemeden basin it can be assumed 
that the oolitic iron-ore deposits at the western 
border of the Iullemeden basin have been formed 
similar to the iron oolite sediments of recent 
genesis in the Lake Tschad.
One could imagine that the iron-ore deposits subject 
of this study have been formed as detailed below:
A river system - the size and drainage area of which 
can no longer be traced - discharges into the 
intracratonic Iullemeden basin which at the time the 
Conti- nental Terminal was deposited had no outflow 
system. Possibly, at that period, the Iullemeden 
basin was subdivided into a number of smaller basins 
(i.e. one in the central part of the Niger river 
near Dyabou, Say, Kolo and Niamey, and another one 
in the region of Loumbou-Loumbou further south
east) . Similar to the present situation, the rivers 
may have featured seasonally varying discharge and 
they transported - apart from clayey and sandy 
material - reactive iron bonded to clay. The 
prevailing pH-values and redox-potential exclude the 
transportation of sub- stantial amounts of iron in 
dissolved form. The iron transported by the river 
water could originate, for instance, from paleo- 
laterites or from basement rocks rich in Fe. Based 
on the above assumptions one might imagine that the 
iron-transporting river system discharged into the 
basin from the west.
Similar to the current situation in the Tschad 
basin, the temperatures prevailing in the Iullemeden 
basin presumably were higher than those of fresh 
river water and the concentration of electrolyte was 
higher because of evaporation. This might have 
caused the detachment of the reactive iron from the 
clay minerals.
The iron could assemble on amply existing clay 
nuclei, less frequently around quartz nuclei, and 
then form iron ooliths in the agitated shallow water.
In the course of time the original clay nuclei of 
the ooliths might have been replaced by goethite as 
a result of material exchange.
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In view of the mineralogie-microscopie findings it 
may be assumed for the Phosphorus that it has been 
transported in the form of PO4 3- ions and then 
assembled adsorptively to goethite in the iron 
ooliths and -pisoliths. Free phosphates in the form 
of phosphorites have not been located in the 
sediments of the Continental Terminal.
The sedimentological pattern allows the conclusion 
that the period during which the 'Oolithes Tendres', 
were deposited was characterized by uniform, steady 
sedimentation where the newly formed iron ooliths 
accumulated jointly with large amounts of clayey and 
sandy material at the bottom of the basin.
During the formation of the 'Intercalation' the 
supply of iron has obviously been less or 
sedimentation within the area of deposition has been 
more differentiated which entailed a clearly defined 
deposition in the form of sand, clay and iron oolite.
The high Fe content in the 'Oolithes Indurées ' might 
be due to extreme iron contents of the arriving 
sediment material. Just as well, it could be 
possible that the higher iron content - compared 
with the 'Oolithes Tendres' and the 'Intercalation' - 
can be attributed to a redeposition and the 
resulting sorting effect and iron concentration in 
the 'Oolithes Indurées'.
The geological maps of the Iullemeden basin show 
iron oolitic formations within the Continental 
Terminal only in the western part of the basin up to 
about 20 km east of the Niger river. However, 
oolites have also been located near Tahoua and 
Malbaza in Niger and near Sokoto/Nigeria which 
proves that iron oolites have been widely spread 
within the Continental Terminal.

B.7 ORE RESERVES OF THE DEPOSITS DOGUEL KAINA AND K0L0
B.7.1 BOUNDARIES AND PARTITION OF THE ORE BEARING AREAS AT 

DOGUEL KAINA AND K0L0
Doguel Kaina
Towards the east and the north-east, the deposit is 
limited by the natural erosion border at the river 
valley (annex B-10 to B-12).
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For determining the north and north-west boundary of 
the mineable area, the ratio between total iron-ore 
thickness and overburden thickness (including sandy 
clayey Intercalation) has been chosen to be 1 : 5.
The same procedure has been applied for the deter
mining the southern boundary which is additionally 
given by the site of the new Islamic University of Say.
In the south-west, the potential mineable area is 
limited by the road from Niamey to Say.
The western border of the working area is defined by 
the position of the western drilling line. It should 
be noted that west of this line further iron-ore can 
be expected, however under very thick overburden.
The investigated area of Doguel Kaina with ore 
reserves covers a total of 59.92 km2.
Depending on the thickness of the overburden 
covering the ore, the area was sub-divided into four 
categories:
7.86 km  ̂ covered by overburden 

with thicknesses
5.87 km^ covered by overburden 

with thicknesses
26.26 km2 covered by overburden 

with thicknesses
19.93 km^ covered by overburden 

with thicknesses

been hatched accordingly in annex B-10 to B-12.

of 0 to 10 m
of 10 to 15 m
of 15 to 20 m
of 20 to 25 m
len layers have

Of the 7.86 km^ covered with a thin overburden 
layer of less than 10 m, one large, coherent area of 
3.41 km2 is situated north-west, west and south
east of the village Doguel Kaina. This area is 
distinctively hatched in annex B-10.



B 34
K H D  H U M B O L D T  W E D A G  A G

Other areas with maximum 10 m thick overburden are 
located in a north-south strip east of Tokey and in 
a strip north and south of the Niger side valley.
Kolo deposit
The limits of the Kolo deposit are shown in annex 
B-9 and B-10. The total ore-bearing area of the Kolo 
deposit covers 17.86 km^.
The sub-division of the Kolo mineable area was based 
on the same criteria, i.e. on the overburden 
thickness:
13.00 km2 are covered by overburden

with thicknesses of 0.0 to 5.0 m
3.80 km^ are covered by overburden

with thicknesses of 5.0 to 10.0 m
1.06 km^ are covered by overburden

with thicknesses of 10.0 to 15.0 m
In general, it can be said that the overburden layer 
of the Kolo deposit is considerably thinner than 
that of the Doguel Kaina deposit.

B.7.2 ORE RESERVES
The reserves of the Oolithes Tendres, of the 
Intercalation and of the Oolithes Indurées at the 
Doguel Kaina and Kolo deposits have been determined 
for each horizon individually.
For the Intercalation, in addition to the total 
reserves, the ore reserves with a cut-off 35 7„ Fe, 
i.e. of an average Fe-content of more than 35 %, 
were calculated. Also for the Oolithes Tendres a 
cut-off of 35 7o Fe was chosen because of their 
Fe-content, which decreases more or less 
continuously towards the base.
The specific density of the run-of-mine ore was 
determined to be 2.65 g/cnw.

*
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The iron ore reserves of the Doguel Kaina deposit 
are summarized in the table:

Ore Horizon Ore Reserves 

M t

Average
Fe-content

7.

Average
P205-content

7o
Oolithes
Indurées 390.2 50.45 1.73
întercala-
lation
total

134.8 32.96 1.14

Intercala
tion (at 
35 7o Fe 
cut-off)

62.8 41.80 1.56

Ooiithes 
Tendres 
(at 35 7. Fe 
cut-off)

483.7 45.49 2.07

Total of 
all ore 
horizons 1,008.7 45.73 1.81
Total of 
all ore 
horizons 
(at 35 7. Fe 
cut-off)

936.7 47.44 1.88

Thus, the total ore reserves in the Doguel Kaina 
deposit amount to 1008.7 M t at an average Fe-content 
of 45.74 % and an average P2O5 content of 1.81 %.
If a cut-off 35 % Fe is chosen for the Intercalation 
and the Oolithes Tendres the total ore reserves 
amount to 936.7 M t at an average Fe-content of 
47.44 % and an average P2O5 content of 1.88 %.
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The iron-ore reserves of the Kolo deposit are shown 
in the table below:

Ore Horizons Ore Reserves 
M t

Average
Fe-content

7a

Average
P205-
content

7o

Oolithes Indurées 94.7 46.1 1.66

Intercalâtion(total) 41.2 23.93 0.91
Intercalation 
(at 35 70 Fe cut-off) 7.3 36.47 1.21
Oolithes Tendres 

(at 35 % Fe cut-off) 71.2 43.64 2.37

Total of all 
ore horizons 207.1 40.84

1
1.75

Total of all ore 
horizons
(at 35 7, Fe cut-off)

173.2 44.67 1.92

Thus, the total ore reserves in the Kolo deposit 
amount to 207.1 M t at an average Fe-content of 40.8 
and an average P2O5 content of 1.75 7a. If a cut
off of 35 % Fe is chosen for the Intercalation and 
the Oolithes Tendres the total ore reserves amount 
to 173.2 M t at an average Fe-content of 44.67 % and 
an average P2O5 content of 1.92 7a.

Due to the homogeneity of the composition and 
thickness of the ore horizons the reserves can be 
classified as 'safe to probable' inspite of the big 
spacing of the drilling grid.
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B .8 THE ORE DEPOSIT IN THE DYABOU PLATEAU SOUTH OF SAY
A first reconnaissance at the beginning of the field 
work revealed that the Dyabou Plateau with respect 
to the ore body thickness and to the ore grades is 
less important than the deposits at Kolo and Doguel 
Kaina. Therefore only few trenches and drillings 
were executed in the Dyabou area (annex B. 4.2 map 
1:50.000). Their results confirmed the small thick
ness and the low grade of the ore horizon in this 
area.
The subdivision of the ore body in Oolithes 
Indurées, Intercalation and Oolithes Tendres does 
not exist in the Dyabou Plateau and in the area 
between Say and the Goroubi river.
Lithologically the iron-ore of the Dyabou plateau 
equals the Oolithes Indurées in the Doguel Kaina 
deposit, however, the content of quartz sands is 
higher in the Dyabou area. The ore was found 
cemented by mobilized and reprecipitated goethite in 
the cores of four drillings executed in this area.
In the area between Say and the Gouroubi river 4 
trenches (PSD 1-4) were dug on the escarpment of the 
River Niger and the Goroubi river. They had a total 
depth of 14.85 m. The iron ore body was found in all 
four trenches (annex B 3.118 to B 3.119) but its 
thickness was much smaller than in the Doguel Kaina 
area. The total ore horizon has an average thickness 
of 2.15 m with average contents of 43.88 % Fe and 
1.75 % P2O5.
The Dyabou Plateau was investigated by two trenches 
with a total length of 8.10 m and by 6 core drillings 
with a total length of 129.15 m (annex B 3.118 to B 
3.125) .
The thickness of the iron-ore horizon in the two 
trenches PSD 5 and PSD 6 averaged to 2.75 m with 
contents of 48.61 % Fe a i d 1.67 % P2O5.
In only four core drillings (D 1 to D 3 and D 6) 
iron-ore was intersected with an average thickness 
of the ore body of 2.50 m and average contents of 
46.53 % Fe and 1.12 7, P2O5. The Si02-content 
is quite high and reaches 20 X.
The thickness of the overburden ranged from 8 to 
15 m.
The drill holes D 4 and D 5 did not reveal any iron-

rn  H

ore.
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C. BENEFICATION TESTS
C.l OBJECTIVE OF THE TESTS

In accordance with the terms of reference the 
processing tests to be carried out with the iron- 
ores from Say had the following objectives:
- reduction of the phosphorus content while simul

taneously concentrating the iron minerals, duly 
considering various processing methods, and

- working out an industrial beneficiation process 
adapted to the specific conditions prevailing in 
the Republic of Niger.

C .2 SAMPLE MATERIAL
The sample material taken during and after 
completion of the exploration work for carrying out 
processing tests (see under chapter A.3.1.5) origi
nated from:
- the upper layer of the Oolithes Indurées (sample 

no. 1), and
- the bottom layer of the Oolithes Tendres (sample 
no. 2)

These samples had been packed separately in 38 
barrels with a total weight of 13 t. The consignment 
arrived at the KHD Research and Development Centre 
at Cologne-Porz on June 15, 1983.

C.3 EXECUTION OF TESTS
C.3.1 HOMOGENIZING OF THE SAMPLES

Preceding the test work the samples were mixed 
separately to enable an extraction of a representa
tive sample of the upper and lower layer, each, and 
to enable homogenizing of the sample material for 
the tests.
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C.3.2 EXECUTION OF ORIENTING TESTS
On the basis of the two representative samples 
obtained, screen analyses, chemical analyses, tapped 
and bulk density assessments were carried out to 
gain information for the subsequent concentration 
tests.
The classifying tests were carried out according to 
DIN-standard with the aid of hand sieves.

C.3.3 EXECUTION OF CONCENTRATION TESTS
To follow the objectives, and this is to elaborate a 
process for the beneficiation of the iron-ores tech
nically and economically feasible under local consi
deration, numerous test series have been conducted.
These series commenced with the application of the 
simpliest technology - namely the classification - 
and the complexity of beneficiation methods was 
appropriatly increased.
The following processing methods were applied:
- comminution
- attrition
- sink and float sorting
- jigging and
- high intensity magnetic separation

C.3.3.1 CRUSHING TESTS
The crushing tests were carried out in a hammer 
crusher, type PHM 400-250, with grate insert with 
oblong boles of 30 x 6 mm and at a rotor speed of 
1,210 /min.

TN m , n  i)-‘. i t
■h w  <nn,-; o'in /<, :
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Fig. C-l: Hammer crusher, type PHM
To produce a larger volume of concentrates to be 
used in subsequent metallurgical tests hammer mill, 
type HEM-630 was applied, since this mill enables a 
higher troughput rate. The rotor speed equalled 
900 /min = 29.7 m/s circumferencial speed.

Fig. C-2: Hammer mill, type HEM
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C.3.3.2 ATTRITION TESTS
Attrition was applied to remove bonding agent 
residues adhering to the oolith surface, thereby 
raising the Fe-content of the ore. The tests have 
been carried out in a 30 1 - attrition apparatus 
with double-blade agitator.
The double blades of the agitator are adjusted such 
that one blade lifts the pulp and the other forces 
it downward. The tests were carried out at a solids 
content of the pulp of approx. 1,100 g/1 for sample 
1 and with approx. 1,300 and 1,000 g/1 for sample 2. 
The agitator speed was kept constant.

C.3.3.3 SINK AND FLOAT TESTS
With the sink and float tests the upper separation 
cut was chosen at a density of 3.45 g/cm^ in order 
to obtain a clear concentration of the iron-ore in 
the sink product.

C.3.3.4 JIGGING TESTS
The jigging tests have been carried out in a U-tube 
machine. In this machine raw material with minerals 
of different specific gravity is separated in water, 
following the principle of difference in velocity of 
fall.
The results from these tests should have served as 
confirmation of the results obtained in the sink and 
float tests. Though a small amount of low graded ore 
was separated there was no remarkable concentration 
in the heavy product range and no clear sectional 
cut visible. Therefore the results have not been 
further evaluated and the tests discontinued.
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C.3.3.5 CONCENTRATION TESTS BY MEANS OF WET HIGH-INTENSITY 
MAGNETIC SEPARATION ~
The tests for magnetic concentration have been 
carried out with the aid of a wet high-intensity 
magnetic separator, type "Jones P 40". During the 
different tests, varying magnetic field strengths 
were adjusted for optimizing the sorting results.
Each test yielded three products:
- magnetic material (mags.)
- middlings (middl.)
- non-magnetic material (non mags.)
The products were chemically analysed and the mass 
distribution was determined. The results have been 
specified in annexes C 29 - C 46.

Fig. C-3: JONES-P 40, wet high-intensity magnetic,.:; 
separator
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The material to be tested (in the form of a pulp) 
was introduced into the magnetic separator via a 
tank- mounted vertical pump and a feed nozzle. The 
rotor speed of the separator equalled approx. 
3 rpm. The different products were collected in 
separate tanks and subsequently prepared for 
chemical analysis and mass determination.

C .4 TESTWORK RESULTS

C.4.1 ORIENTING INVESTIGATIONS
The orienting investigations include mineralogical, 
chemical and physical data.

C.4.1.1 MINERALOGICAL INVESTIGATIONS OF THE RAW MATERIAL
Two representative samples of the oolitic iron ore 
were investigated,
Sample 1 = upper horizon (Oolithes Indurées)
Sample 2 = lower horizon (Oolithes Tendres)
The following testing methods were applied:
Microscopical examinations in reflected- and in 
transmitted light, X-ray diffraction method and 
micro-probe analyses.

C.4.1.1.1 MICROSCOPIC INVESTIGATION 
Ooliths/Pisoliths
Goethite ooliths are the iron carriers of the iron- 
ore. The structure of the ooliths is concentri- 
cally-shelly. The different shells consist of 
needle- shaped goethite crystallites. On account 
of varying crystallographic orientation and grain 
size of the crystallites, the shell structure will 
become visible upon polishing (fig. C-4). The 
diameters of the ooliths vary between 0.2 and
2.0 mm (average size: 0.6 mm).
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Frequently, the ooliths incorporate a nucleus. The 
size of the oolith nuclei is within a range of 60 
to 900 urn. The nucleus material almost exclusively 
is goethite. Rarely, the nuclei consist of quartz. 
On account of their structure, the goethite nuclei 
can be classified as
- homogenous, solid goethite nuclei lacking clearly 
defined structure

- oolith fractures (fig. C-5).
The portion of oolith fractures is predominant. 
The nuclei are characterized by a degree of 
roundness, reaching from rounded-off to
well-rounded.
The outer oolith form is spherical to spheroidal. 
Larger nuclei may influence the shape of the 
ooliths; the added shells are then not
sufficiently thick to ensure the round shape of 
the nucleus.
It is of secondary importance to observe porous 
ooliths. A number of ooliths show fissures, being 
occasionally healed with goethite, quartz and 
kaolinite.
Inclusions in the ooliths are
- quartz grains (more frequently)
- heavy minerals (zirconium, rutile) (less 

frequently).
At the rim of the ooliths, especially in case of 
heavily weathered samples, gel-type, reniform- 
botry-oidal goethite has formed (fig. C-4,C-5,C-6) 
which - in turn - may be encrusted by a mixture of 
quartz and kaolinite (fig. C-12, C -13). The rim 
width of this goethite-quartz-kaolinite crust 
varies between 20 urn and 120 um. Crusty, radiating 
lepidocrocite ( ^ - FeOOH) as secondary formation, 
occurs rarely in the rim zone of the ooliths.
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Quartz
Quartz occurs as grains in the matrix and as 
inclusions in the ooliths.
The quartz grains in the matrix are rounded-off to 
rounded; they are clear and rarely have inclusions.
Kaolinite
The clay mineral existing in the ore could not be 
determined unambiguously by microscopic investi
gation. The X-ray diffraction analysis yielded 
kaolinite as clay mineral.
The more weathered the sample material, the higher 
the portion of kaolinite.
Heavy minerals
The ore is characterized by a very small portion 
of heavy minerals. Opaque heavy minerals were not 
observed. Zirconium and rutile could be identified 
by microscopic investigation, 
the heavy minerals occur
- in the matrix (grain sizes between 10 urn and 
120 urn)

- as inclusions in the ooids and rarely in the 
quartz granules.

Matrix
As bonding agent between the ooliths occur -
- small to smallest particles of oolith fragments
- quartz, being partly stained yellowish to yello
wish-brown by superfinely distributed goethite

- kaolinite, being partly intimately intergrown 
with other matrix materials, forming partly 
independant "kaolinite clusters".

C.4.1.1.2 MICRO-PROBE INVESTIGATIONS
Chemical- and X-ray emission analyses of the 
oolitic iron-ore yielded a P2Û5-content up to
2.0 % by weight. A micro-probe investigation was 
carried out to answer the question as to the 
phosphorus occurence in the ore.
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Ooliths
Scanner shots of the element distribution of Fe, 
Al, Si, P, in the ooliths show (fig. C 6 - C 10, 
C 11-C 14)
- high Fe-contents, being bonded to goethite
- traces of uniformly distributed Al
- uniformly distributed P
- that silicon is present in the ooliths only in 

traces.
The uniform distribution of the elements Al and P 
in the ooliths suggests that no independant Al
and P-minerals are existing. It is likely that 
aluminium is iucorporated in the goethite crystal 
lattice as Al^-ion diadochite and that 
phosphorus is adsorptively bonded to goethite as 
phosphate.
Hence, the phosphorus carrier is goethite.
Matrix
The shots showing the distribution of elements 
(fig. C-8, C-9), reveal high contents of Ax and Si 
in the matrix.
Where the Al- and Si-element distributions 
coincide, Al and Si are bonded to kaolinite. 
Phosphorus cannot be ascertained in the matrix, or 
only to the extent in which oolith fragments occur 
as smallest particles in the matrix.
Adsorptive bonding of phosphate-ions to goethite 
can take place during oolith formation. Upon 
precipitation of iron, which had been dissolved in 
surface waters in different forms, iron 
hydroxide-gels are formed, which contain either 
positive or negative electric loads as a function 
of the pH-value, ionic strength of the solution 
and the type and volume of other present ions. 
Therefore, anions as well as cations are adsorbed. 
Thus, frequently Si02, Mn-, phosphate-, Ca-, 
arsenate- and vanadate-ions are adsorptively 
bonded to goethite.
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Fig. C-4: Backscattered electron image •— --------
Oolitic iron-ore, SAY, Niger 1000 jam 

The ooliths are showing concentrical structure and 
are encrusted by gel-type goethite.

Fig. C-5: Backscattered electron image .--- .
Oolitic iron-ore, SAY, Niger 100 pm 

One oolith has incorporated a nucleus of a oolith 
fragment
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Fig. C-6: Backscattered electron image
Oolitic iron-ore, SAY, Niger

100 pm

!

\

Fig. C-7: Fe-K(( X-ray image of fig. C-6.
100 pm
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Fig. C-9: Al-K^ X-ray image of fig. C-6.
100 pm
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Fig. C-10: P-KK X-ray image of fig.
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C.4.1.2 CHEMICAL AND PHYSICAL INVESTIGATION
On the basis of the two samples, the specific 
densities of the raw material were determined and 
the screen analyses were carried out.

Sample 1
Oolithes Indurées

Sample 2
Oolithes Tendres

weight per 
unit volume: 2.65 kg/1 2.65 kg/1
bulk density: 1.93 kg/1 1.92 kg/1
tapped density 2.10 kg/1 2.09 kg/1

SCREEN A1IALYSIS
fraction 7o by weight % by weight

+ 80 mm 2.09 _
80 - 60 mm 10.47 1.03
60 - 40 mm 20.83 3.14
40 - 20 mm 23.11 6.90
20 - 10 mm 9.20 7.2510 - 8 mm 0.70 1.28
8 - 5 mm 2.09 3.79
5 - 3 mm 1.48 3.553 - 2 mm 2.12 10.12
2 - 1 mm 13.21 31.231 - 0.5 mm 7.72 17.55

- 0.5 6.98 14.16
total: 100.00 100.00

Annexes C-2 and C-5 include a graph of the screen 
analyses.
No content of free water could be evidenced for 
the two samples.

-HW чоп;'
■) MÍ \l, ' tHl  ;
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A representative sample taken from the two samples, 
was subjected to wet-chemical analyses.

Sample 1 Sample 2
Oolithes Indurées Oolithes Tendres

48.84 % 40.45 7.
0.13 7. 0.11 XFe+++ 48.71 7, 40.34 %

Si02 8.13 7. 17.70 7.
p205 1.68 X 1.04 7o
C02 0.71 7o 0.64 7oF traces 0.05 7o
Na£0 0.19 % 1.51 X
K2O 0.08 % 0.28 %V 0.05 7o 0.04 XMgO 0.09 7, 0.12 X
CaO 0.08 7. 0.12 X

Ti02 0.09 7» 0.26 7,
MnO 0.38 7, 0.43 7o
AI2O3 6.85 7, 8.96 7o
L.O.I.(2 hours 
at 1,000 °C)

14.18 % 13.52 7»

The different screening fractions of the crude ore 
screen analyses of the two samples were investi
gated for their contents of Fetot>, P2O5 and 
SiO?. The contents and distributions in the 
different portions are listed in annexes C-l, C-3, 
0 4  and C-6 .

C.4.2 CONCENTRATION TESTS
The results of mineralogie investigation indicate 
that the phosphorus exists finely distributed over 
the entire spectrum of the ooliths. This has 
significantly limited the opportunities of 
lowering the phosphorus content by processing 
methods.

rr.
■h w  \n <r;
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Initial exploratory tests confirmed the findings 
of the mineralogie tests (i.e. both as to micros
copic size and kind of phosphorus bonding). 
Consequently, it will be impossible to reduce the 
P content of the iron-ore tested by way of proces
sing methods because of the superfine distribution 
of the phoo^iorus. Therefore, emphasis has been 
put on maximum possible concentration of the iron 
minerals during several processing test series, 
(see fig. C 15 on the following page).
To determine the possible extent of concentration 
of the Fe mineral, some 50 pura ooliths from each 
sample have been manually separated (after attri
tion) under a stereomicroscope. The chemical analy
sis of the individual ooliths of sample 1 (Oolithes 
Indurées) yielded an Fe content of 54.21 %. The 
individual ooliths of sample 2 (Oolithes Tendres) 
contained 53.40 % of Fe.
This shows that mechanical processing methods 
enable a concentration to 53 - 54 % of Fe provided 
a liberation grade is chosen that is within the 
range of the oolith size (approx. 0.5 mm).

C.4.2.1 CONCENTRATION BY CLASSIFICATION OF THE RAW MATERIAL 

C.4.2.1.1 SAMPLE 1 (OOLITHES INDUREES)
On the basis of the screen-metal-analysis (annex 
C 1) of the raw material, a reduction of the Fe- 
contents as from fraction 1 - 0.5 mm - or, more 
pronounced as from minus 0.5 mm - could be 
determined. Annex C 3 is a summary of 3 fractions.

fraction in mm % by weight % Fe

+ 80 2.09 52.66
80 - 0.5 90.93 51.05

- 0.5 6.98 30.28

total : 100.00 49.64
By separating 6.98 % by weight, the Fe-content of 
the residual material can be raised by approx.
1.5 %.
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C.4.2.1.2 SAMPLE 2 (OOLITHES TENDRES)
The 3 screened products have been summarized in 
annex C-6.

fraction in mm 7o by weight % Fe

60 - 5 23.39 41.87
5 - 0.5 62.45 47.84

- 0.5 14.16 21.63

total: 100.00 42.73

By separating fraction minus 0.5 mm, the Fe-content 
of the residual material is increased by approx.
3.5 %.

Since oolith bonding was macroscopically clearly 
visible in case of the coarser fractions, this 
bond should be disintegrated by crushing and part 
of the matrix be exposed to enable a separation by 
way of screening.
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C.4.2.2 CONCENTRATION BY SELECTIVE CRUSHING AND SUBSEQUENT 
CLASSIFICATION ----

Fig. C-16: Schematic description of selective

The raw material was crushed in a hammer crusher 
described in chapter C.3.3.1, with inserted grate 
with opening dimensions of 30 x 6 mm, thus provi
ding for crushing to minus 5 mm. The screen-metal- 
analyses of the crushed products are summarized in 
annexes C 7 - C 14.
Annexes C-9, C-10, C-13 and C-14 include summaries 
of the screened fractions.
Annexes C-8, and C-12 include the results of the 
screen analyses of the crushed products in a 
grading graph, which clearly shows that despite 
varying solidification of the two samples, they 
are characterized by similar crushing properties.

s e r » * * » t « g  f 

c r t b l a q *

< 0

crushing
classification

with subsectuent
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C.4.2.2.1 SAMPLE 2 (OOLITHES INDUREES)
Subject to a cut point of 0.5 mm, an Fe-content of
52.27 X will result for the fraction minus 0.5 mm, 
at a mass recovery of 71.32 % and an Fe-recovery 
of 74.88 X. (ani'.ex C 9)
The material of fraction minus 0.5 mm has an 
Fe-content of 43.60 X at a mass recovery of 
28.68 X and an Fe-recovery of 25.12 X.

C.4.2.2.2 SAMPLE 2 (OOLITHES TENDRES)
As regards the separated fraction plus 0.5 mm, an 
Fe-content of 46.81 X results at a mass recovery 
of 73.08 X and an Fe-recovery of 82.87 X. For the 
fines portion minus 0.5 mm the Fe-contents 
equals 26.28 X.

C .4.2.3 CONCENTRATION BY CRUSHING, ATTRITION AND 
CLASSIFICATION

«0»

ICrCttOtn'i
cnoi«4< a,5 - t m

< 0,i ••

Fig. C-17: Schematic description of the attrition
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Since during crushing only the bond will not come 
off the ooliths and further sticks to the oolith 
surfaces, an additional process step was applied 
to produce an Fe-concentrate of a higher grade by 
separation of further bond portions. This process 
step is the attrition method.

C.4.2.3.1 SAMPLE 1 (OOLITHES INDUREES)
Out of the material crushed in a hammer crusher, 
fraction 3 - 0.5 mm had been separated by way of 
wet screening. This material was subjected to 
attrition for 5, 7 and 10 minutes. After 5 minutes 
of attrition, the Fe-content for fraction 3-0.5 mm 
could be increased from 52.3 % to 53.73 %. (See 
annex C 9, to be compared with annex C 16)
The blending of the attritioned product with the 
earlier screened material of the fractions plus
3.0 mm yields to a mixing product in the fractions 
plus 0.5 mm with an Fe-content of 53.52 Z, a mass 
recovery of 58.44 % and an Fe-recovery of 62.51 %. 
An extended attrition period will not bring about 
substantially better results (see annex C 15-C 20).

C.4.2.3.2 SAMPLE 2 (OOLITHES TENDRES)
The material prepared as for sample 1 was likewise 
subjected to attrition for 7, 10 and 13 minutes. 
Longer attrition periods had been selected, since 
the material of the lower horizon is characterized 
by higher matrix-portions and since the Fe-content 
of the raw material is lower than that of sample 1. 
The results have been included in annexes C 21 - 
C 26. After 7 minutes of attrition, a product of 
an Fe-content of 51.05 % can be produced at a mass 
recovery of 60.52 %. Combined with the earlier 
separated material volume plus 3.0 mm, the 
Fe-content is increased from 46.81 % to 50.30 %. 
The mass recovery 65.58 % and the Fe-recovery 
76.80 %. (Annex C-l).
No major shifts nor improvements result from 
attrition for sample 1 and 2 as regards the 
P2O5--ontents. The phosphate portions cannot 
be separated of the iron portions. It is noticed 
that the Si02-portions are raised in the sepa
rated fines portion minus 0.5 mm, indicating that
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an abrasion has taken place during attrition. This 
is substantiated by the increase of the total 
fines portion minus 0.5 mm.

C.4.2.4 CONCENTRATION BY SII >/FL0AT PROCESS

tan

Fig. C-18: Schematic description of the 
sink-/float process

For application of this mode of Fe-concentration, 
crushed test material (fraction 3 - 0.3 mm) was 
separated in organic heavy media of varying 
specific densities. It is shown that an Fe-concen
tration can be achieved by means of this method. 
However, this method likewise cannot provide for 
lowering of the phosphorus portion.

C.4.2.4.1 SAMPLE 1 (OOLITHES INDUREES)
The initial material of this sample had an Fe- 
content of 49.96 %. In the density range of plus 
3.45 g/cm^, 73.85 % by weight and 77.53 % of the 
Fe were recovered at an Fe-contant of 52.46 %.
(Annex C-27, refer).
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C.4.2.4.2 SAMPLE 2 (OOLITHES TENDRES)
The sample had an Fe-content of 45.39 %. In the 
density range of plus 3.45 g/cnH, 80.28 % by
weight and 80.03 % of the Fe were recovered, at an 
Fe-content of 52.69 %.
(Annex C-28, refer).

C.4.2.5 CONCENTRATION ON THE JIGGING MACHINE
*0M

co m a in u t ion  / coneasftflqv

crlbl*o«

*cr*eM*« f 
crioiaoe

Fig. C-19 Schematic description of the concen
tration by means of jigging

Tests have also been carried out on the jigging 
machine for concentrating the iron portions of 
fractions between 3 mm and 0.5 mm.
Preliminary tests have shown that an iron concen
tration is feasible. The result of separation is, 
however, substantially inferior to that obtained 
by means of the sink and float process (heavy 
medium). As expected the phosphorus portions have 
not been reduced.
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On account of this result, the tests on the 
jigging machine were discontinued.

C.4.2.6 CONCENTRATION BY WET HIGH-INTENSITY MAGNETIC 
SEPARATION
Magnetic separation was tested as a further method 
for concentrating the iron minerals and for 
producing a concentrate product.

Fig. C-20: Schematic description of the treatment 
of the fractions minus 0.5 mm.

Fraction minus 0.5 mm of the material discharged 
from the hammer crusher was selected as test 
material.
During the different tests, the magnetic field 
strength was varied, whereas the feed volume and 
pulp density remained unchanged. Field strengths 
applied were 1.5 / 1.2 / 0.8 Tesla. It was

C.4.2.6.1 FRACTION MINUS 0.5 mm

screening / 
criolagt

separation l 

aagnttlQua nueiot a 
nteta lnttnaUft
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ascertained that upon decreasing field strength, 
the mass and Fe-recovery are likewise reduced; as 
regards the contents of valuable substances of the 
magnetic material, there are hardly any changes.
Sample 1 (Oolithes Indurées) (annexes C 29 - C 31)
The feed material of this sample had an Fe-content 
of 41.59 X.
At a field strength of 1 . 2  Tesla, an optimal 
magnetic product of 5 3 . 3 7  X of Fe was generated, 
in 4 1 , 7 0  X of mass and at 5 6 . 0 6  X of Fe-recovery.
Sample 2 (Oolithes Tendres) (annexes C 32 - C 34)
The feed material contained only 22.81 % of Fe.
At an adjusted field strength of 1 . 2  Tesla, a 
magnetic product of 4 2 . 1 9  X of Fe was generated. 
The mass recovery equalled 2 3 .9 7  X and the 
Fe-recovery 4 7 . 9 5  X .

Fig. C-21: Schematic description of the treatment 
of the ground raw material minus 0.1 m«,

C.4.2.6.2 GROUND RAW MATERIAL MINUS 0.1 mm
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A partial sample of the raw material of both 
samples was crushed to minus 0.1 mm for further 
checking the suitability of magnetic separation 
for concentration of the iron portion. Annexes 
C-35 (sample 1) and C-36 (sample 2) include the 
screen analyses of the crushed products with the 
Fe-contents of the different fractions.
Crushing was done with the aid of a hammer mill 
with subsequent grinding in a ball mill with 
provision for screening of the discharged ground 
product and recycling of the residues retained on 
the screen. Crushing was done with dry test 
material, whereas grinding and screening were done 
with wet material.
Sample 1 (Oolithes Indurées)
The material ground to minus 0.1 mm was tested at 
field strengths 1.5/ 1.2/ and 1.0 Tesla of the 
magnetic separator.
The maximum Fe-value in the concentrate (magnetic 
material) of 54.20 % was achieved at a field 
strength of 1.2 Tesla. The mass recovery equalled 
61.47 %, the Fe-recovery 67.20 %.
In all three tests, the Fe-contents of the 
middlings with 44.88 %, 46.19 % and 47.41 7„ was 
y~>t relatively high.
The results have been summarized in annexes C 37 - 
C 39.
Sample 2 (Oolithes Tendres)
Sample 2 was not separately investigated in this 
connection, since comparatively similar results 
were expected.

C.4.2.6.3 GROUND BLENDED ORE OF SAMPLES 1 AND 2 (MINUS 
0.1 mm)
Ground material (minus 0.1 mm) of samples 1 and 2 
was mixed at a ratio of 1 : 2 in a further step 
for assessing the suitability of magnetic separa
tion. At three varying magnetic field strengths 
(1.5/ 1.2/ 1.0 Tesla), this mixed product was
separated in the wet magnetic separator.
At 1.5 Tesla, a magnetic material of 52.37 % Fe 
could be produced. The feed material contained 
45.37 7, of Fe. The mass recovery equalled 59.39 % 
and the Fe-recovery 68.55 %.
Annexes C 40 - C 42 include the results of these 
tests.
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C.4.2.6.4 GROUND AND DESLIMED RAW MATERIAL (0.1 - 0.02 nun)

Fig. C-22: Schematic description of the treatment
of ground and des limed raw material

Additional tests of magnetic separation have been 
conducted in accordance with the tests carried out 
with material of the fraction minus 0.1 mm, for 
which the test material had been deslimed at a cut 
point of 20 urn.
Sample 1 (Oolithes Indurées)
On account of desliming, the feed material already 
contained 52.68 % of Fe during the tects made at
1.5 and 1.2 Tesla. At field strength of 1.2 Tesla, 
a magnetic material of 54.50 % Fe could be
generated. The middlings had an Fe-content of
52.27 X.(Annex C-43 and C-44, refer).



KHD H U M B O LD T  W E D AG  A G - C 32

C.4.2.6.5 GROUND AND DESLIMED RAW MATERIAL BLENDED OF 
SAHPLE5~l~5na 2 (0.1"- 0.Ü2 m5;
At field strengths of 1.5 and 1.2 Tesla, the tests 
with mixed product of samples 1 and 2 were also 
carried out with deslimed mixed material, to 
enable comparisons witn the tests carried out with 
non-deslimed material; (for which the mixing ratio 
remained 1 : 2).
A maximum Fe-content of 53.18 % could be achieved 
in the magnetic material. The deslimed feed 
material contained 48.52 % of Fe.
The mass revovery equalled 58.85 % and the 
Fe-recovery 63.74 %. Annexes C-45 and C-46 include 
a summary of the tests results.

C .5 EVALUATION OF THE TEST RESULTS
The test results attained have to be evaluated 
critically under two aspects:
the decrease of phosphorus content in the ore and 
the increase of the iron content at optimal yield.

C.5.1 THE DECREASE OF PHOSPHORUS CONTENT
The information on the structure of the ore 
obtained during the mineralogical investigation 
unambiguously exclude that the phosphorus can be 
removed by processing methods:
In the ore the phosphorus exists uniformly and 
superfinely distributed in the ooliths. The 
phosphorus carrier is the mineral goethite, being 
at the same time the major iron carrier.
/. concentration of the goethite thus inevitably 
entails a concentration of the phosphorus portions 
instead of a reduction of the latter.
This fact applies to the Oolithes Indurées 
(sample 1) as well as to the Oolithes Tendres 
(sample 2).
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C.5.2 THE INCREASE OF IRON CONTENT
As regards the iron and steel industry, an 
increase of iron content in the ore, i.e. a 
concentration is desired to lower the slag portion 
and therewith energy expenditure. The increase of 
the phosphorus portions of the magnitude involved 
here, i.e. 1.8 % to 2 X of P2O5, is of minor 
importance here.

C.5.2.1 CONCENTRATION
With regard to the concentration of iron minerals 
the tests have been successful. Contents of 52 X - 

54 X of Fej-Qt. upon loss on ignitions between
13.5 and 14.2 X ,  originating from the water of 
hydration of the goethite Xnd kaolinite, are to be 
considered satisfying values, considering the fact 
chat - apart from goethite - the ooliths contain 
in their fis- sures kaolinite up to an amount of 5 
7o. A further limited increase of the iron content 
would only theoretically be possible by means of a 
superfine grinding of the ooliths to micron size, 
thus partly exposing these impurities.
These tests were not carried out, since a further 
grinding of the ore down into micron range in 
industrial scale would be burdened by excessive 
losses of energy for grinding and subsequent 
dewatering.
Aggravating must be added that the iron recovery 
is overproportionally dropping at such required 
small fractions, whilst the iron content can only 
be increased insignificantly.
Under these aspects it should be the aim to 
concentrate the ore as cost saving as possible, 
i.e. to gain optimal results at minimum investment 
and lowest possible running cost. Thus the 
following process steps have been considered:
Crushing the r.o.m. ore to minus 3 mm is meant to 
release the ooliths from their matrix. On account 
of the difference in hardness of ooliths and 
matrix, the latter will be comminuted to a 
substantially finer size upon applying the same 
energy for crushing. Matrix concentration will 
take place in the fraction minus 0.5 mm.
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Thus a separation of the fines minus 0.5 mm of 
crushed material by classification will already 
ensure a first iron concentration.
Attrition of the coarse fraction (plus 0.5 mm)
following the classification will back up the
concentration process.
Matrix residues still adhering to the ooliths after 
crushing, are abraded from the oolitn surface during 
the attrition process and washed out in an overflow 
tank.
The tests of concentrating the iron content in a
heavy medium process can likewise be considered 
successfully carried out. Similar Fe-contents as in 
the attrition tests could be achieved in the heavy 
medium.
Since the heavy medium process requires a higher
capital expenditure in comparison with attrition, 
and for operation continuously ferrosilicon, it 
should not be taken into consideration for dressing 
the ore in Niger. Ferrosilicon would have to be 
imported at high cost.
Altough preliminary tests carried out on the jigging 
machine for the coarse fraction (3 mm - 0.5 mm) nave 
revealed that a concentration of the iron portion is 
possible, the sorting effect, however, was found to 
be inferior when compared with the results of the 
sink-/float sorting process. The Fe-contents, 
achieved and the Fe-recovery were inferior by some 
percentage points.
This result should not be surprising, since it is 
known from a "'teat number of comparing tests with 
other ores that more precise cut-off points than on 
a jigging machine can be achieved by means of the 
heavy medium process.
Since the Niger river is permanently water-bearing, 
it is taken for granted that sufficient water can 
always be available for possible wet processing of 
the ore. Based on this assumption, magnetizing 
roasting tests, which were included in the working 
schedule for water shortage occurrences, have not 
been conducted.
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Moreover, the good results obtained by high-intensity 
magnetic separation tests revealed that the ore is 
characterized by a sufficiently high susceptibility 
in the magnetic field, which renders a high-energy 
thermal treatment superfluous.
It should also be mentioned that by means of 
magnetizing roasting, followed by fine grinding and 
dry magnetic separation the phosphorus content in 
this ore cannot be reduced.

C.5.2.2 RECOVERY
The application of the wet high intensity magnetic 
separator leads to a considerable increase in Fe- 
recovery, treating the fraction minus 0.5 mm.
A fine product relatively equivalent in quality to 
the coarse grain, can be generated at an optimized 
machine setting and suitable secondary treatment of 
the middlings obtained in the magnetic separator.
The quantity of concentrates can thus be increased 
by 14 - 15 7o.
In these considerations it must be taken into 
account that an additional major capital expenditure 
will be necessary for providing for the high-inten
sity magnetic separator stage with compulsorily 
required dewatering system and eventually grinding 
system.

C.5.3 PORCESS TECHNICAL CONCLUSIONS OF THE CONCENTRATION 
TESTS
An evaluation of the described results of the 
investigation and tests revealed that the processing 
methods for further concentrating iron portions are 
limited by the fact that following attrition, being 
required at any rate, the ooliths as the actual iron 
carriers already exist in pure form.
Processes other than those applied during the tests 
have therefore not been taken into consideration.
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C .6 CONCEPTION FOR fflE EXPLOITATION OF THE IRON ORE
Deposit

C.6.I TREATABILITY OF THE DIFFERENT ORE HORIZONS
As regards the deposit, it has to be pointed out 
that the ore from the Oolithes Indurées can be 
concentrated more easily than the ore from the 
Oolithes Tendres. The reason for this may be that 
the iron content of the raw material already differs 
by 5 - 8 7.. The Oolithes Tendres have also as higher 
matrix portion, being shown by a substantially 
higher fines portion and, thus, ballast in sample 2.
The raw material of sample 2 (Oolithes Tendres) 
includes twice the quantity of fraction minus 0.5 mm 
than that of sample 1 (Oolithes Indurées).
To obtain an identical quality the ore of the lower 
layer would have to be dressed more intensively than 
that of the upper layer. Identical dressing would 
only yield an inferior quality, thus deteriorating 
the overall product, the micture of concentrate out 
of Oolithes Indurées and Oolithes Trendes.
A deteriorated product should, however, be avoided 
for the reasons of the increased slag occurrence and 
energy expenditure for smelting.
These considerations and the considerable deposit 
contents - on the basis of the results of tests and 
investigations - are in favour of the process being 
described in the follwoing chapter.
According to this process, an iron concentrate of 
the following grade shall be produced:

(in ignited state)
53.8 % Fe, total 61.1 % Fe, total

approx. 2 % P2O5 approx. 2.3 % P2O5
" 4 % Si02 " 4.5 7. Si02

The concentrate is obtained in a grain size minus 
3 mm.
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An ore of this quality is difficult to be sold on 
the world market. Export qualities as they are 
required today worldwide by steel producers contain 
about 64 % - 68 % Fe with P2O5 contents below 
0.2  %.

For this reason further technical and economical 
considerations should lead to local consumption of 
the iron-ore.

C.6.2 DEVELOPMENT OF A PROCESS FLOWSHEET FOR THE CONCENTRA- 
TION OF THE IRON ORE FROM SAY
During the first years after commissioning of a 
smelter (still to be planned) only the upper layer 
of the deposit should be quarried for concentration 
purpose. To obtain a smeltable concentrate, the ore 
of the upper layer can be treated in the following 
process, proven by tests:
- Extraction of the raw material with bulldozer and 

transportation to the plant.
- Primary crushing stage to minus 80 mm with jaw 
crusher

- Secondary crushing stage to minus 3 mm with impact 
crusher

- Screening of the product discharged from crusher
= at 5 mm. Fraction plus 5 mm are returned to the 

impact crusher at closed circuit
= at 0.5 mm. Fraction minus 0.5 mm are rejected 

and dumped as tailings near or within the quarry.
» The medium fraction 5 mm - 0.5 mm are directed 

to attrition (scrubber drum or super-scrubber)
- The overflow from attrition (slimes) is discarded 

in the tailings pond.
- The underflow from attrition (5 mm - 0.5 mm) is 
either
=■ directed to a decanter basin for dewatering and 

afterwards transported to a grinding and 
pelletizing plant or
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= is ground immediately after attrition down to 
pelletizing size, thickened, dewatered on a 
filter and thermically dried to pelletizing 
moisture of 8 - 9 %.

Quarrying the lower horizon and recovering the iron 
portions of the fines minus 0.5 mm of the upper 
horizon could be started several years after 
commissioning.
To that end it will be required to provide for a wet 
high-intensity magnetic separation stage.
The proposed process flowsheet is shown on the next 
page for both stages in fig. C 23

C .7 PREPARATION OF CONCENTRATES FOR METALLURGICAL TESTS
According to the terms of reference in the frame of 
this study also the metallurgical properties of the 
iron-ores of SAY have to be tested.
For this purpose a larger quantity of concentrates 
of the Oolithes Indurées and Oolithes Tendres had to 
be produced.

C.7.1 TEST PROCEDURE
Based on the perceptions of the investigations and 
test work described in chapter C.4 and their 
critical evaluation (chapter C.5) the required 
concentrates have been produced according to the 
following flowsheet (see annex C 47):
- crushing of the raw material,
- screening at 3 mm,
- attrition of the fraction minus 3 mm,
- desliming of the attritor discharge by means of 

screening at 0.5 mm
= the fraction 3 mm - 0.5 mm represents

concentrate I
= the fraction minus 0.5 mm has been treated on a 
wet high intensity magnetic separator. The 
magnetic product represents concentrate II.
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C.7.2 RESULTS
C.7.2.1 SAMPLE 1 (OOLITHES INDUREES)

At a mass recovery of 68.92 X and an Fe-recovery of 
74.12 X ,  a concentrate I with an Fe-content of 53.72 
X was generated on the basis of the material of 
sample 1, (Oolithes Indurées).
Concentrate 1 / I I  contained 5 2 . 9 7  X of Fe at a mass 
recovery of 1 6 .9 5  X and an Fe-recovery of 1 7 .9 7  X 

(the values relate to a raw material feed * 100  X ) .

C.7.2.2 SAMPLE 2 (OOLITHES TENDRES)
On the basis of this sample, a concentrate 2 / 1  was 
produced that contained 4 9 . 3 4  X of Fe at a mass 
recovery of 7 2 .4 3  X and an Fe-recovery of 8 5 . 7 2  X .

Concentrate 2 / I I  contained 4 6 . 4 7  X of Fe at a mass 
recovery of 3 . 8 1  X and an Fe-recovery of 4 . 2 5  X of 
Fe (all recovery values refer to the raw material 
feed) .
The results of the chemical analyses of the iron-ore 
concentrates are specified in the table hereafter:

Chemical contents of concentrate in X (by weight) 
compound T7T T7TT 27T Z7iT

or fraction magnetic fraction magnetic
element 0.5-3 mm material 0.5-3 mm material

Fetot. 53.72 52.97 49.34 46.47
Fe traces traces tracess traces
Si02 4.25 3.69 8.29 9.37
CaO traces traces traces traces
MgO 0.02 0.04 0.05 0.11
Al?0^ 3.3 4.3 4.9 7.59
TiC>2 0.12 0.17 0.20 0.48
MnO 0.16 0.22 0.17 0.24
S 0.09 0.08 0.07 0.24
P20s 2.15 1.97 2.37 2.10
K20)

) 0.30 0.35 0.31 0.33
Na20)
F traces traces traces traces
L.O.I. 12.08 12.94 12.27 12.42

Table: Chemical analyses of the iron-ore concentrates
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D. METALLURGY
D.l OBJECTIVE

According to the terms of reference, besides conduc
ting the geological examinations, it is necessary to 
carry out ore benefication tests with a represen
tative iron-ore Sample to obtain an iron-ore concen
trate with which metallurgical tests regarding pelli- 
tization and direct reduction are to be performed.
These pelettizing and direct reduction tests *) were 
to find out whether pellets of acceptable quality 
for the metallurgical industry (regarding physical 
pellet properties) can be obtained from iron ore 
concentrates of inferior quality featuring a low 
Fe-content (about 50 - 53 Z Fe) and a high propor
tion of gangue and a relatively high P2C>5-content 
equalling 2.1 %. The produced pellets shall be exa
mined as to their metallurgical properties to create 
the basis for using the pellets for the direct reduc
tion and smelting reduction process respectively 
associated with the production of sponge iron and 
pig iron respectively. Moreover this study is to 
indicate possibilities of metallurgical smelting for 
transferring the disturbing impurity element of the 
pellets, i.e. the high P-content, into the slag in 
order to produce pig iron and steel respectively of 
low phosphorus content and a slag of high phosphorus 
content (e.g. phosphate slag). The capital expendi
ture for a mini smelter (annual capacity approx.
100,000 t of steel) are estimated on the basis of a 
selected process.

*) The pelletizing and metallurgical tests have been 
carried out at the "STUDIENGESELLSCHAFT FUR EISENERZ- 
AUFBEREITUNG", Othfresen,F.R.G. under the supervision 
of KHD.
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D.2 PELLETIZING TESTS

D.2.1 RAW MATERIALS FOR PELLET PRODUCTION AND PREPARATION
CF THESE RAW MATERIALS
As described in chapter C.7 four different concen
trate samples of varying grain size (two samples 0.5 
- 3 mm and two samples - 0.5 mm two samples from 
Oolithes Indurées and two samples from Oolithes 
Tendres, have bee produced. The chemical analyses 
of these sampl i have been specified in the 
beneficiation part C. of this report, chapter C.7.2. 
Having been dried, the four samples have been mixed 
at the ratio of their two portions in the total iron 
ore deposit. This mixture has been used for produ
cing a concentrate suitable for the production of 
pellets.
The chemical analysis of the mixed sample prepared 
as specified above is as follows:

Fetot 51.2 %
Si02 7.35 7,
AI2O3 4.30 7o
CaO 0.09 7a
MgO 0.09 7a
MnO 0.45 7a

Ti02 0.15 7a
Na20 0.01 7a
K20 0.02 7a
S 0.03 7a

P2O5 2.1 7a
L.O.I. 12.3 7a

The grain size of the mixed sample was still too 
coarse for pelletizing. For preparing the sample for 
fine grinding to pelletizing size (Blaine-number 
about 1,800 cm^/g) it has first been subjected to 
primary comminution in a smooth roll press to 100 % 
minus 0.5 mm.
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The Blaine-number ascertained for the pre-crushed 
product equalled 300 cm^/g.
Further fine grinding has been done discontinuously 
in a laboratory ball mill of Messrs. Voest-Alpine 
having the following specifications:

Dimensions: 
Ball Filling: 
Ball Diameter: 
Sp<. ed:
Charge Weight:

800 mm diameter; 160 mm long 
80 kgs 
16 - 40 mm 
30 rpm 
25 kg

The grinding period of each charge has been about 20 minutes after which the required pelletizing size 
(Blaine-number about 1850 cm^/g) had been attai
ned. Table D-l shows the grain size distribution of 
the material after fine grinding. Fig. D-l is a 
graph showing the grain size distribution the pellet 
concentrate.

Grain size 
urn

Portion by Weight
%

Cumulative 
Portions by

7o

Plus 100 36.0 36.0
100 - 63 13.4 49.4
63 - 40 10.1 59.5
40 - 25 7.4 66.9

Minus 25 33.1 100.0

Table D-l: Grain size distribution of the fine- 
ground pellet concentrate;
Blaine-number measured: 1850 cm^/g.
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Based on the grinding time of 20 minutes required 
for fine grinding it can be assumed that the ore is 
soft and can be ground fairly easily. The energy 
requirement for fine grinding is approxi- mately 4 
to 5 kWh/t of feed.

D.2.2 PRODUCTION OF GREEN PELLETS
The fine ground iron ore concentrate has first been 
intensively mixed in a forced circulation mixer with 
the binders required for pelletizing and with the 
additives necessary for adjusting the pellet 
basicity (ratio Ca0:Si02) and with water serving 
as pelletizing liquid. The production of green 
pellets has been done on a pelletizing disc of 1 m 
diameter. Six different samples of green pellets 
(approx. 50 kgs of each sample) have been produced, 
indurated and evaluated.
The green pellets have been tested for moisture 
content, drop hardness number, strength of green 
pellets and strength of dried pellets. Table D.2 
shows the physical characteristics of the green 
pellets produced.
First of all a sample has been prepared without 
adding any binder or additives (Sample NEP 1). The 
properties of these green pellets have just been 
acceptable. For all other samples binders and/or 
additives have been added for improving the pellet 
quality.

D.2.3 PRODUCTION OF HEAT-HARDENED PELLETS
Heat-hardening of the green pellets has been done in 
an induration device specially suitable for this 
purpose, the so-called "PCT-GRATE".
This pot-grate allows simulating the induration of 
pellets under conditions being most closely to the 
practice. This means that the quality of the heat- 
hardened pellets corresponds to that of pellets 
produced on industrial scale.
The test equipment has a diameter of 300 mm and the 
total height of the pellets layer equals 400 mm. The 
layer of green pellets has been 270 mm and the grate 
cover, made up finished pellets, amounted to 130 mm.



Sample U<7! r tfEPl NEP2 BEP3 NEP4 NEP5 NEP6
Dimension

Bla ine-Number cm2/g 1850 1850 1850 1850 1850 1850
Z by Weight - 40 um 40.5 40.5 40.5 40.5 40.5 40.5Additives
Bentonite (Grain Size 100 um) Z, dry - - 0.7 0.7 - 0.7
Limestone ( " " " ) %, dry - 2.0 2.0 - - 2.0
Hydrated Lime (" " " ) %, dry - - - 1.2 1.2 -

Charcoal ( " " 160 um) Z, dry - - - - - 1.0

Properties of 
Green Pellets
Water Content Z 12.2 10.8 13.4 14.0 11.9 13.6
Drop Hardness Number 
(45 cm Height) 4.8 5.2 20.5 13.3 4.7 23.1
Strength of Green Pellets daN/P 0.8 0.9 1.1 0.9 0.9 1.2
Strength after 3 Drops 
from a Height of ... cm

daN/P 0.6
50

0.7
45

0.9
60

0.8
50

0.6
45

0.9
65

Strength of Dried Pellets daN/P 2.4 2.4 4.5 2.8 1.5 5.8
BuLk Weight t/m^ 1.74 1.74 1.72 1.73 1.65 1.77

Table D-2: Physical properties of the green pellets produced
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Since the mode of operation of the test equipment 
for pellet firing is well known to experts all over 
the world we shall not give a detailed description 
in this study.
Fig. D-2 is a photograph of the pot grate.

Fig.D-2: Pellet firing device (Pot-Grate) with 
control panel

The green pellets have a higher water content than 
usual for other iron-ore concentrates because of the 
goethite-limonite character of the iron-ore from 
Niger and the resulting portion of water of 
hydration and because of the pelletizing liquid 
added. Therefore drying and heating of the green 
pellets has to be done very carefully. The drying 
and heating operations have been done similar to the 
manner practiced in an operational plant processing 
similar ore. The reference parameter for the 
duration of firing has been the temperature of the 
bottom-most pellet layer.
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The complete firing cycle adapted to the conditions 
of the travelling grate has been specified in Table 
D-3 below.

Firing Stage Temperature
°C

Time
min

Pressure
Pa

Up-draught
drying

300 4 4415

Down-draught
drying 280 3 3434
Heating-up 
Phase I 280 to 650 °C 6 4415
Heating-up 
Phase II 650 to 1340 °C 1 4415
Firing up to t =

1300 °C in the 
bottom layer

variable 4415

After-firing ambient tempe
rature

until the 
temperature 
in the bot
tom layer 
starts 
dropping

4415

Cooling room tempera
ture 20 °C

until the 
pellet tem
perature 
(central 
layer) 
reaches 
100 °C

4905

Table D-3: Firing cycle for the induration of iron-ore 
pellets
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Table D-4 shows the temperatures adjusted and the Og- 
content in the exhaust gas during induration.

Sample No.
Sintering Conditions

NEP1 NEP2 NEP3 NEP4 NEP5 NEP6

Hot gas tempera
ture

°C 1280 1250 1250 1260 1260 1260

Temperature in 
the pellet layer
- top layer °C 1355 1350 1345 1340 1345 1350
- bottom layer °C 1325 1340 1340 1335 1340 1335
Temperature in 
the grate layer °C 1255 1310 1315 1320 1315 1260
Stopping
temperature °C 1320 1340 1340 1335 1340 1335
Minimum Og- 
content in the 
exhaust gas % 16.0 17.3 16.0 15.5 17.9 15.6

Table D-4: Temperature- and waste gas setting when firing 
iron-ore pellets from Niger.

D.2.4 TESTING THE QUALITY OF THE HEAT-HARDENED PELLETS
The heat-hardened pellets are checked as to their 
bulk density, size distribution, ISO-tumbler index, 
cold compressive strength, porosity, and chemical 
composition. Cold compressive strength has been 
determined for three separate pellet layers, i.e. 
for the upper, medium, and lower layer. All other 
tests have been carried out for the complete charges.



KHD H U M B O L D T  W E D A G  A G
- D 10

Table D-5 shows the results of induration as well as 
of the quality tests carried out for fired pellets. 
Table D-5 indicates that sample NEPl to which no 
binder and additives had been added, yielded 
unsatisfactory results after firing. This is true 
both for ISO-tumbl>.'r index and for cold compressive 
strength.
In another test (NEP2) 2 % limestone has been used 
as additive so as to increase basicity of the 
pellets. The results of testing the green pellets 
have been similar to those of test NEPl. The quality 
of the firt;d pellets, however, has been significantly 
improved by the addition of limestone. A tumbler- 
index of 93.9 7, and an average cold compressive
strength of 348 daN/P have been determined.
A further test (NEP3) has been carried out with 
0.7 7o bentonite and 2 % limestone. The properties of 
the green pellets reached acceptable values due to 
the addition of bentonite. The hardened pellets 
yielded an optimum tumbler index (96.2 %), abrasion 
(2.9 %), and cold compressive strength (average 
value 361 daN/P).
In another two tests, NEP4 and NEP5, the additive 
limestone has been substituted by hydrated lime. 
NEP4 was carried out by adding bentonite (0.7 X) 
whereas test NEP5 has been performed without adding 
bentonite. Because of having added bentonite the 
results of NEP4 revealed very good properties of 
green and hardened pellets compared with the results 
of NEP5 for which no bentonite had been used.
Because of the goethite-limonite character of the 
initial ore, the specific firing capacity has been 
very low for all tests (approx. 10 - 12 t per m^ 
of firing surface and 24 h) . The induration process 
is characterized by a high energy requirement which 
is very typical of ores of this type.
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The addition of charcoal to the pellets has proved 
to be a suitable means for increasing the firing 
capacity. This has been investigated by a last test 
(NEP6) to which 1 X of charcoal from a Brazilian 
source was added. Apart from charcoal, 0.7 X 
bentonite and 2 X limestone were added to the 
pellets. The physical properties of the green and 
fired pellets have been satisfactory. It turned out, 
however, that the specific firing, capacity could 
not significantly be increased by the addition of 
charcoal. Even upon further optimizing the firing 
cycle the specific firing capacity will at any rate 
be lower than for normal magnetite and hematite iron 
ore concentrates.
Because of the relatively large amounts of slag in 
the pellets which have to be attributed to the high 
gangue contents, the porosity values have been 
fairly low (21 - 22 X on an average). The porosity 
values of other iron ore pellets are about 25 X on 
an average.
The chemical analysis of the fired pellets has been 
determined for one type of pellets (NEP3) after 
adding 0.7 X of bentonite and 2 X of limestone (see 
table D-6). Because of the high portion of gangue in 
the ore feed, the fired pellets had a Fe-content of 
no more than 57.1 X. In contrast to this, the 
Si02~content equalling 8.85 X and the AI2O3- 
content equalling 5.10 X have been very high. Due to 
the addition of 2.0 X of limestone the CaO-content 
has been increased in the pellets to 1.24 X from 0.1 
X in the contentrate feed. The P-content is high 
(1.1 X) whereas the contents of S and Na2<3 + 
are fairly low (S = 0.01 X and Na20 + K2O = 0.08 
X ) . The fired pellets had a basicity of CaOiSiO? = 
0.14. Producing basic pellets of a basicity of 0.8 X 

which had originally been planned was not realized 
because the very high Si02-contents would have 
required the addition of large amounts of limestone 
(approx. 7 X). This means even lower Fe-contents in 
the pellets which, in turn, would adversely affect 
the production output of pig iron and the production 
costs respectively.
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Pellet sample No. NEP1 n e p2 NEP3 " N E M ”NEÌ>5 NEÌ>6
Results Dimension
Pellet Composition 1» dry
Bentonite 100 urn " - - 0.7 0.7 - 0.7
Limestone 100 urn " _ 2.0 2.0 - - 2.0
Hydrated
Lime 100 urn " - - « 1.2 1.2
Charcoal 160 um n _ _ 1.0¡Specific
firing capacity t/m2.24 h 12.0 10.9 10.0 9.1 9.6 11.4
Bulk density t/ml 1.73 1.67., 1.71 1.69j 1.64 1.71§izV"DistributionJ ~ 
of fired Pellets

16 mm % by weight 1.8 11.8 18.4 12.9 20.7 11.2
16 - 12.5 mm % " " 13.3 16.2 29.2 33.7 10.6 17.9
12.5 - 10 mm 7. " " 65.9 42.7 36.2 37.2 40.3 50.1
10 - 6.3 mm % " " 18.3 28.9 15.8 16.1 27.0 20.7

6.3 mm 7o " " 0.7 0.4 0.4 0.1 1.4 0.1ISO-TumbTer index
6.3 mm % by weight 66.4 93.9 96.2 95.6 92.9 93.6

Abrasion
0.5 mm 1 " " 27.5 4.4 2.9 3.5 4.6 5.4

Cold Compressive Strength
Average of
complete charge daN/P 160 348 361 386 287 225
Average of
upper layer " 303 388 420 390 363 321
Average of
medium layer " 135 372 309 422 293 213
Average of 
bottom layer 44 285 354 348 206 143Open Porosity % by"Volume ~2T.l '' 1278“ _2ff.ZT '' 1172" ■2U.4 ‘‘ 7271

Table D-5: Results of heat-hardening and physical properties of the 
fired iron-ore pellets from Niger
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%
by weight

Fe^ot 57.1
FeO 0.6
SiC>2 8.85AI2O3 5.10
CaO 1.24
MgO 0.13
P 1.1
S 0.01
Na20 0.04
K2O 0.04
MnO 0.53
Т Ю 2 0.21

Ratio CaO : Si02 0.14
" Ca0+MgO:SiO2+Al203 0.10

Table D-6: Chemical analysis of the fired pellet 
sample NEP3 to which 0.7 % bentonite and 2 % limestone have been added

Table D-7 shows examples of chemical composition of 
pellets having specifications which according to the 
latest state of the art are required for direct 
reduction. Comparing the pellet qualities with that 
of the iron-ore pellets from Niger reveals the 
inferior quality of the latter because of their 
lower Fe-content and high P-content associated with 
the high portion of gangue.
Consequently, the iron ore pellets from Niger do not 
have export quality and can most probably be proces
sed only in Niger while accepting high smelting costs 
in the form of high energy expenses and additional 
costs for the phosphorus removal.



-  D 14 -

A

KHD H U M B O L D T  W E D A G  A G

Fig. D-3 is a photograph of fired pellets sample 
NEP3; grain size of the pellets 10 - 16 mm. Fig. D-4 
is a cross section of a fired pellet shown at a 
magnification of 6.5.

Fig. D-3¡Photograph of fired pellets, Sample NEP 3 
Magnification: 1:1
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Pellet Type 
Source

LKAB
(MPRD)
Sweden

CVRD
Brazil

SAMARCO
Brazil

HIERRO
Peru

FIRE
LAKE
Canada

SAY
Niger

Chemical
Analysis l % 1 % 7a %

Fetot 67.1 68.0 67.6 67.5 67.5 57.1
Si02 1.2 1.46 1.4 1.5 1.9 8.85
AI2O3 0.4 0.79 0.9 0.6 0.4 5.10
CaO 1.1 0.5 2.0 0.4 0.5 1.24
MgO 0.8 0.1 0.3 0.6 0.4 0.13
P 0.015 0.026 0.027 0.01 0.008 1.10
S 0.01 0.01 0.015 0.018 0.01 0.01
TiC>2 0.25 0.08 0.05 - 0.01 0.21

Physical
Properties
ISO-Tumbler
Index % by 

weight
95 95 95 95 94.5 96.2

Abrasion 7, by 
weight

Cold Compres-
4.5 4.0 4.0 4.0 4.5 2.9

sive daN/P 260 440 400 250 200 361
Strength
Table D-7: Typical chemical and physical specifications of

pellets suitable for direct reduction shown by the 
example of MIDREX-Process (MIDREX, Vol.8,No.4,1983)
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D.3 METALLURGICAL TESTS
D .3.1 METALLURGICAL BEHAVIOUR OF IRON-ORE PELLETS FROM 

NIGER USING GAS AS REDUCING AGENT
Well-known reduction processes which have been 
introduced on the market on large scale for some 
years, as e.g. the MIDREX- and the HYL-process*) use 
gas a reducing agent. This gas which consists mainly 
of CO and H2 is produced by thermal decomposition 
of CH4 from natural gas (crude oil) with O2,
CO2 or H2O at a temperature suitable for the 
process run.
Determining the reduction characteristics of pellets 
as to their suitability for direct reduction proces
ses can be done by simulating gas and temperature 
parameters in laboratory reduction reactors. By now 
corresponding ISO (International Standard Organiza
tion) proposals have been made which have been 
accepted as standard test methods by experts.

*) HYL-Process^HOJALATA-Y-LAtflHA-Process
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For instance, the ISO-Proposal No. ISO/TC 102/SC 3 
(DE-26) 429 E of November 1978 is used for deter
mining reducibility, metallization and clustering 
tendency. This proposal is known among experts as 
RMC-(Reducibility-Metallization-Clustering)-test.
Similarly ISO-Proposal No. ISO / TC 102 / SC 3 
(DE-25) 428 E of November 1978 is used for testing 
the disintegration behaviour of pellets during 
direct reduction. This proposal is known among 
experts as DRDS-(Direct-Reduction-Disintegration- 
Strength) -Test.
The description of the ISO-Test methods to perform 
the RMC- and the DRDS-tests as well as their evalua
tion can be obtained from the 'STUDIENGESELLSCHAFT 
FUR EISENERZAUFBEREITUNG', Othfresen, Germany.

D.3.1.1 RESULTS OF THE RMC-TEST AND THEIR EVALUATION
Reducibility, clustering tendency and metallization 
have been determined on pellet type NEP3 which had 
yielded optimum results during pellet firing. The 
results have been quoted in Table D-8. The test has 
been repeated at 3 different reduction temperatures, 
i.e. 850, 900 and 950 °C. As expected the reduc
tion rate increased as a function of the raising 
reduction temperature. Clustering of the pellets 
occurred only at 950 °C which entailed a more 
pronounced trend of change in the height of pellet 
layer which, in turn, resulted in deteriorated gas 
permeability. The examined pellet sample showed 
below 950 °C no or only very little clustering 
tendency when compared with similar samples tested 
earlier.
The metallization figures of more than 98 % obtained 
at the end of the test for reduction temperatures of 
900 and 950 °C have to be considered very satisfac
tory which is also true of the cold compressive 
pellet strength after reduction.
Fig. D-5 is a photo-micrograph of a polished pellet 
section reduced at 900 °C.



D 18Pellet Saople No.
Dlmena ion

---TCFJ
Firing Temperature 1 I — O T ----'1

Porosity Z by Volume i 20.4
. 1. Test Conditions !

Pellet Size 1 i'
16 - 12.5 an Z 50
12.5 - 10 mm X 1 50
Reactor Feed g 2000
Reducing Gas H2 X by Volume 55

CO Z by Volune 35
CO2 Z by Volume 6
CH4 Z by Volume 4

Gas Quantity NmVh 2. 4
Ram Pressure MPa 0. 14
Reduction Time min 180

Reduction Temperature °C 350 1 900
1

!
| 950

2. Test Results !
2.1 Reducibility 1 I

a) (dR) 1
dt 40 Z min 1.37| 1.60 I 1.931

b) Reduction Time
for 90 7.
Reduction min 38 70 1 56

1

c) Reduction Time
for 95 I
Reduction min 102 86 64

d) Reduction at Test
End
(after 130 /min) Z 99 99 '99

2.2 Change in bed height 1
i

a}'Wait 90"!------ z 0 . 6 2.7 5.2!
Reduction i

b) CBH at Test End X 2 . 0 5.7 17.1!
c) Differential |

Pressure at 1
90 Z Reduction Pa 0 0 11.8!
Differential 1
Pressure at
Test End Pa 0 0 35.3|

2.3 Clustering 1
1

Characteristics
20 mm after l

reduction |
a) determined after I

2 minutes sieving Z by weight 0 0 80 I

b) additional |
2 minutes sieving Z by weight 0 0 58 j

2.4 Cold Compressive I
Strength of Pellets 1
after Reduction
Sample Average daN/P 102 116 119 |

2.5 Chemical Analysis of
the Pellets after 1
Reduction

Fetot Z 75 .5 79.2 ’6.4|

Famet Z 72.6 78.1 75.7!j
C X 0.09 0 . 2 2 o.ioj

Metallization X
_____________

96.2
______

98.7
_______

1
99.11 

_____ 1

Table D-3: Resales of the RMC-Test
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Fig.D-5: Micro-photograph of a polished pellet 
section reduced at 900 °C (pellet sample 
NEP3). Magnification: 220x

D.3.1.2 RESULTS OF THE DRDS-TEST AND THEIR EVALUATION
As specified under para D.3.1.1 the disintegration 
strength during reduction has been examined for 
pellet sample NEP3. The test has been carried out in 
a rotary cylinder of 150 mm diameter and 540 mm 
length; this cylinder had been additionally equipped 
with four lifters. The speed of rotation of the 
cylinder has been 10 /min. As for the RMC-test, the 
size of the tested pellets, the pellet quantity as 
well as composition and quantity of the reduction 
gas have been kept constant; details are listed in 
Table D-8. The maximum reduction temperature
selected for the test has been 750 °C. The results 
of the DRDS-test carried out with sample NEP3 have 
been compiled in Table D-9.
That table indicates that the disintegration
strength, expressed as size fraction in % by weight 
+ 6.3 mm, related to the actual furnace-charge is 
near 93 % and, consequently, satisfactory. At an
average value of 104 daN/pellet the cold compressive 
strength of the reduced pellets is adequately high.
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Pellet Samnle Mo. Dimension
—

ME? 3
i

l. Tesc Parameters 1

Reduction Time min 180

Reduction Temperature °C 750 |
1

2. Tesc Results
1
i

2.1 Clustering and Disinte-
i
I

*rac£on Strength !
j

Raced Furnace Discharge S 1544 1

Actual Furnace Discharge S 1464

Differencial Weighc -
Clustering +  Dust Loss 3 60

Of chat Quantity Clustering !
( Weighc of Cylinder) S 0 i

!
2.2 Disintegration Screngch j

and abrasion 1
j

Related to Raced Furnace i
Discharge 5

> 6.3 'nm * by weighc 39.2 |
> 3.15 am " 91.7 |

1
Abrasion < 0 . 5  a m " 7.0 j

Relaced to Actual Furnace 1
Discharge 1

> 6.3 mm " 93.0 |
> 3.15 mm " 95.7 |

Abrasion <-0.5 mm n 3.2 [
2.3 Cold Comoresstve Strength of i

reduced c’ellecs !
i

Average Value daN/P 104

2.4 XSO-Tumbler index

>  6.3 sus * by weighc 52.9

Abrasion < 0 . 5  mm " 17.1

2.5 Chemical Analysis of the
Pellets afcer Reduction I
Fetot % 74.0 |

j
Feaec i 64.3 !

Mecallizacion 7 . 37.6

2.6 Porosity X by volume 52.0

2.7 Bulk densicy i

loose g/cm-* 1.43 !
1

afcer shaking g/cm3 1.53 ; 
______________ 1

Table D-9: Results of DRDS-test
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In contrast to that, the ISO-tumbler index measured 
to equal 52.9 % by weight of the fraction 6.3 mm has 
to be considered low. It means that increased 
abrasion due to transportation has to be expected 
when handling reduced pellets inside the steel plant 
or when exporting the pellets. Because of the low 
reduction temperature equalling 750 °C, the
metallization has been approximately 88 % at the end 
of the test.

D.3.2 METALLURGICAL CHARACTERISTICS OF IRON ORE PELLETS 
FROM NIGER WHEN USING SOLIDS (COAL) AS REDUCING AGENT
Apart from the gas reduction process described under 
item D.3.1 above, including e.g. the MIDREX- and the 
HYL-process, there are so-called solids direct reduc
tion processes known as SL-RN-*), KKUPP-CODIR-**) or 
ACCAR-***) process. These processes can be applied 
on large scale just as the gas reduction processes. 
They use solid fuel, as for instance coal or coke as 
reducing agent. The reduction equipment is a rotary 
kiln. Suitability of a specific type of pellets for 
reduction in a rotary kiln can be determined by 
simulating tests in a laboratory furnace. The des
cription of the corresponding standardized test 
set-up, the test procedure and its evaluation can be 
obtained from the Studiengesellschaft fur Eisenerz- 
aufbereitung, Othfresen, Germany.
The test material was iron ore pellets, sample NEP3 
(sample weight: 750 g; sample size 10 to 16 mm). The 
coal required for solid reduction should 
approximately feature the composition of the coal 
occurring in the Republic of Niger. However, it has 
been impossible to procure such coal sample because 
of insufficient time available for carrying out the 
test. Therefore, a Philippine coal called "Semirara 
coal" has been used instead. Like coal originating 
from Niger, it is a highly reactive, volatile coal 
of inferior quality and high ash content.
Table D-10 shows the chemical composition of coal 
occurring in the Republic of Niger (reference coal, 
as specified by SONICHAR, Niger) and of the coal 
used for the solids reduction test (test coal). The 
coal quantity used for each test equalled 650 g, its 
grain size has been minus 10 mm.

*) SL-RN = STELCO/LURGI-REPUBLIC STEEL/NATIONAL LEAD
**) KRUPP-CODIR = KRUPP-COAL-ORE-DIRECT-IRON-REDUCTION
***) ACCAR * ALLIS-CHALMERS-CONTAOLLED-ATMOSPHERE-

REDUCTION
(See also literature list)
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Reference Coal 
Niger,

Source, Deposit Anou-Araren
Test Coal 
Philippines, 
Semirara

Cfix % (waterfree) 40 31.2
Volatiles X 20 33.7
Ash % 40 35.1
$tot X 1 3.7

Table D-10: Chemical composition of the reference- and
of the test-coal

Dolomite of a grain size of 0.2 to 1.6 mm and a quantity 
of 30 g/test has been used for desulfurizing the reduced 
iron.
Two reduction tests have been carried out, both at a 
reduction temperature of 1000 °C. The reduction time 
has been varied. It equalled 90 minutes for the first 
test and 105 minutes for the second test.

D.3.2.1 RESULTS OF SOLIDS REDUCTION TESTS AND THEIR 
EVALUATION
The test results compiled in Table D-ll and their 
evaluation should be seen against the background of 
varying analyses of the reference- and the test-coal.
Fig. D-6 is a micro-photograph of the samples 
reduced with Semirara coal at 1000 °C during 90 
minutes (Pellet Sample No. NEP3).
Fig. D-7 is a cross sectional view of a reduced 
pellet at 110 times magnification.
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Magnification: 1:1 
Fig. D-6: Photograph of the pellets reduced with 

solid fuel (Semirara coal, reduction 
temperature: 1000 °C; reduction time: 90
minutes)

Magnification: 110 
Fig. D-7: Microcross section of a pellet reduced 

with Semirara coal (reduction temperature: 
1000 °C; reduction time: 90 minutes).
Note phase change from pellet perifery 
(Metallic phase) to the core (oxide phase)
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Pellet sample No. !
!

N E ?

D ineaaiac '
Reduction temperature •c 1000 1000 |
Reduction time aia 90 105 11

1. Furnace discharae i

Discharge weight < 92 1 909 !
Of that non-react.coal i 2 1 26
Portion of magnetic « 6 1 2 -
product
Sulk density loose kg/ 1 *. ' 5 1 t6 1

Sulk density after kg / 1 1.25 ! £9 i
shaking

2. Screen analvsis as 6,3 6,3-3, 15 3,15-1,6 1.6 6.3 6,3-3,15 3,l5-',6 1 , 3 j
Total portion Z weight 65,7 10,4 3.7 15,2 66,3 ’3,2 7,6
of that :
Portion of magnetic ’
product 63,4 1.3 0, 1 1 , I 0 4 , rJ 3 , 0 0 . 1 0 , 5 ;
Portion or non-magnet. " 2.3 3.6 9,6 ! 4 . \ 2,3 '0,2 7.5 11.9 i
product

3. Metalluraical Results

3.1 Chemical Analvsis
!
;

?*total * 7 1 ,4 77 .0 43,3 71,3 74, 6 59 , J i
;

Femet : 52,3 67 .3 43,3 49,- □ 2 f3 54,: I
i

Metallization z 73,3 87 ,4 90,7 69,3 S3 ,1 'i ■ , 9 !
c z 0,03 o. 1 2 a . d . 0,12 3.2 ♦ n . d . 1
5 - 0,34 0, 4 1 o.d. 0,6 0,32 n . d . ’

1

3.2 Cold Compressive
Strength
^Fraction 10-12,5 mm;

\

Average value daN/P 96 a. d. a . d . 69 n . d n . j . i
!

3.3 ¿oroslty Z vo 1. 36,1 a .d . a . d . n . i . n . d
i

n  . J . I
1

3.4 Sulk Density kg/ 1 1 ,33 a .d . a . d . t,85 a . d n . d .

3.5 Disintegration
Characteristics
Disintegration
strength

> -.3 mm Z waighe 95,4 n .d . n . d . 94,7 a . d . n , d ,
7 3,15 mm II 98,2 n .d. Cl . d . 99,1 n . d . n . d .

Abrasion < 1 , 6  mm II
l .6 n .d . n . d . 0,9 n , d n . d .

, . 1

Table D-ll: Results of solids reduction test in a rotary furnace
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The metallization of the reduced pellets (fraction + 
6.3 mm) has been measured to be only 70 to 73 % 
which has to be considered insufficient for indu
strial practice. Large scale application requires 
metallization degree of at least 90 % for being able 
to smelt the reduced pellets to sponge iron at accep
table energy consumption in an arc furnace. In spite 
of the addition of dolomite ranging from 0.3 to 
0.8 %, che S-content of the reduced pellets must be 
considered to be high; this sulfur originates from 
the fuel. Other quality parameters such as cold 
compressive strength and disintegration characteri
stics of the reduced pellets have been vithir* accep
table limits.
Because of the inadequate metallization of the 
reduced pellets obtained during the two tests 
performed, the results require additional optimizing 
so as to find out whether reduction in rotary kilns 
using solid fuel will be suitable for iron ore 
pellets from Niger or not.

D.3.3 SMELTING REDUCTION PROPERTIES OF IRON ORE PELLETS 
FROM NIGER
Apart from using gas- and solids reduction processes 
for iron ore pellets resulting in the production of 
reduced pellets (sponge iron), other so-called 
smelting reduction processes have been developed on 
large scale for the last 10 years approximately. 
These processes, which can be of single or 
multi-stage type, use pellets, pellet and lump ore 
mixtures as well as fine-grained ore as charging 
material. The final product discharge from the last 
stage is liquid metal. The attainable product 
quality ranges between liquid iron and semisteel 
depending on the process run. An additional refining 
stage will be necessary for producing quality steel. 
Examples of these processes are:
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the INRED 1) - Process
the ELRED 2) _ process Swedish Developments
the PLASMARED 3) _ Process
the KR-Process ^0 German Developments
the Krupp-Coin-Process 5)
Out of the processes listed above only the KR-Process 
has been developed to industrial scale till now.

D.3.3.1 TESTS WITH RESPECT TO REDUCTION, SOFTENING AND 
SMELTING CHARACTERISTIC?
Suitability of the iron ore pellets from Niger for 
the KR-process could be examined the laboratory with 
the aid of tne so-called REAS-test . A descrip
tion of the test set-up, of the heating up and the 
gas programme, the test procedure and its evaluation 
can be obtained from the ' STUDIENGESELLSCHAFT FUR 
EISENERZAUFBEREITUNG’, Othfresen, Germany.
Similar to the KR-process where the liquid metal is 
produced in two stages, the REAS-test also comprises 
two stages. To begin with, the iron ore pellets 
originating from test NEP3 have been subjected to 
primary reduction in a cylindrical reactor of 75 mm 
diameter by admitting a reducing gas of 70 % CO, 
25 % H£ and 5 % N2; the reduction degree
obtained has been 91.1 %.The temperature in the 
pellets at the end of this primary reduction stage 
equalled 900 °C and the reduction time has been 
100 minutes.
Further evaluation of the results of primary reduc
tion yielded a reduction rate of 1.6 % 02-removal/ 
min. At the end of the primary reduction stage the 
pellets have been cooled under an ^-atmosphere 
and then used as feed material for the REAS-test 
which simulates the smelting characteristics. The 
results of the primary reduction test as well as 
those of the REAS-test are specified in table D-12.

1) INRED
2) ELRED
3) PLASMARED
4) KR
5) KRUPP-COIN
6) REAS

INTENSIVE REDUCTION 
ELECTRICAL REDUCTION 
PLASMA REDUCTION 
Kohle-Reduction 
KRUPP-COAL-OXYGEN-INJECTION 
Re dukt ion-Erwe ichung-Ab s chne1z- 
Simulierung



D 27
ÀKHD HUMBOLDT WEDAG AG

D.3.3.2 RESULTS AND EVALUATION OF THE REAS-TEST
Table D-12 indicates that the softening temperature, 
defined as temperature upon reaching 50 % shrinkage 
of the pellets used, is at 1140 °C and the smel
ting temperature at 1240 °C. Initial dripping of
liquid iron started at 1310 °C. The temperature
measured at 5 % of the metal having dripped-off has 
been used as the criterion to judge the smelting 
characteristics of the pellets. This occurea for 
sample NEP3 at 1410 °C. Further dripping-off of
liquid iron proceeded rela- tively quickly with the 
temperature increasing to 1550 °C (test end
temperature). The total quantity of metal that has 
dripped-off has been determined to equal 61.7 % of 
the theoretically possible quantity. These results 
are in full accordance with other tested pellet
types of low Fe- and high gangue content. Fig. D-8 
is a photograph of the iron that has dripped-off and 
cooled on a metal plate. Fig. D-9 is a microphoto
graph of a polished section of the dripped-off iron 
at 110 times magnification.
The chemical analysis of the dripped-off iron
yielded the following values (table D-13).

Component 7o by weight

Fetot 95.40
C 2.08
Si 0.42
Mn 0.08
P 1.94
S 0.03

Table D-13: Chemical analysis of the dripped-off 
iron from the REAS-test

>N uno-: n:H'/; uio;1



Magnification: 1:1
Fig. D-8: Photograph of the dripped-off iron of the

REAS-test (iron-ore pellet sample: NEP3)

Magnification: 110
Fig. D-9: Microphotograph of the polished section of the

dripped-off iron of the REAS-test (iron-ore pellet 
sample: NEP3).
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Pellet Semple No. N E P 3
I. Test Parameters Heating-Up Gas

Load: 0.1 MPa 20 to 450 °C 
a t  5< °/mln

1800 Nl/h N 2

450 to 900 °C 
at 10 °/mln

1260 Nl/h CO - 70 Z 
450 Nl/h H 2 -25 Z 

90 Nl/h N 2 - 5 Z

further heating 
up to 1550 °C 
at 5 °/mln

M

after reaching 
90 Z Reduction

1SUU nl/h N 2 
(up со P • 2 KPa) 
Chen reducing N2 
со P • 0.2 IcPa as 
flushing gas

II. T e s e  Results Dimension

II.a Primary Reduction Scage

Total reduction cima min 100

R e d uction temperature 
at end o f  the cesc °C 900

R e d uction up to Isother
mal heating phase Z 75.1

Final reduction degree z 91.1

T i m e  up to 65 Z 
reduction min 48.5

<dR)
dt40

Z/mln 1.6

II.b REAS-Test

Softening temperature TE: °C 1140

Smelting temperature TS °C 1240

Inltad drlp-off 
temperature TAL °C 1310

Temperature after 5 Z 
of the metal has 
dripped-off TA2 °C 1410

Temperature at Paax °c 1230

T i m e  from beginning 
of reduction up to

Pmax - 2 KPa / min 238

Total drlpped-off 
me cal 8 223.5

Metal recocery Z by weight 61.7

Table D-12 Results of the primary reduction and the REAS-test
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D.4

D.4.1

OVERALL ASSESSMENT OF THE PELLETIZING AND 
metallurgical Test?
PELLETIZING TESTS
The iron-ore concentrate from Niger iron-ore prepa
red after completion of the beneficiation tests can 
be considered of inferior quality. Because of the 
goethite-limonite character of the ore only up to a 
maximum of 53 % Fe can be obtained in the concen
trate after beneficiation. After expelling the water 
bonded to limonite and further heat-hardening of the 
green pellets, Fe-contents of 59 % result in the 
pellets. In contrast to this, the iron content of 
pellets for blast furnaces or for direct reduction 
processes offered on the pellet market range at 
least from 64 - 67 %.
Similarly, the high P-content in the heat-hardened 
pellets equalling approx. 1.1 % adversely affects 
the metallurgical application of the pellets. 
Although the phosphorus can principally be removed 
during smelting to pig iron and steel - a subject 
which will be discussed in the chapter D.5 - it
requires additional expenses for raw materials and 
energy. This means higher production costs of the 
final product.
The grinding expenditure of the concentrate for 
producing green pellets was relatively low because 
of the soft character of the ore ( 4 - 5  kWh/1 of 
ground product). For producing green pellets of 
adequate strength the material has to be ground down 
to a Blaine number of 1850 cm^/g. The dry strength 
of the pellets during firing could be significantly 
improved by adding about 0.7 % bentonite.
The pellets featured adequate cold compressive 
strength after firing; the porosity of the pellets 
is low equalling approx. 21 - 22 %, being a result 
of the high slag contents. In view of the goethite- 
limonite character of the ore the average induration 
capacity of 11 t/m2*24 h is very low. This results 
in a high energy consumption for heat-hardening the 
iron-ore pellets from Niger.
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Apart from low Fe-contents and high P-values, the 
chemical analysis of the fired pellets revealed high 
Si02 (8.85 X) and low CaO-contents (0.1 X )  . The 
iron ore pellets from direct reduction should nor
mally have low Si02-contents (1 - 2 X) at a
basicity of CaO = 0.3. Recently, basic pellets with

Si02limestone and/or dolomite addition(CaO+MgO ■ 1.6) are
Si02also used for direct reduction.

Because of the high Si02-contents the production 
of basic pellets with the iron ore concentrate from 
Niger is impossible because this would require the 
addition of inacceptably large quantities of very 
pure limestone and dolomite respectively. Apart from 
that, the pellet hardening process will be adver
sely affected by additives and would result in even 
lower production values on the firing machine.

D.4.2 REDUCTION TESTS
D.4.2.1 GAS REDUCTION

In spite of large slag quantities, the gas reduction 
tests have revealed that clustering of the pellets 
does not occur at temperatures of 900 °C. This is 
noticed only at temperatures above 950 °C. Accep
table reduction rates and degrees of metallization 
as well as cold compression strength of the pellets 
after reduction could be achieved at a temperature 
of 900 °C. The shrinkage of pellet layer increases 
with raising reduction temperature (above 900 °C); 
this phenomenon entails deteriorated penetration of 
the gas through the pellet layer.
Examining the disintegration strength at 750 °C in 
a laboratory scale rotary furnace has indicated that 
the disintegration strength (expressed in the frac
tion plus 6.3 mm) is adequately high at 93 X . 

However the transport strength, expressed as ISO- 
tumbler index and the degree of metallization achie
ved are not quite satisfactory. The reduced pellets 
are not suitable for export or for transportation 
over long distances .

C
j

IN r r ,  N 
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D.4.4.2 SOLIDS REDUCTION
The solids reduction tests have been simulated in a 
laboratory scale rotary furnace at 1000 °C by 
using a highly volatile coal similar to the coal 
originating from Niger. The test coal used was from 
Philippines (Semirara Coal).
At a reduction time of 90 minutes, a metallization 
of only 73.3 % (for the size fraction of plus 6.3 
mm) has been reached. Extending the reduction time 
to 105 minutes did not improve that result. Further 
increasing the temperature to beyondr 1000 °C is 
not permissible because of the danger of clustering. 
Industrial scale processes of this type as for 
instance the SL-RN-process reach metallization 
degrees of more than 90 %.
Additional tests have to be carried out with solids 
reduction to be able to find and the most optimum 
parameters to achieve good results.

D.4.2.3 SMELTING REDUCTION
The examination of the smelting reduction charac
teristics for which purpose a newly developed test 
equipment (REAS-Test) has been used revealed that 
the pellets produced can certainly be treated in a 
smelting reduction process, as for instance the 
KR-process. The softening, smelting and dripping-off 
temperatures respectively measured during the 
REAS-test as well as the quantity of iron that 
dripped-off are typical of ores with large gangue 
proportions and acidic slags.
The P-content of the pellets migrates into the 
sponge iron after reduction. The removal of
phosphorus is possible during further processing to 
pig iron and crude steel by suitable slag handling 
which subject will be dealt with in the following 
chapter D.5.

iHW w
i i ini'! 1 't\-\
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D.5 CONSIDERATION OF POSSIBLE IRON PROCESSING METHODS
D.5.1 GENERAL REMARKS

There are several ways in the iron metallurgy to 
produce steel from iron-ore; one possibility is the 
conventional way, i.e. using the blast furnace and 
the steel melting converter. Another way is by using 
the recently developed so-called direct reduction 
processes. A third way could be applying the modern 
smelting reduction processes.
According to the conventional method iron-ore in the 
form of sinter, pellets and lump ore will be charged 
into the blast furnace. Together with coke 
manufactured from a good coking coal and used as a 
heat supplier and reducing agent, a pig iron is 
produced from the blast furnace. The impurities 
present in the ore like sulphur and phosphorus will 
migrate during the smelting process into the pig 
iron either wholly or partly according to the blast 
furnace operating conditions. The conversion of 
impure liquid pig iron from the blast furnace to a 
quality steel is performed in a steel blowing 
converter while at the same time removing the 
undesired elements like S and P. Modern steel making 
furnaces use oxygen as a refining agent. The oxygen 
is blown on the surface of the pig iron melt with 
the help of one or more lances as in the case of 
LD-process *) for example. The oxygen could also be 
introduced under the melt through the so-called 
"bottom-tuyeres" as in the case of 'Q-BOP*-Process 
**) developed by the Maxhiitte, Sulzbach-Rosenberg, 
W-Germany. In the steel converter the carbon 
dissolved in the iron is burnt to CO/CO2 and the S 
and P contents in the iron could be converted into 
the slag through maintaining proper slag composition.
The conventional iron and steel plants on the basis 
of blast furnace-steel converter route possess raw 
steel capacities between 1 and 5 Mill. t/a.
For an integrated plant on the green site, the total 
specific investments are of the order of 1200-1600 
US $ per t raw steel per year depending upon the 
yearly production rate of the plant (SZEKELY, 1980).

*) LD-process Linz-Donawitz-process
**) Q-BOP-process Quiet-Bottom-Oxygen-Process

■H'vV 100/''i'll; ■» k; ;

:
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For developing countries without an own energy base 
(for example availability of good coking coal), 
basic infrastructure and basic know-how, the 
construction of integrated steel plants with a high 
capital investment requirement cannot be recommended.
Since about the beginning of the seventies, the 
conception of the so-called "MINI-MILL", based on 
the direct reduction - electric arc furnace route, 
has been introduced. The principle of the mini-mill 
consists in the production of an intermediary solid 
product, the so-called "sponge-iron" from iron-ore 
pellets and lump ore. The sponge iron is produced in 
a counter current shaft furnace or a rotary kiln. 
The reduction takes place by means of a gaseous 
reducing agent consisting of CO and H2 produced 
with natural gas or with fixed carbon in the form of 
coal or coke breeze. The degree of metallization of 
the sponge iron produced will be beyond 90 7„ and its 
chemical quality is better in comparison to the 
steel scrap. Examples of direct reduction processes 
to be installed as mini-mills are for example:
- the MIDREX-process (shaft furnace) [KORF ENGIN., 
pamphlet 1983]

- the SL-RN-process (rotary kiln) [PxANGEL, SCHNABEL, 
a.o. 1983]

Depending upon the production costs, the sponge iron 
produced could be sold on the free market as a scrap 
substitute or could be converted to liquid steel in 
a further process step inside the mini-mill itself. 
To perform the smelting operation, which requires 
external energy, either electrical energy (e.g. 
electric arc furnace) or coal 'e.g. in a melting 
converter) could be used. The quality steel produced 
after refining will be cast in continuous casting 
units to the desired steel profiles.
The annual production capacity of a mini-steel-mill 
could vary between 100.000 and 1 Mill, t of liquid 
steel depending upon the local or export demand. The 
specific investment cost of such a mini-mill will be 
lower than that of a conventional mill on the basis 
of blast furnace-steel converter route [ULRICH, 
JANSSEN, 1983].
Mini-mills could be erected everywhere, where cheap 
energy and raw materials e.g. iron ore are abun
dantly available.
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D.5.2 IRON PROCESSING METHODS FOR THEIR APPLICATION IN THE 
REPtlRLlC OF NIGER-------------------------------------
The yearly demand for raw steel in the Republic of 
Niger is estimated to be about 100.000 t. For this 
capacity it is advantageous to consider the erection 
of a mini-mill on the basis of either direct- or 
smelting reduction process. Since it is known that 
the Republic of Niger does not possess any proved 
resources of natural gas, one can rule out the 
possibility of applying any one of the classical 
direct reduction processes as for example the 
MIDREX- or the HYL-process [PRICE, DOMINGUEZ, 1983]. 
For these processes the required reducing gas CO and 
H£ is produced by the cracking of natural gas 
(CH4).
Besides these, there are other direct reduction 
processes applying coal or coke as reducing agent as 
for example, the SL-RN-process of the KRUPP-Codir- 
Process. According to these processes, iron ore 
pellets are reduced with coal or coke in a rotary 
type kiln at temperatures between 900 and 1000 °C. 
The iron ore pellets are reduced to sponge iron in a 
counter current gas flow to a metallization degree 
of beyond 90 %. The sponge iron will be converted in 
a second step in an electric arc furnace to quality 
steel.
The rotary kiln processes are suitable for their 
application to use cheap and low quality coals as 
reducing agent. One plant of this type with a 
nominal capacity of 30.000 t per year of sponge iron 
is operating since 1981 near KOTHAGUDEM, INDIA 
[RANGEL, SCHNABEL, a.o. 1983]. This plant, which was 
financially supported by UNIDO, VIENNA, Austria, was 
supplied, erected and commissioned by the LURGI 
CHEMIE und HUTTENTECHNIK GmbH, Frankfurt/Main, 
Germany. The design and operation of the plant are 
simple. Similar mini-plants could be erected in all 
developing countries, which do not possess a steel 
industry till now and which wish to industrialise on 
the basis of indigenous raw materials.
The principle of a SL-RN-rotary kiln plant is shown 
in fig. D-10.
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Fig. D-10: Process lay-out of a SL-RN-direct 
reduction plant.

Another possible application for a mini-mill in the 
Republic of Niger could be the recently developed 
smelting reduction processes. Among many 
developments in this field, which are already 
mentioned in chapter D.3.3, the KR-process is the 
only one which can be applied on an industrial 
scale. Similar to the SL-RN-process, the KR-process 
is also suitable for using low-grade, non-coking 
coals as a heat supplier and as a gas producing 
agent.
A semi-industrial KR-unit is operating disconti- 
nously since 1981 in Kehl, Germany, with a maximal 
capacity of 60.000 t per year of pig iron. The 
rights for commercialisation of industrial scale 
KR-units are in the possession of Messrs. 
KORF-ENGINEERING GmbH, Diisseldorf, Germany and 
Messrs. VOEST-ALPINE AG, Linz, Austria [KORF 
ENGIN.pamphlet, 1984].
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The KR-process principle is simple. The main units 
resemble a devided blast furnace (see process flow
sheet, fig. D-ll) and comprise a smelting gasifier 
unit (1) and reduction shaft furnace unit (2).
Hot sponge iron from (2) will be continuously 
smelted to pig iron in the smelting gasifier unit 
(1) by means of excess heat generated through 
partial oxidation of coal. The coal with a size 
grading of 0 to 30 mm is introduced into the 
smelting gasifier via a coal bin (3) and gasified 
with oxygen in a fluidised bed. The fluidised bed of 
coal is formed in the upper empty part cf the 
smelting gasifier. The reducing gas produced from 
the gasification of coal contains 95 % CO and . 
The smelting gasifier plays the role of a blast 
furnace hearth, where coke will be gasified with hot 
blast and the prereduced iron-ore from the shaft 
will be smelted to liquid pig iron.
The reduction shaft furnace unit (2) is located just 
above the smelting gasifier and is equipped with 
screw conveyor for hot discharge of sponge iron. The 
hot reducing gas from the smelting gasifier unit is 
directed into the reduction shaft furnace via a hot 
gas cyclone (4) for dedusting and a gas cooler (5). 
By means of this reducing gas, the iron ore pellets 
charged at the top of the shaft furnace will be 
reduced to sponge iron in a counter current gas flow.
The exhaust gas from the reduction shaft furnace 
passes through a gas cooler (6) and is subsequently 
cleaned. This gas with a net calorific value of 
8400 kJ per Nm^ can be considered as an export gas 
and can be used for power generation, O2-produc
tion etc. outside the battery limits of the KR-plant.
The pig iron produced at the bottom part of the 
smelting gasifier can be refined in following 
process steps (in ladles, in 02-converters etc.) 
to quality steel practically free of sulphur and 
phosphorus. The liquid steel can be subsequently 
cast to billets in a continuous casting plant.
According to the present status of development of 
the KR-process, single KR-moduls with capacities up 
to 300.000 t/a of pig iron can be installed.
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KR PLANT

BASIC FLOW SH EET
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D.5.3 THE BEHAVIOUR OF PHOSPHORUS IN IRON ORE PFT.T.ETS 
DURING THE SMELTING PROCESS
Under strongly reducing conditions which prevail in a 
smelting unit such as blast furnace, direct reduction 
or smelting reduction units, the phosphorus contained 
in the ore or pellets is largely absorbed by the 
liquid iron or sponge iron respectively.
During the smelting process, phosphorus in the form 
of P2O5 in the ore or pellets is completely 
reduced with carbon, CO or even through liquid iron 
according to following reactions:

P 205 + 5 C 2 [ P ] + 5 CO

p 2 0 5 + 5 CO 2 [ P ] + 5 C O2

P 205 + 5 F e 2 [ P ] + 5 ( F e O )

The reduced phosphorus will be mostly dissolved in 
the iron as iron phosphide [Fe3P] according to:

3 [Fej + [P] Fe3P
The dephosphorization of iron is only possible in a 
subsequent process step, where the essential
metallurgical conditions for a successful
dephosphorization of the iron are maintained. This 
aspect is discussed in the succeeding chapter.

D.5.4 POSSIBILITIES FOR PHOSPHORUS REMOVAL FROM PIG IRON 
OR SPONGE IRON DURING REFINING TO STEEL
It is well known to iron metallurgists that the 
oxidation of metalloids like Si, Mn, P etc. during 
steel making depends primarily from the formation of 
ferrous oxide (FeO) in the slag. Ferrous oxide forms 
during the refining of the iron melt with air, 
oxygen-enriched air or pure oxygen. The ferrous 
oxide formed reacts with P or Fe3P dissolved in 
iron melt to form (P2O5) according to:

5 [FeO] + 2 [P] (P2O5) + 5 [Fe]
[FeO] + 2 [Fe3P] (P205) + 11 [Fe]5
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As a primary reaction product from phosphorus 
oxidation, the formation of iron phosphate according 
to the reaction:

3 [FeO] + 5 [0] + 2 [P] (3 FeO . P2O5)
is also possible. Under the conditions prevailing in 
a steel converter both P2O5 as also iron phos
phate are unstable. Therefore it is necessary that 
these reaction products are stabilised in a basic 
slag having a high CaO activity. This can be 
achieved by blowing lime and/or dolomite powder into 
the melt during the refining period.
P2O5 is bound by the CaO slag according to:

2 [P] + 5[0] + 3 [CaO] (3 CaO^Os)
2 [P] + 5[0] + 4 [CaO] (4 CaO.P2C>5.

The metallurgical conditions necessary for a 
successful dephosphorization of the steel melt can 
be summarised as follows:
- Increasing the (FeO)-activity of the slag for the 
oxidation of dissolved phosphorus in the melt.

- Adjusting the slag composition to be strongly 
basic (high CaO and low Si02 values in the slag) 
to increase the phosphorus in-take capacity of the 
slag

- low bath temperatures to improve the phosphorus 
distribution between the metal and the slag

- low P2O5-content of the slag to reduce the P- 
activity and to improve the P-transfer from the 
metal into the slag.
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For the evaluation of the steel making slags as 
regards to their dephosphorization capacity, the 
important criteria are the basicity index expressed 
as the molar ratio of basic to acidic components of 
the slag and the oxygen potential expressed by the 
ferrous oxide activity in the slag.
An increase in the slag quantity per t of steel has 
a positive effect on the dephosphorization of the 
metal because in this case the P2O5 content of 
the slag will be decreased. A similar effect has 
also the two-slag practice (removal of the primary 
slag after the oxidation period and formation of a 
secondary slag during the refining period) which is 
commonly employed in the electric arc furnace 
refining of steel.
The phosphorus content of the produced steel depends 
also on the type of steel making process employed. 
The BESSEMER-process of the past, whereby air or 
02-enriched air is blown into the melt through 
bottom tuyeres, is best suited for the dephosphori
zation of phosphorus-rich pig iron.
The basic Bessemer slags contain 15 - 20 % P2O5
with a CaO-content of 45 - 50 % and can be used as 
fertilizers.
The Bessemer process is practically substituted by 
more modern steel making practices like for example, 
the Q-B0P-, the LD- (LDAC-) or the basic electric 
arc furnace process.
The Q-BOP-process, just like the Bessemer process, 
is particularly suited to refine phosphorus-rich pig 
irons. In this process, the dephosphorization 
conditions in the melt are much improved when 
compared with the Bessemer process through the 
injection practice of the lime powder together with 
oxygen in the form of a oxygen-lime-suspension 
through the bottom tuyeres. The turbulent melt leads 
to new reaction surfaces, thereby intensifying the 
decarburization and dephosphorization rates. Both C 
- and P - oxidation run parallel to each other. Just 
as in Bessemer practice, the by-product slag which 
is rich in P2O5 content, can be used as a 
fertilizer. The lime consumption is definitely lower 
than in the case of LD- or LDAC-process.



KHD H U M B O L D T  W E D AG  A G - D 42

Through lining the Q-BOP-process with the 
two-slag practice mentioned above, it is possible to 
refine phosphorus-rich pig irons containing up to 
1.6 7o P to low-phosphorus steels containing about 
0.015 1 phosphorus [BROTZMANN, LANKFORD, a.o., 1976].
In the last few years further advances were made in 
the steel making practice to produce ultra-pure 
steels for special purposes. By using the so-called 
'combined-blowing'-practice, it is possible to 
refine steel to very low phosphorus contents below 
0.01 % P. In this practice the refining gas oxygen 
along with lime powder and purging gases like N2, 
Ar, CO, CO2 etc. are blown into the steel 
converter through lances from the top and through 
bottom tuyeres into the melt (JAPANESE PATENT).
From the broad description given in this chapter, it 
can be seen that there are many metallurgical 
possibilities to produce quality steels from 
phosphorus-rich pig iron which is attained through 
smelting phosphorus-rich iron ores of the Republic 
of Niger. To examine which type of steel making 
process is best suited to obtain the desired steel 
qualities is not a scope of this study and should be 
investigated in detail as a separate project.
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Part E

Conclusions and Perspectives
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E. CONCLUSIONS DRAWN AND PERSPECTIVES AS TO UTILIZATION
OF THE IRON ORES OF SAY IN THE REPUBLIC OF NIGER
The objective of the present 'Preliminary study of 
the iron ore deposits at Say' has been to establish 
those technical economic data and parameters that 
were to serve as a basis of a prefeasibility or a 
feasibility study as suggested by RIDDEL and COHEN 
in 1978.
Although going beyond the limits of a preliminary 
study we are adding below some considerations and 
conclusions regarding further evaluation and 
utilization of the iron ores existing in Niger.

E.l IRON AND STEEL DEMAND IN NIGERIA. THE REPUBLIC OF
NIGER AND IN NEIGHBOURING COUNTRIES
In their report NNJC/02/78 RIDDEL and COHEN requested 
to ascertain the iron and steel requirements of 
Nigeria, the Republic of Niger and several neigh
bouring countries and they recommended to have th. s 
task transferred to members of NNJC.
It is not known to us whether these facts and 
statistic particulars have already been collected. 
Our considerations are based on statistic data 
originating from different years as well as on 
information from the press.
Hence, they are incomplete and can only give an idea 
of the order of magnitude of demand for and 
production of iron and steel.
Niger
Since the Republic of Niger does not have its own 
steel or iron production, the quantities imported of 
these materials correspond to the local consumption.
The consumption figures for iron and steel in the 
Republic of Niger have been available for the years 
1975, 1976, 1977 (partly) and 1981:
Year Qty. in t Value
1975 7,707 FCFA 1,150,000,000
1976 17,273 US $ 6,230,C00
1977 (5 months) 7 ,275 FCFA 1,338,000,000
1981 12,994 US $ 8,634,000



- E 2A
KHD H U M B O L D T  W E D  A G  A G

The above quantities cover the various classes of 
goods, such as flat rolled steel and sheet, hot 
rolled bars, sectional steels, wires, pipes/tubes, 
shaped products, etc. The demand for these products 
is subject to similar pronounced fluctuations during 
the various years as the overall demand for iron and 
steel products in Niger.
The figures available show a maximum annual demand 
of 20,000 t of iron and steel in Niger.
No statistical data are at hand for the neighbouring 
countries (Upper Volta, Tschad, Mali). Assuming a 
similar per capita consumption of iron and steel as 
in Niger, the aggregate demand of these countries 
should be near 80,000 t/year.
Nigeria
Altough no statistical data in quantities were 
available regarding the iron and steel imports into 
Nigeria, corresponding values were given in 
US-Dollars. These covered the imports of 1978 (US$ 
709.480 mill.) and of 1979 (US$ 585.685 mill.).
The 'Steel Statistical Year Book' of the 
INTERNATIONAL IRON AND STEEL INSTITUTE, Brussels, 
published the following figures regarding iron and 
steel imported into and consumed in Nigeria:

Year Imports 
Qty. in t

Consumption 
Qty. in t

1978 1 024 000 1 380 000
1979 698 000 1 025 000
1980 1 500 000 1 900 000
1981 1 400 000 1 750 000
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The above figures reveal that during the years 
specified, some 350,000 t of steel have been
produced locally per year in a smaller existing 
steelworks.
For covering the complete iron- and steel demand by 
local production, two large integrated steelworks 
have been under construction and commissioned resp. 
since 1982:
1) At Warri (Bendel State) , Delta Steel Company

Ltd. have been operating since 1982 a direct 
reduction plant of a capacity of 1,200,000 t/year 
of direct reduced iron. The iron ore demand of 
this direct reduction plant equals 1,500,000 t 
of iron pellets (of 66 X Fe; 0.015-0.03 X P and 
0.02 X S) and lump ore to be procured from 
Guinea and Brazil.

2) On behalf of Ajaokuta Steel Company Ltd., a
steel works of an annual capacity of 1,300,000 t 
of steal products is under construction at 
Ajaokuta (Kwara State); it is to take up
operation in 1983/84. The raw material required 
by this plant is to be supplied from the iron
ore occurrence Itakpe, discovered and examined 
during the last few years within the Kwara 
State. That deposit is said to include 200 M t 
of hematite and magnetite iron-ore of approx. 30 
- 36 % Fe. By way of the pertinent benefication 
processes it can be concentrated to about 67 X ,  

less than 0.04 X P and some 4 X Si02*
E .2 POTENTIAL USE OF THE IRON ORES FROM SAY IN NIGERIA

AND THE REPUBLIC OF NIGER
E.2.1 EXPORT OF THE ORES

The iron ore qualities specified and requested for 
the steelworks in Nigeria reveal that high-grade 
iron-ores or pellets of Fe-contents above 65 7 and P 
contents below 0 . 0 4  X shall be used.
High-grade ores of that type have been fully 
developped for mining and are available in vast 
deposits containing several billion tonnes in 
Brazil, Venezuela, Guinea, Liberia and in other 
countries. The 1984 prices ' cif' European port are 
near US$ 20-25/t for 64-68 X grading lump ore and 
near US$ 27-32/t for pellets.
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This means that the iron-ores originating from 
Say/Niger will not be suitable for use as iron ores 
or pellets in Nigeria because of their specific 
composition and of a concentration of approx. 54 % Fe 
and some 2 % P2O5 attainable with the aid of
benefication procedures.
Similarly, the extremely high P2O5 content of 
the ores from Niger will obstruct their being 
exported and used in steelworks in other countries 
without iron ore resources of their own.
Apart from that the long distance of the iron-ore 
deposits from the coast implies the drawback of 
particularly high transport costs.
Consequently, winning of the ores existing in the 
Republic of Niger for being exported can be excluded.

E.2.2 UTILIZATION AND UPGRADING OF THE ORES WITHIN THE 
REPUBLIC OF NIGER
The iron-ores from Say should actually be utilized 
in a new steelworks to be set up in the Republic of 
Niger. However, the capacity of that plant could 
only be very small. The annual steel consumption in 
Niger has been below 20,000 t during the last few 
years. Even when adding the estimated consumption of 
a number of neighbouring countries located far away 
from the coast and not having steel producing 
facilities of their own (such as Upper Volta, 
Tschad, Mali) an overall annual requirement of
80,000 - 100,000 t of steel will result, including 
all steel classes and products.
The maximum capacity of a steel plant in the 
Republic of Niger meant to cover local demands and 
those of the neighbouring countries thus is 
estimated to amount to 100,000 t/year. It has to be 
duly considered in this respect that no more than 
the most important ordinary steels, such as struc
tural steel, sheet steel and sectional steel could 
be produced in that works. Because of the little 
demand in Niger proper and in trie neighbouring 
states, it would definitely be uneconomic to have 
special steels produced as well. The steelworks and 
the facilities for subsequent processing have been 
described in detail and shown as flowsheet in para
E.5 below.
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E.3 REQUIREMENT, RESERVES AND WINNING OF THE IRON-ORES
E.3.1 REQUIREMENT OF IRON-ORE

Approx. 300,000 t of iron ore would have to be 
extracted per year for producing 100,000 t/a of 
steel upon upgrading the r.o.m. ore (containing some
50.5 % Fe) to a concentrate of 54 % Fe in a plant as 
described in para C .6 above and in para E.4 below.

E.3.2 RESERVE AREA
It is recommended to have these relatively small 
quantities of iron-ore won in a part of the deposit 
of Doguel Kaina Say, i.e.
- where an as high-grade iron-ore as possible exists
- where no overburden at all or only small quantities 
of overburden exist

- which is located as close to the Niger river as 
possible for having water available for processing.

These prerequisites are given in an area of about 
3.4 km^ (see para B 7.1 and annex B 10) south-east 
of Doguel Kaina where the overburden measures less 
than 10 m. Within this area, exploitation can 
initially be limited to the upper iron-ore horizon 
of the Oolithes Indurées. The average thickness of 
that horizon within this area equals 2.22 m with 
average Fe contents of 50.35 % and average P2O5 
contents of 1.55 %.
The Oolithes Indurées reserves within this area 
equal 20.1 million t of iron-ore and would, 
consequently, be enough for a production period of 
more than 60 years at an annual production rate of
300,000 t.

E.3.3 MINING
The iron-ore will at any rate be exploited by open- 
pit mining. It is expected that the average ore : 
overburden ratio within that area equals 1 : 2.5.
This means that in addition to an extraction of
300,000 t/year of iron-ore, 750,000 t/year of 
predominantly loose overburden will have to be 
removed.
Loosening and winning of the iron-ore horizon can 
probably be done without blasting work; it could be 
carried out with a crawler dozer with ripper teeth. 
However, a field test will have to verify whether 
this is feasible.
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Loading of overburden material and of iron-ore can 
be tackled by two front-end loaders of a shovel 
capacity of 4.5 m3.
As a site for the processing facility has not yet 
been chosen and, hence, the distance between mine 
and processing plant is not yet known, we have 
presumed a distance of 2 000 m each between mine and 
processing facility and between mine and overburden 
dumping area. These distances have to be known for 
calculating the number of haulage vehicles required.
Subject to the above haulage distances and to using 
25 t dumpers, 7 dumpers would be needed for 
transporting 1 000 t of ore/working day and 2 500 t 
of overburden/working day.
Moreover, a wheel-mounted hydraulic impact hammer 
will have to be provided in the mine for secondary 
breaking of large ore boulders. Furthermore, a 
grader will be needed for road construction and 
maintenance.
The mine outfit needed for open pit mining of
300,000 t/a of iron-ore and of 750,000 t/a of 
overburden and comprising the equipments mentioned 
above (i.e. 'rip-dozer', front-end loader, dumpers, 
wheel-mounted hydraulic impact hammer and grader, as 
well as personnel and material vehicles) would 
require capital investments of US Dollar 2,200,000.-- 
(prices valid in Germany in 1984).
The above estimated investments do not include the 
costs of:
- spare parts for the equipment and machinery 
mentioned above,

- ancillary facilities, such as workshops, stores, 
offices and staff rooms

- infra-structural measures.
The above figures are a rough estimate which will 
have to be specified more exactly by detailed 
planning of working, equipment requirement and 
utilization. These detailed data will have to be 
included in a feasibility study.
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E.4 PROCESSING PLANT
A production rate of 100,000 t/a of steel requires 
an iron ore extraction rate of approx. 300,000 t/a.
A plant for dressing this volume, i.e. for producing 
approx. 200,000 t of concentrate, should particu
larly include the following machinery:
- jaw crusher for primary crushing,
- vibrating screen for intermediate screening,
- impact crusher for secondary crushing,
- DSM- or micro-sieves for separation of the fines 
minus 0.5 mm

- super-scrubber (vessel- or drum-type) for removing 
impurities adhering to the ooliths and

- horizontal filter for dewatering the concentrate.
From the actual point of view, it is estimated that 
a capital investment of US Dollar 3.0 - 3.5 mill, 
will be required for setting up this processing 
plant, completely equipped with the necessary
intermediate transportation facilities and 
electrical equipment, the auxiliary and secondary 
sections.
The plant can be operated with a labour force of 45
- 50 staff members. The water requirement will equal
approx. 60 m^/h, of which approx. 20 m^/h can be 
utilized in a recycling circuit. Thus, 40 m^/h of 
fresh water will have to be taken from the Niger
river.
The period from erection of the processing plant
until going into production will take 24 - 28
months, as from the date of order placing.
At first, however, detailed investigation for 
exactly dimensioning the machinery, for assessing 
the conditions relating to the infrastructure and 
for fixing a location of the plant, will have to be 
carried out for the purposes of a feasibility study.

E.5 CONCEPT OF A MINI-SMELTER FOR THE PRODUCTION OF STEEL
IN THE REPUBLIC OF NIGER
The demand for steel and iron products in the 
Republic of Niger and neighbouring countries has 
been estimated in para E.3.1 above to equal approx.
100,000 t/year.
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The:5e steel quantities can be produced in a mini 
sme'.ter comprising the following process operations 
which latter have to be designed for the appropriate 
capacities (fig. E-l).
A continuous casting facility and a rolling mill 
will have to be set up downstream the steel 
converter. The most important steel products
required in the Republic of Niger will have to be 
produced in that rolling mill; these are structural 
steel, sectional steels and sheet steels.
The capital expenditure involved in a mini smelter 
of that type and having an annual production
capacity of 100,000 t will be in an order of mag
nitude of US Dollar 60 to 80 million for a 
green-field site (not including infra-structural 
measures).
The above concept and the figures quoted are pure 
estimates which will have to be carefully verified 
under a separate feasibility study.
The total investments for equipment and installations 
for mining, processing plant and smelter plant of 
the iron-ores of Say for producing 100,000 t/a of 
steel and iron are estimated to be in the range of 
US Dollar 66 to 85 million not including infra-struc- 
tural measures, building of ancillary facilities, 
etc.
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HUMBOLDT
UIEDPB Probe, sample, échantillon 1

Rohmaterial, raw material, matiere premiere

iron ore/mtnerai de fer 
Niger

annex/annexe s (J 1

» I Fe I 5102 I P205
product I mass I content < n % * c %  recov I content m5t*cS recov I content iyT/î*c ’Z recov
prodoit I masse I teneur mtf*t* débit I teneur m**tV- débit I teneur débitI % 1 % % I '/- •/. I % ’/.

1. * >BO mm 1 2.09 ! 52.660 1 10. 06 2. 22 1 5. 110 10. 60 1.29.1 2. 030 4. 24 2. 57
2. : 00-60 mm 1 10.47 1 52.460 549.26 11.07 1 5. 320 55.70 6.73 1 1.990 20. 84 12.62
3. > 60-40 mm 1 20.03 1 53.090 1122.53 22.61 1 4. 560 94. 90 11.47 1 1.670 34. 79 21.07
4. S 40-20 mm 1 23. 11 1 50.760 1173.06 23.63 1 6. 920 159.92 19.31 1 1.760 40. 67 24. 64
5. * 20-10’ mm 1 9. 20 1 50.020 467.54 9.42 1 0. 100 74.52 9. 00 1 1.550 14. 26 8. 64
6. * 10- 8 mm \ 0. 70 1 48. 640 34.05 0.69 1 10.660 7. 46 0. 90 1 1.670 1.17 0. 71
7. « 8- 5 mm 1 2.09 1 50.OOO 104.50 2. 11 1 9. 750 20. 30 2. 46 1 1.660 3. 47 2. 10
0. » 5- 3 mm I 1.40 1 40.090 71.17 1.43 1 10.350 15.32 1.05 1 1.470 2. 18 1.32
3. « 3- 2 mm 1 2. 12 1 49.530 105.00 2. 12 1 7. 950 16. 05 2. 04 1 1.700 3. 60 2. 10
ÎO. î 2- 1 mm 1 13.21 1 49.940 659.71 13.29 1 6. 350 03. 80 10.13 1 1.550 20. 40 12. 40
11. S 1- 0,5 mm 1 7. 72 1 46.040 355.43 7. 16 1 ÎO.020 03. 53 10.09 1 1.610 12. 43 7. 53
12. * < 0.5 mm 1 6.98 1 30.280 211.35 4.26 1 29. 350 204.86 24.74 t 1.000 6. 90 4 ■ /:* o

feed/alimentation I 100.00 I 49.637* 4963.67 100.00 I 0.281* 820.09 100.00 I 1.651* 165.10 100.00
I I 40.640 I 0.130 I 1.600

remarks/remarques:
* - calculated values / valeurs calculées

o
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Rohmaterial, raw material, matiere premiere
iron ore/minerai de fer 

Ni g e r

annex Zanne we s [] 5

ft################################################################################################################
i 1 Fe 11 5102 1 P205

product 1 mass 1 content m**crt recov 11 content mV-*c'/ recov 1 content m*/t*c*/t recov- produit 1 masse 1 teneur mft*t* debit 11 teneur m**f/ debit 1 teneur m%*ty. debi t
1 # v/os 1 * •/ 11 •/• * ! ■/.

#################################################################################################################
>80 mm 1 2. 09 1 52.660 110.06 2. 22 11 5.110 10. 68 1.29 t 2. 030 4. 24 2. 57

#################################################################################################################
80-60 mm 1 11.51 10. 47 1 52.460 549.26 11.07 11 5.320 55. 70 6. 73 1 1.990 20. 84 12. 62
60-40 wm 1 22.91 20. 83 1 53.890 1122.53 22.61 1 4. 560 94. 98 11.47 1 1.670 34. 79 2J . 07
40-20 mm 1 25.42 23. 11 1 50. 760 1173.06 23.63 1 6.920 159. 92 19.31 1 1.760 40. 67 24. 64
20-10 mm 1 10.12 9. 20 1 50.820 467.54 9. 42 1 8. 100 74. 52 9.00 1 t. 550 14. 26 8. 64
10- 8 mm 1 0.77 0. 70 1 48.640 34. 05 0.69 1 10.660 7. 46 0. 90 1 1.670 1. 17 0. 71
8- 5 mm 1 2.30 2. 09 1 50.0O0 104.50 2. 11 1 9. 750 7:0. 30 2. 46 1 1.660 3. 47 2. 10
5- 3 mm 1 1.63 1.48 1 40.090 71.17 1.43 1 10.350 15. 32 1.05 1 1.470 2. 18 1.32
3- 2 mm 1 2.33 2. 12 1 49.530 105.00 2. 12 1 7. 950 16. 05 2.04 1 1.700 3. 60 ?.. 1 8
2- 1 mm 1 14.53 13. 21 1 49.940 659.71 13.29 1 6. 350 83. 08 10.13 1 1.550 20. 48 12. 40
1- 0, 5 mm 1 B. 49 7.72 1 46.040 355.43 7. 16 1 IO.820 83. 53 10.09 1 1.610 12. 43 7. 53

##############################################«################################################################## 
80-0,5mm ! 100.00 90.33 I 51.053* 4642.25 93.52 ! 6.737* 612.55 73.97 I 1.692* 153.88 93.20
ft###############################################ft################################################################ 

< 0.5 mm 1 6.98 I 30.200 211.35 /1.26 I 29.350 204.06 24.74 I 1.000 6.98 4.23################################################tt#tt#tt###fttttttt##41##########tt####################ft###tt######tt####### 
feed/al i ment at ion I 100.00 I 49.637* 4963.67 100.00 I 0.201* 828.09 100.00 I 1.651* 165. 10 100.00

I I 48.840 1 8.130 I 1.680
################################################################################################################# 
remarks/remarques*
* «■ calculated values / valeurs calculées n

LO



KHD Siebanalyse, screen analysis, analyse g ranni ometrique
HUMBOLDT
UIEDOG Probe, sample, échantillon 2

Rohmaterial, raw material, materie premiere
iron ore/minerai de fer 

Niger

annex/annexe s I] i

« 1 Fe 1 Si 02 1 P205
product 1 mass 1 content m<*crt recov 1 content mtf*c* recov 1 content m**crt recovproduit 1 masse 1 teneur m**tX deb i t 1 teneu r m*#t54 debit ( teneur tti’A *  t % dehi t

1 * 1 A 1 A y. 1 % y.
1. >60 mm 1 1.03 » 42.550 43. A3 1.03 1 17.480 18. 00 1.04 1 1.200 1. 24 1.222. BO-40 mm 1 3. 14 1 44. 940 141.il 3. 30 » 14.470 45. 44 2.62 1 0. 120 0. 38 0. 37
3. 40-20 mm 1 6. 90 1 41.800 28B.42 6. 75 1 17.790 122.75 7.07 1 1. 130 7. 80 7. 694 . s 20-10 mm 1 7. 25 i 41.660 302.03 7. 07 1 18.500 134.13 7. 72 1 1.040 7. 54 7.445. 10- fl mm 1 1.28 • 40.160 51.40 1.20 1 70.890 26. 74 1.54 1 0. 150 0. 19 0. 19
B. 8- 5 mm 1 3.79 1 40. 230 152.47 3.57 1 21.130 80. 08 4.61 1 0. 680 2. 58 2. 547. 5- 3 mm 1 3.55 t 42.620 151.30 3. 54 ! 17.990 63. 86 3. 68 1 1.590 5. 64 5. 578. 3- 2 mm 1 10.12 1 50.120 507. 21 11.87 1 0. 650 87.54 5.04 1 1.500 15. 18 li. 979. 2- 1 mm 1 31.23 1 50.060 1563. 37 36. 58 1 7. 900 246.72 14.20 1 1.040 32. 48 32. 04IO. 1- O. 5 mm 1 17.55 » 43.640 765.88 17.92 1 17.190 301.68 17.36 1 1.220 21.41 21.12
11.! < 0. 5 mm 1 14. IB 1 21.630 306.28 7. 17 1 43.110 610.44 35.14 1 O. 490 6. 94 6. 84

feed/al i ment at i on I 100,00 I 42. 733* 4273.32 100.00 I 17.374* 1737.38 100,00 I 1.014* 101.37 100.00
I I 40.450 I 17.700 I 1.040

remarks/remarquess
* = calculated values / valeur* calculées

n
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S t a f f : E  i s e n e r z F i r m a ; M a s c h i n e

M a t e r i a l  : i r o n  o r e P r o b e  2  C u s t o m e r : M a c h i n e  :

P r o d u it  : . ì _ i & £ _________________  C l i e n t : _ - - A p p a r e i l  :



I

KHD
HUMBOLDT
WEDO0

Siebanalyse, screen analysis, analyse 'gremilometrique 
Niger

Probe, sampel, échantillon 2
Rohmaterial, raw material, materie premiere

annex/annexes C 6
iron ore/minerai • de fer 

Niger

HiHHMHMtiHHHHHHHHHHHHHHHHMHHHHHMMHHHHHHHHHHMHHHHHMHI HiHHHHHHHHHttHHHHHHHHHHHHHHHHHHUHHHHHHHHHHHHHHHHHHUfiHHHHUHHUHHHt#
1 1 Fe 1 Si 02 1 P 205

product 1 mass 1 content m*«c* recov 1 content т**сУ. recov 1 content m%*c* recov
produit 1 masse 1 teneur m* * t % debit 1 teneur mîUtrt debit 1 teneur m**tX debi t

! % V/0* 1 * •/ 1 % •/ 1 % *
ft############################################*»########

>60 Îttftl 1 1.20 1.03 1 42.550 ЛЗ. 03 1.03 1 17.480 18. 00 1.04 1 1.200 1.24 1.22
60-40 1 3.66 3.14 1 44.940 141.11 3. 30 1 14.470 45. 44 2. 62 1 0. 120 0. 30 0. 37
40-20 mm 1 8.04 6. 90 1 41.800 208.42 6. 75 1 17.790 122.75 7. 07 1 1. 130 7. 80 7. 69
20-10 mm 1 8.45 7.25 ! 41. 660 302.04 7.07 1 18.500 134.13 7.72 1 1.040 7. 54 7. 44
10- 8 mm » 1.49 1. 28 1 40.160 51.40 1.20 1 20.890 26. 74 1.54 1 0. 150 0. 19 0. 19
8- 5 mm 1 4.42 3. 79 1 40. 230 152.47 3.57 1 21.130 80. 08 4.61 1 0. 600 2. 58 2. 54

> 60-5mm - 1 27.25 23. 39 1 41.867* 979.27 22.92 1 18.262* 427.14 24.59 1 0.843* 19. 72 19. 45
5 “ 3 mm 1 4. 14 3- Ï55 1 42.620 151.30 3.54 » 17.990 63.86 3.68 1 1.590 5. 64 5.57
3- 2 mm 1 11.79 10. 12 1 50.120 507. 2 î 11.87 1 0. 650 07. 54 5.04 1 1.500 15. 18 14. 97
2- 1 mm 1 36.38 31.23 1 50.060 1563.37 36.58 1 7. 900 246.72 14.20 1 1.040 32. 48 32.04
1- 0.5 mm 1 20.45 17. 55 1 43.640 765.80 17.92 1 17.190 301.68 17.36 1 1.220 21.41 21. 12

5 0 5mm 1 72.75 62. 45 1 47.043» 2987.77 69.92 1 11.206* 699.80 40. 28 1 1.196* 74. 71 73. 7O
>60-0,5 mm 1 100.00 85. 84 1 46.214* 3967.04 92.83 1 13.128* 1126.94 64.86 1 1.100* 94. 43 93. 1B

< О. 5 mm I 14.16 I 21.630 306.20 7.17 I 43.110 610.44 35.14 I 0.490 6.94 6.04
feed/al imentat ion I 100.00 I 42. 733* 4273.32 100.00 I 17. 374* 1737.30 100.00 I 1.014* 101.37 100.00

I I 40.450 I 17.700 I 1.040
«♦НИМИММИНИММНМИМННИММММММИИИ»#1НИНИ»#«МНИИНИИНМННННМИМНИМНННМ»*ННИМНММНИМННИММ»#1»#11#1М»4ННННННННМНМНН*#ФНИИМНМНННИ»#»МИ1 
remark5 /remarques!
* =» calculated values / valeurs calculées ^

en



KHD Siebanalyse, screen analysis, analyse granulometrique
HUMBOLDT
WEÜOR Probe, sample, échantillon 1

ZerUleinerung, crushing, consassage
Hammermuehle, hammer mill, broyeur a marteaux

annex/annexei C 7
iron ore/minerai de fer 

Niger

I I Fe I Si 02 I P205
p r o d u c t 1 m a s s 1 c o n t e n t m * * c X r e c o v 1 c o n t e n t my.*cV. r e c o v  1t c o n t e n t m î 4 * c S r e c o v
p r o d u i t 1 m a s s e 1 t e n e u r mtf » t * d e b i t 1 t e n e u  r m**f/- d e b i t  11 t e n e u r m * « t * d e b i t
• 1 % 1 54 y 1 % *  1 % •/

1. e > 5 mm 1 1.32 1 50.880 67. 16 1.35 1 8. 800 11.62 1.44 1 0. 820 J . 08 0. 66
2. ! 5 - 3 mm 1 3- 28 ' 51.220 168.00 3. 37 1 9. 420 30. 90 3. 83 1i 1.510 4. 95 3. 01
3. 1 3 - 1 mm 1 34. 21 1 52.560 1798.08 36. 12 1 5. 490 187.81 23.29 1 2. 0 0 0 68. 42 41.53
4. S 1 - 0.5 mm 1 32. 51 1 52.120 1694.42 34. 04 1 5. 610 182.38 22.61 1 1.310 42. 59 25. 85
5. J 0. 5- jO. 3 mm 1 13. OS 1 48.160 630.41 12. 66 1 9.600 125.66 15.58 1 1.820 23. 82 14.46
6. » 0. 3- 0. 1 mm 1 10. 82 1 41.980 454.22 9. 12 1 15.720 170.09 21.09 1 1.560 16. 88 10. 25
7. ! 0.1 -  0.063 mm 1 2. 24 1 36.010 80. 66 1.62 1 20.570 46.08 5.71 ! 1.400 3. 14 1 . 9 0
8. i < 0. 063 mm 1 2. 53 1 33.660 85. 16 1.71 1 20.570 52.04 6.45 1t 1.530 3. 87 2. 35

# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # * # # # # # # # # # # « # # » # # # # # # # # # # # # # # # # # # # # # # # # # # * # # # # # # # # # # # # # # # # * # # # # # # # # # *
f e e d / a l i m e n t a t  i o n 1 100.00 1 49.781* 4978. 12 1 0 0 .  OO 1 8.066* 806.58 1 0 0 . 0 0  11 1.648* 164.75 1 0 0 . 0 0

1 1 48.840 1 8. 130 1 1.680
################################################
rema rks/remarques s
* = calculated values / valeurs calculées

n
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Staff: Eisenerz
M a t e r i a l :  i r o n  o r e  P r o b e  1
Produit : m inerai de fer________

F ir m a : 

C u s to m e r 

C l i e n t  :

Meschine: H a m m e r m u h le  
M a c h in e :  h a m m e r m ill  
A p p a r e i l :  - h r û y e u r a  m a r te a u x

K o m grtS lîe  d  In  ft (mm) /  G r a i n  s iz e  d  in  y  (m e t )  /  D im e n s io n  des g ra in s  d  en  p  (m n f )



KHD
HUMBOLDT
WEDOB

Siebanalyse, screen analysis, analyse g rami 1 ompt r ique
Probe, sample, échantillon 1 
Zerkleinerung, crushing, consassaye

iron ore/minerai de fer 
Niger

Hammermuehle, hammer mill, broyeur a marteaux

> 5  mm I 1.32 I 50. BBO 67.16 1.35 I 8. BOO 11.62 1.44 I 0. B20 1.08 0.66
5 - 3  mm I 3.28 I 51.220 168.00 3.37 I 9.420 30.90 3. 83 I 1.510 4.95 3.01
3 - 1  mm 1 34.21 1 52.560 1798.00 36.12 I 5.490 187.81 23.29 I 2.000 68.42 41.53
•a##*####################*###############################*»################################*#####################
1 - 0.5 mm I 32.51 I 52.120 1694.42 34.04 I 5.610 182.38 22.61 I 1.310 42.59 25.85
0.5- 0.3 mm I 54.75 13.09 I 40. 160 630.41 12.66 I 9.600 125.66 15.58 I 1.820 23.82 14.46
0.3- 0.1 mm 1 45.25 10.82 I 41.980 454.22 9. 12 I 15.720 170.09 21.09 I 1.560 16.88 10.25
0 . 5 - 0 .  1mm 1 100.00 23.91 I 45.363* 1084.64 21.79 I 12.369* 295.75 36.67 I 1.702* 40.70 24.71

'»########################################################### 
0.1- 0.063 mm I 46.96 2.24 I 36.010 80.66 1.62 I 20.570 46.00 5.71 I 1.400 3.14 1.90

< 0.063 mm I 53.04 2.53 I 33.660 85.16 1.71 I 20.570 52.04 6.45 I 1.530 3.87 2.35
< 0.1mm 1 100.00 4.77 I 34.764* 165.82 3.33 I 20.570* 98.12 12.16 I 1.469* 7.01 4.25

remarks/remarques*
* * calculated values / valeurs calculées _

I Fe
I content m'A*c.V- 
• .teneur m5t*t>i 
! *

I 5i02 I P205
product
produit

mass
masse

recov I content m'/*cy- 
debit I teneur

recov I content m ’A * c ’A  
debit I teneur m?i*t?i

recov 
deb i t 

■A% V/0* •/.

feed/alimentat i on .00.00 I 49.781* 4978.12 100.00 I 
I 48. 840 )

8.066* 006.58 100.00 I
0. 130 I

1.640* 164.75 100.00
1.680

n
ip







Siebanalyse, screen analysis, analyse g ranulomet rique яппен/аппене» I) III
Probe, sample, échantillon 1 Iron ore/minerni. de fer
7 e гк 1e inerung, crushing, consassaqe Niqer

Hammermueh1e, hammer mill, broyeur a marteaux
« ft# ft# # ##### ######## # #### # ###** #«# f*tt# ##### #### ### tHf it# tHf iHHHHHHt ft ft ft ft it# ft ft ft ti# # « # ## #tt tt iMt # ft# « it#tt # ####« ########## # # # « Ü # tHi

I I Fe I 9 i 02 I P205
product I mass I content m’/.HcK recov I content <ti’A * c Y .  recov I content п ‘/-*а'А recov
produit I masse I teneur m'/.*ty. debit I teneur m'Mt* debit I tenant m*yl*f/. debitI 4 V/0 ■/ I •/. % I -i % I ■/. %

1ИИ» # it ######## » « iHHt#tt# it # # ♦*«# # ###«## »ИИИИНИИ» tHMMHH» « t» » # tttttt H1ИНИИННИИИ» ïHHI *ИИМИИИИИНИИИИИНИИ»« ФИ» ### # ##«# # # #t»#####tttt «ft
> 5 mm ! 1.05 1.32 t 50.680 67.16 1.35 11 0.600 11.62 1.44 1 0. 820 1.00 0. 665 — 3 mm 1 4. 60 3. 28 1 51.220 168.00 3. 37 !1 9. 420 30. 90 ■ j .  6 ij 1 1.510 4. 95 3.013 - 1 mm 1 <47.97 34. 21 1 52.560 1796.08 36.12 1 5. 490 167.81 23.29 1 2. 000 68. 42 h 1 . 5 31 — O. 5 mm 1 45.58 32. 51 1 52.120 1694.42 34.04 11 5.610 182. 38 22.61 1 1.310 42. 59 25. 85

tttt tttttttttttttt tttttttttHHttttttttHMitttttttttttttHttHtiitttHHitttt tttttt tttttt tttttttttttttt tt tttttt tttt tttttt tltttttttttt tttttt### tt##tt#tttt#tt tttttt ################## #tt##tt fit) tttttt> 0.5mm 1 100.00 71.32 1 52.267» 3727.66 74.68 11 5.707* 412.71 51.17 1 X . 8Л.1 » 117. 04 7 1.04
#«################»»###############»»###############«###«#########««###########################################,♦###0. 5- 0. 3 mm 1 45.64 13. 09 1 48.160 630.41 12.66 11 9.600 125.66 15.58 1 1.820 23. 02 14. 460. 3- 0. 1 mm 1 37.73 10. 82 1 41.980 454.22 9. 12 1 15.720 170.09 21.09 1 1.560 1 6 . sa 10. 250.1— O.063 mm 1 7. 81 2. 24 1 36.010 00.66 1. 62 11 20.570 46. 00 5. 71 1 1 . 400 3. 14 1. 90

< 0.0БЗ mm 1 8.82 2. 53 1 33.660 85.16 1.71 1 20.570 52. 04 6. 45 1 1 . 530 3.07 - r  r r
4~ « >. >*J

# # # # #  ## #  # ## if tttt # tt tt# if ttttttit ti# »» i» # # # # tt tt# tt # itittt# tt# tt##### fi tt «ФИНИ» # if it tttt# « tt »♦ ft # tttttt # # # # # # # #  tt tt# ###### # # # # #  ##### tttHttttttt# ### # # «tt tttttt
< 0.5mm 1 100.00 28. 68 1 43.600* 1250.46 25. 12 1 13.733» 393.67 48.83 1 1. 664* 47. 71 28. 96
ttttttttiittttttttitttiMtttit tttt tttt tttt ttttttit# tttttt tttt tttt tttttt tttttt tttt tttt tttttt tttt tttt tttt tttHttttttt tttt tttt tttt tttt tttt tttt# tttttt tttt tttttt tttt tttt tttt ttttttit ¿Mitt tttttt t t t t t t  tttttt ttttttitttttttittttttttt
feed/alimentat i on 1 100.00 1 49.781* 4976.12 100.00 ! 0. O&G» 806.58 100.00 1 1 . 640* 164.75 100.00

1 1 46.040 i 0. 130 1 1 . 680
ttti##itittt##ittiitittt#ttittt#tttttttt##it##ittt#tt##ttttttit#ttttit#tt#iitHttttttt#ti It ttiHt it# tt W it tttttt tt ft lit» tttttt tiff tiff it it #ti#it# tt## it# ti tt tiff it tttttt it ti# #### It ft ft ####### 
remarks/ rema rques ï
*  ~  calculated values / valeurs ralciuees
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m

B i e b a n a l y s e ,  s c r e e n  a n a l y s i s ,  a n a l y s e  q r a n u l o i Y i e t r i q u e  a n n e x  / a n n e x e  s II 11

P r o b e ,  s a m p l e ,  é c h a n t i l l o n  2  i r o n  o r e / m i n e r a i  d e  f e r
¿'r>r | < l e i n e r u n g ,  c r u s h i n g ,  c o n s a s s g p  N i g e r

Hammermuebl  e ,  hammer  m i l l ,  b r o y e u r  a  m a r t e a u x

1 1 Fe i1 G i 02 11 P205
p r c d u c t 1 mass 1 c o n t e n t m54*c54 r e c o v  11 c o n t e n t m*/.*c'/. r e c o v  11 c o n t e n t m recn v
p r o d u i t 1 triasse 1 t e n e u r m54*t54 d e b i t  11 t e n e u r m'/4*f/. d e b i t  11 t e n e u r m'/4*t54 d e b  i t

1 * 1 54 54 11 54 54 11 54 54
♦HMMHi «iMMHMMHHMM* t* iHMHMMi# tMMHi # ♦» «Ü # iMHHMMi # «  " iMHHHMHMHHHi tHHHMHMMHMMHHMHHHMHHHH» 4M» üiHHM» iHHMHHHMHH» # iHHM» ♦HHHHHH»
1. 0 ) 5 mm i 2. 07 1 41.130 05. 14 2. 06 11 16.930 35. 05 1.93 1 1.0 9 0 3. 91 ? . .  o3
2. t 5 - 3 mm 1 2.99 1 41.470 oott 3 . 0 0  11 16.970 50. 74 2. 79 11 1.690 5. 05 2. 62
IT. t 3 - 1 mm 1 A2.75 1 40.040 2 J7.91 50.57 1! 7.300 315.50 17.37 1 2. 160 92. 34 47.96
A. I 1 - 0.5 mm 1 25.27 1 44.400 1124.01 27.23 11 10.190 459.66 25. 30 1 ?.. 060 52. 06 27. 04
5. t 0. 5- 0. 3 mm 1 11.17 1 34.1O0 300.90 9. 23 11 27. 000 311.42 17.14 1 1.510 16. 07 a. /6
0 . s 0. 3- 0. 1 mm 1 11.02 1 22.200 244.64 5. 93 11 41.130 453.25 24.95 11 1.730 19. 06 9. 90
7. t 0. 1- 0.063 mm ( 2.41 1 16.530 39. 04 O. 96 11 45.690 110.11 6.06 1 0. 730 1.76 0. 91
a . ! < 0.063 mm 1 2. 32 1 10.100 41.99 1.02 11 34.090 00. 94 4. 46 11 0.640 1.40 0. 77

f e e d / a l  i m e n t a t  i o n  I 100.00 I 41.204* 4120.42 100.00 I 10. 167* J816.67 100.00 I 1.925* 192.54 100.00
I I AO. 450 I 17.700 I 1.0A0

#ir »»##*»##################################################### H###########**#########»###########»#########*»###»####
r e m a r k s / r e m a r q u e s t
« = c a l c u l a t e d  v a l u e s  / v a l e u r s  c a l c u l é e s

KHD
HUMBOLDT
WED0G
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Stoff: E i s e n e r z Firma*. 1 Maschine : H a m m e r r n u h , , ?
Material : i r o n  o r e P r o b e  2 Customer: Machine : h a m m e r  mi l l
Produit : m i n e r a i  d e  1e r  - ________  Client: ---- - .......... ..... ..... ......... Appareil : —b r o y e u r  a  m a r t e a u x

i

Kornungsnetz / Grading graph 
Dot"

Diagramme granutomëtrjque 
Date: 

c d .;»m



KHD
HUMBOLDT
WfîDOG

Siebanalyse, screen Analysis, avialyse gramilomptrique
Probe, sample, échantillon 2 
Zerk1einerung, crushing, consassge

Hammermuehie, hammer mill, broyeur a marteaux

annex/annexe ! L 13
iron ore/minerai rie fru Niger

« tt # « M1» « 1» # # « t» » # 1» # tt 11 « tHHHM* # 1HHHMMMHM1 « ttiHHHMHMHHHHHHHHHMHUi tHMHHHHHHHttHHHttt tttHHHttt « « 1HMHHHHHHHHHHHHHHHHHHHHH1 tt tttttHHHHHHH»
1 1 Fe 1 S  i 02 11 P205

product 1 mass 11 content m’/*cy. recnv 1 content m"/- *c"/. recov 11 content my.*c* recnvprodu i t 1 masse 11 teneur m**ty* debi t 1 teneur m"/* t "/• debit 11 teneur m‘/-*t‘/. débit
1 y. 0/0*/ 11 '/ •/ 11 ’/. ■/ 1 % •/

) 5 mm 1 2.83 2.07 11 41.130 85. 14 2.06 11 16.930 35. 05 1.93 1 1.090 3.91 7 . 03
5 - 3 mm 1 4.09 2.99 '1 41.470 124.00 3. 00 1 16.970 50. 74 2. 79 11 1.690 5. 05 2. 623 - 1 mm 1 58.50 42. 75 11 48.840 2087.91 50.57 11 7.300 315.50 17.37 1 2. 160 92. 34 47. 96
1 -- 0. 5 mm 1 34.50 25.27 11 44.480 1124.Ol 27. 23 1 11. 190 459.66 25. 30 1t 2. 060 52. 06 27. O h

tt ü « tt 1HM* ü iHMHHHMMHM» # # «H»# # ##### « 1HHHMMH» tHMHi # tttfü « n tt # tttttH» « ttlHHHH» « tttt# # ## # n# n n « n iHHHHHHHHMHHHHHHMHHHHi n n n
> 0, 5m ri 1 100.00 73.08 11 46.012* 3421.05 82.87 1i 11.701* 060.94 47. 39 1 2.099* 153* 36 • 3 m 63
«♦MHMHHHMHt # nnnn iHHHHi tr ̂ #n iH» n # tHHMHHMHMMHMHMMHHHHHHHHHUHHMt « nn t»« « « iHHHHHHHHHi « niMMMHH; ;; tut*
0- 5— 0. 3 i 1 41.49 11.17 11 34.100 300.90 9. 23 11 27.900 311.42 17. 14 1 1.510 16. 87 8. 76
0. 3- 0.1 №1 fi 1 40.94 11.02 1 22. 200 244.64 5.93 1 4 t. 130 453.25 24.95 1 1.730 19. 06 9. 90

-1 ~ 0. 063 lYiÎYi 1 8. 95 2.41 1 16.530 39. 64 0. 96 11 45.690 110. 11 6. 06 1 0. 730 .1 , 76 0. 91
< 0.063 mm 1 8.62 2. 32 1 10. 100 41.99 t. 02 1 34.090 00. 94 4. 46 1 0. 640 1.40 0. /7

« « 1» il « # Il « ♦» il 3» 1» il # # il « ttlHMHMMHHHMMMHHHMHHHHHMHHHHHMHHHHHHHHi IHHHHHHHMHHHHHHHHHMHHHHHHHHMHMHHHHHHt # » # H1HHUH» # 1HHHHHHHHHU3 « 
< 0,5mm I 100.00 26.92 ! 26.277» 707.37 17.13 1 35.503* 955.73 52.61 I 1.455* 39.10 20.35
feed/al imentat i on I 100.00 I 41.204* 4128.42 100.00 I 18.167* 1816.67 100.00 I 1.925* 192.54 100.00

I I 40.450 I 17.700 I 1.040
1* ### # ### ## ##### # iMMMH»### ##### #### # ttüi* # tHMHHHHHHMHHHHHHi # ♦HUHHUUHtlMHHHHH» # tt ###tt ####♦*### t* 1HHMHHHHHHHHHHHHHHHHH1ü # Il t «tut 
remarks/remarques s
* — calculated values / valeurs calculées

n
t-k
U)



KHL' 6ic?banalyse, screen analysis, analysp qranulumet rique
( H J M P D L D T
WED0C5 Probe, sample, échantillon 2

Zprldelvienmq, crushing, consassge
Mammermuehle, hammer mill, broyeur a marteaux

iron ore/minerai de fer 
N i g e r

annex/annexe ! 6 Pi

0 # iHHHttt n  # ##«#* tHHMHHHHMi üiMMMMt # ##### # # ### «## IHMHHHMHi tHHHHHi «iMHHHHitt tt ####« tttt # # tHMMHHHt tt ### iiiHHt # # ti ## tMMi ## «# « # ## « ttitlHt
' ' Fe 1 Ri02 1 P2Ü5

produet I mass I content m"/.*c'/4 recov I content m**cX recov I content m**cü reenv
produit I masse I teneur m'/-*ty. débit I teneur m’/*tî4 débit I teneur n , ' A * t ‘A débit

I %  W O *  I y -A \ ’A  %  I y. ■%

ttiH O H M M M M N M H H H ltttF ü t» tH H H M » ü iM M M H i« # # » ♦ » ii» M H H i« # ü «  1 H » W iH H H itttttttt#  H ttiH M H H H H H H O i » Ü 1 H » iH H H H iH ttiH H H H H iü iM H H H H itH H H t H tH H H H H H H M H iiM H H H H I ti 
> 5 mm I 2.07 I 41.130 05. 14 2.06 I 16. 930 35.05 1.93 I 1.690 3.91 2.03

5 - 3 mm ! 2.99 I 41.470 124.00 3.00 I 16.970 50.74 2.79 I 1.690 5.05 7.57■IMUNMHMHiiMHMMHitt 1HHHH1 tHi HlMHHHHt ittHHHHHi ÜWiittiHl it 1HHHHHHHMHH1 IHHHUittlMitHiiittlHHItHi ü#
3 ~ 1 rnm I 42.75 I 48.840 2087.91 50.57 I 7.300 315.50 17.37 I 2.160 92.34 47.96

IHHHHHHItt H iiiHflitiiHt ütliitUt 1HMHHHHHHHNI tttHltHHHHlMtHmiHMHHHHMMilili 11 il 
1 - 0.5 mm I 25.27 I 44.480 1124.01 27.23 I 10.190 459.66 25.30 I 2.060 52.06 27.04
WHHiliHiiHHHHHHHHHHHHHHHHHHHH*ü##il# ti11HHHHHH1 ü tiltttilIHt Kil 1HH1 HlHHUtiHHHltHHHHHHHHt II IHtHHIHOOHHHItittrt iHOHI lit»
0.5- 0.3 iYi i ï i 1 50.34 11.17 1i 34.100 300.90 9. 23 11 27.000 311.42 17. 14 1 1.510 16. 07 8. 76
0. 3- 0. .1 (YllYt 1 49. 66 11.0? 11 22.200 244.64 5. 93 11 41.130 453.25 24.95 1 1.730 19. 06 9. 90
0.5- O. 1mm I 100.00 22.19 I 28. 190* 625.54 15.15 I 34.460* 764.67 42.09 I 1.619* 35.93 10.66.

i t ü i t t t t t t t t t i i t f  #  ü lt t t  It tH tt t  ItttH  D it 11
o.l- 0.063 mm I 50.95 2.41 I 16.530 39.84 0.96 I 45.690 110.11 6.06 I 0.730 1.76 0.91

< 0.063 mm I 49.05 2.32 I 18.100 41.99 t. 02 I 34.890 80.94 4.46 I 0.640 1.48 0. 77
H iH tiH M H H I iH H tiH H itH H H ItH M H liit -itt tH I IM iiH O H f iH f t t t t i l tO i tH ItH H i M ttiH M H H ttH H H U i IH t 11 Y

< o.lmm I 100.00 4.73 I 17.300* 81.83 1.90 ! 40.393* 191.06 10.52 I 0.606* 3.24 1.68
tdlü+iiittü'iHHiiHItMHHHi 1Htt‘'iii1iHHMiiHiii'üti#MiiiHHiiHitHliHMiüiitHH1iHHf11tilft1it11ti:tiWiiüitiiü )HHH1tHHHHiiiiiiHH1üiHHiiitt !1f1 H tHttHHMt fi »if 11 HtHHIHillHI11 1HHI H 1> 
f eed/a1i ment at i on I 100.00 I 41.284* 4128.42 100.00 I 10.167* 1816.67 100.00 I 1.925* 192.54 10O,OO

I I 40.450 I 17.700 I 1.040
«+HiiHHiü#iMMMi#iM{#iiiiiiiHMHHMiüiii»##ü#(i#iHiiMHHiiMilHiüii#ttHitli1H1tt#iH»1HHittilttiHr«HtHHHHttt»tttHHiiHHiiHii1iHHHifHtttiHHtii1ittli#ttiHHtüit#ii11 lîttütiU 
rema r Its/ rema rgues s
* = calculated values / valeurs calculées n

.r»



KHD
HUMBOLDT
WEDOQ

a n n e x / a n n e x e  s ij 1c>Siebanalyse, screen analyse, analyse g ra, 1 omet r i que 

Probe, sample, échantillon 1 
attrition, attrition, attrition 5min

iron ore/minerai de fer 
Niger

1 1 Fe Si 02 1 P205
product 1 mass 1 content m**c* recov content m**c*/ recov 1 content mü*clt recov
produi t 1 masse 1 teneur m**t* deb i t teneu r m**f/. debit 1 t eneu r m7.*t% d e b i t,

1 it 1 * . ■/ X X  1 •/. •/.
Ü ♦♦ JHMMHi it iMHMMMMi iMHM» # ## iMMMMHH» »♦ # üiHH» # Ü # iHMt # iHHHMMHi ttiMHHi iMt « #1» # # iMM* ## iMMM» # iMHHMHHHMHMM* « # # # IMU» # «il
1.s > 5  mm 1 1.32 1 50.030 67. 17 1.34 0. 000 11.62 1.54 f 0. 020 1 08 0. 58
2. s 5 - 3 mm 1 3. 23 1 51.220 160.02 3. 36 9. 420 30. 90 4. 09 1 1.510 4. 95 2. 64
3. ’ 3 - 1 mm 1 25.63 1 53.610 1374.16 27. 46 3. 060 98. 94 13.08 i 1. 950 49. 98 26. 63
4. s i — 0.5 mm 1 23.21 1 53.840 1518.93 30. 35 3. 610 101.85 13.47 1 2. 140 60. 30 32. 17
5. « 0. 5- 0. 1 mm ! 35.03 1 47.410 1660.94 33. 19 10.600 371.36 49. 1 1 1 1. 700 62. 36 k.’) «.'.>■ it O
6. t < 0. 1 mm 1 6.52 1 33.010 215.25 4. 30 21.710 141.56 10.72 1 1.370 0. 93 lx. 76

«4tt»tttMt#tHttttMMttttttMttHH»tHHMttttttttMI##lt###tMt##iHHHttMHMttttMMttttHt#tt#itttittMttHHMitMttHHHtiHHttMHHttMH»«t»titMMHHHHMittt»+»tt#tH»tMttttttt#tHHHitHttt
feed/s 1i ment at i on 1 100.00 1 50.045* 5004.51 100.00 7. 562* 756.23 1 00. 00 1 1.077* 187.69 100.00

1 1 0.000 0. 000 1 0. 000*t iMMMHMMHMMHMi # tHHt# tttt# tMHttt# ######## ### xttlt IMHMHM»# iHHHMHHHMMi ttttttiHtti tMttMMMt «##### ##### «## tMMHHHt ##« fHHM* #### » ♦MHMHMMMHHHMi
remarks/remarques !
^ = calculated values / valeurs calculées
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КИП Siebanalyse, screen analysis, analysp granuloffietrique
HHMDOLDT
46D8G Probe, sample, échantillon 1

Pttrition, attrition, attrition 7min
iron nre/niinerai de fer 

Niper

annex/annexe s h 17

» 1ИМИИИИИ» *MMi# ФММИ» ## ### 1НМИММН» ь " 1МННИН» tt W «« tMHHHHM» iHHHHMHHH» ttittt m m  # ###♦» ####««#### ## #»и» « *нн» « « *мнмн*
I I Ге I Si02 I Р205

product 1 mass 1 content m**c* recov ! c mtent mrt*ctf recov 1 content m**c* recov
produit ! masse ( teneur m’/-*tS debit 11 teneur m’/.*f/. debit 11 teneur m**t* debi t

1 * 1 •/ У. 1 % y. 1 У ■/.
1. S > 5 mm 1 1. 32 1 50.880 67. 16 1.34 11 8.800 11.62 1.48 11 0.820 1.08 0. 50■Л.  » 5 - 3 mm 1 3. 28 1 51.220 168.00 3. 36 11 9.420 30. 90 3. 95 1 1.510 4. 95 2. 653. « 3 - 1 mm 1 25.81 1 53.670 1385.22 27.69 11 4.260 109.95 14.05 11 1.990 51.36 27. 464. t 1 - 0 . 5  mr, 1 27. 73 1 54.090 1499.92 29.98 1 3. 750 103.99 13.29 1 2. 110 58. 51 31.2 fl
5. s 0. 5- .0. 1 mm ( 34.86 1 47.340 1650.27 32. 99 11 10.740 374.40 47.86 1 1.770 61.70 32. 99
6. ! < O . 1 mm 1 7. 00 1 33.120 231.84 4.63 1 21.640 151.48 19.36 1 1.350 9. 45 5. 05

&  feed/ ali ment at i on I 100.00 t 50.02-4* 5002.41 100.00 I 7.823* 782.33 100.00 I 1.871* 187.06 100.00
I I 0. 01 J I O. 000 I 0, 000

rema r1rs/rema rques î
* - calculated values / valeur? calculées

n
i



KH1) Biebanalyse, x c  rppn analysis, analyse a ranu 1 timet r ique annex/annexe : [', 10
HUMBOLDT
WFDOB Probe, sample , erhanbillon i iron ore/rtiivievai dp frr

N i oe r
nttr.lt ion, attrition , attrition 7 m i n

ttttttirttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttiHHHIttttttttttttttttttttttttttttttttttttttttttl’ tttttttttttttttttttttttttttttttttttttttttttttt
1 1 Fe 1 5 i 02 , P205

product 1 mass 1 content m^ctf recov 1 content c ’A *  a  mA recov 1 content m */.*(:::•/. rcc 0 v
produ1t 1 masse 1 • teneu r m'A *t % debit 1 teneur W A * t ' A debit 1 teneur tYt"/. *t, ■/- d e b i t.

i * V/Otf 1 tf «,< 1 % •A \ •A •/.
tttttt#tttt####tttttttttt#tttttttttttttttttt########tt###tt»####tt###tttt#tt#####tttttttt#tttttt#tttt#tt#tttttttttt###tttt##tt####tttttttttttttttttttttt#tttt#ttttttttttttlttttttttt

> 5 WITH 1 2. 27 1.32 1 50.880 67.16 1.34 1 8. BOO 11.62 1.48 1 0.020 1.00 0. 50
5 *■- 3 mm 1 5.64 3. 20 1 51.220 168.00 3. 36 1 9. 420 30. 90 3. 95 1 1.510 4. 95 2. 65
> 3mm 1 7.91 4. 60 1 51.122* 235.16 4. 70 1 9.242* 42. 51 5. 43 1 1.312* 6. OA *_»•. V- . >
3 - 1 mm 1 44.39 25. 81 1 53.670 1305.22 27.69 1 4. 260 109.95 14. 05 1 1.990 51.36 27. 4 6
t - 0 . 5 mm 1 47.70 27. 73 1 54.090 1499.92 29.98 1 3. 750 103.99 13. 29 ) 2. 1 10 50. 51 3 1.70
3 - 0 .  5mm 1 92.09 53. 54 1 53.888* 2885.14 57.67 1 3.996* 213.94 ¿.7« vi>j 1 2.05 2* 109. 07 50. 74
tttt#tttt##tttttt#tttttttttttttt«####tt####tt####tttt###tt#tttttttttt#tt#tttt##tt#tttttttt#tttttttttttttttttttttttttt#tt#tttttttt»tt#tttttttttttttttttttt#tttttt##tttttttttt#tt#tttttt#tttttt
> 0. 5mm 1 100.00 58. 14 1 53-669* 31x0* 30 62.30 1 4.411* 256.45 32. 70 1 1.994* 115.91 6 1.96
tttttttt####tttttttttttttttttttttttt##tt########tt##tttt#########tttttttt##tttttt####tt*tttttttt#tttttttt#tt#tttttt#tttt#tttttt#tttttttttttttt#tttttt#tttttt##tttt«tttt#tttttttttttttt
0. 5- 0. 1 mm 1 83.28 34. 86 1 47.340 1650.27 32.99 1 10. 740 374.40 47. 86 1 1.770 61. 70 32. 99

< 0. 1 mm 1 16.72 7. 00 1 33.120 231.04 4.63 1 21.640 151.48 19. 36 1 1.350 9. 45 5. 05
< 0.5mm I 100.00 41. SB I 44.962* 1082.11 37.62 I 12.563* 525.00 67. 22 I 1.700* 71.15 38.04
H il # ## # ## 1» 1» # 1» # IHHt tt ## # tt tttttttt tt tt tt tttttttttttttt 1» tttt tttt# tttt# tt# tt «tttttttttttttt tt tttttttttttttttttttttttttt tttttttttttt tttttt tttttt tttt tttttttttttt tttttttttttt tt tttt tttttttt tttttt tttttt ft It # tttt 
f eed/a11 ment at i on I 100.00 I 50.024* 5002.41 100.00 I 7.023* 702.33 100.00 I 1.871* 187.06 100.00

1 I O.OOO I O.OOO I O.000ttttttttttttttttiitttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt
rf?ma rks/rema rqup? s
* = calculated values / valeurs calculees n

l-iCD



•'HD Siebanalyse, screen analysis, analyse granulometriqiip
I II JM80LDT
Wfr.DPG Probe, sample, échantillon 1

Httrition, attrition, attrition 10min
iron ore/minerai de fer 

N i ger

a n n e K / a n n e x e  » I) 11

1 1 Fe 1 Si 02 11 P205product 1 mass 1 content m54#c54 recov 1 content m54#c54 recov 1 content m54#c54 recovprodui t 1 masse 1 teneur m'4*t54 debit 11 teneur m54*t5C debit 11 teneur m54#t 54 debi t1 54 1 54 54 1 54 54 11 54 •/
î. : ) 5 filfYl 1 1.32 1 50.080 67. 16 1.35 11 8.800 11.62 1.49 11 0.020 1.00 0. 58•■J • 5 — 3 ivifn t 3. 20 1 51.220 168.00 3. 37 !1 9.420 30. 90 3.97 1 1.510 4. 95 2. 653. ! 3 - 1 lYKYl 1 24.06 1 53.440 1285.77 25.77 11 4.190 100.01 12.94 1 1.990 47. 80 25. 574. s 1 - 0. 5 mm 1 28.12 1 54.160 1522.98 30.52 1 3.630 102.08 13.10 ! 2. 100 59. 05 31.545. s 0. 5— 0. 1 (YllYl 1 35.71 1 47.430 1693.72 33.94 1! 10.490 374.60 40.07 1 1.790 63. 92 34. 146. S ( 0.1 mm 1 7. 51 1 33. 570 252.11 5.05 1 21.200 159.21 20.43 1 1.380 10. 36 5. 53

feed/al imentat i on I 100.00 I 49.097# 4989.74 100.00 I 7.792* 779.21 100.00 I 1.073* 107.25 100.00
I I O. 000 I O. 000 I O. 000

remarks/remarques s
* = ralculated values / valeurs calculées

O
h-»CO



HMD Piebanalyse, screen ana 1ys i s, ana 1 ys r g ranulomet rique annex/annexe s (’ PI 1
HUMBOLDT
WEDOG Probe, sample , echant ill on 1 iron ore/minerai de fer

Ottrition, attrition , attrition 10min
IN 1 Q P r

1 I Fe 1 Si02 1 P205product 1 mas" 1 content m5t*cit rpcnv 1 content m}C*cy. recov 1 content iyi'A *c‘/. rpr:ovproduit 1 masse 1 teneur m**t'/ debit 1 teneur m*/.*t % debit 1 teneur lYl/t *t */■ deb j t
1 it W O  % 1 'A 'A ( 'A '/. 1 'A •A

> 5 mm 1 2. 32 1.32 1 50.880 67. 16 1.35 1 8.800 11.62 1.49 1 0.820 t. 00 0. 58
5 - 3 (rim 1 5.70 3* iid 1 51.220 168.00 3. 37 1 9.420 30. 90 3.97 1 1.510 4. 95 2. 65
> 3mm 1 8. 10 4. 60 1 51. 122* 235. 16 4.71 1 9.242* 42. 51 5.46 1 1.312* 6. 04 w) • ¿. V
3 - 1 mm 1 u2.37 24. 06 1 53.440 1285.77 25.77 1 4.190 100.81 12.94 1 1.990 47. 88 25. 57

! î
i 0 Ul 1 i 1 49.52 28. ) 2 1 54.160 1522.98 30.52 1 3.630 102.08 13.10 1 2.100 59. 05 31.54

3 - 0.5mm 1 91.90 52. 18 1 53.828* 2808.75 56.29 1 3.088* 202.89 26.04 t 2.049* 106.93 57. 1 1
> 0.5mm 1 100.00 56. 78 1 53.609* 3043.91 61.00 1 4.322* 245.40 31.49 1 1.990* 1 12. 97 60. 33
0. 5- O. 1 mm 1 82.62 35. 71 1 /«7.430 1693.72 33.94 1 10.490 374.60 48.07 1 1.790 63- 3\*i 34. 14

< 0.1 mm 1 17.38 7. 51 1 33. 570 252.11 5.05 1 21.200 159.21 20.43 1 ) . 300 10. 36 5- 53
< 0 . 5mm 1 100.00 43. 22 1 45.022* 1945.84 39.00 1 12.351* 533.81 60.51 1 1.719* 74. 28 39. 67
W tt # 1MM» H iHMMltt iM» # # tMMt iH» « «IHHnHHMt iHl # WttttiHHHHl # »r « tHHHHMl #
feed/ali ment at i on 1 100.00 1 49.897* 4989.^4 100.00 1 7.792* 779.21 100.00 1 1.073* 187.25 1 0 0 . 0 0

1 1 0. 000 1 0.000 1 0 . 0 0 0###############«# (*####
remarks/remarques:
* = calculated values / valeurs calculées

n
r-j
o



m

KHP
MIJM&ÜLDTWFDAG

Siebanalyse , screen analyse , analyse granu1 ometr1que 

Probe, sample, échantillon 2 

Attrition, attrition, attrition 7min

annex/annexe! ;i

iron ore/diinerai de fer 
Ni ger

1 1 F e 1 S 102 11 P205product 1 mass ! content m7*c7 recov 1 content m7*c7 recov 1 content m7*c7 rpcnvproduit 1 masse 1 teneur m7*t 7 debit 11 teneur m7*t 7 debit 11 teneur m7*t7 d p b 11
! 7. 1 7 7 11 7 7 11 7 «/

1. : > 5. 0 mm 1 2. 07 1 41.130 85. 14 1.98 11 16.930 35. 05 2. 32 i1 1.890 3. 91 1.872. •• 5. 0 — 3. J mm 1 2. 99 1 41.470 124.00 2.09 11 16.970 50. 74 3. 36 1 1.690 5. 05 2. 413. ! 3.0— 1.0 mm 1 38.60 1 51.710 1996.01 46. 47 11 4.520 174.47 11.56 1 2. 380 91.87 43. 8¿14. i 1.0— 0.5 mm 1 21.92 1 49.900 1093.81 25.47 1 7. 800 170.98 11.33 1 2. 310 50. 64 24. 155. t 0. 5— 0. 1 mm 1 27. 99 1 31.270 875.25 20.38 11 31.330 876.93 58. 09 1 1.690 47. 30 22. 56
6. 5 < 0.1 mm 1 6. 43 1 18.840 121.14 2. 82 1 31.330 201.45 13.34 1 1.690 10. 87 5. IR

feed/a 1i ment at i on 1 100.00 1 42.953* 4295.33 1 00. 00 ! 15.096* 1509.61 100.00 1 2.096* 209.64 ICO.OO
1 1 0.000 11 0.000 1 0. 000

remarks/remarquesï
* — calculated values / valeurs calculées

O
r'ji-i



HMD Siebanalyse , screen analyse , analyse u ranulomet r i que annex/annexe : i: 22
HUMBOLDT
WEDAG Probe, sample, echant ill on 2 iron ore/minerai de fer

Attrition, attrition, attrition 7min
IM 1 y t? r

1 1 F e 1 Si02 1 0205
product 1 mass 1 content mT4*c* rerov 1 content mV.*ctf recov 1 content m'/.*cV. recov
produit 1 masse 1 ■ teneur m**t7C debit 1 teneur m%*t* debit 1 teneur m%*t 'A debi t

1 * V/0* 1 X * 1 Tt S 1 ■/.
> 5.0 mm 1 3. 16 2. 07 1 41.130 05.14 1.90 1 16.930 35. 05 2.32 1 1.890 3. 91 1.87

5. O— 3. 0 mm 1 4.56 2. 99 1 41.470 124.00 2. 09 11 16.970 50. 74 3.36 1 1.690 5. 05 2. 41
> 3.Omm 1 7.72 5. 06 1 41.331* 209.13 4. 87 11 16.954* 05. 79 5.68 1 1.772* 0. 97 4. 20
3. 0- 1.0 mm 1 50.06 30. 60 1 51.710 1996.01 46.47 11 4.520 174.47 1 1.56 1 2. 300 91.87 43. 02
1.0- 0.5 mm 1 33.42 21.92 1 49.900 1093.01 25.47 11 7.000 170.90 11.33 1 2.310 50. 64 24. 15
3. 0-0. 5mm 1 92.20 60. 52 t 51.054* 3009.01 71.93 11 5.700* 345.45 22.00 1 2.355* 142.50 67. 98
> 0. 5 mm 1 100.00 65. 50 1 50.304* 3290.95 76.80 11 6.576* h 31.23 28.57 1 2.310* 151.47 72. 25
0. 5— 0. 1 mm 1 01.32 27. 99 1 31.270 875.25 20. 38 11 31.330 876.93 58.09 1 1.690 47. 30 22. 56

< 0. 1 mm 1 10.60 6.43 1 10.040 121.14 2.02 1 31.330 201.45 13.34 ) 1.690 10. 87 5. 10
< 0. 5 -mm 1 100.00 34. 42 1 28.948* 996.39 23.20 1 31.330* 1078.38 71.43 1 1.690* 58. 17 27. 75
feed/alimentat ion ! 100.00 1 42.953* 4295.33 100.00 1 15.096* 1509.61 100.00 1 2.096* 209.64 100.00

1 1 0.000 1 0. 000 1 0.000######################################«################################################»#####♦»#########**######««#
rem. rks/remarquess
* = calculated values / valeurs calculées

n
rv>



K HD
HUMBOLDT
WEDAB

Biebanalyse , screen analysis , analyse g ranu1 ometr1que 

Probe, sample, échantillon 2 

Attrition, attrition, attrition 10min
iron ore/minerai de fer 

Niger

annex/annexe ! (1 P3

1 1 Fe 1 Bi 02 1 P205product 1 mass 1 content m* *c5i recov 1 cont ent iri,/*cJt recov 1 content my*c*/ recovproduit 1 masse 1 teneur m**t* debit 1 teneur mf.* t’/. debit 1 teneur my.*ty. riebi t
1 * 1 * ■/. 1 % y. 1 % •/.

1. s > 5. O IYiiYi ! 2. 07 1 41.130 B5. 14 2. 02 1 16.930 35. 05 2. 10 1 1.090 3. 91 1.09o •A » " 5.0- 3.0 mm 1 2.99 t 41.470 124.00 2.94 1 16.970 50. 74 3. 04 1 1.890 5. 65 2. 73
3. S 3. 0— 1.0 mm 1 34.34 1 51.990 1705.34 42. 33 1 4. 620 150.65 9. 49 1 2. 500 05. 05 41.544. : 1.O— 0.5 mm 1 22.65 1 49.540 1 1 2 2 .oa 26.61 1 0. 550 193.66 11.59 1 2. 360 53. 45 25. 075. : 0. 5- 0. 1 mm 1 29.75 1 31.4B0 936.53 22.21 1 31.420 934.74 55. 92 1 1. /t'0 50. 57 24. 47
6. « < 0.1 mm \ B. 20 1 20.030 ' 164.25 3.B9 1 36.420 298.64 17. B7 1 0. 800 7. 22 3. 49

feed/a1i ment at i on 1 100.00 1 42.173* 4217.33 100.00 1 16.715* 1671.40 100.00 1 2.067* 206.66 100.00
1 1 0.000 1 0. 000 1 0. 000«iHHMMMM» 1HMM» «iHMHMHHHHHHHMMMHi iMHHMM» iMHHHMMMHMHMHMMHMHHHMHMMHH» tut » 4HMHHMMMMHMH» tMUMi » ÜÜ # » <HMi #*M» 1HHHHM»

remarks/remarques»
* = calculated values / valeurs calculées

n
rv>UJ



KHD Siebanalyse , screen analysis , analyse granulomet rinue annex/annexe :L ? h
HUMBOLDT
WFDOO Probe, sample. echanti11 on 2 iron o re/(Yt i ne v a i de fer

attrition, attrition, attrition lOiriin
m g e r

« «# ## # ## # # # IHHHHHOHHI #*# # « 4» # « # 4M* # # 4MM» tt## ## 4* 4M! ##«## # tt IHHHI # ft# 4M» # # « # # # « « # tt # tt tttt# 4HH* * # « W1HHH» « « « *HH* « « It tttttt tt W « H1 1 Fe 1 Si 02 i P 205
product 1 mass 1 content IYl yt * CT /t recDv 1 content tri 'A*clA recov 1 content (u’A * c t A mcfivproduit 1 tnasse 1 teneur lYl/t * t /t debit 11 teneur (Yl"/t*tit deb i t 1 teneur de fi i t

1 % v/o* 1 it •A 1 S ■/- 1 •/ *
> 5.0 mm 1 3. 34 2. 07 1 41.130 05. 14 2. 02 1 16.930 35. 05 2. 10 1 1.890 3. 91 1.09S . 0 3,0 (Tllïl 1 4.02 2. 99 1 41.470 124.00 2. 94 11 16.970 50. 74 3. 04 1 1 . 090 5. 65 2. 73

i 3. OlYltYl 1 0. 15 5. 06 1 41.331* 209.13 4. 96 11 16.954* 85. 79 5. 13 1 1.890* 9. -5 4. 03
3.0- 1.0 iYtfft 1 55.34 34. 34 1 51.990 1785.34 42.33 11 4. 620 150.65 g. 49 1 2.500 05. 05 41.34
1.0- O. 5 flfllY» 1 36.50 22. 65 1 49.540 1122.00 26.61 11 8.550 193.66 11.59 1 2.360 53. 45 25. 07
3. 0-0. Sarim 1 91.05 56. 99 1 51.016* 2907. 42' 60.94 11 6.182* 352.31 21.08 I 2.444* 139.30 67. 4.1
> O. 5 flfuYi 1 100.00 62. 05 1 50.226* 3116.55 73.90 11 7.060* 438.09 26. 21 1 2.399* 148.07 72. 04
0. 5- 0. 1 mm 1 78.39 29. 75 1 31.480 936.53 22.21 1i 31.420 934.74 55. 92 1 1.700 50. 57 24. 47< 0. 1 mm 1 21.61 8. 20 1 20.030 164.25 3. 09 1 30.420 230.04 17. 87 1 0. 800 7. 22 3. 4 9
< 0.5 wntt I 100.00 37.95 I 29.006* 1100.70 26.10 I 32.500* 1233.39 73.79 I 1.523* 57.79 27.96
f red/a 1i ment at ion I 100.00 1 42. 173* 4217.33 100.00 I 16.715* 1671.40 100.00 ! 2.067* 206.66 100.00

I t 0.OOO I o.000 I 0. 000
I'Pmarks/remarqi.iEs!
* ~ calculated valupp / valeurj calculees

n
I'J



KHI) SiebanaLyse , screen analysis , analyse g ranul omet ri que
I I U M F 0 L P T
IvIFDOG Probe, sample, échantillon 2

Ottrition, attrition, attrition 13min
iron o re/rït i ne ra i de fer

Ni ger

annex/annexes C 2'j

tHHMHHMM* iMHHHHHHMHHHMMHHHHMHi # tMMH*## # tHHHM» # « ##« tttHHt « iHHHHHHHHHHHHHHHH) iHHHHHHHHHHHHHHMHHH» H ttiHHHHHHHHHHHMHHHHHHHHHHH ï
1 1 Fe 1 Si 02 11 P2Ü5

product 1 mass 1 content fl,'/- «c'Z recov 1 content m'/*cy recov 1 content m"/.* c'/. reco v
P r odu i t 1 masse 1 teneur my*ty debit 11 teneur ir.y*ty debit 11 teneur fi,%  * t y débit

1 y 1 •/. •/ i y ■/. 11 V. y
iti! iMHMMt 4M» # # iHMHHHHi 4M* # iHHHHHHHHHHHHHHHHHHHi « #tt# 4H># tt # « #tt tt# tt iHHHHHt « # iHMH» tMHHHHHHi # iHHHHHHHt tt #### # ttiHHHHHHHHMi # ütHHHHi it »
1 . ! > 5. O mm 1 2. 07 1 41.130 05. 14 2. 03 1i 16.930 35. 05 ' 2. 05 11 1.090 3. 91 1.92
2. ! 5. 0- 3.0 mm 1 2. 93 1 41.470 124.00. 2.96 1 16.970 50. 74 2.98 1 1.690 5. 05 2. 4 0. • 3. 0— l. 0 mm 1 3b.03 1 52.110 1825.41 43.53 11 4.410 154.40 9. 06 11 2.520 80. 28 43. 29
4. : 1.0- 0.5 mm 1 21.76 1 49.280 1072.33 25.57 1 9. 100 198.02 11.61 1 2. 310 50. 27 24. 65
5. « £çO,1inO 1 20. 93 1 30.940 095.09 21.34 1i 32.410 937.62 54.98 1 1.670 40. 31 23. 69
6. ï < 0. 1 mm 1 9. 22 1 20.020 191.96 4.50 1 35. 740 329.52 19.32 1 0. 800 8. 1 1 3. 90

tHl#«iMMMHHHHHtÜ-Htt# tt WtHMHMl ########iHMHHHH»#iHMHMHHHHHHHHHHHHHHHHMHHHM» IHHHHHHHHH»#«#tt#ir iHHHHHHMMHHHi###iHHHHHHMHHMHHHHHl
feed/alimentat i on 1 100.00 1 41.939* 4193.33 100.00 1 17.054* 1705.43 100.00 1 2.039* 203.93 100.OO

1 1 0.000 1 0. 000 1 0. 000
remarks/remarques!
* — calculated values / valeurs calculées

n
roen



KHD
HUMBOLDT

WEDfiG

R i ebanalysp s c r e e n  a n a l y s i s a n a l y s e  g r a m i l  crniet r  i q u e amipx/aniiBue! L 20

Probe, sample, échantillon 2

fittrit Ion, attrition, attrition 13min
i r o n  o r p / m i t w r a i  de  f e r  

N i g e r

‘ 11 Fe 1 SI 02 i P205
product 1 mass 11 content mrt*cV. recov 1 content my*cy recov 1 content m’/-*cy r'PCOV
produi t 1 masse 11 teneur mV.*ty deb i t 1 teneur mV-*t ■/ debit 1 teneur my*ty debi t

1 % V/0* 11 * •/ i y. y 1 y y
> 5. 0 mm 1 3. 35 2. 07 1 41.130 B5. 14 2,03 1 16.930 35. 05 2. 05 1 1.890 3. 91 1.92

5. 0- 3.0 mm 1 4.83 2.99 11 41.470 124.00 y.. 9& 1 16.970 50. 74 2. 90 1 1.690 5. 05 2. 40

) 3. OfïWi 1 8. 18 5. 06 11 41.331* 209.13 4. 99 1 16.954* 85. 79 5. U3 1 1.772*

, (Ti 
; ® 4. 4 0

3.0- 1-0 mm 1 56.64 35.03 11 52.110 1825.41 43. 53 1 4.410 154.48 9. 06 1 2. 520 88.28 43. 29
1.0- 0. 5 mjvi 1 35.18 21.76 11 49.2SO 1072.33 25. 57 1 9.100 198.02 11.61 1 2. 310 50. 27 24. 65

3. 0-0. 5mm 1 91.82 56. 79 11 51.026* 2897.75 69. 09 1 6.207* 352.50 20.67 1 2.440* 138.54 67. 93
> 0. 5 mm ! 100.00 61.85 1 50.232* 3106.08 74. 08 1 7.006* 430.2G 25. 70 1 2.305* 147.51 72. 33
0. 5- 0. 1 mm 1 75.83 28. 93 1 30. 940 895. 09 21.34 1 32.410 937. 62 54. 98 1 1.670 48. 31 23. 69

< 0. 1 mm 1 24.17 9. 22 11 20.820 191.96 4. 50 1 35.740 3>'0. j2 19.32 1 0. 880 8. 1 1 3. 90
< 0.5 mm I 100.00 30. 15 I 20.494* 1087.05 25.92 1 33.215* 1267.14 74.30 I 1.479* 56.43 27.67
tt n # « 11 « tt t* # 4 # ♦» it tt tttttt « n  n  11# # # # « « « iHHMMHHMHHHHHH: i> « iHMHHUHHHHHHHUHHUHHUHHUUHMH* « t* *HH> # iHHHHHUHHMUHHHUHUHHHUHUHt tUHMHHHHftt N Ml 
f eed/a 1 i ment at i on I 100.00 I 41.939* 4193.93 100.00 I 17.054* 1705. 43 100.00 I 2.039* 203.93 loO. OOI I 0.000 I 0.000 I 0.000
#tH* # # #  it i M M U H U H H H H H t  #  iHH* «  if# # #  # # #  *HHH* # # « # # #  # # # # # #  ##*»# H  ttiHi# « « # # «  tttt# tt # • # # « # # #  tt# # # # # # •  # tt # # # # # #  1 H U U M H U H »  « # «  tt tHHt »
r e m a r k s / r e m a  r q u e s :
* - calculated values / valeurs calculées n

i\J(Ti



KHD
HUME<OLDT
WEDOR

sink- float- analysis, procede par liqueur denser

sample, échantillon 
hammer mill, broyeur 
discharge, decharge

1
a marteaux

3. 0 - 0. 3 mm

annex/annexe* I', 77

iron ore/minerai de fer 
Niger

««#««■»«#«##««« ««««« «««#««««tt««««««««««««««««tt«««it««W«««««tt«tt««#««tt ««««#«««««««#«««#«««««««««««««««««««««««««««#«#
1 1 Fe Si02 P205

product 1 mass 1 content mV»cV recov content m"/.*rV. recov coni; ent l Y l V . * C % C P C O V

produit 1 masse 1 teneur mV- * t V ’ debit t eneu r mV* tV- debit teneu r mV* f/. debit
1 * 1 V V. V. V % V.

««««««««« «Wit «««itttiiiittttttiMHMHiiMtiHMtitttitil1i ««««««« ««««««« il «it it «it it «tttt«tttt««««tttt««««tt:tt«tt««tttt«««iHttttt «««««««tt««««««««« «««««« tl
1.5 > 3 . 6 5  g /cm3 1 73.05 1 52.600 3076. .17 77. 53 2. 500 106.63 36. 33 1.960 166. 75 79. 6 0
2. ! 3. 65- 3.00 y/cm3 1 22.52 1 67.900 1000.51 21.62 5. 000 1 2. 6 2 26. 62 1.600 36. 0 3 1 9. 76
3. 5 3.00- 2.06 q/cm3 1 O. 70 1 25. 320 17. 72 O. 35 39.700 27. 05 5. 10 0. 0OO O. 56 n. 5 i
6.: 2.86- 2.70 g/cm3 1 1.20 1 9. 270 11.12 0. 22 70.630 86. 76 15. 76 0. 320 0. 30 o . /■■ ;
3.5 < 2 . 7 0  g /cm3 1 1.73 1 7.600 13. 15 0. 26 62.500 100.13 20. 1 1 0. 360 0. 59 0. 7,7
SittttttttttttttttttttttttttttttttttttttttttttttttttttttittttttlttitttitttttilttttttttttttttiliHttttttttttttttttttttttttttttttttttttttHtitttttttttttttttttttttttttttttiitt tt ii it tt ft +i tt it H it it tt it W it H il tt 11 tt it it it H ft +i tt

feed/ali ment at i on 1 100.00 1 69.967* 6996.67 100.00 5. 378* 537.77 100.00 1.023* 102.31 1OO.on
1 1 0 . 0 0 0 0 .  0 0 0 0 .  0 0 0

« « « « « « « t t « « « « H « « « « « t t  ««  « « t t t t « « « « « « « « « « « « « « « t t « « « « « « « « # « « « t t t t « « t t t t « « « « t t « « t t  « « « « « « « « «  « « « « « « « « «  « « « «  « « # « « « « «  « # « # « « « «  *Mt«IW it II it 
) emarks/ remarques s
* - calculated values / valeurs calculées

O
r j



KHD
IIIIMEtOLDl

HEDOG

a n n p x / a m ' i P K P i  (1 7 8sink-float ana lysis, p r n n e d p  p a r I j queur denses

sample, echant i 1 1 on 2 
hammer mill, broypur a marteaux 
discharge, déchargé 3. 0 - 0. ? mm

i r o n  D r e / n i i n e r a i  • de  f r r  
N i g e r

1 1 Fe S i  02 P205
product. 1 mass 1 c o n te n t m "/- •< c 7 reco V c o n te n t IY|7* e7 re co v c o n te n t m7 *c7 recov
produ i t 1 masse 1 t e n e u r m7 k t 7 deb 1 1 t eneu r m7*t, 7 deb i t t eneu r pYi7 * 1 7 d e b i t

1 7 1 7 * 7- 7 7 7
» »### # ### tt ## M « ♦># ########## tt ##### ###*>«## # » «1» ### ## #«tttttt# ##tt H1H» #«# «########### ## « tt # tt ## « t> #########»##«# # #### ttt( tH» ft

1. > 3 . 6 5  q/rm3 1 7 0 . 2B 1 5 1 . 6 9 0 3 6 3 2 .7 7 80 . 03 2. 870 2 0 1 . 7 0 17. 70 2. 620 1 7 0 . 0 8 8 1 . 3 5
«L, m 3 . 6 5 -  3 . 0 0  g /cm3 1 1 8 . 5 6 1 6 6 . 2 7 0 8 2 1 . 6 5 18 . 10 1 0 . 7 0 0 1 9 8 . 5 9 17. 63 1 . 8 7 0 36. 71 16. 60
V..J . 3 . 0 0 -  2 . 0 6  g /cm3 1 1. 36 1 2 1 .  260 28 . 69 0 .  63 3 9 . 6 3 0 52 .  86 6. 66 1 . 5 5 0 2. 08 0. 00
6. 2 . 8 6 -  2 . 7 0  y/cm3 1 2. 59 i a . 530 22 . 09 0. 69 f>f:». 3 1 M 1 7 1 . 7 6 15. 07 0. 320 0. 83 0. 6 0
5. <. 2. 70  g/cm3 1 7. 23 1 6 . 7 1 0 36 . 05 0 .  75 7 i . i  go 5 1 6 . 7 0 65. 17 0. 190 1 . 3 7 0. 66

•M» ####### ###### t»t»tttHMH>#t»tt######tt####tH»tMHM»#i»###tKH»#tt#t»##t» ################# » ##«##•## tHHHt # » tt # # »»## » #t»«tt### ## « tHH* # tr « tH»
feed / a  1 iment at i on 1 1 0 0 . 0 0 1 6 5 . 3 9 1  « 6 5 3 9 .0 6 1 0 0 . 0 0 1 1 . 3 9 6 * 1 1 3 9 . 5 8 1 0 0 . 0 0  1 2 . 0 9 1  * 2 0 9 . 0 6 1 0 0 . on

1 1 0 . 0 0 0 0. 000 0. 000tHH* !♦#### # tttt tHHH* t* tt tttt # tt#t* ########«## #tt ttttlHt# tt ### »tt « tt #tt tH* tt ti t»# tU* # ttttt* tH* ### tt ## It# tt ######## ###### # ##### it tt « # tt tHt# # #### #### 
remarks/remarques:
* = calcilated values / valeurs calculées

D
r\Jno



K HD
HUMBOLDT
WFDOG sample, échantillon 1

feed, alimentation <0,5mm / OOOq/1
" 1,5 Tee 1 a

magnetic repara tion , repa ra tion  magnetiqup

i r o n  о r e / m i n e r a  i • rie f e r  Niger

annex/annexes [; 29

U it tHMHt # tut iMHHMHHMM» it tMHMHHHHH* tHHHHHt ### # *Ht # tMHHHHHHMt tHHHHHt « « tHHHHHt ### # tt # # ## tHHt iHt # « ♦» ФНИНИИММИ! # # #tt « tHHHHHH» IHMttt « tt
1 I Fe I I

p roduct 1 mass 1 content m5t#c54 reeov 1 content m54*c>4 reeov 1 content m54*c5i reco v
produit 1 masse 1 teneur m54*t54 debit 11 teneur m54#t"/4 HeHit 11 teneur m54*t54 d e b l t

1 54 ! И 54 11 54 54 1 54 •/.
HHHMHHHHHH* T» tHHHHHHHHi IHMHMMHHHMHt # # t» tHHHHt IHHHHHHHHHHHHHMHt tHHH» « tHMMHHHHt # iHHH* ФНННННННННМ» «iHHt ;i « # t* # # # iHMHHt # tt tt <t
t. S mags. 1 37. 73 1 53.370 2013.65 50. 11 11 11
2. ! ftiidrJl, 1 33.56 1 41.990 1409.IB 35.07 1 1
.5. ! non—mags* 1 2B.71 1 20.740 595.45 14.02 1 1

feed/.al imentat i on I 100.00 I 40.103* 401B.2B 100.00 I I
I 1 4 1 . 5 9 0  I I

IHHHHHt # «4M» ### IMHHMHHHMHMHHHHHMt # iMHHMHHt IHHHHHt ##« 1НННН» # «# # #### 1H1 tHHHHMHH» «##«##### ## 1НИНИ» #«#
rema гЦе/ rema rqi.ies :
* = calculated values / valeurs calculées

n
rj'■D



m

KHD
HI IMPOLDT 
WF.DOG

magnetic separation, separation magnétique
sample, échantillon 1
feed, alimentation (0,5mm / flOOg/1
~ 1,2 Tesla

annex/annexe ! F 5(1
iron ore/minerai de fer 

N i  g er

I I Fe I I
product I mass I content mX*ctf recov I content m.'-*c* recov I content mS*cit rerov
produit I masse I teneur m/i*t7i debit I teneur debit I teneur m "A + t'A  débit

I % I f . % I "A ‘A I % ‘A

t.s maps. I 41.70 I 53.370 2225.53 56.06 I I
2 .  ; micîdl. I 20.96 I 42.230 1224.72 30.05 I I
3. s non-mags. I 29.34 I 17.720 519.90 13.10 I I

feed/alimentation I 100.00 I 39.702* 3970.15 100.00 I I
I I 41.590 ( I

r« arks/ rema rques :
* = calculated values / valeurs calculées

n
LOO



K HD
HUMBOLDTWEDnO sample, échantillon 1

feed, alimentation <0,5mm / 800q/l
'v O, B T es 1 a

magnetic Eppaiation, separation magnétique

iron ore/minerai de fer 
Ni ge r

annex/annexetb i1

tt41m»iHHHHH»# tut» tut tUHHHHHMMMH**HM*iMMHMHHHMHHMHHHUHHHHHHMHHHHt +HHHUMHHMUUUHHMHHHHUHUHHUHHHHHHUUUHHHU» »#» HiHHHUUHHHt tut tt tt
I I Te I I

prori uct I mass I content 'recov I content m"/*cy. recov I content m'/*c* recov
produit I masse I teneur m'/*t<* débit I teneur m ’A * t ’A  débit I teneur in '/.<tü débit

I •/. I */- "A I 'A •/. I ■/- ■/-
1. : mags. I 42.05 I 53.720 2250.93 55.90 I I
2 .  : m i d d K  I 31.91 I 40.000 1270.95 31.65 I I
3. ' non-maqs. I 26.04 I 19.330 503. 35 12.46 I I

feed/al i ment at i on I 100.00 I 40.412* 4041.23 100. OC» I I
I 1 4 1 . 5 9 0  I I

rsma rks/remarquesî
* = calculated values / valeurs calculées

n
u>



K HD magnetic separation. separation magnétique
HUM&OLDT
'ÆDOG sample, échantillon ¿'

feed, alimentation <0,5mm / 0OOq/l
v 1,5 Tes 1 a

iron ore/minevai de fer 
Nig e r

a n n e x / a n n e x e  ! i; l?

tttMMM»IMHltHHHHHHHHMHHÎ K# IHHHHHHMHHHHHHttttHHHHttttHIt»« HiHHHHHHHttt tHHHHHHHHHHHHHHHHMHt WMMMt tHHMHMMHMHHt tttt-rt tt tt
I I Fe I I

product I mass I content m**c?C recov I content my*c* recov I content recov
produit I masse i teneur my*ty débit I teneur m’/*t'/- débit I teneur my*ty débit

I •/■ I y. y I y. •/. I y y

1. 5 maqs. i 10. OB I 40. 040 003.03 42.00 I I
2. ’■ middV. I 14.37 I 20.040 299.47 14.51 I !
3. s non-mags. I 67.55 I 13.040 000.05 42.69 I I

feed/alimenta bion I 100.00 I 20.633* 2063.35 100.00 I I
I I 2 2 . 0 1 0  I !

remarks/remarques :
* - calculated values / valeur calculées

n
oj
fV>



KHD
HIJMDOLDT
WEIDfïB saiYtple, échantillon 2

feed, alimentation <Ot Siyky. / OOOg/1
" 1,2 Tes 1 a

mngnet i c séparation, séparation magnet 1 que

i rôti dï r/minerai de fer 
Niger

annp«/annexe ! f) i î

tttttttttttt##ttttttttttttttttttttlttttttttttttttttt#tt#tt«tttttttttttttttttttttttttttttttttttttt#tttttttttttttttttttttttttttttttttttttt#tttttttttt#tttttttttttttttttttttttttttt##tttttt##tttttttttttttttttttttttttt il
1 I Fe I I

producfc I mass I content ni'A*c:'A recov I content rri %*c% recov I content «i’A*c’A rpcnv
produit I masse I teneur my.*t.y dehit I teneur rti"/-*t% débit I teneur iV/.*t'/. débit

I -A ! */- ■/. I -A y. I •/. y.
tt tt tt tt tt tttttttt tt # il -tut» I f tttttt « K tttttttt# tt tt## # # ######## #### ### tttttttt Mit »1 Mttttttttt ttfttttttttttttttttt tttttt tt tt tt « tt tt tttttt tt # n tttttt tt tt tttttt tttttttt tt tttttttttttttt ti tttttt ##«

I I
I I
I I

tt##tt####tt###tttttt#tt#tttttt#tt###########tt#####tt##tt##tttttttt##tt#tt#tttt#tt#tt####tt###tt#tttttttttttttttt#1t#tttttttt#tttttt1t#tttt#ttttttttttttttttttttttttttlttttt,i 
feed/al i rtientafc i on I 100.00 I 21.091*- 2109.12 100.00 I I

t I 22.810 I I
tttt###########tttttttttt tttttttttttttt## tttttttttttttt#### tttttttttttttt tttttt tttttttttttttt tttttttttttttt tttttttttttttt tttttt tttttttt# tttttttt tttttttt tttttttt tttttttt tttttttt tttttttttttttttt tttttttttttttt il 
> emarUs/ reiïia i-q ues :
* - calculated values / valeurs calculées

t rYî as 1 23.97 1 42. 190 1011.29 47. 95
s » <ti i rld 1". 1 16.52 1 31.620 522. 36 24. 77
7>, non-ffi?as. 1 59.51 1 9.670 575.46 27. 20



HIJMPOLDT
WFDOO sample, échantillon 2

fppd, alimentation <0,5mm / 000g/l 
' 0,6 Tesla

■tttt#tt«tttttttttttt#tt«tt« tt«tttttt tttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttt« tttt » 1»tttttttttttttttt tttttttttttttttttttttttttttttttttttttttttttttttttttttttttt«tttttttttttt »ttttttttttttttttik
I I Fe I I

prmiuct I mass I content. m'/.Keît recov I content m"/-*c“/ recov I content m"/.*ctf recov
produit I masse I teneur m'/.*t'/. débit I teneur m 'A*t’A débit I teneur ttfA*t’A débit

I y. \ A 'A I ■/- •/• I ^ /#tttttttttt#####tttttttttttttttttttttttttt#tttt###tttt#tttt#tttttttt####tttt#tttttttttttt#tttttttttt#tt#tt#tttttttttt#tttttttttt#tttt#tttttttttttttttttttttttttttttttttttttttttttttt#tttttttttttttt tttttt

KHD «i.igupt ic séparation, séparation magnétique annex/annexe : f’ Vi

1 . S flfiags. 1 25.62 1 45.110 1155.72 56. 55
2- s itii dd ï. 1 20.25 1 17.670 361.07 17. 71
3. 8 non-maç^. 1 5/1.13 1 9.720 526.14 25. 74tt tt tttt # tttt tttt tt tttt tt tttttt tt tttt ti tt tttt tttt tt #### tttt tttttt tttttt tttttttttttt tt tttttt tt tt# tttttt tttt tt tttt «tttttt# tt#tt # tt tt tt tttttt tt# tttt# tttt # «tt # tttt # tt « tttttt tt tt tt tttt tt tt « tt tt» tt tt# tt tt#tt tt tt 

feed/al imentat i on I 100.00 I 20.437* 2043.73 100. OC» I II I 22.810 I Itttttttttttt# «tttttttttttttttttt tt tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt tttttttttttttttttttttttt#
rema r k s / r e m a  r q u e s :
» = calculated values / valeurs calculées

iron ore/minerai de fer 
N i ge r

n
OJJs



m

KUD s e r p e n  a n a t y s i ç ,  a n a l y s p  g ra i u i l n i r i p t  r i q u p
HI IMOOLDT

WFDOG eaiYiple,  e c h a n t i l l m i  1

raw m a t e r i a l  g r o u n d ,  w a t e i i e  p r e m i e r e  b r o y e  < O. lmm

a m i r n / a m i e x e !  f’ 31

i r o n  n r e / m i n e r a i d e  f e r  
N i ge  r

tttttHtttttttütttttMtn «tHi ntt
I ! Fe I I

prodnct I mass ! content recov I content recnv I content recnv
produit I masse I teneur «iîC*tî4 débit I teneur débit I teneur n,yi*t’A dehi t

I % I ■/- -/ I ’/. ■/- I ’A
i HHttttt ### tttt «tHH> n tt t» tôt tt tnt## ## *######## t» ### «tt###### # « « t* tut tttt# « ## tt tt# # #t* ### ## #### ## ##### tt## # ### # tt# tut # tnt # # tnt « » « # « ## tt tt u it ttI I1 . t > 0 .  < > 9 0 l ï l lYl 1 1 5 . 4 6 1 5 7 . 7 6 0 8 1 5 . 9 6 1 6 .  4 6

Y’ . • 0 . 0 9 0 -  0 . 0 7 1 lYoti 1 1 3 . 2 6 1 5 2 . 9 6 0 7 0 2 . 5 1 1 4 .  1 9
^  __ 0 . 0 7 1 -  0 . 0 6 7 lYl 1Y1 1 6 .  4 3 1 5 2 . 6 8 0 3 4 0 . 0 2 6 .  6 7

/ u • 0 . 0 6 3 -  < >. O ù 7 iï»:Yl 1 1 1 . 0 4 1 5 2 . 8 0 0 5 8 3 . 8 0 1 1 . 7 9
t r
>_■ - ■ 0 . 0 4 5 -  O .  0 3 7 iYiiYi !  9 .  O O 1 5 2 . 8 6 0 4 7 5 . 9 2 9 .  6 1

B . • 0 . 0 3 2 -  0 . 0 2 0 fviiYl 1 1 1 . 7 4 1 5 2 . 0 7 0 6 1 1 . 3 0 1 2 .  3 5

7 . a - <  0 . 0 2 0 lYilYl 1 3 3 .  0 7 1 4 2 .  9 5 0 1 4 2 0 . 3 6 2 b .  6 9

I I

I
Htm############################################################################################################# >t 

feed/aliment ation I 100.00 I 49.499* 4949. 88 100.00 I I
I 10.000 I I

tt H it i»tt tH» ## t» ««  n t» t* ### titHHHH» iH» »»# tt tttM» it # tt W i» #tt #« tH» iHHHHi # tttMi tt # ü »# tHH* #« «it «««# #»H> t» tH» # tf tl tt ti #«# ii tt tH» #« *Mt ttiMMt t  tHi #H «« it tt # it
remarks/ reiYia rq tes :
» - calculated values / v; j. eu rs calculées

O
üüun



KHD çerBPn analysis, analyse qranu1 ometrique
Ml IMDOLDT
WFLDPG sample, échantillon 2

raw material qround, materie première broyé < O. lmm
iron ore/minerai de fer 

N i qe r

a n n e x / a n n e x e  : C  .56

il # # tHOHi tHHHHHt iHHHHHHH»# ## ##* # ### +MM» #####*# i» # ####■» H  «Ht tHttttttt tHHHMHt tt iHMi # #tt# « ## tttttt 1» # ### ##### »  tt tMMI ttttl* ## tt tt tt tHHHt tt tl
I I Fe I I

product; I mass I content mtfflclt recov I content m'/*c’/. recov I content m ■/■*c'/ rerov
oroduit I masse I teneur rt,y.*t’A débit I teneur m'X«t/t débit I teneur m’/-#tV- debi t

I y. I V. •/ I ’/- •/. I •/- */.

I I1 . > 0. 090 lYtfYl I ia. 67 1 40. 220 900. 27 20. 56
7 . . 0. 090- 0. 071 lYiflrt 1 13. 57 1 47. 300 641 06 14. 66
3. 0. 071 - 0. 063 1Y11Y1 1 5. 75 1 46. 900 269. 67 6. 16
4. 0. 063- 0. 045 lYnYl 1 10. 05 1 47. 100 511. 03 11. 67
5. o . 045- 0. 032 lYHYi 1 7. 05 1 47. 300 371 30 0. 40
6. 0. 032- 0. 020 tYilYi 1 10. 75 1 47. 100 506. 32 11. 56
7. s ( O . 020 Ouï ! 1 32. 56 1 36. 210 1179. oo . 26. 92 I

feed/alimentat i on I 100.00 I A3.795» 4379.46 100 00 I II 10.000 I I
remarks/rema rques :
» = calculated values / valeurs calculées

n
L>Jen



m

I

KHD
HI IMPOLDT 
UltïDOG

magnet ic separation, separation magnet ique
sample, échantillon 1 
feed, alimentation <0 , lmm / 600g/l 

1,5 Tesla

annex/annexe: r; 57

iron ore/minerai de fer Niger

I I Fe I I
p roduct 1 ma 5 s 1 content tu'A »c/. recov 11 content IYr"/.KC"Z recov 1 content m’/.*cy. recov
p r 0 d u i t 1 masse 1 teneur m"/. *t '/■ debit 1 teneur m •/*!,•/- debit 11 teneur m'/.* t y debi t

1 y. 1 y. * 1I % y. 11 % y-
1.! mags. 1 64.17 1 53.690 3445.29 70.01 1 11
?. s middl'. 1 9. 80 1 44.880 439.82 a. 94 1 1
3. s non-maqs. 1 26.03 1 39.810 1036.25 21.06 1\ 11

feed/a 1 i ment at i on I 100.00 I 49.214* 4921.36 100.00 I I
I I 50.040 I I

1* il tt il # ##### i» U ##«# tt 1» ü « tt il #*### tt ## ### i» «««### H1» il il # 1» # ttiOHHt ## # n ### #### #### ## IHHHttt mot
rema rks/rema rques ï
« - calculated valuers / valeurs calculées

O
U )
-J

I

*



КПП
HUMBOLDT 
WE DWG sample, echantilltm 1

feed, a 1 i ment at i on <0. 1 mrri / 600g/l
~l.2 Tesla

magnet, ic  вера rat ion, вера ra t ion magnétique

iron ore/minerai de fer 
Niger

annex/annexe s L 3fl

iHMM* 1НИННННННП1 4 «ФИНН» il +ИМИ» *MM* M  iMHHH* ütHHHM» it tt ### iHHMt ##### # IHIHtl# ### «ÌMHMM» ####«« » « « # #«««#« ###### *1 #### » IHMMHHHHI itti ** «

p  r  o r l u r t

produit I
massmasse

I
I content 
I teneur

Fe mS*CS 
mS*tS

I
recov I content mS*cS recov I content mS*cS
debit I teneur mS*t% debit I teneur mS*tS

recov 
debi t

( S I  S S I S  S I .  S •/.

1, mags, 
m i d d 1.

I 61.47 I 54.200 3331.67 67.20 I
I 12.04 I 46. 130 593.00 11.96 I ’ I

3. s non-mags. I 25.69 I 40.220 1033.25 20.04 I I
feed/а 1iment ation I 100.00 I 49.580* 4958.00 100.OU I I

I 1 50.040 I I
+ИНМН»####1МиММНиМНиНННММН1####1МММНИНННННННМНННИННИиНМННННННМННМНИННИННННН1#*Н11НИНННН1## N tHHMHHHHHHHHHtttttiMUMHMMHHHtlHt
remarks/rema rques:
*  -  calculated values / valeurj calculées

Г>
tooo



KHD
HUMDOLDT
WE DOG sample, échantillon 1

feed, alimentation <0. lmm / E.OOg/1
" 1.0 Tesla

magnet i c separation, separation magnétique
iron ore/minerai de fer Niger

annex/annexe s L' 31

# 1 1 # # # # # # # # # # # #  l> H # # t f  11 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # 1 1 1 1 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  # # # # # # # # # # l l # # # t l t t # # # # # t t # l t  »

I I Fe I I
product I mass I content recov I content <r\’A * c ' A recov I content in'/.x c -/. recov
produit I masse I teneur m y.*t'A debit I teneur debit I teneur m'/-*t* debit

I ’A  I •/ ’/. I 'A A  I ■/. ■/.#11############ 11 #####tttt########################################################################################### 
t. s mags.- I 54.03 I 53. 890 2911.60 59.15 I I
2 .  : middl. I 14.03 I 47.410 665.16 13.51 I I
3. s non-maqs. I 31.94 ! 42. 140 1345.95 27.34 I I

################################################################################################################# 
feed/aliment at ion I 100.00 I 49.220* 4922.79 100.00 1 1

I I 50.040 I I# ############# 11 ####################### ########1111# 11# #11# ############ ###11 #### ###### ####11 ########## ########## ###### 11# 
i ema rl<s/ rema rques !
* ~ calculated values / valeurs calculées

O
u>'.O



K HD
HUMBOLDT
WEDOG sample, échantillon l-t2 (1s 2 > 

feed, alimentation (0. lmm / C.OOq/1 
t.5 Tesla

magnetic separation, separatin magnétique

i ron ore/iriinerai , de fer 
Niger

a n n e x / a n n e x e  ! b /,r}

« t*«*#■»##t H M M H H H H H t # # # # # # # # # tHHMHHHHHHHHMHHHMHHHHHHHHHMHHHHH»##it####«#####«###tHHHMHHHH»iHHH* PtttttHt«
I I Fe t t

product 1 mass 1 content m*#cX recov 1 content m*#c'X recov 1 content m'A * c ‘A recov
produit 1 masse 1 teneur m’/*t "X debit 11 teneur m* * t '/. deb i t. 1 teneu r m ’A * t ' A debt t

t S 1 * -/ 1i * •/. 1 ■/- •/.
1 . ! mags. 1 59.39 1 52.370 3110.25 60. 55 1i 1
'» m-L. .  » mi dd 1. 1 12.41 1 40. 420 501.61 11.06 1 1
Z> • ï non—mag® 1 20.20 1 32.020 925.52 20.40 1 1

feed/ali^pvitation I 100.00 I 45.374* 4537.39 100.00 I tI I O. 000 I IIHHHHHMt##### iHHHHHt tttttt «############ ## iHHHHHHt # iHHHHHHHt «+HHHHH» # # iHHHHHHHHMt # iHHHHMMM»
r ema rl<s/ rema rgues :
* = calculated values / valeurs calculées

O
O



I

K HD
I ti i N P Ü L D T  
WF. DOS

magnetic separation,
sample, échantillon 
feed, alimentation 
■" 1.2 Tesla

separation magnétique
1*2 (1:2)
(O.lmm / 600g/l

annex/annexe : C 4 1
i ron ore/mi ne rai de fer 

Niger

I 1 Fe I I
product I mass I content mH*r:H recov I content m’/.*cH reeov I content mH*cH recov
produit I masse I teneur m-/-*t« debit I teneur mH*t% debit I teneur mH*tH debit

I •/ I /- H I  H "/• I H '/.
» # ü 1MM» iH*# tt » tttt » tttt #« tM* ü i» # ### *###« # ##tt # ### # #######«# «1» «1» »««« ### #### # ##** # «# #tt ## tt #tt# ## tt W tt # tttt*MH t tt
1. s mags- I 58.15 I 51.760 3009.84 66.69 I I
2 .  : middl. I 11.99 I 41.130 493.15 10.93 I I
3. : non—maas I 29. 06 I 33. 630 1010. 16 22. nfl I I

feed/a 1 imf?nt at i on I 100. Ou I 45. 132* 4513. 16 10O. uo I II 1 0 .000 I I
rema rl<s/ rema rques :
« - calculated values / val eu r$ ca 1 cu 1 ees

n



K HD
HIJMF'DLDT

magnetic separation, separation magnétique annex/annexe s |; I ^

W6D0G sample, echant i 1 1 on 1+2 <l!2> iron o re / iyi i Yiera i
feed, alimentation 
" 1.0 Tesla

<0.1mm / 600g/1 N i ge r

t 1 Fp I I
produel: I mass I content m*»r* recov I content m ' A * c ’A  recov I content m*»c* recov
produit t masse I teneur m*#t* débit I teneur m*»t* débit I teneur m*»t* débit

1 * 1 *  * I * * | y. •/.
1. : mags., I 55.65 I 52.170 2903.26 64.08 I I
2. s middl. I 12.79 I 41.230 527.33 11.64 I I
3. « non~mags. I 31.56 I 34.050 1099.07 24.20 I |

Feed/alimentation I 100.00 I 45.305» 4530.46 100.00 I II 1 0 . 000 I |
remarks/remarques '
* -- calculateri val iirt, / valeurs calculées

D
ru



KHD
HUMBOLDT
WEDOG sample, échantillon 

feed, alimentation 
'• 1.5 Tesla

magnetic separation,
1 deslimerl, desrhlamme 
(0. 1mm / F.OOg/.l

separation magnetique

iron o re/m i ne ra i de fee 
Niger

annex/annexe : [; U 5

# « ######« * tl H n  IM» tt1H1 » 1MMMM» ## ♦MMHMH* 1HMHUHHUHMMOMHHHHHHHUHHM1 tUMHUHUUHItt # «# iHHUHHHt # #### ♦MHUMHMUHltHUHHHHHHUUUt
I I Ee I I

prnduct I mass I content m5t*c* recov 1 content m**c* recov I C( ntent m'/-*c"/- i rrnv
produit I masse I teneur m ' A + t ' A débit I teneur débit I teneur m y.*t'A débit

1 * 1  y. "/- I * •/- I •/ •/.
«  H tt #  ♦» 1» i» #  #  «  #  «  «  i l  1 H H H H H U H H M M M » #  « IM M » »  #  #  «  iM H H H H H t «  1 H M M H M H H H H 1  tH M H H M H l H 1H M » #  t ttH H U M H H H H H t #  tt «  IH H H H U H ttt  #  «  tU M ilH U t  t u u t  «

1. ! mags. I 50.50 I 56.700 2766. 73 52.36 I I
2 .  s middl. I 25.87 I 52.680 1362.83 25.78 I I
3. « non-mans. I 23.55 I 69.130 1157.01 21.89 I I

lit» # 1MH1H *H* ## ÎHMHUt ###■ » # ### ###### ### #### ##### #### ###tt # H ## tt IMMt *#### « il ## iMHHMH» # ######### tttHUtiHU» ####«## 1MHHHOHHHHHM*
feed/a 1 i ment at i on I 100.00 I 52.866 k 5286. 57 100.00 I I

I I 52.680 , I I
tu» tt ###«####« il « « tt « 1* tttttt ##1» *MH» ## # tt ## IHt iHHHHHt # «#« tHHHMHHt# ## iHHH*## «IM» ♦HMHMHHHHHHHHHHMH» IHHMt tHHMMUt
rema rks/ rema rq ues :
* - calculatetl vaines / valeurs calculées

n
,jvu>



KHD
IIUMDOLDT
WEDOG sample, échantillon 1 deslimed, desrrhlamme 

feed al i ment at i on <0. lmm / 600q/l 
1.2 Tesla

magnetic separation, separation magnetiqije
iron ore/fflinerai de Per Niger

annex/annexe ! (; 1,1,

it H tt# # it # # #### tHtit tMHt tit» tMMMt# # #tt# ### tt tttt # tt tHH» tt#t> ## tttHt *HHt * «## tt tHt tt# ##### ## it# ## ### ### ## it# ## ### ### tt it tttt tttttt tttt tt it ft tttt
I I Fe I I

prorl net 1 mass 1 c o n te n t my-*e* re c o v  11 c o n te n t my.»c'X re c o v 1 c o n te n t my.»c'/. reco v
p ro d u it 1 masse 1 te n e u r my.*ty d e b it  11 te n e u r m**t*/. d e b it  11 te n e u r m ’/.*f/. d p b i t

1 * i y. -/ 11 % % 11 % •/
!tttt#tttt######tttttttHttttttt##tt#tt########tt###tt#tt#tt#####tttt##tt#####tttt#tttt#tt#tttt#tt#tt##tt#tt####tttttttttt##########tt###tt#tttt###ttttttttt>tttt
t .  : mags. 1 6 5 .6 8 1 5 4 .5 0 0 3 5 7 9 .5 6 68 . u5 11 11
jL m • № i d d 1. 1 1 9 .2 2 1 5 2 .2 7 0 1 0 0 4 .6 3 1 9 . 1 0  1 1T •kJ • • nOtV“(Yir1U?. 1 15 . 10 1 4 4 .7 7 0 6 7 6 .0 3 1 2 .8 5  1 1

tttt##########it##ttittttt#ttit############tt##tt#########tt########tt1i#########tt###tttttttt#tt##tt####ttit######tttt#tttt##tttHttt####tt##tttttt 
feed/al iiYientat i on I 100.00 I 52.602» 5260.22 100.00 I I

I I 52.680 I I
tttt ###############tttt #############################################################################tttttt##############
reiYia rks/ reiYia rques :
* ~ calculated values / valeug calculées

O



K HD
HUMBOLDT
WEDOG sample, échantillon 1+2 < i s 2) deslimed, desch1amme

feed, alimentai on < 0. 1mm / 600g/1 
^ 1.5 Tes 1 a

m a g n e t i c  s e p a r a t i m i ,  s p a r a t i m i  m a g n e  t  i  q u e

i von ore/minerai de fer 
M i a e r

annex/annexe : i; .',<3

il K » # # « i» # il i» *M> n » « « » # 1» tt# ♦MHHHHHi IMHHt tt # tttt IHHHHHt n H # tu»
I I Fe I I

p r r> d u c f 1 mass • content rr,y*eS recov 11 content my.»c"/- recov 1 content lïl*/- *c-/- reco v
p r o d u i t 1 masse 1 teneur my.*ty. dehit 1 teneur m%*t% debit 11 teneur m"/* t ■/• deb 11

i •/. i y y 1i y. y 1i y y
>#«#«## # fHHHHOOtlHf # if# iH» ## ### # tUHHHHHMl « #ft +HHMHMHMHMHHHHHÌ # IHMUMi # «######### ######## tt tHHMHHHHHUHUHH* tt# »
1. S 1 53. 45 1 52. 000 3131.03 63.53 11 11
2. ! middl. 1 25. 10 i 46.aoo 1174.60 23.03 1 11
3. 5 noti —lYtĉ â . 1 1 5. 45 1 40.320 622. 34 12.64 11 11.j. : non-maas. r i m . n'j i au. o2 U bfV. ya i/.ba ( I

feed/al imentat. ion I 100.00 I /*3. 234* 4323.45 100.00 I I
I I 40.520 I I

t» >t # il H  IMMMHMHHHUHHHUUHHl ### ###### « iHHHHHHHHHHHHHHHMHt # fHHHMHHHHH» # +M» # ##*#### # tttHHHMHHt « *Ht # « fut « #tttt # # tHHUH» # tout tt H tt
remarUs/rema vques:
» ~ calculated values / valeurs calculpps

n
.t.U1



KHD
Ml IMBÜLDT

magnetic separation. sepa rat i on maqnet i q ue annex/annexe : i! 46
WEDOB sample, echanti1 Ion 1+2 (Ü2) des limed, deschlamme i ron o re/minerai

f e e d ,  a l i m e n t a t i o n  < 0 .  Inrun / f i OOg / 1  N i g e r ̂ 1.2 1 ps 1 a

I I Te I I
product I mass I content «1* * 0 * rscov I content m'/.*c*/. recov I content «>•/■* r.'A  rpt'o v
produit I masse I teneur m’/.ttf/. debit I teneur mtfaf/. debit I teneur debit

I 'A I * %  I %  ■/ | •/. -/.
tt tMHl # # # # tt # # # » 1HÎ tttt # It tHt it # # # # « *### # # # # ### # » « # (Mi# # # it « tt « it « # tt t* ## tt # tt # # ## # #tt tt ### # # # #### # # # # « # « # « « tt « # ## « #tt It 1H* # tt « tt mi nil «
t. : mags. I 5B. B5 I 53.180 3125.64 63.74 I I
2.1 miridl. I 20.63 I 47.610 902. 19 20.00 I I
3.s non-mags. I 20.52 I 3B. 900 798.23 16. 26 I I

feed/a1iment ation I 100.00 I 49. tOl* 4910.06 100.00 I I
I ! 48.520 I I

tt »  1» *1 #  #  #  #  #  11 #  »  it 1» »1 it  K #  it 1 H H » #  #  «  # #  #  t» #  #  #  #  #  #  #  #  n # #  # #  #  #  tt #  t t »  11 tH H H t iH H H H H H H H H H H H H H t  ttiM H M  H H t t iiH H H H H H t t t  1M» t H H H H H H H l H IH H H H ttt  #  tt tt «  H # #  tH H H ltt  

remarks/rema rques :
* = calculated values / valeur! calculées

o
.p»
cr,
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Annex 3 1.1 to B 1.10

Tables of drillings and trenches with coordinates, 
altitudes, depths, and number of samples



N nul к»
t I tUK

г of
i

1 (4>ord
! x

1
i

4- -

n<*ites 1 
Y 1

i
i
i

4 -

A ll 'l l  u le s  
o f treiKrhes 
atwve поди 
sea  le v e l 

(m)

1
1
1
1
1
1

Pl*C i
1
1 429460

1
1458924 1 190,57

1
1

PUK 2 1 429152 1459770 1 191,43
1
1

PUK 4
1
1 429409 1460216 1 191,18

1
1

1ЧЖ 4 1 4 2 9 b l3 146167.2 1 201,37
!
i

14* 5 1 429410 1462740 1 199,08
1
i

Р1Ж 6
1
1 429264

1
1461596 1 189,20

1
1

Р1Ж 7
i
1 428841 1464500 1 188,77

1
1

PI* 8 1 428400 1465 У. 5 1 186,91
1
i

Г1К 9 t 427950 1466165 1 186.31
1
1

Pl)k 10
1
j 427510

1
1467181 J 187.74

{
1

pi*; H 1 429525 1457868 1 193,24
1
1

PL*. 12 1 429U 6 1456828 1 192,20
1
1

PL* 13 1 429365
1

1455850 t 192,17
1
i

PI* 14 1 429553 1454851 1 201,08
1
i

Р1Ж 15
1
1 427668

\
1466770 1 186,46

PI* 16 1 428209 1465825 1 187,1 1

PPK 17 1 428579
1

1467.940 1 186,00

PI* 18
1
j 429091

1
1464080 j 187,92

PI* 19 1 429308
1

146 ! U5 j 192,56

PI* 20
1
1 429522

i
1462225 1 194.99

!
1

i

F in a ! 
ilep l h (in)

7.50 

6 ,80

7.60 

16.90 

14,40

7 .60

6,00

5 .60  

6 ,3 0

8 ,00

12,50

9 .00

8.00

17,60 

12.25

6 .5 0  

6 ,25  

8,20

7. 30

\

10.85



m

Oveгbu rden 1 OoliUioK 111! «‘Г- Ooli1hos 1UasemenL 1Nun)>er i
lu a depth 1 indurées calai ion torvi res 1 lo a deplh| of simples i
of (ill) 1 to a dept h to a depth to a dept 11of (ill) 1 in iron i

1 Of (in) 
1

4 -

of (mi) of (ill) 1
1
i

1
1
4-

ore

i
1

_____
T t • i

0,U 1 4,0 n.d. 6,8b 1 7, SO 1 7 i
0,0 1 2.0 '1,0 6,00 1 6,80

1
1 6

1
i

0,0 I 2,7.0 1,7|() 6,00 7,60 1 7
1
i

8, 9b
1
i 10,20 n.d. 19,60 1 IS, 90 1 7

I
i

8,2s 1 11.65 12,6S 19,00 1 19,90 1 7
1
i

O.SO Ì 4,60 6,00 7. IS 1 7, SO 1 9
1
i

0,7b 1 9,80 b.OO — - - 1 S
1
i

0,0 1 2, SO 9,60 S, 20 1 s,so 1 2
1
i

0,0 1 2, ПО 1, 70 S, 50 1 6,00 6 1
i

0.0
1
1 2, W) 9, /0 6,60 8,00 10

1
i

1,70 1 1.60 n.d. 9, SS 1 12, SO 1 8
1
i

0,0 1 1.60 n.d. 7,60 1 9,00 10
1
i

0,0 1 2,00 n.d. 7,00 1 8,00 1 8 i
8,00 1 10,80 

1
11,2b 16, ?b

1
1
1

17, SO 1
1

7
1
i
i >S,90 1 8, IS 10,00 11, 70 1 12,2S 1 7 i y

1 1 1 i 3
0,0 1 2,70 

1
9,70 b,8b 1 6,SO 1 9 i (0

1 1 i X
0,0 1 3. /0j г),нг> 6,2 S 1I — - 11 8 iI
7, IS 1 ft, IX) 8,20 - - - 1 — 1 S i —
1 ,Л0 1 s, SO 6,00 0,90

1
1 7, 10 1 S

1
1 -

t.00 11 6,IK) b, 4r) 10, IS
1
1 10, HS

1
1 8 1

1

»



1 N<int)er of 
1 trench

1 Coordinates I 
1 X 1 Y j 
! 1 1 
1 1 1 
1 1 ! 

_L 1

A ltitu d e s 
of trenches 
above mean 
sea leve l 

(n.)

1 F inal 1 
1 depth 1 
1 (m) 1 
1 1 
1 1 
j I

Overburden 
to a depth 
of (in)

1
1
1
1
1
1

i
1 Р1Ж ¿1 i 429625 i 1461 Ю5 1 190,46

! 1
1 9 .50 1 0 ,0 1

j иж 22 1 '*29503 i
1

1460580 j 192,01 1 8,45 1 0 ,0
!
1

1 Р1Ж 23 1 929407 1469404 1 192.20 ! 9 ,30 1 0 ,0
!
1

1 Р1Ж 24 1 929566 1468340 1 191,32
1 1 
1 8, IX) 1 0 ,0

1
1

1 Р1Ж 25 1 429928 1457446 1 191,71 ! 8 ,10  1 0 ,0
1
1

1 Р1Ж 26 1 429348 1456318 1 193,18
1 l
1 7,25 1 0 ,0

1
1

1 Р1Ж 27 1 429417 i 1455279 1 192,10 1 6,75 1 0 ,0
I
1

1 Р1Ж 28
1
1 429042 1457450 1 192,75 1 9.25 1 0 ,0

1
1

1 1'1Ж 29
1
I 428320

1
1457370 1 193.55

1 I 
! 0 ,25 j 0 ,0

1
1

1 Р1Ж 30 1 427920
l

1457715 1 194,67
1 1 
1 7.00 1 0 ,0

!
1

1 Р1Ж 31 1 426854 i 1457756 1 196.19 1 7,25 1 0 ,0
1
1

1 Р1Ж 32
1
1 42967b i

1
1453750 1 191,7b

1 i 
1 6 ,00 1 0 .0

1
1

1 Р1Ж 33
1
1 42970L

1
1452669 1 192,86 1 6,70 1 0 ,0

1
1

i Р1Ж 39
1
1 429619 1451595 1 192,55

1 i 
1 6 ,20 1 0 ,0

1
1

1 Р1Ж 36
1
1 429604

1
1450995 1 193,23

\ \ 
1 5,50 1 0 ,0

1
1

i Р1Ж 36 1 429174
1

1450012 j 193,74 1 4 ,60  1 0 ,0
I
1

I Р1Ж 37
1
1 424925 1471160 1 184,13

1 1 
1 11,50 1 4,30

1
l

1 Р1Ж 38 1 42/368 ! ‘1467722 1 187,66
1 1 
1 7,20 1 0 .0

1
1

1 POP 39 1 427201 1
1

14681 H) 1 190.47
1 1
1 5.50 J 0 ,0

1
1

1 Р1Ж 90 1 427069
_ _ l

i
1

±

1
1468600 j 188,06

i i
1 5,50 1 
1 ..  . !

2, IX)
l
1
1



m

O ollthes 
indurees 
to  d depth 
of (m)

InLer- 
c a la t  ion 
to a depth 
of (in)

O olithes 
lendres 
to  d depth 
of (in)

fcisanent 
to a depth 
of (m)

Niml)er 
of sauples 
in  iron
ore

I..— 4------+
2,50 11

3.00 1 9,(X) | 9,50 1 8

3,1")
1
1i

3.60 1 7,40 | 8,25
1
1 6

2,80
I
1I

3,25 | 7,80 | 9, 30
1
1 9

2,15
1
1|

2,60 | 7.50 | 8,00
1
1t 7

1.65
l
11

2,40 | 6,7.0 | 8,10
1
1 7

2,35
1
11

2,55 | 6 ,80 | 7,25
1
1i 9

1.80
1
1I

2.20 | 6 ,15 | 6,75
1
l1 7

2,40
1
11

3,20 | 8 ,10 1 9,25
1
11 8

2,80
1
1i

3,50 | 8,25 | —
1
11 6

2, A0
1
11

2,75 | 7,00 | —
l
1 9

3,00
1
11

3,30 | 7.25 | —
1
11 7

1,60
1
1 1,90 | 4 ,50 | 6,00

1
1 5

1,45
1
1 n . 0 . | 4 .10  i 6 ,70

1
1| 4

1,70
1
1I

n. <3. | 4 ,10  | 6,20
1
11 3

2,15
1
11

n .d . | 4 ,70 | 5,50
1
11 4

1,00
1
1I

2,20 | 4 ,00 | 4 ,60
1
1l 3

8,00
1
11

4,80 | 10,60 | 11,50
1
11 5

1,60
1
1|

2,80 | 5 ,(X) | 7,20
1
11 5

1,15
1
11

2,00 | 4, (XI | 5,50
1
11 4

e r .
1
1 e r . | 1,80 | 5,50

1
1 2

i

03

t o

Annex



Nimbe г uf 
trench

(fiord i nates 
X I Y i

Alt ilu d es  
of trenches 
above mean 
sea lev e l 

(in)

Р1Ж 41 1 429644 1 1 1444206 1 j 192.48 11 7,00 1I 0 ,0

Р1Ж 42 1 429669 1 1441220 1 192,64
1
1 4.80 1 0 .0

Р1Ж 41 1 429634
I

1442160 1 j 192,04
1
1 4.20 1 0 ,0

PI* 44 1 424014I 1 1471880 1 j 189,02
1
1j A. 30 1

j
0 ,0

Р1Ж 44 1 426890 1 1469084 1I 190.49
1
11 7.00 1 0 .0

Р1Ж 46 1 426670 1 1469604 1 j 188,88
I
1j 7.40 1 0 .0

Р1Ж 47 1 426423I 1 1469960 1 188,96
1
1 8 .40 1

j
0 ,0

Р1Ж 48 1 424942 
j 1 1470264 1 

j 184.86
1
1 7.00 1i 0 .0

Р1Ж 49 1 424440 i 1 1470428 1 j 184,76
1
1 7.90 1 j 0 ,40

Р1Ж 40 1 423149 
i 1 1472382 1 j 189,67

1
1
I

3,64 1 j 1,14

Р1Ж 41 1 422263 1 1472691 1 188,19
1
1 3,00 1 0 ,0

F ¡[Vil I Overburden 
depth I to a depth 

(m) I of (m)I
4



O olifhes j In ter- 
indurees | cn la tu m  
to a depth! to  a depth 
of (m) | of (ni)

O olithes 
len d res 
to  a depth 
of (m)

Basement 
to  a depth 
of (ni)

Nmrfjer 
of samples 
in  iron 
ore

2 , 0 0 1
1

n.d. 1
1

5,90 1I 7,00 1
1

6

2 , 0 0
1

1| n.d.
1

1[ 9.90
1

1
1

5,80
1

1
1

5

1,05
1

1
1

n.d.
1

1
1

9,60
1

1| 5,20
1

1
1

9

2 , 1 0
1

1
1

n.d.
1

1
1

3,20
1

1
1

9,30
1

1
1

9

2,90
1

1
1

3,00
1

1
1

6,55
1

1
1

7,00
1

1I 6

3,05
1
1
1

3,90
1

1
1

6,65
1

1i 7,50
1

1
1

6

2,95
1

1I 3,10
1

1I 8 , 0 0
1

1
1

8,50
1

1
6

3,05
1

1
1

3.25
1

1I 6 , 0 0
1

1
1

7,00
1

1j 6

9.55
1

1I n.d.
1

1
1

7,50
1

1 7,90
1

1
1

8

2,95
1
1
1

3,20
1

1
1

n.d.
1

1 3,65
1

1
1

9

0,60 1 n.d.
1

1 n.d.
1

1 3,00
1

1 l

>
0
0
ft)
X
to

!______ i______ L____
OJ



m

1

1
1

1

1

l

Nunber of 
dri 1 llmle

1 Coordinates | 
| X ! Y j 
1 1 1 

1 1 1 

1 1 1 J_____ L 1

Altitudes 
of Ciri Lr- 
lioles above 
uean sea 
level 

(m)

1 Final | 
| depth |
1 (in) 1 
1 1 

1 1 

I I

Ovei liurden 
to a depth 
of (m)

| Oolithes 
I indorées 
| to a  depth 
1 of (ut)
j

Inter
calai ion 
to a depili 
of (m)

Oolithes 
tendres 
to a  depth 
of (ill)

Basanent | 
to a depth| 
of (in) j 

1 

1 
1

Core recovery 
In the iron 
ore CL )

Nunber 
of simples 
in iron 
ore

1

1
1

UK 1 | 428135 1458635 | 2 1 2 ,8).
1 1
1 27.70 | 18,75 1 24,17 n.d.

r
25, 79

1
27,70 |

—
83,24

r
7

1
1

UK 2 | 428026 1459813 | 211.90 1 28.55 | 17, 17 1 21,95 23,14 26, 75
1

28,55 | 97,48 8

1t
UK 3 | 427943 

j
1460882 | 

j
211,84 i 28,00 | 

j 20,70 1 24,40 n.d. 27,40 28,00 | 77,61 5

1
1

UK 4 | 427756 1461899 | 211,09 | 28,40 | 
j 19,50

|
| 22,60 n.d. 28,00

1
28.40 | 8)., 65 8

1
1

UK 4 | 427536 1463886 | 214,23 | 28,70 | 22,50 | 25,90 26, V. 28,40
1

28,70 | 8)., 27 5

1
1

UK 6 | 427328 1463910 | j 2 1 2 , 8 8 1 25,50 | 20,95 1 22,25 23,45 25,00 25,50 | 92,00 3

1
1

UK 7 | 427271 
j 1464852 1 j 212,39 1 26.10 | j 19,40 1 21,85 24,15 25,65

l
26,10 | 91,72 5

1
1

UK a | 426798 1465689 1 214,26 | 28,80 | 21,90 1 24.30 26,75 28,30
1

28,80 | 73,37 6

1 UK 9 j 426159 1466505 | 
j 211,83 1 26,20 | 18,85 | 21,32 23,30 25,45 26,20 | 71,82 4

1 UK 11) | 425553 | 1467307 | 214,16 | 28,60 | 20.70 1 23,61 25,46 27,96 28,60 | 74,24 5

11 UK l : | 424887 1468110 | 219,44 1 25.25 | 17,45 1 19,24 22,15 24,75
1

25,25 | 9)., 52 6
1 UK 12 | 428052 1458047 | 209,4). 1 25,30 | 

j
17,40 | 22,70 n .d . 23,30

1
25,30 | 75,95 4

,
i UK l'l | 427831

i
1456701 | 214,20 | 29,80 | 20,85 | 23,80 n.d. 28,85 29,80 | 95,55 9

1l UK 14 | 427685 
j

1455733 | 
j

214.50 1 28,50 | 21,32 1 25.65 n .d . 28,30 28,50 | 89,48 4

1 dk n | 42600 1468708 | 205,41 1 18,30 | 9,80 1 12,40 13, 75 16,05 18,30 | 83,20 6
11 UK 16 j 42)071 1468198 | 230.57 1 !

30,45 | 33,95 35,75 36,85
1

')?, 55 | 73,9). 4

1)K 17 | 424020 
j

1466950 |j 2)0 ,05 t 40. IX) | 30,90 | 33,50 35,90 39,54
1

40,00 | 95.37 4

! UK 18 | 424827 1465560 | 224,49 1 33,50 | 25.30 1 27,10 30,30 32,90 33,50 | 96,05 4

UK 19 I 425582 1464508 | 214,25 | 26,20 | 18,20 1 19,80 22,52 25,40
1

26,20 | 74,72 2

i UK 20 1 4248W) 146 )0)2 | 214,44 1 28,40 | 19,65 I 21,80 22,/5 27,20
1

28.40 | 8)., 42 7
L 1 1 1 | | i

w

Annex



Nimber of 
dri1 1 hole

Coordinates 
X I Y

Altitudes 
of drill
holes above 
mean sea 
level(m)__

Final
depth

(m)

Overburden 
to a depth 
of (in)

On! It lies
i urées
to a depth 
of (m)

l)K 2 1 | 426130 j 1 1461542 | j 2 1 2 , 2 1 1 25,30j ii 17,51 1I 19.80

UK 2 2 | 426365i 1 1460058 | i 212,72 | 26,65 j
1

iI 17,90
1
1 21,85

UK 2 1 | 426592 j 1 1458572 | j 213,17 | 28,60
1

ij 19,20
1
1I 22,85

UK 24 | 426612 j 1 1456957 | j 216,67 | 30,25 j
1

i
1

2 2 , 1 0
1
1I 24,25

l)K 25 | 426619 j 1 1455306 | j 212,08 1 26.65 j
1
ij 19,40

1
1i 21,70

UK 26 | 422484 i l 1469438 I j 229,70 | 39,05 j
1

i
1

33,55
1

1 37,20

UK 27 | 421377 j 1 1470521 | j 230,42 1 62,50
1

ii 36,10
1
1
1

35,70

UK 28 | 424032 j 1 1469381 | j 219,17 I 31,00 
1

1

ij 22,31
1

1
1

27,10

OK 29 | 423013 
j 1 1470527 | j 226.79

1
j 60,60 
1

1
ii Vi ,05

1

1i 34,55

DK 30 | 427706 1 1454682 | j 213,47
1
1 28,12 
1

1
i
1

19,80
!
1
1

20,80

OK 31 1 427714 j 1 1453655 | i 213,94
1
I 28,18i

1

ii 24,35
1

1• n.d.

UK 32 | 426638 j 1 1453841 | j 211,61 1 26.37 j
1

1I 18,40
i
i
1

19,90

UK 33 | 424992 j 1 1458370 | j 209,37 1 21.95 j
1

1
1

16,35
1
i
1

16,60

DK 34 | 424930 j 1 1459640 | j 216,75 I 29,10 j
1
1j 21,16

1

i• 23,60

UK 35 | 424738 j 1 1461129 | j 216,61 | 30,75 j
1
1j 23,10

1

ij 25,20

UK 36 | 424728 
j 1 1462808 | j 218,31 1 27,95 j

1
1 21,95 ii 24,35

UK 37 | 424824 j 1 1464447 | j 219,58 | 32,60 j
1

1
1

24,75
1

i
1

27,95

DK 38 | 426147 j ! 1468041 | j 210,24 1 22,55 j
1

1i 15,10
1

i 18,50

DK 39 | 426661 j
I

14672'i9 | 
j 213,10 I 25,30 j

1

1i 18,1X1 i
1

19.30

UK 40 1 427122 I 1466380 | 214,91 | 27,70
1

1 20.40
1

i 2 2 , 2 0



Inter
calai ion 
to a  depth 
of (in)

Oolithes 
tendres 
to a  depth 
of (m)

Basement | 
to a depth| 
of (m) III

Core recovery 
in the iron 
ore (X)

21 ,(K) 1 24,40 1 25,30 | j 78,95 4

n.d. 1 25,35 1 26,65 | 
1

53,14 3

24,20 1 27,40 1 28,40 | j 64,88 5

n.d. 1 29,55 1 30,25 1 j 58,50 7

n.d. 24,65 1 26,45 | j 59,00 5

n.d. I 37,95 1 39,05 | j 87,50 4

n.d. 1 n.d. 1 42,50 | j 83,50 1

29,25 1 30,20 1 31,00 | 
1

62,36 3

35,15 1 n.d. 1 40,40 | ■ 95,00 —

24, 30 25,80 1 28,12 | 57,5) —

n.d. 27,40 1 28,18 | 
1

29,50 —

21,30 23,60 1 24.37 |I 53,10 5

n.d. 21,55 1 21,95 | j 85,12 3

n.d. 28,75 1 29,10 | j 81,66 5

25,80 30,45 1 30.75 | 
1

95,51 7

25,55 27,60 1 27,95 | j 52,00 4

29.15 32,40 1 32,60 | j 94,25 7

18,90 21,65 1 22,55 | 
1

74,50 6

22,05 24,25 1 25,30 | j 92,80 7

24,80 1 21,65 1 27,70 | 79,01 5

Nunher 
of simples 
in iron 
ore

W

Annex



w
9

i

Number of 
dri1 Ihole

t Coordinates | 
1 X | Y |
1 1 1 
1 1 1 

1 1 1 

1________ 1_________ L

Altitudes 
of drill
holes above 
mean sea 
level 

(m)

l Final 
j depth 
1 (m)

1

Overburden 
to a depth
of (ill)

1 Unitthes 1 
| indurees | 
| to a depth| 
j of (ra) j

OK 41 | 427552 j
T

1465521 | 213,80
1
| 29.25 22,40

1 ---
1 25,25

7

OK 42 I 427951 1464650 | 213,39 I 29,45 2 2 , 1 0 j 25,20

OK 41 | 428329 j 1461615 | 211,76 I 28,95 20,75 1 23.55

OK 44 | 428462 j 1462598 | 213,01 | 29,95 20,90 1 23,05

OK 45 | 428542j 1461277 | 208,75 I 25,55 17,40 | 2 0 , 0 0

OK 44 I 428531 1460179 1 2 1 1 , 0 0 I 27,20 17,15 | 20,60

UK 4? | 428353 j
1459349 | 211,84 I 27.50 17,95 | 19,60

OK 48 I 428777 1458188 | 207,51 I 23,50 15,25 1 17,35
UK 49 | 428651 145606? | 210,38 | 25,90 18,65 | 20,85

UK 50 | 428590 
i 1455260 | 213,15 | 28,20 20.65 1 22,90

1 OK 51 | 428629 
j 1454169 | 212,37 I 25.40 20,50 1 21,60

UK 52 I 427356 | 1454846 | 214,79 | 29,08 22,90 1 24.15
UK 51 | 427234 1456157 | 215,74 | 27,90 2 0 , 1 0 | 22,85 j
UK 54 I 427281 

j 1459294 | 211,33 I 28,15 19,20 1 21,65
1

UK 55 I 427213 j 1460804 | 2 1 2 , 1 2 1 27.70 19,90 | 22,25

UK 5ft | 426866 j 1462426 | 215.73 | 30,90 2 1 , 1 0 | 25,70

UK 57 ) 426568 i 1463701 | 214,60 1 27,70 2 0 , 1 0 1 22.55

DK 58 | 426261 1464949 | 213,28 1 27,70 19,60 | 22,85

UK 59 | 425104 1466119 | 222,57 | 12,30 23,20 | 25,60

UK 60 | 424501 
1

1467500 | 222,67 | 16,85 27,50 1 31,90



I

In ter- | Oo] l i l ie s  
c a la t lo n  | tendres 
to  a depth| to  a depth 
of (m) j of (m)

Basement 
to  a  depth 
of (m)

tkire recovery | Nirnlier j 
fn the Iron j of samples | 
ore (%) j In iron

| ore

27, OS ! 28,65
1

1|
— r

29,25 | 86,65
r
i 5

26,90 1 28,95
1

1 29,65 j 77,16 i 3

21,95 1 26,50
1

1 28,95 | 91,65 5

21.35
1
1 77,60

1

1 29,95 | 83,63 1 5

20,60 1 25,05 1 25,55 | 81,70 1 7

21,60
1

1 26,70 27,20 | 69,76
1

1 5

2 0 , 2 0 1 26,80 27.50 | 87,91
1
1 7

17.95 1 21,95 1 23,50 | 6 6 , 1 2
1

1 6

2 1 , 2 0 1 25,55 1 25,90 | 96,38
1

1 5

23,20 1 26,80 1 28,20 | 51,30
1

1 6

21,95 1 26,80 1 25,60 | 87,67
1

1 5

n,d. 1 26,80 1 29,08 J 57,20
1
1 2

23,15 1 26,80 1 27,90 | 79,21
1

1 5

22,55 27,10 1 28,35 | 92,38
1

5

23,65 1 27,20 1 27.70 | 90,00
1

i 6

26,90 1 28,65 1 ^0,90 | 52,80
l
i 6

25,60 1 27,30 1 27,70 | 93,00
1

i 7

26,35 1 26,50 1 27,70 | 89,57
1

1 8

28,20 1 31,55
1

1
1

\ 2 , W  | 81,32
1

i 7

32,75 1
I

35,95
1

1

_i._
36,85 |

±

96,57
i
i

_ j___
7

00
O '

|

Annex





Nunber of 
c rench

PK l 
PK 2 

PK 3

Coordinates 
X | YIII

| Altitudes 
of trenches 
above mean 
sea level 

(m)

425201 | 1474419

426030

426719

1473737

1473210

188,04

185,80

187,84

Final
depth
(m)

6,10

4,00

6,30

Overbu den | On 11 Hies 
to a depth | lndur£es 
of (in) | to a depth 

of (m)

0,0

0,0

0,0

5,50

1,85

2,90

Inter- | On11 then
cal at Ion | tendres , __ __ ..
to a depth! to a depth! of (m)
of (in) j of (m) II

| basement | Nunber 
j to a depth of soifiles 

In Iron

n.d. | n.d.

2,50 | 3,60I
3,30 j 4,80

6,10

4,00 

6,30

PK 4 I 427410 | j j 1472893 |j 186,52 1 4,65 1 0 . 0

PK 5 I 428521 | 
1 1

1472380 | 
1

186,77
1

1
1

6,50
1

1
1

0 , 0

1 , 1 0 1
1

n.cl. I 4,40 j 4,65 1| 3

2,60
1

1 n.d. | 6 , 0 0 1 6,50
1

1 4I

IIII

oo

Annex



•9

Ntmiier of
drillhole

1 Coordinates |
1 X | Y |
1 1 1 
1 1 1 

1 1 t 
_L_______ L_________ L

Altitudes 
of drill
holes above 
Dean sea 
level 
_____(■")

| Final 
| depth 
1 (in)
1

1

_L________

| Overburden 
1 to a depth 
I of (in)

Onl i tlies 
indurees | 
to a depth 
of (m) |

1nter- 
calat ion 
to a depth 
of (in)

Oolithes | 
tendres 
to a depth! 
of (m) j

Basement | 
to a depth 
of (m) |

!
1

Core recovery 
In the Iron 
ore (%)

Ntnilier 
of samples 
In iron 
ore

K 1 I ¿*27521 j
1473350 | 186.00

1
| 10,30 3,95 9,50 | n.d.

r
n.d. 1

------f.
10,30 1 71,92 1

K 2 | 427521 j
1447400 | 

| 189,59 1 7,80 3,00 9,20 | 5,90 7,50
1

1
1

7,80 | 8 6 , 2 2

K 3 | ¿.27521 1475400 | 196,16 1 8,50 9,50 6,75 | n.d. 7,35
1

1 8.50 | 68,90 5
K 9 | 427521 

j
1476400 | j 193,55 1 7.75 3,95 9,95 | 5,70 n.d.

1

1
1

7.75 | 80,00 2

K 5 | 427521 
j

1477390 | 195,17 1 9.20 3,05 6,80 | n.d. n.d.
1

1 9,20 | 71,96 2

K 6 | 428271 
j

1476915 | 
j

196,19 | 10,56 j 3,95 8,55 j n.d. n.d.
1

1
1

10,56 | 75,10 3
K 7 | 428271 1475905 | 

j 19/4,25 | 8 , 2 0 3,10 9.60 | n.d. n.d.
1
1 8 , 2 0  | 72,00 l

K 8 | ¿.28271 j 1474910 | j 189,97 | 1 0 , 0 0 1,80 6 , 0 0  | 6,90 8,80
1
1 1 0 , 0 0  | 81,30 5

K 9 | 428267 
j

1473879 | 
j

188,90 1 8 , 0 0 2 , 2 0 3.75 | 9,30 7,60
1

1
1

8 , 0 0  | 82,90 9
K 1 0 | 428970 

j
1473350 | 187,86 | 10,40 2,90 5.30 | 6,40 9,20

1

1

i
10,90 | 76,80 5

K 1 1 | 429021 j 1474400 | j 188,93 1 10.95 2.70
1

5.35 | 6 , 1 0 9,15
1
1

1
10,95 | 82,80 5

K 1 2 I 429021 
j

1475400 | 
j

195,50 1 11,25 j 9,58 5,10 | 7,50 8,90
1 i

11,25 | 1 0 0 , 0 0 9
K 13 | 429021 

j
1476400 | 

j 199,11 1 15,45 j 9,70 12.95 | 13,65 19,25 1

1
15,45 | 6 8 , 0 0 3

K 19 | 429770 
j

1473879 | 
j

186,98 | 10,65 j 2,70
1

5,00 | 6,15 8,50
1

1

i
10,65 | 76,20 5

K 15 | 429770 
j

1472879 | 
j

188,03 1 1 1 , 2 0  j 1,90 9.60 1 6.15 8,50
1

I
1

1 1 , 2 0  | 76,90 4
K 16 j 929770 1971879 | 189.93 1 11,55 3,65

1
6,25 | 6,55 9,90

1

1

1
11,55 | 81,91 5

K 17 | 430525 
j

1472371 | 
j

187,90 1 H . 2 0 2,60 5,75 i 6.90 9,13
1

1
i

1 1 , 2 0  | 66,92 5
K 18 | 430525 

|
1*73350 | 

j 190,10 | 27,90 | 5,50
1

7,40 | 8,85 11,30
1

1
1

27,90 | 89,83 9
K 19 1 930525

J____J 1979900 1
_ L

189,79 1 1 2 , 1 0  

J_____
5,55 8,55 |

___________ l
8,90
______

11,75
1

1

J

i
1 2 . 1 0  | 

____ L
93,71

______________
5

ca

vo

i

k
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V •9 m

Nunber of 
dr i litio Le

Coordinates 
X I Y

Altitudes 
of drill
holes above 
ineon sea 
level 

(m)

Final
depth(m)

Overburden | Oolithes 
to a depth 
of (m)

I Inter
indurées I eolation 
to a depthl to a depth 
of (oi) ! ot (ill)

¡

Oolithes I IVisement
tendres 
to a depth 
of (m)

to a depth 
of (m)

Core recovery | Nunber
J . I ____ I . Í ____in the iron 
ore (X)

of sauries 
in iron 
ore

K 2 0 1 431275 i 1 1473879 | 
j 199.52 1 22.25 | j i 15.35 1I

15,85 18,25 1 21,30 1 22,25 |i 87,53 | 3

X 2 1 1 431275 1 1472879 | j 193,80 1 16.85 | j 10.35
1

1| 11,05 13.15 1 15.65 1 16,85 | ■ 76,60 | 4

K 2 2 I 431275 j 1 1471879 | j 190.77 1 U. 80 |j j 6 , 1 0
1

1 7.60 8.50 1 1 0 , 0 0 1 11,80 | j 85,13 | 3

K 23 I 426769 j 1 1473879 | j 193.43 1 12.60 | j j 8,55
1

1| 8.80 9,00 1 10,80 1 12.60 | 
1

71,11 | 2

K 24 | 426769 j ! 1474910 | i 193.17 1 9,40 | i j 9.00
1
1I n.d. n.d. 1 n.d. 1 9,40 |i 1 —

K 23 | 426769 i 1 1475905 | i 197.39 1 8.50 | j j 3.75
1
1I 7,00 n.d. 1 n.d. 1 8,50 | i 53,85 | 2

K 26 | 426769 j 1 1476915 | j 192.98 1 6.92 | i i 2,35
1

1I 4,37 n.d. 1 n.d. 1 6,92 Ij 77,23 | 1

K 27 | 429770 j 1 1474975 | j 196.88 1 19.20 | j j 13,70
1

1i 15.00 16.20 1 18,30 1 19,20 |j 69,80 | 4

K 28 1 430525 1 1475400 | 191.70 1 8.95 I 4.05
1

1 4.65 6 . 1 0 1 8,55 1 9.95 | 84,08 | 1

Cd

Annex
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ANAI.YSES RESOUS

I Drill- I Sarplel 
1 hole/ I Winter | 
( Trench I I

I

1 No. 
1
1
1 PI* 1 1 1

1 PDK 1 1 2

1
1 Р1Ж l 13

1 PDK 1 16

1 PDK 1 15

1 PDK 1 16
1
1 PDK 1  

1

17

1

i
1 PDK 2 18
1
1 PDK 2 19
1
1 PDK 2 2 0

1
i Р1Ж 2 2 1

1
1 PDK 2 2 2

\
1 PDK 2 
1

23

1

1
1 PDK 3 2*
1
1 PDK 3 25

1 PDK 3 26
1
1 PDK 3 27
1
1 PDK 3 28
1
I PDK 3 29
\
1 Р1Ж 3 30
I______L

Section 
of Simple 
fr<«n - to

(in)

Illicit- 
ness of 
Simple

(oi)

Fe-tot. 

X

Fe2 0 3

X

P2O5

X

S102

X

AI2O3

X

Т Ю 2

X

CaO
+

Ubo

X

ttlO

X

L.O.I.

X

Hydrates

(5000)

X

0 . 0  - 1 . 0 1 . 0 51.67 73,89 1.75 5,36 6.76 0 , 2 1 0,16 0,60 1 , 6 6 10,90

1 . 0  - 2 . 0 1 . 0 52,32 76.65 1.97 5,06 6,58 0 , 2 0 0 , 1 2 0 , 6 8 1.55 12,15

2 . 0  - 3.0 1 . 0 50.02 71,53 2 , 2 0 7,08 5,70 0,23 0 , 1 0 0,29 1,96 11,27

3.0 - 6 . 0 1 . 0 66.56 66,50 2,05 10.37 7,18 0,30 0,16 0,51 1,63 11,60

6 , 0  - 5.0 1 . 0 66,31 63,36 1,76 1 0 . 6 6 9 01 0,38 0,16 0,67 1 , 6 8 11,65

5.0 - 6 . 0 1 . 0 62,97 61,65 1,89 16,% 8,39 0,36 0 , 2 0 0,57 1,32 11,13

6 . 0  - 6,45 0,85 ЭА.28 A8.99 1.38 30,06 8,55 0,36 0 , 1 0 0,29 1,06 9,65

0 . 0  - 1 . 0 1 . 0 50.57 72,32 1,85 5,85 6.80 0 , 2 0 0 . 1 2 0,61 2,35 11,07

1 . 0  - 2 . 0 1 . 0 51,67 73,89 1,83 5,66 6 . 8 6 0,16 0,08 0,61 2.27 11,06

2 . 0  - 3.0 i.o 60,13 57.38 1 , 1 2 23.33 6,73 0,25 0 , 1 1 0,76 2 , 1 1 8,23

3.0 - A , 0 1 . 0 66,31 66.23 1,82 10,71 3.06 0,31 0 , 2 2 0 , 6 8 2,70 10,19

6 . 0  - 5.0 1 . 0 65.69 65,05 1,87 11,06 8,78 0,28 0.20 1 0,58 2 . 6 6 10,70

5.0 - 6 . 0 1 . 0 39.72 56,79 1.63 2 1 , 8 6 8,91 0,30 0,26 1 0 , 6 8  

1

3.51 8,03

0 . 0  - 1 . 0 1 . 0 67.66 6 8 , 1 1 1.61 11,29 6.53 0,33 0,15 0,83 3,10 9.52

1

i
1 . 0  - 2 . 0 1 . 0 51.96 76.29 2 , 2 2 5,65 3,73 0,25 0,18 0,69 2 , 8 8 10,76

1
1

2 . 0  - 2 .A0 0,60 52.26 76,67 2,36 5.16 6,15 0 , 2 1 0,17 0,31 2,55 11,08
i
i

2.60 - З.Л0 1 . 0 38.60 56,90 1,36 26,75 7.30 0,56 0,13 0,38 3,37 7,56

3,60 - A,AO 1 . 0 A8.32 69.09 2 , 0 0 8,70 5.80 0,56 0.15 0,78 3,05 9,71
1
1

6,60 - 5.AO 1 . 0 AA.76 6A , (X) 2.06 11,36 7,63 0,67 0 , 2 1 0,76 3,88 9,21 i
5,60 - 6 . 0 0 . 6 A2,18 60. U 1.85 18,20 6,39 0,62 0,13 0,75 3,29 8 .A8

1
1

- _ _ _ L _ _  . ______ i



ANALYSES RESULTS

Drill
hole/
Trench

No.

S;r ole 
Niroer

_______

Section 
of Sai^>le 
frrm - to

______ ¡ ¡ i t _____

Thick
ness of 
Sample

(m)

| Fe-tot. 
1 

1 

1

1

Fe2 0 j

1

Z

P20 s

*
PUK 4 19 8,75 - 9.75 1 , 0 | 48,07. 68,70 1.51

PI* 4 40 9,75 - 1 0 . 2 0 0,45 | 47,48 67,90 1,87

PI* 4 41 1 0 , 2 0  - 1 1 , 2 0 1 . 0 1 29,61 42,34 0,93

PI* 4 42 1 1 , 2 0  - 1 2 , 2 0 1 , 0 1 43,85 62,70 1.71

P(* 4 43 1 2 , 2 0  - 13,20 1 , 0 | 48,46 69,29 2 , 1 2

PI* 4 44 13,20 - 14,20 1 . 0 1 43,57 62,31 1,84

PI* 4 45 14.20 - 14,60 0.4 | 33,38 
1

47,73 1 . 1 1

PDK 5 46 8,25 - 9,25 1 . 0

1

1
1 47.58 68,04 1,49

PI* 5 47 9,25 - 10,25 1 , 0 1 51,71 73,94 2,15

PI* 5 48 10,25 - 11,25 1 . 0 1 47.03 67,20 2 , 0 0

PI* 5 49 11,25 - 11,65 0,4 1 47,31 67,60 1,93

PI* 5 50 11.65 - 12,65 1 , 0 1 37,13 53,10 1.47

PI* 5 51 12,65 - 13,65 1 . 0 1 43.18 61,70 1,92

PI* 5 52 13.65 - 14,00 0,35 | 40,16 
1

57,39 1.61

PI* 6 53 0.50 - 1,50 1 . 0

1

1
1 48.51 69,37 1,30

PI* 6 54 1,50 - 2,50 1 , 0 1 45.63 65,24 1.59

PI* 6 55 2,50 - 3,50 1 . 0 | 44,53 63,67 1,33

PI* 6 56 3,50 - 4,60 1 , 1 0 1 41.37 59,15 1,23

PI* 6 57 4,60 - 5,60 1 , 0 1 42,33 60,53 1.37

PI* 6 58 5,60 - 6 , 0 0 0.4 1 37,24 53,26 1,16

PI* 6 59 6 , 0 0  - 6,40 0.4 1 41,37 59,15 1,47

PI* 6 60 6,40 - 6,80 0,4 1 33.67 48,15 0,96
PI* 6 61 | 6,80 - 7,15 | 0.35 | 39.85 56.99 1 1.35

_______ 1 J 1 ! 1

1 S 1 0 2

1

1

I V

a i 2o 3

z

TI0 2

X

r f
1 * 0

X

ft*)

z z

Hydrates

(500°)

Z

1 8,77 6,13
T

0.28 0,09 0,71
r  r
1,24 | 11,77

1
1
1
10,57 6.37 0,30 0 , 1 0 0,42 1,26 | 12,08

1 37,43 7.59 0,45 0,13 0,24 1,18 | 8,40
!
ij 14,59 7,06 0,46 0 , 1 0 0,38 1,31 | 10,99

ii 7,83 6,18 0,43 0 , 1 0 0,54 1,57 | 11,29

ii 12,84 8.52 0,41 0 , 1 2 0,39 1.28 | 11,46

i
ii
28,61 9,13 0,85 0 , 2 1 0,32 1,27 | 9,58

i
i 8.82 6,09 0,19 0 , 1 0 0,84 4.56 | 8,85

i 4,58 5,38 0 , 2 1 0,07 0,43 3,70 | 10,23

ii 9,33 6,52 0 , 2 2 0,08 0,V. 4,76 | 9,66

i 8,79 5,67 0 , 2 2 0,09 0,29 4,73 | 9.11

i 23,13 9,45 0,42 0 , 1 0 0,25 4,40 | 6 , 6 6

i 15,98 7,82 0,28 0 , 1 1 0,29 5,58 | 6,83

i
i
21,97 5,87 0,23 0 , 1 0 0,26 4.93 | 6,19

i
i 7.27 5.47 0,14 0 , 1 2 1,08 4,58 | 9,28

i 12,36 7,80 0 , 2 2 0,06 0,37 3,80 | 9,44

i 13,77 8.17 0,25 0,08 0,30 3,68 | 9,35

i 19,26 8,63 0,35 0 , 1 0 0,40 5,05 | 6,69

i 16,50 8,55 0,58 0 , 1 2 0,26 4.87 1 7,19

i 26,48 8,19 0,52 0 , 1 0 0,18 2,97 | 7,71)

i 18,08 7,85 0,60 0 , 1 0 0,28 5,11 1 6 , 2 0

27,00 11,17 1,06 0 , 1 2 0,17 4.20 ! 6,89 1
\ 19,78 1 9,63 0,65 0 , 1 0 0.26

1
3.26 1 8,55

!

L___J _ 1  __L

ex



ANALYSIS RKSIH.I

Drill
hole/
Trench

No.

PI* 7 62

Р1Ж 7 63

PI* 7 64

PI* 7 65

PI* 7 6 6

PI* 8 1 0 1

PI* 8 1 0 2

PI* q 83

PI* 9 84

PI* 9 85

PI* 9 8 6

PI* 9 37

PI* 9 8 8

PI* 1 0 75

PL* 1 0 76

PI* 1 0 77

PI* 1 0 78

PI* 1 0 79

PI* 1 0 80

PI* 1 0 81

PI* 1 0 82

PI* 1 0 99

PI* 1 0 1 0 0

SampleNuiber Section 
of Sample 
fr<«n - to

(m)

Ihick- 
ness of 
Sample

(in )

1 Fe-tot.
i
i
i
1 x г

P2«5

1

— 0.70
1
1 40,39 57.76 0,57

0.75 - 1.75 1 . 0 I 48,92 69.96 1.34

1,75 - 2,75 1 . 0 1 46.45 66,42 1,44

2.75 - 3.75 1 , 0 1 39,17 56,01 1,23

3.75 - 4.80 1.05 1 35,32 
1

50,51 1,15

0 , 0  - 1 . 0 1 . 0

1
1
j 52,52 75.10 1.23

1 , 0  - 2,50 1 1,50 
1

1 49,58 
1

70,90 1.63

0 1 . 0 1 . 0

1

1
1 46,86 67,01 1.19

1 . 0  - 2 . 0 1 , 0 1 48.10 68,78
!

1,34

2 , 0  - 2.9 0,9 1 34.36 49,13 1,09

2.9 - 3,70 0 , 8 1 17,32 24,76 0.51

3.70 - 4,70 1 . 0 I Al,50 59,35 1,61

4,70 - 5,50 0 . 8 1 36.56
I

52.27 1.44

0 1 . 0 1 , 0

1

1
1 51,61 73,80 0,84

1 . 0  - 2 , 0 1 , 0 1 46,09 65.90 0 , 8 8

2 . 0  - 2 . 2 0 0 , 2 j 43,44 62,12 1,26

2 . 2 0  - 2,40 0 , 2 1 48,59 69.49 1,73

2,40 - 2.90 0.5 1 44,34 61,40 1,47

2.90 - 3,90 1 . 0 1 29,39 42.02 0,59 1

3,90 - 4.20 0.3 1 14,52 20,76 0,47

4.20 - 4.70 0,5 1 19.27 27.56
1

0 , 6 6  1

4.70 - 5.70 1 . 0 1 43.57 62,30 1,98 j

5.70 - 6.60 0.9 1 36.74 52,53 1.61 1

______L _ ______ ______ 1



s

Sin? M 2<>1 TiO;> CrtO-1 Mr*) Hydrates

MRP (500°)

X
1 - * -, X * X X T

27,65 3,65 0,11 0,06 0,28 1,66 8,10
7,98 7,20 0,22 0,32 0,60 2,31 11,12
10,16 7.88 0,27 0,12 0,66 2,50 10,92

18,62 11,60 0,35 0,16 0,38 2,12 10,77

26,69 10,61 0,68 0,16 0,37 2,00 9,27

5,32 6,66 0,21 0,12 0,69 2,28 10,93

7,61 5,03 0,28 0,10 0,33 2,32 11,09

n ,o o 6,12 0,22 0,12 0,26 3,38 9,05

11,89 5,63 0.20 0,10 0,26 3,15 9.66

35,97 5,52 0,30 0,08 0,20 2,63 6,65

56,76 10,92 0,82 0,12 0,12 2,60 5,55

17,76 9,20 0,63 0,16 0,36 3,66 8,91

27.30 8,00 0,32 0,16 0,27 6,28 6,52

7,20 6,63 0,21 0,11 0,51 2,7*0 10,65

13,12 6,96 0,23 0,19 0,31 2,29 10,10
18.36 5,03 0,20 0,21 0,66 1,98 9,55

10,07 6,88 0,19 0,17 0,36 2,50 10,23

16.62 5,65 0,23 0,17 0.28 2,66 9,39

60,67 6,98 0,3 7 0,19 0,21 2,02 6,26

57.55 12,21 0,81 0,30 0,17 3,78 6,26

50,26 10,21 1,69 0,32 0.16 3,69 6.27

15,66 6,80 0,36 0,17 oO 2,22 10,00
79,16 6,78 0,33 0,19 0,33 2,62 7.77

J_ _ _ _ 1___ J_ _ _ I_ _ _ !_ _ _ L

Annex
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ANALYSES BF.SIB.TS

Drill
hole/
Trench

No.
________

S<ii«)Le
Nunoer

| Section 
j of Sample 
| frun - to

J_____ w _______

Thick
ness of 
Sample

(m)

| Fe-tot. 
1 

1 
1

J ___ X x .

P2O5

X

1 SIO2 

1 X

Al2°3

X

1 Ti0 2  

1 X

T.aO
+

Ugo

X

ttiO

X

L.O.I.I
1
1

X

Hydrates

(500°)

X

PI* u 239 1 1.0 - 2 . 0 1.0
I
| 42,22 60,3/ 1,85

1
1 16,93 6,59

1
1 0,31 0,24 0,52

1
0 , 6 8  | 11,40

PI* 13 240 1 2 . 0  - 3.0 1 , 0 1 45,58 65.18 1,84 1 13,84 5,63 1 0 . 3 4 0,15 0,31 0,98 | 11,15

PI* 13 241 1 3.0 - 4.0 1.0 1 41,62 62,37 1,85 1 13,36 7,83 1 0,18 0,14 0,38 0,98 | 11,78

PI* 13 242 1 6.0 - 5.0 1.0 1 40,51 57,96 1,71 1 19.68 7,70 1 9.33 0,16 0,35 0,77 | 10,99

PI* 13 243 1 5.0 - 6.0 1.0 | 31,66 
j 48,13 1,46 1 31,82 7,01 1 0,36 0,15 0,35 0,63 | 9,55

PI* 13 244 1 6,0 - 7.0 1,0 | 26,32
1j

37,51 1,02 1 43,76 8,06 1 0.38 0,19 0,17 0.68 | 8,09

PI* 14 103 1 0.90 - 1,90 1,0

1
1
1 53.63 76,70 1,89 1 4,34 4,01 1 0.25 0,08 0,39 2.64 ( 10,37

PI* 14 104 1 1.90 - 2,80 0.9 | 50,06 71,58 1,97 1 8,08 5.47 1 0,32 0,08 0,29 1,98 | 11,08

PI* 14 105 1 2.80 - 3,25 0.45 1 41,81 59,78 1,62 1 18.21 8.58 | 0,60 0,10 0 25 2,93 | 9,01

PI* 14 106 1 3.25 - 4.25 1.0 | 44,28 63,32 2,01 1 12.65 8,58 1 0,44 0,10 0,34 3,91 | 9,02

PI* 14 107 1 4,25 - 5.25 1.0 1 43,70 62,49 2,00 1 12,84 9,27 1 0.32 0,16 0,55 3.15 | 9,83

PI* 14 108 1 5.25 - 6.25 1.0 1 35.21 50,16 1,51 | 25,90 9,83 1 0,52 0,24 0,33 2,22 | 9,07

PI* 14 109 1 6.23 - 7.35 1,10 | 28,33 
1

40,51 1,16 | 39,26 8,84 1 0,48 0.16 0,20 3.36 | 5,91

PI* 13 n o 1 5,90 - 7.0 1.10

1
1
| 46,84 66,99 1.18 | 12,92 6,16 1 0,25 0,13 0,17 0,73 | 11,57

PI* 13 111 1 7.0 - 7.25 0,25 | 46,84 66,99 1,38 | 14.40 4,95 1 0,21 0,12 0,17 0,94 | 11,06

PI* 13 112 1 7.25 - 8,35 1,10 | 46,70 66,79 1,65 1 13.16 5,52 1 0,18 0,10 0,14 0.82 | 11.39

PI* 13 113 1 8,35 - 9,30 0,95 1 31.42 44,91 0,81 | 39.50 6.03 1 0.38 0,13 0.12 0.52 | 8,09

PI* 13 114 1 9.30 - 10,0 0,70 1 19.21 27,48 0,42 1 56,25 7,68 1 1.18 0.17 0,05 0,44 | 6,3?

PDK 13 115 1 10.0 - 11.0 1,00 | 41,66 59,57 1.79 1 17,95 7.80 1 0,36 0,14 0,21 1,00 | 10,96

PI* 13 116 | 11,00 - 11.70 0,70 1 36,31 
1

51,95 1,60 | 28,59 6,67 1 0,39 0,11 0,19 0,66 | 9,67

Annex



mh

I

i i

Drill
hole/
Trench

No.

Saiple
Nunbet

Section 
of Sample 
from - to

(m)

Thick- | 
ness of j 
Sample j

(<n) I
PDK 16 

PI* 16

117

118

0.0 - 1,0
1 .0  -  2 .0

1.0
1.0

Pi*
1

16 11 119
1
1I 2.00 - 2,70

1
1I 0.7

Pi*
I

16 1 
!
120

1
1
1

6,70 - 5.85
1
1
1

1.15

PI* 17 | 229 j 1I 0,0 - 1.0 1i l.o

PI* 17 | 230 j
1
1t 1.0 - 2.0

1
1i l.o

PI* 17 I 231 j
t
1| 2.0 - 3,0 11 l.o

PI* 17 | 232 j
1
1I 3.0 - 3.70

1
11 0,70

PI* 17 | 233 j
1
1I 3,70 - 3,90

1
11 0,20

PI* 17 | 236 j
1
1I 3,90 - 6,50 11 0.60

PI* 17 | 235 j
1
1I 6,50 - LPi00

1
11 1.35

PI* 17 | 236
11

1
1
1I

5.85 - 6.25
1
1
11

0,60

PI* 18

1
1
| 201 j

1
1
1I 2.15 - 3.0

1
1
1 0.85

POK 18 | 202 j
1
1| 3.0 - 6.0 11 1,0

PI* 18 I 203 j
1
1 6.0 - 5.0

1
11 1.0

PI* 18 | 206 |
1
1j 5.0 - 6.0

1
11 1.0

PI* 18 | 205
1
1 6,0 - 7.0

1
1 1.0

PI* 19 | 251 
j 11

1.60 - 2,60 1I 1.0

PI* 19 1 252 
1

1
1
1

2.60 - 3.60
1
1
1
l.o

ANALYSES RESULTS

Fe-tot.

X

FejfT)

*

P2O5

*

1 Si(>2 

1 1

Al/>3

*

1 1 0 2

X

Can
+

MrO

X

ftiO

*

L.O.I.I Hydratet. j 

(500°) | 

X |

68,65 69.57 1.15
1
| 10,90 5,78 0 , 2 1 0 , 1 0,61

--- M
3,96 | 8.28 |

51,53 73,69 1,28 1 7,13 5,66 0 , 2 0 0,09 0,31 3,36 | 9,96 |

67.61 67,80 1 , 6 6 | 10,96 7,07 0 , 2 1 0,06 0,26 5,06 | 7.99 |

61,91 59,96 1,65 | 15,68 8,75 0,36 0,08 0,37 3.08 | 8.78 |

69,71 71,09 1.26 ! 1 0 . 1 2 4,68 0,29 0,08 0,60 2,70 | 9,86 |

69.29 70,69 1.59 1 9,86 6.79 0,29 0,08 0 , 2 0 2,56 1 10,62 |

68.16 68,85 1.59 1 11,51 6,62 0,26 0 , 1 0 0 , 2 0 2,51 I 1 0 , 6 6  |

66,60 63,50 1,29 1 18.70 6,65 0,30 0,07 0,33 2,61 | 9,18 |

20.26 28,95 0.60 1 56,30 6 , 2 1 0,95 0,09 0,07 1,36 | 5,29 |

38,56 55,11 1,36 1 23,62 7,28 0.55 0,08 0,33 2,29 | 8,72 |

21,92 31,15 0,50 1 62,91 13,02 1,59 0 , 1 2 0,09 1,76 | 7,81 |

66.56 63,70 1,80 1 15.31 6,56 0 , 6 8 0,09 0,28 2,57 1 9,67 |

62,01 60,07 1,26 | 16,98 7,89 0,63 0,16 0,66 3,28 | 9.97 |

69.10 70,22 1.55 1 7,08 5,60 0,32 0,18 0,36 3,10 1 11,26 |

66,70 63.93 1,38 | 13,82 7,23 0,67 0 , 1 2 0,26 3,73 | 10.27 |

66,56 63.72 1.29 1 15.37 6,63 0,36 0,16 0,69 2,85 | 12,76 |

36,76 52,56 1.11 1 23,75 8,66 0,7H 0,18 0,27 2.23 | 9,72 |

50.65 72,63 1.56 1 7,16 6,76 0,25 0,16 0,90 1,59 | 11,77 |

50.26 71,86 2,06 1 7.08 5,93 0,25 0,08 0,26 1,50 | 12,65 |

W
N)
O'

j
A
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ANALYSES RESULTS

Drill
hole/
Trench

No.

Snmple 
Nt inner

Section 
of Sanple 
frtin - to

(m)

| Thick- | Fe-tot 
| ness of j 
| Simple jI I

PI* 19 1 253
T
1 3,60 - 6,50 1.10

—
66,59

Pi* 19
1
1 256

1
1 6,50 - 6.0 1.50 63,87

PI* 19
1
1
1
255

1
1
1

6.0 - 6,90 0,90 66,05

PI* 20 301

1
1
1 3.0 - 6.0 1.0 66,77

PDK 20
1
1 302

1
1 6,0 - 5.0 1,0 68,69

PDK 20 303
1
1 5.0 - 6,0 1.0 61,13

PI* 20 306
1
1 6.0 - 6,35 0,35 39, 36

PI* 20 305
1
1 6,35 - 7,0 0,65 65,39

PI* 20 1 306
1
1j 7.0 - 8.0 1.0 67.06

PI* 20 1 307
1
1 8.0 - 9,0 1.0 66,02

PI* 20 1
I
308

1
9.0 - 10,15 1.15 62,92

PI* 21 277

\
1
1 0.0 - 1.0 1.0 52,36

PI* 21 1 278
1
1 1,0 - 2,50 1.50 68,31

PI* 21 279
1
1 2.0 - 3.IX) 0,50 61,61

Pi* 21 280
1
1 3.1» - 6,00 1.0 67,67

PI* 21 281
1
1 6,00 - 5,00 1.0 67,23

PI* 21 1 282
1
1 5,00 - 6,00 1.0 66,53

PI* 21 1 283
1
1 6,00 - 7,50 1,50 60,11

PI* 21
1
1
1
286

1
1 7,50 - 9,00

1
1,50 | 36,05

. 1  _

Fe2(>) P?05

66.62

62,72

65,86

66,88

69,63

58,81

56.26 

66.91

67.27 

62,96 

61,37

76,80

69.09

59,50

67,89

67.56

66.56 

57,35

51.56

1.76 

1,62 

1,83

1.56

1,93

1.51 

1,36 

1,87 

2,06

1.76 

1.75

1,86

2,06

1.51 

2,01 

2,30 

2,17 

1,8) 
1,62

Si02

11,53

17,93

12,20

9,91

7,66

20,27

21,90

11,55

10,09

13,06

15.66

6,80

11,52

18,72

9.66 

9,31

10,32

18,97

27,30

A120t TiÔ

6,09

6.21

5.86

6.75

5.31

5.75

9.32 

7,05 

6,50 

8,72 

7,63

3.75 

6,31

7.75 

6,58 

6,57 

7,25

7.87 

7,00
____ J..

0,31

0,58

0,28

0,26

0,15

0,23

0,52

0,39

0,66

0 ,66

0,37

0.10 
0,13 

0,59 

0,37 

0,67 

0,35 

0,56 

0,5)

OiK) |+ I Mro | I
ttlO IL.0.1.1

I

0,10 
0.15 | 

0,11
I

0,06 I
0.06 | 

0,06 

0,06 

0,12 

0,10 

0,12 

0,08

0,07

0,08

0,09

0,56

0,36

0,69

0,69

0,62

0,32

0,27

0,38

0,61

0,62

0,36

0,80

0,33

0,61I
0,09 | 0,36I
0,10 | 0,52I
0,16 | 0,69I
0,16 | 0,56I
0,16 j 0,60
__-J___

Hydrates

(500°)

X

1,66 |I
1,77 |I
1,60 |

I
2,33

2,29

2,18

2,08

2,09

2,03

2,17

2,16

2,36

2,32

2,11

2,23

1,93

2.13 

2,31

2.13

12.09 

10,05 

12, (X)

10,86

11,20

9,68

9.76 

10,39 

10,68

10.50 

10,25

11.10

10.51 

9,86 

10,69 

10,93 

10,91

9.76 

8,72
N>
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AMAI.YSRS RF.SIll.TS

Drill
hole/
Trench

No.

Saiule
Niuner

Section 
of Sample 
frim - to

______ is)______

Thick
ness of 
Sample

(">>

Fe-tot.

*

Fe2l>j P2f>>

*

j SJ(>2 

1 *

AI2O 3

X l

OK)
+

1*0

fttO

X

L.O.I.

X

tlydralea j 

(500°) | 

X

PI* 22 343 0 , 0  -
1

1.0 1.0 52,36 74,55 1,89
1
I 4,40 3,99 0,14

r  n  
0,08 0 , 8 8 2,87 10,41

PI* 22 344 1.0 - 2 . 0 1 . 0 69.52 70.81 1.95 1 7,78 5,6? 0,19 0 , 1 2 0,49 2 , 8 6 10,64

PI* 22 345 2 . 0  - 3.15 1.15 43,60 62,35 1.76 1 >6.43 6 , 1 1 0,*5 0 , 1 2 0,45 2,63 9,40

PI* 22 346 3.60 - 5.00 1,40 47.32 62,67 2 , 2 1 1 9,48 6,06 0,27 0 , 1 0 0,51 2,49 10,17

PI* 22 347 5.0 - 6 . 0 1.0 42.92 61,37 2.19 1 14.53 8,06 0,35 0,14 0,61 2,58 10,32

PI* 22 348 6 . 0  - 7.40 1,40 41,26 59,01 1.91 1 17,47 
1

7.71 0,19 0,08 0,50 2,65 9,48

i PI* 23 309 0 . 0  - 1 , 0 1 , 0 52,07 74.46 1.76

1

1 4,54 3,95 0 , 1 1 0 , 1 2 0,91 3,28 9,66

PI* 23 310 1 . 0  - 2 . 0 1 , 0 51,66 73.87 2 . 1 1 i 5,40 4,26 0 , 1 1 0 , 1 0 0,26 3,09 10,36

PI* 23 311 2 . 0  - 2,80 0,80 50,96 72,88 2,06 1 6,44 3,76 0 , 1 1 0,09 0,39 2,75 10,03

PI* 23 312 2,80 - 3.25 0,45 39.12 55,94 1.51 | 2 1 , 1 0 7,74 0.47 0,14 0,39 2,33 9,02

PI* 23 313 3,25 - 9.0 0.75 43,03 61,54 1,82 1 14,70 7,36 0,45 0,13 0,50 2,55 9,66
1
PI* 23 314 4.0 - 5.0 1 . 0 45,55 65,03 2,07 1 U.33 7.51 0,39 0,08 0,48 2,57 9,94

PI* 23 315 5.0 - 6 . 0 1 . 0 41.82 59,81 1.92 1 14,85 8.13 0,37 0,14 0,61 2,96 9,68

PI* 23 316 6 . 0  - 7.20 1 . 2 0 39.47 56,44 1,71 1 21,19 6,98 0,39 0 , 2 0 0,58 2,67 8,99

PI* 23 327 7,20 - 7.80 0,60 30,47 43,57 1 . 2 1 1 37,73
I

6.19 0,41 0,17 0,51 2,14 7,14 j

PI* 2/. 206 0 . 0  - 1 . 0 1 . 0 52.23 74,68 1.78

t
1
| 5,11 4,46 0,24 0,14 0,31 1,99 12,29

j PI* 24 207 1 . 0  - 2,15 1.15 49,67 71,03 1.89 1 10.03 3,94 0,26 0 . 1 0 0,40 2 , 0 2 10,79

PI* 24 208 2,15 - 2,60 0.45 43,57 62.30 1.43 | 16,80 5.97 0,50 0 , 2 0 0,56 2,55 9,63

PI* 24 209 2,60 - 4.0 1.40 47,26 67.58 1.87 1 10,52 6,28 0,53 0,18 0,60 2,78 10,36

PI* 24 2 1 0 4.0 - 5.35 1.35 45.70
. J

65,35
. _

1,89
1
1 11.83 
1

6,97 0,47
_____ J

0,16
L____ J

0,63
______

2 , 2 1

L  J
11,32

L_
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Drill- I Simple 
hole/ I Nunber 
Treoeh I 

No. I

Sect ion 
o( Simple 
iron - to

(m)

I Ihick- 
I ness of 
j Simple

I (m)

Fe-tot.

I
1 PDK 27 1i i 216 1 1.0 - 1,80 0,80

,
65,72

1 1 
j PDK 27 j j j 215 1 1,80 - 2,20 0,60 39,97

1 Р1Ж 27 1 j j 216 1 2.20 - 3,20 0,90
;

66,66

1 Р1Ж 1 1 1 j j 217 1 3,20 - 6,30 1,10 63,68

1 Р1Ж 1 1 1 218 1 6,30 - 5,60
j

1,30 33,261 1
1 Р1Ж n  1
1 1 1 1

219 1
1

5,60 - 6.15 0,55 28,21

1 I
1 РОС 28 1 
j j 182 1 0.0 - 1.0 69,67

j PI* 28 J 183
1 1.0 - 2,60 1.60 50,16

1 PI* 28 1 j j 186 2,6» - 3,20 0,80 61,78

1 PI* 28 1 j j 185 1 3,20 - 6,20 1.0 66,80
1 1 
1 PI* 28 j j j 186 1 6.20 - 5,20 1.0 63,98

1 Pt* 28 1 j j 187 1 5,20 - 6,30 1,10 60,82

1 PI* 28 1 j j 188 1 6,30 - 7,30 1,00 36,69

1 PI* 28 I
1 1 i i

189 1
1

7.30 - 8,10 0,80 27,90

1 1 
1 1 
1 PI* 29 1 
j j 190

1
1 0,0 - 1,65 1.65 50,57

1 PI* 29 1 j j 191 1 1,65 - 2,80 1.35 66,25

1 PI* 29 1 j j 192 1 2,80 - 3,50 0.70 29,68

1 PI* 29 1 j j 193 1 3,50 - 6,50 1.0 19,85

1 PI* 29 1 j j 196 1 6,50 - 5,50 1,0 39,58

1 PI* 29 j 195 1 5,50 - 6,80 1,30 61,78



m

ANALYSES RESULTS

Fe2<>3 | 

1 -1 X

S i (>2

X

AI2O3

X

T102

*

CuO
+

Mko

*

№)0

* X

Hydrate»

(500°)

X
1

65,38 | 1,91 13,05
'

5,50 0,29 0,16 0,18 1,01 11,35

57,16 | 1,50 21,09 6,53 0 ,61 0 ,26 0 ,30 1,09 10,32

63,58 | 1,96 12,72 6,93 0 ,36 0,26 0,62 0,98 11,50

62,17 | 1,90 16,82 7,05 0,31 0 ,30 0,63 0.92 11,65

67,53 | 1,31 31,36 7,68 0 ,39 0,27 0,32 0,87 9,68

60,36 | 1,08 61,26 6,98 0,35 0,23 0 ,19 0,81 8,06

70,75 | 
j

1,82 7,17 6,25 0,16 0,09 0,33 3,56 9,62

71,73 | 2,18 6,39 5,86 0,15 0,07 0,39 3,27 10,30

59,76 | 1.25 17,35 7,89 0,32 0,22 0.91 2.52 8,55

66,07 | 1,80 13,84 8,36 0,32 0,30 0 ,56 3,76 9,00

62,89 | 2,00 11,25 9,23 0,31 0,16 I 0,66 6 ,07 8,99

58,37 | 1.79 18,03 7,98 0,36 0,27 0,66 6,26 7,76

52,67 | 1,69 26,78 8.26 0,31 0,19 0,66 3,79 7,51

19,89 | 1,01 38,05 8,17 0,36 0,13 0,23 6 ,05 5,25

72,32 | 1,77 6,69 5,81 0 ,25

1
1

0 ,28  l 0 ,36 2,31 10,62

63,28 | 1,39 16,60 6.70 0,22 0,11 0,26 2,20 9,96

62,65 | 1,02 36,62 8.17 0,33 0,17 0,27 3,17 5,86

56,99 | 1,62 20,62 8,32 0,61 0,26 0,35 1,87 9,60

56,60 | 1,70 18,82 8,8/. 0,32 0 ,16 | 0,37 1,59 10,01

59,76 | 1,79
_____J______

15,99 8 ,88 | 0,35
..... ...1 . .... .

0,16
L _ .  J

0,37 1,78
_

10,76

Annex



Drill' I Sanple 
Itole/ I Nutiher 
Trenclt i 

No. I

Section 
of Sanple 
Iran - to

On)
PI* 30 263

PI* 30 264

PI* 30 265

PI* 30 266

PI* 30 267

PI* 30 268

PI* 30 269

PI* 30 270

PI* 30 271

PCX 31 11 256

PI* 31
1
1I 257

PI* 31
1
1I 258

PI* 31
1
1I

259

Р Ж 31
1
11 260

PI* 31
1
1I 261

PI* 31
1
1 262

PI* 32 1I
291

PI* 32
1
I 292

PI* 32
1
1I 293

PDK 32
1
1 294

0 .0  - 0 ,90

0 ,90  - 1.75

1.75 - 2.40

2.40 - 2.75

2.75 - 2,95

2.95 - 4 .0

4 .0  - 5 .0

5 .0  - 6 .0

6 .0  - 6,60

0 ,0  - 1 .0

1 .0  - 2 .0

2 .0  - 3 .0

3 .0  - 3,30

3.30 - 4,30

4 ,30 - 5.30

5,30 - 6,30

0 ,0  - 1 ,0

1.0 - 1,60

1,60 - 1,90

1,90 - 3 .0

I 'Utlek- 
I пеяв of 
I Snmple

[ w  _
0,90 

0.85 

0.65 

0,35 

0,20 

1,05 

1.0 
1.0 

0.6

1,0 

1.0 

1.0 

0.3 

1.0 

1,0 

1,0

1.0 

0,6 

0,3 

1.10

Fe-lot.

I 48,04I
I 50.27

I 50.55I
j 34.21 

I 47,59I
I 48,69I
I 46,49 II II «.12 II
38,24 I

I 52.45 I52,45 

I 50,36I
I 49,02I
I 41,74I
I 47.34 

48,61 

46,38

I 52,48I
50,14

41,75I
46,00

. 1



ANALYSES HESIII.TS

Fe^Ô

X

P2<>5

x

SiO-2

x

AI2O3

X

3'i02

X

CnO
♦

W>

X

H O

X

L.0 . 1.1

1

IlycJrutes

(500°)

X

68,70 1,91 11,27 5,51 0 , 6 6 0 , 1 0 0,35
1

1 .1 1  1 10,93

71,89 1,76 9,36 6.03 0 ,19 0 ,08 0,25 1.15 I 11,56

72,29 1.71 7,89 5,06 0,13 0 , 1 0 0,61 0 , 8 6  | 12,26

68,93 1 ,22 35,07 6,98 0,36 0,16 0,31 0 .80  | 8,36

68,06 1.81 11,60 6 ,6 8 0 ,39 0 , 2 0 0,36 3.15 | 8,73

69,63 2,16 7,96 5,00 0,28 0 ,1 2 0,63 3,72 | 9,01

6 6 ,49 2.30 8,37 6,65 0,27 0 ,16 0 ,6 6 3.63 | 9,56

66,52 2 ,1 2 16,66 5,61 0,25 0 ,1 2 0 ,60 2,80 | 8 ,6 6

56,68 1,30 25,06 6,76 0 ,35 0 ,1 2 0,35 3,07 | 8 ,0 2

75,00 1.52 5.75 6.35 0 ,2 1 0,15 0,38

1

1,56 | 11,85

72,01 1,42 7,76 6,67 0,23 0 ,1 2 0,25 1.62 1 11,92

70,08 2,05 10,10 6,67 0,25 0,11 0,19 1,63 | 11,8/.

59,69 1.13 19,86 7,21 0,6B 0,13 0,39 2,31 | 9,63

67,69 1.81 12,15 5,80 0,38 0,12 0,39 1,71 | 11,05

69.31 2,21 8,32 6,18 0,33 0,12 0,39 1,76 | 11,57

66,32 2,09 10,96 6 , 7 7 0,35 0 ,1 2 0,38 1,55 | 11,57

75,05 1,81 V«5 2,61

O
'

o
’ 0,13 0,25 1,62 | 12,59

71,69 2,19 8,63 3,11 0,28 0,17 0,21 1,73 | 11,75 j

59,70 1,81 19,16 6,31 0,61 0,17 0,33 1,39 | 10,63 1

65,79
J

1,95 11.93 6.30 0,56 0,21
. J

0,38 1,25 | 11,97

Annex



Drill
hole/
Trench

No.

Sample
Nuroer

Section 
of S»n|)le 
fran - to

On)

ITiick- 
neas of 
Sanqile

On)

| Fe-tot. 
!
1i
i 1

PI* 32 295 3,0 - 4.50 1.50
'1
| 45,58 
1

PI* 33 356 0,0 - 1,45 1.45

1 1

1 54.78

PI* 33 357 1,45 - 2.50 1.05 | 45,47

PI* 33 358 2,50 - 3.50 1,00 | 40.22

PI* 33 359 3,50 - 4,10 0,60 1 32.12 
1

PDK 34 340 0.0 - 1,70 1.70

1
1
| 49,96

PI* 34 341 1,70 - 3.30 1,60 | 44.70

PI* 34 342 3,30 - 4.10 0,80 1 34,63 
1

PI* 35 352 0.0 - 1,00 1,00

1
1
1 50.87

PI* 35 353 1,00 - 2.15 1.15 | 49.58

PI* 35 354 2.15 - 3.15 1.0 1 50,49

PI* 35 355 3.15 - 4,70 1.55
1
| 41.88
i

PI* 36 349 0.0 - 1,00 1,00

i
i
1 50.34

PDK 36 350 1,00 - 2,20 1,20 | 39.06

PI* 36 351 2.20 - 4,00 1,80 1 39.67 
1

PI* 37 196 5.00 - 6,00 1,00

1
1
1 52.91

PI* 37 197 6.00 - 7.00 1.00 1 47.27

PDK 37 198 7.00 - 8.00 1,00
1
1 47,82 
1 
1 
1



ANALYSES RESULTS

f e2°3

■X

r-z <>S 

X

| SiO? 

1 -  1

* l2°3

X

1 1102 

1 *

ChO
♦

ifeP

X

f-tlO L.O.T.I
1
1
1

1 1

Hydrates

(500°)

X

65,18 1,36
1
1 14,70 4 ,58

1
1 0,51 0,17 0 ,38

1
1,12 | 11,00

78,34 1,52 1 4,58 2,78 I 0 ,16 0 ,10 0 ,28 1,00 | 11,78

65,02 1,89 1 H.61 6,89 1 0 ,38 0,12 0 ,39 0,91 | 11,71

57,51 1,82 1 21,20 6,54 1 0 ,40 0,12 0 ,40 0,99 | 10,37

45,93 1,32 1 37,48 6,17 1 0,44 0 ,10 0,28 0,87 | 8,32

71.44 1.51 1 8,64 4,97 1 0,24 0,18 0 ,19 2,60 | 10,44

63,93 1,83 | 13,09 7,22 1 0.34 0,14 0,48 3,49 | 9,66

48,52 1,37 | 34,36 6,29 I 0,32 0 ,16 0 ,25 1,75 |j 8 ,10

72, U 1,22 1 7,61 4,45 1 0,19 0,07 0,26
|

1,03 | 11,75

70,89 1.61 1 8,14 4 ,58 1 0 ,18 0,08 0,21 1,57 | 11,69

72,21 2,06 1 8.00 4 ,85 1 0 ,39 0 ,10 0 ,38 1.54 | 11,71

59,89 1.95 1 17,65 7,09 1 0,29 
1

0 ,09 0,36 1,22 | 
!

10,90

71,99 1,45 1 9,03 j 4,65

1
1
1 0,25 0,08 0 ,40 2.17 | 9,96

55,86 1,35 | 24,64 5,89 1 0,26 0,10 0 ,29 2,60 | 8,88

56,73 1,44 | 22,01 

I

6,46 1 o . u  
1

0 ,10 0,44 2,71 | 
1

8,56

75,66 1,09 1 5,95 4.12

1

i 0.12 0 ,10

1

0,36

1
1

3.11 1 9,61

67,60 1,40 1 15.56 3.40 1 0 ,12 0,12 0,53 | 2,07 | 9,43

68,39 1.47 1 14,53 4 ,79 1 0,14 0,09 0 ,98  |
I

3,32 | 8,69

I '__J_

Annex



•9

I
Drill- 

| hole/
| Trench 

No.

Sanple| Section 
Niiiier j of Sample 

| frun - to 
1
1 (m)

Thick
ness of 
Sample

(m)

Fe-tot.| 

X

PI* 37 199 8,00 - 8,65 0,65 40,54

PI* 37
1

200 9.80 - 10,60 0,80 40,13 !

1
1
| PDK 38 330 0,00 - 0,80 0,80 48,56

PI* 38 331 0,80 - 1,60 0,80 46,77

PI* 38 332 1,60 - 2,80 1,20 30,95

PI* 38 333 2,80 - 3,80 1,00 46,77
| PI* 38 334 3,80 - 5.00 1,20 30.06

PI* 39 326 0.0 - 1,15 1,15 48,75

PI* 39 327 1,15 - 2,00 0,85 26,37

PI* 39 328 2,00 - 3,00 1,00 46,83

PI* 39 329 3,00 - 4,00 1,00 40.51

PI* 40 324 0,0 - 1,00 1,00 46,28

PI* 40 325 1,00 - 1,80 0,80 37.78

PI* 41 318 0.0 - 1,00 1,00 50,90

PI* 41 319 1,00 - 2,00 1,00 51,17

PI* 41 320 2,00 - 3,00 1,00 46,22

l‘UK 41 321 3,00 - 4,00 1,00 45.12

PI* 41 322 4,00 - 5.00 1,00 40,99

PI* 41 323 5,00 - 5.90 0 ,90 33.25
I



ANALYSES HESin.IS

Fe201 P2O5

г г

57,97 1,30

57,38 1,50

69,44 2 ,2 0

6 6 , 8 8 1,84

44,26 1,27

6 6 , 8 8 2 ,1 0

55,86 2 ,0 0

69,71 1.73

37,70 0,74

66,97 2,16

57,93 1,85

66,18 1,73

54,03 1,85

72,78 1 ,66

73,18 1,89

66,09 1,93

64,52 2,07

58,62 1 ,8 6

47.55 1,46I

IIIIIII

SÌO2 I A I2O3 I T if>2 I CaO I ft)0  IL .O . I . II I I ♦ I I I
г г

1
1

1 1

И в »

г г X
19,19 9,11 1 0 .67 0 , 1 0 0,34 3,31

20,81 8,70 1 0 .34 
1

0,44 0,26 4,37

i
!

9 ,66 || 4,94

1
1
1 0 ,1 2 О О » 0 ,26 2,60

14,30 4,75 1 0,15 0.08 0 ,2 2 2,19

40,98 5,33 1 0,31 0,06 0,14 1,81

11.83 6,48 1 0 .23 0,08 0 ,28 2,42

20,40 8,34 1 0.23 0,14 0,34 2,48

13,11

46,30

11.23 

22,50

12.23 

25,64

3,94

5,88

7,00

6.15

7.11

6.59

6.13

6,38

11,07

11,23

21,21

33,39

5.14

4,43

6 ,49

7.88 

6,05

5.88

0,24 0.07, 1 0,24 j 1 2 ,8 8

0,94 0 ,08 1 0.14 j 1 1.91

Оо" 0 ,07 1 0 ,29I 1 2.75

0,36 0,07 1 0,25
11

1
1

3,08

0,36 0 ,1 1

1
1
1 0 .27 j

1
1 3,79

0,31 0 .1 1 1 0,23
11

1
1

3,52

0,11 0,06

1
1
1 0,29 j

1
1 2,95

0,13 0,05 1 0,23 j 1 3,15

0 ,2 2 0,09 1 0 ,38 j 1 3,12

0,15 0,08 j 0,43 1 3,14

0 ,1 2 0,06 1 0 .40I 1 2,40

0 ,28 0,08 1 0 .39
1
1 2.15

I I

Hydratefl

(500°)

г
8,66

7,36

10,08

9.52

6,66

10,14

9,45

9.52 

6,31

10,40

8.53

9,11

7.53

10,46

10,43

9,39

9,73

8,62

7,43



I m

k i

ANALYSES RESULTS

Drill
hole/
Trench

No.

Sumile
Ntcnbec

Section 
of Sample 
frun - to

____ iao_____

Ihlclc- 
ness of 
Sample

___ M  . 1

Fe-lot.

■■ x

Fe2°3

___ * _____

P2O5

X

Si<>2

X

Al2»}

%

3 l° 2  

*

C. a O  
+

X

tt>0

X

L.O.I.

X

Hydrates

(500°)

X

PDK 42 335 0 , 0  - 1 , 0 0 1 . 0 0 51,72 73.96 1.51 7,04 4,08
r

0,07 0,09 0,29 2,23 10,63
PDK V I 336 1 , 0 0  - 2 , 0 0 1 , 0 0 44,57 63,73 l.U 15,97 6 , 2 0 0 , 2 2 0,08 0,23 1 , 8 6 10,17
PUK V I 337 2.00 - 3,00 1 , 0 0 39.75 56,85 1,62 19,34 8,30 0,36 0,08 0,41 2 , 1 0 1 0 , 2 0

PI* V I 338 3.00 - 4.00 1 , 0 0 40.90 58.48 1,85 19,20 7.31 0,25 0,07 0,35 2,18 9,69

PI* 42 339 4,00 - 4,90 0,90 35,21 50,35 1,56 30,95 6,30 0,26 0,08 0,38 2.40 7,65

PI* 41 360 0.0 - 1.05 1,05 54.28 77,62 3.57 3,69 2,90 0,14 0.06 0,30 0,99 11,75

PI* 43 361 1.05 - 2,00 0,95 49,09 70,19 1.97 7,69 6 , 1 0 0,32 0,13 0.40 0,77 12,57

PI* 4 3 362 2,00 - 3.25 1.25 41.51 59,37 1.79 19,05 6,73 0,26 0.09 0,28 0,73 11,03

PL* 43 363 3,25 - 4,60 1.35 24,68 35,30 0,94 48,30 6 , 2 2 0.25 0 , 1 1 0,18 0,51 7,24

PI* 44 432 0.0 - 1,05 1.05 54,32 77,68 1 , 2 0 5,55 2,49 0,18 0,08 0,43 2,65 9,69

PI* 44 433 1.05 - 1,70 0,65 48.33 69.12 1.57 11,65 4,08 0,25 0,08 0,26 2 , 6 6 1 0 , 1 0

PI* 44 434 1,70 - 2,30 0,60 45.84 65,55 1,50 16,25 3.77 0,15 0.14 0,37 2,34 9,50

PDK 44 435 2,30 - 3.20 0.90 50.13 71,69 1,79 8,92 3,97 0,27 0,08 0,23 2.70 1 0 , 2 2

PDK 45 364 0 , 0  - 1 , 0 0 1 , 0 0 51.80 74.07 1.31 7,07 3,59 0,13 0,08 0,33 2,36 10,18

PDK 43 365 1.00 - 2,40 1,40 48,95 70.01 1.93 9,68 4.72 0,18 0,06 0 , 2 1 2.47 10,30

PI* 43 366 2.40 - 3.00 0,60 33,59 48,03 0 , 6 8 36,17 5,02 0,63 0,08 0,44 1.75 6,74

Pt* 43 367 3.00 - 4.00 1 , 0 0 45.41 64.93 1,76 12,58 7.12 0,42 0.09 0,35 2,62 9.75

PDK 45 368 4.00 - 5.30 1,30 43,93 62,83 2,05 13,47 7,18 0,38 0 , 1 0 0,32 2,58 9.86

PDK 45 369 5,30 - 6.55 1.25 37.34 53,40 1.73 24,44 7.35 0,42 0 , 1 0 0,25 2,50 8,63
.1

Annex



ANALYSES RESULTS

Drill- 
| hole/
| Trench 

No.

Sample | 
Nuicer | 

1

Section 
of Sample 
frcm - to

(m)

Thick
ness of 
Soifile

<m)

Fe-tot.

X

F*2&3

X

P2«5

X

Si02

X

AI2O}

X

Ti02

X

CaO
+

HbO

X

ftiO

X

L.O.l.

X

Hydrates

(500°)

X

PDK 46 49b 0.0 - 1.25 1.25 47,74 68.28 1,41 12,95 3,73 0,25 0,05 0,29 1.75 11,24

PDK 4 6 496 1 1.25 - 3.05 1.80 37,35 53.41 1,06 28,53 4.75 0,18 0,06 0,34 1,61 9,64

PDK 46 497 1 3.05 - 3.90 0.85 30,16 43,13 0,65 39,65 5,70 0,29 0,08 0,31 1.56 8.04
PDK k b 498 1 3.90 - 5.00 1,10 48.48 69,33 1.84 9,24 5,30 0,27 0,10 0,36 2,06 11,17

PDK 46 499 1 5,00 - 5,70 0,70 42.42 60,67 1,81 16,00 7.16 0,27 0,10 0,32 1,98 11,02

PDK 46 500 1
1I

5,70 - 6.65 0.95 40,17 57.44 1.71 20,31 6.58 0,32 0,08 0,25 1 , 7 3 10,90

PDK 47 489
1
1 0.0 - 1.20 1.20 50.55 72.29 1,34 9,02 3,89 0,12 0,13 0,29 2 , 4 4 9,91

PDK 47 490 1 1,20 - 2.95 1.75 51.79 74,07 1,65 9,01 2,36 0.13 0,08 0,38 2,40 9,83

PDK 47 491 1 3.65 - 5,85 2,20 48.89 69.92 1.92 9,89 4,89 0,44 0,09 0,33 2,33 10,27

PDK 47 492 1 5.85 - 7.20 1.35 45.69 65.33 2,05 13,01 6,21 O.Vt 0,08 0,28 2,38 9,83

PDK 47 493 1 3,10 - 3.65 0,55 48.67 69,60 1,65 9.96 4,67 0,54 0,08 OC 2,27 10,02

PDK 47 494 1
1

7,20 - 8,00 0.80 39.51 56,51 1,82 24,43 5,84 0,38 0,10 0,22 2,28 8,77

PDK 48 510
1
1 0.0 - 1.15 1.15 54,12 77.43 1,60 5,51 2,70 0,15 0.10 0,28 0,67 11,50

1
PDK 48 511 1 1.15 - 2.15 1,00 53.45 76.44 1.47 7.47 2,44 0,14 0,14 0,39 0,62 11,07

|
PDK 48 512 1 2.15 - 3.05 0.90 48.75 69,70 1.47 14,80 2,66 0,10 0,10 0,35 0,52 10,63

1j
PDK 48 511 3.25 - 4.25 1,00 46,56 66.59 1.73 13,00 5,71 0.39 0,19 0,39 0,60 11,30

1|
PDK 48 514

|
4.25 - 5.25 1,00 44.74 63,98 1.98 13,98 6.86 0,36 0,23 0,33 0,65 11,59

0050* 515
______________

1
_ L

5.25 - 6.00 0.75 41.94
___________________

59,97
_______________________

1,88 19,55 6,71 0,34 0,17 0,28 0,59 10,96



ANALYSES RESULTS

1
| Drill- 
| hole/
I Trench

I

Saltile
Nuiier

Section 
of Sample 
from - to

_______ iffii_______

Thick
ness of 
Sanple

(■")

Fe-tot.

X

Fe2°3

X

P2 0 5

X

S 1 0 2

X

AI2O 3

X

T102

X

r
ffeo

X

rtiO

X

L.O.l.

X

Hydrates

(500»)

X

| PER 49 502 0.40 - 1,25 0,85 52.19 74,63 1 , 6 6 6,45 3,91 0,15 0 . 1 0 0,39 2,32 10,43

| PER 49 503 1.25 - 2.60 1,35 47.85 68,43 1,65 10.59 5,27 0.25 0 . 1 1 0,36 2,35 10,90

| PER 49 504 2.60 - 3.15 0,55 36.10 51.62 1,09 30,52 5,47 0.27 0,13 0,26 1,89 8,35

| PER 49 505 3.15 - 3.85 0,70 36.44 52,10 1 , 2 0 27,33 6.93 0,33 0 . 1 1 0 , 2 2 2,17
1

9,57 |

1 PER 49 506 3.85 - 4.55 0.70 34,90 49.91 1,09 34,08 4.55 0,16 0.09 0,27 1,93 8,16

| PER 49 507 4.55 - 5.75 1 , 2 0 36,37 52.02 1,26 24,67 8.58 0,80 0,13 0,36 2.14 9,26

| PER 49 508 5.75 - 6,10 0,35 32,25 46,11 1,05 31.47 8,41 0,44 0.13 0,23 2 , 1 0 9,12

| PER 49 509 6.10 - 7.50 1.40 35.60 50,91 1,56 27.40 7,22 0,43 0.15 0,27 2.55 8,74

| PER 50 436 1,15 - 1,60 0,45 52,11 74,52 1,67 7,62 3.09 0,16 0,07 0,45 2,64 9,92

1 PER 50 437 1.60 - 2,15 0.55 49,17 70.32 1.83 1 0 , 1 2 3,84 0,26 0,08 0,45 2,80 9,95

| PER 50 it 38 2.15 - 2,95 0,80 51.13 73.12 2 . 0 2 8,38 3.08 0,23 0,07 0,47 2 , 6 8 10,04

| PER 50 439 2.95 - 3.20 0.25 34.09 48,74 1.26 25,23 11.13 0,69 0,09 0,19 2,05 10,27

| PER 51 440
_________

0 , 0  - 0.60
___________________

0.60 47,36
__________

67.72
_____________

1.38 17,59 1,60
___________

0,16
L _ _____

0,09 0,73 2,28 8 , 6 6



1 Drill- 
I hole/
1 Trench 
1 No.

Sample
Nunber

Section 
of Sample 
iron ~ to

<m)

Thick
ness of 
Smnple

(m)

Fe-tol.1 
1
1

X

1 UK 1 136 18,75 - 19,80 1,05 52,53

1 UK 1 137 1 19,80 - 20,57 0.77 51,11

1 UK 1 138 20,57 - 21,34 0,77 49.13

1 1Ж 1 139 22,85 - 24,17 1,32 51,97

i OK 1 140 24,12 - 25,34 1,17 41,75

1 OK 1 142 25,34 - 25,79 0.45 40,61

1 UK 1 143 25,77 - 27,01 1.24 27,27

1 IK 2 128 17,17 - 19,90 2,73 56,38

1 IK 2 129 19,90 - 21,35 1,45 55,01

1 UK 2 130 21,35 - 21,95 0,60 51,16

1 UK 2 131 21,95 - 23,15 1,20 38,09

1 UK 2 132 23,15 - 24,35 1,20 51,57

1 UK 2 133 24,35 - 25,55 1,20 51,30

1 UK 2 134 25,55 - 26.75 1,20 48,89

1 UK 2
I

135 26.75 - 28,30 1.55 33,56

1 ÜK 3 2/2 20,70 - 22,11 1,41 52.51

1 UK 3 273 22,11 - 24,40 2,39 50,24

1 UK 3 274 24.40 - 25.60 1,20 49,96

1 UK 3 275 25,60 - 26.50 0.90 49,67

1 OK 3 276 26,50 - 27,40 0,90 47,12



ANM.fSKS BESin.TS

Fe20] I P2O5 I .4 ¡02 A^Oj I Ti(>2 I C M ) I М Л+ I L..0.I .|I Hydrates

г г г г г
МвР

г г г

( 500° )

г

7 5 ,1 2 2 ,1 5 5 ,6 2 3 .9 8 0 ,1 6 0 , 1 2 0 ,2 6 2 ,9 8 1 0 ,8 3

7 3 .0 9 2 .6 2 9 ,9 1 6 ,6 1 0 , 1 6 о.и 0 , 2 0 2 ,9 2 1 1 ,6 1

7 0 ,2 5 2 .9 0 9 .0 0 6 , 9 8 0 , 2 6 0 .1 1 0 , 3 9 3 .2 3 9 ,7 3

79 ,3 1 2 .6 3 6 .6 6 6 ,8 5 0 , 2 6 0 , 1 2 0 , 6 5 2 ,5 2 1 0 ,7 8

5 9 ,7 0 1 .31 2 6 ,3 7 3 ,3 6 0 ,1 6 0 , 0 9 0 , 7 8 2 ,6 3 8 ,1 5

5 8 ,0 7 1 ,9 8 2 1 ,5 5 5 ,81 0 , 2 8 0 ,1 6 0 , 3 9 3 ,8 2 7 .7 8

3 9 .0 0 1 .27 6 6 ,6 1 5 .0 3 0 , 2 8 0 , 1 6 0 ,3 6 2 ,9 6 6 , 8 8

8 0 .6 2 1 ,56 2 ,01 2 ,7 6 0 ,1 1 0 , 2 0 1 .16 2 ,8 9 10 ,17

7 8 .6 5 1 ,88 2 ,6 6 2 ,9 2 0 .1 1 0 , 1 9 0 . 6 7 2 .9 6 1 1 ,0 0

7 3 .1 5 1 ,69 7 ,9 0 3 ,6 0 0 . 1 5 0 , 1 8 0 , 6 0 2 ,9 1 9 ,9 3

5 6 ,6 5 1 .36 2 9 .1 1 3 .3 2 0 , 2 6 0 , 1 6 0 , 7 3 3 ,0 1 6 , 8 6

7 3 ,7 5 2 . 0 6 5 , 9 0 6 , 2 2 0 , 3 6 0 , 1 6 0 , 6 6 3 ,2 3 9 .7 6

7 3 .3 5 2 ,3 1 5 .6 1 6 , 8 6 0 . 3 2 0 , 1 7 0 , 5 6 3 ,9 0 9 ,3 9

6 9 ,9 1 2 .1 6 7 ,6 8 6 , 9 5 0 , 2 9 0 . 1 2 0 ,5 5 3 ,6 2 9 ,6 6

6 7 ,9 8 1 .6 / 3 1 ,8 9 6 , 0 9 0 ,6 1 0 ,1 5 0 , 6 3 6 , 6 6 5 ,7 3

7 5 ,0 9 1 ,80 1 ,9 1 9 ,2 9 0 . 1 5 0 , 1 2 0 , 7 0 2 .3 7 11 ,2 3

71 .86 2 .0 2 9 ,0 2 3 .2 7 0 , 1 9 0 , 0 8 0 , 5 3 2 ,9 6 10 ,65

71 ,6 6 2 ,2 5 7 ,76 5 .1 2 0 , 5 0 0 , 0 8 0 , 6 8 2 ,6 6 1 0 ,2 9

71 .03 2 .2 8 7 ,87 5 .2 5 0 , 3 6 0 , 1 2 0 , 6 8 2 ,7 9 10 ,25

6 7 ,3 8 1 .97 13 ,93 6 , 3 3 0 ,2 7 0 , 0 8 0 , 6 8 2 .7 0 9 ,2 5



ANALYSES RESIN.'Г

1
1 Dr 111- 
1 hole/ 
j Trench 
1 No.
1

Sanyle
Nunlier

Section 
of Simple 
fruì) - to

(m)

Thick
ness of 
Simple

(m)

Ее-tot.

г

Fe2t>)

г

P2f>5 1 
1 
1 
1

г

1 GK A 161 19,50 - 20,20 0 ,70 51,A3 73,55 1,89

1 1Ж A 162 20,20 -  21 ,AO 1,20 53,03 75,91 2,18

1 1Ж A 163 21 ,ад -  22,60 1,20 50,75 72,57 l,8A

1 UK A 16A 22,60 -  23,80 1,20 52,81 75,52 2,23 1

1 UK A 165 23,80 - 25,00 1,20 50,88 72,76 2,10 j

1 UK A 166 25,00 - 26,20 1,20 A9.06 70,16 2,32 1

1 UK A 167 26,20 - 27,20 1,00 A7.A5 67,85 2,18 j

1 UK A 168 27,20 -  28,00 0 ,80 A6.21 66,08 1,89 1

1 UK 5 169 22.50 - 23,61 1.11 52,37 7A,89 1,37 1

1 UK 5 170 23,61 -  25,13 1,52 5 0 .7A 72,56 1.62 1

1 UK 3 171 25,90 - 2 6 ,5A 0,6A ЗА.91 A9.92 1,33 1

1 UK 3 172 2 6 .5A - 2 7 ,1A 0,60 A6.0A 65,83 1.72 1

1 UK 3 173 2 7 , IA - 28 ,AO 1.26 A7.55 68,00 1.99 1

1 UK 6 17 A 20,95 - 22,25 1,30 52,11 7A.52 1,27 1

1 UK 6 i» 23,45 -  24,05 0 ,60 A7.09 67,33 1.9A 1

1 UK 6 176 2A,05 - 25.00 0 ,95 A6,96 67,15 1,96 1

1 UK 7 177 19,AO - 20,65 1.25 51,81 7A.09 1,33 1

1 UK 7 l?8 20.65 - 21.85 1,20 51.95 7A.28 1,69 1

I UK 7 179 21,85 - 22,70 0 ,85 A l ,09 58,76 1,51 1
_!____ ____ i



s

s

Si02 | A12<>1 I T102 I CiiO I HiO 11,. 0 . 1 . | IlydriUes

X X

5 .7 6 5 ,6 3

3 ,3 6 6 , 3 7

7 ,3 8 6 , 1 0

6 , 6 6 6 , 8 6

8 ,1 6 5 ,3 8

8 ,3 1 5 ,9 7

10 ,02 7 .1 3

13 ,13 6 ,6 1

6 ,6 6 6 , 7 6

6 ,3 6 5 ,2 6

3 5 ,0 0 3 ,7 0

1 3 ,5 8 7 .6 9

1 1 ,1 0 6 ,7 5

X

♦
MrO

X X

1
l
1

X

0 , 2 1 0 ,1 1 0 , 5 3 3 ,6 2

0 , 1 1 0 , 1 0 0 , 9 0 3 ,3 5

0 ,3 1 0 , 1 0 0 , 5 5 2 ,9 3

0 , 2 0 0 ,0 7 0 , 3 8 3 ,1 6  |

0 , 3 6 o . l l 0 , 5 0 2 ,5 5  |

0 ,3 2 0 , 1 0 0 , 5 2 2 ,9 6  |

0 , 3 9 0 ,2 7 0 , 6 1 2 , 8 8  1

0 , 2 6 0 , 7 8 0 , 3 3 2 .6 1  | 
1

0 , 2 3 0 , 1 8 0 , 9 3

1
1

2 ,3 1  |

0 , 1 6 0 , 2 0 0 , 5 8 2 ,8 5  |

0 , 2 1 0 ,1 6 0 , 3 0 2 ,1 9  |

0 , 6 5 0 ,1 6 0 , 6 1 2 .7 1  |

0 , 6 0 0 , 1 2 0 , 6 5 1 ,9 6  j

(5 0 0 ° )

X

9 ,7 9

10,66

9 ,6 7

10,66

\ 7 6

9 ,6 5

9 ,6 3

9 , 0 8

1 0 ,5 0

10 ,2 6

6,26

9 , 0 0

10,01

8 , 7 8  | 2 ,8 6I
1 2 ,6 2  | 6 ,3 5I
13 ,18  | 6 ,6 1

0 ,2 1 1 0 ,0 7 i 0 , 3 7 1 1 ,87 i1
10 ,89

0 ,6 1 1 0 , 0 9 1 0 ,6 8 2 ,3 1
1
11

9 ,5 6

0 , 7 6 1 0 , 1 2 1 0 , 3 3 1 2 ,5 6
1
1 9 ,2 5

6 , 3 8  | 6 , 0 7  |I I
5 ,11  | 5 , 0 0  |I I

2 3 ,5 5  | 5 ,6 9  |
________L

0 , 1 3

0 ,1 7

0 , 6 2

0 ,2 6

0 . 0 6

0 , 0 9

0 , 3 9

0 ,3 1

0 , 3 3

1 ,76

2,86

1 ,93

10 ,77

1 0 ,9 2

8 , 2 8

W
ts7
OO

J

Annex



Drill- I Simple I 
hole/ I Nunber| 
Trench I I

N... I I

OK 7 

DK 7

(Ж 8 

UK 8 

UK 3 

IK 8 

UK 8 

IK 8

180 II
181 IIII
245 II
246 I I
247 I

I
248 I

249 I

250 I

IK 9 

DK 9 

IK 9 

DK 9

399

400

401

402

Section 
of Sanple 
from - to

_____ 0")

Thick
ness of 
Simple

(m)

22,70 - 23,30 0,60

24.15 - 25,65 1,50

21,90 - 23,10 1,20

23,10 - 23,70 0,60

24,30 - 25,50 1,20

26,05 - 26,75 0,70

26,75 - 27,80 1 1,05

27,80 - 28,30 1 0.50

18,85 -

1

21,32 2,47

21,32 - 22,08 0,76

23,30 - 24,80 1,50

24,80 - 25,45 0,65

Fe-tot.

46,93

44,53

I 52.04 

Ì 50,81 

I 41.88 

I 39,96 

49,30 

44,49

I 52.87 

I 26.07 

I 47,38 

I 44.33

DK 10 j 1 296 j 20,70 j - 22,22 1
I

1.52 1 53,24j
IK 10 1 1 297 1 22,22 j - 23,61

1
1
I

1,39 1 51.11j
UK 10 1 1 298 1 23.61 j - 24,37

1
1
I

0,76 1 41,03
I

DK 10 1 
1 299 1 25,46 j - 26,66

1
1
1

1.20 1 48.13j
IK 10 1 300 1 2b.66 - 27.%

1
1 1,30 1 43.45

DK 11 285 17,45 19,25 1,80 53,56



ANALYSES RESULTS

Fe2*>i

x

P2O5

X

Si()2 I

1
1

1- 1  4

A^O-j

x

T 1 0 2

x

C a O

♦
MrO

X

HiO

X

L.O.I.I

X

Hydr.ltes

(500°)

l

67.11 1,83
1

11,78 | 5,78 0 , 6 6 0 , 1 0 0,38
r

1.67 | 10,29

63,67 2 , 0 2 13,03 | 
1

6,79 0,32 0 , 0 0 0,69 1.77 | 10,31

76.63 1 , 6 8 8.73 | 3,06 0 , 2 2 0,13 0,32 1,90 | 1 1 , 0 2

72,66 1.56 8,55 | 3,66 0,28 0,17 0,25 2.09 | 11,28

59,90 1 , 6 8 26,39 | 6,13 0,61 0,17 0 , 2 0 2,69 | 7,76

57,16 1.56 23,92 | 5,60 0,81 0 , 2 0 0,27 3,65 | 7,60

70,50 2,39 8.32 | 6 . 2 1 0,36 0.15 0,36 3.15 | 9,86

63,63 2,03 16,51 1 6,72 0,61 0.17 0,36 3.23 1 9,03

75,60 1,62 6.76 | 3,83 0,13 0,09 0,26 1.65 | 12,15

37,28 0 , 8 8 52,89 | 2.51 0 , 2 1 0,10 0,13 1.81 1 5,55

67,75 2,25 10.51 | 5.81 0,35 0,06 0,37 1.90 | 10,82

63.39 2,06 17.95 | 6,69 0,25 0.07 0,31 1.63 | 1 0 , 2 2

76.13 1,56 5.69 | 3,27 0,61 0 , 1 2 0 , 2 1 2,80 | 10,07

73,09 1,67 11.05 | 2,95 0,27 0 , 1 0 0 , 2 1 2 , 8 8  | 9,33

58.68 1,38 26,69 | 3,69 0,26 0 , 1 2 0 , 2 0 2,61 | 7,81

68,83 2,37 9.71 | 5.58 0 , 6 6 0,17 0,35 6.28 | 8,60

62,13 2,09 >'.62 | 6,07 0,50 0,15 0 , 6 6 6,62 | 
!

7,63

76,59 1.59 5.29 | 3 , 1 0 0,19 0 , 1 2 0,36

1

2.65 | 10,69

Annex



ANALYSES KF-SNITS

Drill- | 
hole/ | 
Trench | 

No. j 
1

Sample
Nunner

| Section | 
| of Simple j 
| iron - to I 
1 1 
1 (m) |

Thick
ness of 
Sample

(m)

Fe-tot.

X

Fe2Oi |

1
1

_____l____L
1

DK 11 | 286 1 19.25 - 21.65 | 2,40 45,18 64,61 i

| 1* 11 | 287 1 21.65 - 22,15 | 0,50 47,52 67,95 1
1 DK 11 | 288 1 22.15 - 22,85 | 0,70 50,95 72,86 1
1 UK 11 1 289 | 22,85 - 24,05 1 1,20 47,24 67,55 1
1 UK 11 290 | 24,05 - 24,75 0,70 39,28 56,16

1
1
1

| UK 12 157 | 17,40 - 19,80 2, A0 55.01 78,26

1
1
1

| DK 12 158 1 21,35 - 22,70 1,35 52.81 75,52 1
| UK 12 159 | 22,70 - 23,30 0,60 49,78 71,19

1
1

| UK 12 160 | 23,30 - 24,70 1,40 20,63 29,50 1
1

| DK 13 143 | 20,85 - 22.00 1.15 53,65 76,71

1
1
1

| UK 13 144 | 22,00 - 23,20 1,20 52,23 74,68
1
1

| DK 13 145 | 23,20 - 23,80 0,60 49,41 70,65 1
| DK 13 146 | 23,80 - 24,40 0,60 49,13 70,25

1
1

| DK 13 147 | 24,40 - 25,60 1,20 47,97 68,60
1
I

| UK 13 148 1 25,60 - 26,20 0,60 47.69 68,19 1
1 DK 13 149 | 26,20 - 26,80 0,60 44,99 64,33 1
| DK 13 150 | 26.80 - 28,00 1,20 36,76 52,56

1
1

| UK 13 151 | 28,00 - 28,85 0,85 35,34 50.53
1
1
1

| UK 14 152 | 21,32 - 22,85 1.53 53,03 75.91
1
1
1

i

P205 Si«2 ! Al203 TI02 | CaO
1 A

ttO II..0.1.I Hydrates

1 1 Mko 1 1 (500°)

X
1

- * - 4 - I ... J X
1
1 X X | t 8 X

1,47
I

20,01 | 2,20 0,19
1
1 0,13 0,30

1 1 
1 2.30 | 8,91

1,57 13,70 | 3,60 0,63 1 0,18 0,38 | 2,15 | 10,00

1,91 9.01 | 3,67 0,45 1 0.20 0,34 1 2,72 | 9,85

2,22 11,04 | 4,49 0,45 1 0,18 0,40 1 2,04 | 10,84

1,89 25.25 | 
1

4,07 0,43 1 0.17 
1

0,31 1 1,94 | 
1 1

8.75

2,10

1
1

3.56 | 2,82 0,22

1
1
1 0,04 0,33

1 1 
1 1 
1 2,24 | 10,97

2,63 A ,88 | 3,57 0,30 1 0.14 0,48 1 2,26 | 10,66

2.43 9.82 | 4,44 0,27 1 0,12 0,44 1  2,86 | 9,53

0,79 56,78 | 
1

4,54 0.75 1 0,14 
|

0,14 1 3.02 |
I 1

3,53

1,90

1

4.08 | 4,34 0,16

1
1
j 0.08 0,20

1 1 

| 3,58 | 10,43

2,32 4.64 | 4,39 0,18 | 0,08 0,23 1 3,51 | 10,85

2,11 8,38 | 4,70 0,26 1 0,10 0,25 1 2.35 j 11,03

2,00 7,87 | 5,88 0,42 | 0,08 0,43
1 1
1 2,59 | 10,56

2,35 7.80 | 6,93 0,41 1 0,10 0,45
1 1
1 3.73 1 9,82

2.V. 9.32 | 6,66 0,36 1 o.io 0,40 1 3,02 1 10,38

2,08 15.16 1 5,94 0,26 1 0.10 0,43 1 2,29 | 10,25

1,75 27,62 | 
j 7,33 0,41 1 0,12 0,32

1 I
1 2,56 | 8,49

1,71 30,85 | 
1

6,64 0,32 1 0,20 
1

0,26 1 2,14 | 
1 1

8,14

1,98

1
1

4.16 | 4,57 0,20

1
t
| 0,08 0,22

1 1
1 t 
1 2,29 | 11,41

03
ro
NJO

Annex



Drill- I 
hole/ 1 
Trench 

No.
______

Sonple
Nunoer

Section I Ihick- 
of Sample | ness of 
freni - to 1 Sample 

1
______ (in) 1 (in)

I Fe-tot.j

1 1 
1 1
1 1 !

1Ж
7

14 151 22.85 - 24,65 1.80
i 1
1 53,36 1

1Ж 14 154 24.65 - 25,65 1,00
1 1
1 49,51 1

1Ж 14 155 25.65 - 26,82 1.17
I 1
1 50,06 1

1Ж 14 156 26,82 - 28,30 1,48
1
1 18,51 1 
1

OK 15 411 9.80 - 11,20 1.40

1
i
1 50,94

1* 15 412 11.20 - 12.40 1,20 1 W M

UK 15 413 13.75 - 14.20 0.45 1 50,55

UK lb 414 14,20 - 14,80 0,60 1 47,48

UK 15 415 14,80 - 15,50 0,70 1 47,47

UK 15 416 15.50 - 16.05 0,55 1 42,12 
1

UK 16 442 30.45 - 32,25 1.80
1

1 52.73

UK 16 443 32.25 - 33.95 1,70 1 51,76

UK 16 444 33,95 - 34,70 0,75 1 33,93

UK 16 445 34.70 - 35,75 1.05 1 33.66

UK 16 446 35.75 - 36.85 1,10 1 49,15 
1

1Ж 17 380 30,90 - 33,50 2,60

1

1 51,77

1Ж 17 381 33.50 - 34.40 0.90 1 45,59

UK 17 182 34,40 - 35.90 1,50 1 35.16

UK 17 383 35,90 - 38,60 2.70
1
1 49,99

UK 17 384 18,60 - 39,55 0,95 1 36,39 
1



ANAI.VSF.S HF.SW.TS

Fe2fij

_ » ____

P2<>>

*

| «102

1
1
1 *

A'2°3

X

| TI02

I X-

OflO
+

MrO

X X X

1
H y d ra te s  | 

(500°) | 

X

76.30 2,36
1
1 5,01 3,67

1
1 0,26 0 ,06 0 ,29

1
2,06 11,12

70,80 2,37 1 7,92 5,60 1 0,32 0,07 0 ,39 2,28 10,93

71,58 2,36
\
1 8.11 5,26 1 0,25 0,05 0,61 2,61 10,53

55.06 1,81 | 25,08 
1

5,19 1 0,16 0 ,06 0 ,26 2,60 8,15

72.85

.

1,32

1
1
1 9.69 3.67 1 0 .19 0 ,10 0,26 1.13 11,0/.

69,26 1,80 1 12,76 3.65 1 0 ,18 0,12 0,19 1,01 11,09

72,29 2,03 1 9.90 3,72 1 0 ,35 0 ,10 0,29 0,97 10,81

6/.90 2,30 1 10,60 5.75 1 0 ,50 0,12 0,3/* 1,31 11,08

67,88 2,28 I 12,23 5,77 1 0,31 0,12 0,29 1,09 11,11

60.23 2,05 I 20,60 5.76 1 0 ,63 0,12 0,29 0 ,80 10,27

75,AO 1.45 1 5,39 2,68 1 0.13 0 ,10 0 ,23 0,86 12,35

74,01 1.41 1 9,02 2,03 1 0,13 0,07 0,22 0,97 11,10

48,53 0,73 1 35,36 5.55 1 0 ,86 0 ,12 0,33 0 ,90 7.78

68,13 0,78 | 36,08 5,80 1 0,86 0,16 0,36 0,95 8,79

70.29 2,00 1 10,91 3,56 1 0 ,26 0 ,10 0,26 0 ,78 11,26

76,03 1,65 1 6,73 3,02 1 0,21 0,06 0,28 2,65 12,27

65,20 2,18 1 16,03 3,75 1 0 .19 0 ,06 0,30 3,08 8,93

50,56 1.21 1 36.36 3,97 1 0.61 0 ,10 0,29 2,06 7 . SI

71.68 2.39 t 8.81 6,28 1 0 ,38 0 ,08 0,28 2,68 10,67

52,06 1,76 1 31.68 5,00 1 0 ,50 0,09 0,26 2,37 7,89

I
J

Annex



Drill
hole/
Trench

No.

Simple
Ninilier

Section 
of Sample 
fran - to

(n>)

Ihick- 
ness of 
Sample

<m)

Fe-tot.I 
1 
1 
1

L _ *  1

OK 18 375 25,30 - 27.10 1,80
1

51.22 |

OK 18 376 27,10 - 28.90 1.80 38,99

UK 18 377 28,90 - 30,30 1,40 34,19

UK 18 378 30,30 - 32,30 2,00 50,26

OK 18 379 32,30 - 32,90 0.60 47,52

IK 19 373 18,20 - 19,80 1,60 54,66

UK 19 374 22,52 - 25,40 1,88 52,05

UK 20 385 4,00 - 6,00 2,00 26,09

UK 20 386 6,00 - 6,55 0,55 27,85

1* 20 387 6,55 - 8,35 1,60 36,53

UK 20 388 19,65 - 21,80 2,15 50,54

UK 20 389 21,80 - 22,75 0,95 40,90

UK 20 390 22,75 - 26,00 3,25 48.34

OK 20 391 26,00 - 27,20 1,20 47,79

UK 21 392 17,51 - 19,80 2.29 49,50

OK 21
1
| 393 19,80 - 21,00 1,20 40,43

UK 21 | 3 % ! 21.00 - 23,15 2.15 49,57

UK 21 | 395 23,15 - 24,40 1.25 47.33



ANAI.YSKS HF-Sm,r.S

Fe2(>i P20 5 SO, л12оз T102 CaO 1 Ь Ь О L.O.I. Hydrates 1

MrO I (500°) 1

г г г l_ J L _ J г г * г !

73,25 1,57 10,28 2,69 0,26 0,12 0,26 2,28 10,16 i

55,76 1,91 31,53 2,06 0,18 0,08 0,18 2,18 7.J7 1

Л8.90 1,32 38,99 2,2" 0,35 0,12 0,16 2,66 5.97 I

71,87 2,97 7,65 3,77 0,39 0,08 0,29 3,16 10,01 i

67,95 1,61 16,05 2,29 0,12 0,08 0,25 2,16 9,65 J

78,16 1.93 5,36 2,38 0,20 0,13 0,29 2,92 9.96 1

79.63 2,51 6,65 3,87 0,39 0,07 0,28 2,88 9.96 1

37,31 0,20 39,32 10,37 0,50 0,10 0,56 9,92

39,82 0,35 97,91 5,96 0,26 1 0.06 0,06 2,09 5,60 1

52,29 0,69 33,79 1,97 0,19 0,06 0,11 2,07 7.18 1

72,27 1,62 9,75 9,36 0,20 0,09 0,25 2,90 10,50 1

58,98 1,62 29,00 5,26 0,38 0,08 0,28 2,62 7,89 1

69,13 2,20 10,15 5,58 0,98 1 0,06 0,30 3,96 9.59 !

68,39 2,15 13,99 9,32 0,25 0.08 0,30 2,92 9,22 1 
!

70,78 1,68 11,53 3,52 0 18 0,06 0,31 1,67
1

11.10 1

57,82 1.59 28,88 2,18 0,23
1
1 0.09 0,29 1,68 7.93 1

70,88 2,30 7,03 9.75 0,39 0.10 0,37 1,20 11.66 1

67,68 2,29 11,61 9,39 0,29 0,08 0,27 1,91 10,95 1
__ 1__ L _____ L_ ¡



ANALYSES RESIII

Drill
hole/
Trench

No.

S.nnlel
Nuwer

Section 
of Sample 
from - to

(m)

Ttilctc- 
ness of 
Sample

(m)

UK 22 396 3.25 - 6,90 3,65

UK 22 397 17,90 - 21,85 3,95

DK 22 398 21,85 - 25,35 3,50

UK 23 540 19,20 - 22,85 3.65

UK 23 541 23,60 - 24,20 0,60

DK 23 542 24,20 - 25,(X) 0,80

UK 23 543 25,00 - 26,20 1,20

UK 23 544 26,20 - 27,40 1,20

UK 24 465 12,80 - 13,25 0,55

UK 24 466 22,20 - 23,05 0,85

UK 24 467 23,05 - 24,25 1,20

DK 24 468 24,25 - 25,00 0,75

DK 24 469 25,00 - 25,25 0,25

DK 24 470 25,25 - 28.45 3,20

DK 24 471 28,45 - 29,55 1,10

DK 25 447 6,80 - 7,30 0,50

DK 25 448 19,40 - 20,70 1,30

UK 25 449 20,70 - 21,90 1,20

UK 25 450 21.90 - 23,15 1,25

1* 25 451 23,15 - 24,65 1,50

I

I

F e - lo l . 

X

Fe2°3

X

f2«5

X

40,24 57,54 0,78

53,76 76,88 1,81

50,29 71.92 2,42

51,19 73,49 1.74

44,83 6/., 10 1,95

47,48 67,90 2,30

35,61 50,92 1,68

36,73 52,52 1.77

40,83

1

58,38 0 ,89

52,69 75,35 1,70

52,56 75,16 1,83

48,03 68,69 1.95

51,38 73,47 1,98

49,01 70,08 2.05

28,57 40,86 1.33

41,79 59.77 1,02

49,48 70,75 2,10

47,81 68,38 1,75

45,95 65,70 2,10

38,89 55,61 1,79



,TS

s "’2
1

1 1

Al/H

1 X

CaO
+

Mro

I

1M)

X

L.O.l.

X

Hydrates | 
1

(500°) | 

X |

| 28,15 3,67 0,06 0,06 0,19 2,50 7,97 |

1 '«.io 3,95 0,08 0,06 0,29 2,79 11,09 |
1
1 6,B-> 
1

6.67 0,25 0,06 0,39 3,00 10,03 |

1
1
| 8,OB 3,37 0,21 0,06 0,32 0,99 11,76 |
1
1 15,97 5,19 0,36 0,10 0,35 0,92 11,13 |
1
1 U.36 5,00 0,29 0,08 0,92 0,99 11,38 |

j 31,01 6,00 , 0,39 0,09 0,33 0,86 9,19 |

| 32,07
I

9,68 0,29 0,09 0,35 0,78 8,65 | 
•1

| 22,93 5,63

1

0,29

1

0,08 0,12 0,86

1

9.69 |

1 5,31 9,08 0.20 0,07 0,26 0,99 u,66 i

1 6.90 3.29 i 0,16 0.11 0,97 0,93 11,99 |

1 9,39 6,16 1 0,61 0,12 0,38 0,97 11,35 |

1 9,25 2,93 1 0,23 0,07 0,31 0 ,83 11,39 |

1 8,66 5,02 0,39 0 ,10 0,37 0,89 11,63 |

| ¿(3,32 
1

5,26 0,51 0,19 0,17 0 ,70 7,21 |

1
1
1 25,96 2,59 0,16 0,08 0,10 1,09 9,29 1

| 8,20 6,30 0,25 0,12 0,36 1,29 12,29 |

| 19.99 1,99 0,19 0 ,10 0,52 1,07. 12,56 |

1 16,67 9,98 0,36 0,12 0,90 0,83 11,35 |

1 27.97 
1

9,72 0,91) 0 ,1 ? 0,23 1.12 8 ,80 | 
L  1

Annex



Drill
hole/
Trench

No.
_____

Sdri>le| 
Numer \ 

1 
1 
1

Section 
of Simple 
Iran - to

(m)

Ihick- 
nesn of 
Simple

(m)

Fe-tot

EK 26
1

652 | 33,55 - 36,00 0,65 56,16

DK 26 653 | 36,00 - 35,95 1,95 69,71

UK 26 656 1 35,95 - 37,20 1.25 53,76

UK 26 655 | 
1
37.20 - 37,95 0,75 61,68

UK 27

1
1

661 j 
1
36,10 - 36,70 0,60 56,05

IK 28

l
1

370 j 22,31 - 26,37 2,06 56,70

UK 28 371 | 26,37 - 25,90 1.53 51,15

UK 28 372 | 
1
25,90 - 27,10 1,20 50,63

DK 32

1
1

656 | 6,10 - 7,60 1,50 61,36

UK 32 457 | 18,60 - 19,90 1,50 56,88

UK 32 658 | 20,60 - 20,60 0,20 52,93

UK 32 459 | 20,60 - 21,30 0,70 29,67

UK 32 660 1 
1
21,30 - 23,60 2,30 62,17

UK 33

1
1

651 | 16,35 - 18,60 2,05 68,85

UK 3 3 652 | 18,60 - 20,50 2,10 63,70

UK 33 653 | 
1
20,50 - 21.55 1,05 38,63

UK 36

1
1

656 | 21,16 - 21,70 0,56 55,12

UK 36 655 | 
1
21,70 - 22,30 0,60 ''1.97



ANALYSES KESIJI.IS

fe^O)

1

l ’? » 5

X

| | 

1 1 
1 1 
l A __ 1

612()3

X

l i d ;

X

Clio

Mro

*

№ 0

X

U.O.I.

X

Hydrate» 

( 500°)

X

80,28 1,52
1 1
1 3.27 | 2,92 0,16

r
0 , 0 7 0,33 1,19

—
11,69

71,09 1,78 1 11.50 | 3,30 0,26 0,09 0,62 U 1 10,76

76,88 2,20 1 3.85 | 3,12 0,18 0,09 0,63 1,06 11,91

59,31 1,57 j 2b . m  j 3,62 0,23 0,08 0,66 0,97 8,36

80,15 1,66

i i
i i 
1 2,00 | 
1 1

1,90 0,13 0,12 0,60 0,96 11,55

78,22 1.61

1 | 
1 1 
1 2.98 | 2,90 0,16 0,11 0,31 0,70 12,03

73,14 1,59 1 11.12 | 2,18 0,13 0,08 0,26 0,70 11,29

72,60 1,61 1 11.92 | 
1 1

1,92 0,13 0,11 0,25 0,86 11,16

59,11 0,83

1 |

I 26,73 | 6,91 0,29 0,06 0,32 0,96 11,76

78,68 2,05 1 3.26 | 3,13 0,19 0,10 0,35 0,92 11,13

75,69 2,17 1 5,4? | 3,72 0,29 0,08 0,62 0,99 11,3B

62,16 1,12 1 M),59 | 5,66 0,66 0,09 0,33 0,86 9,19

60.31 1,90 1 18,87. |
1 1i

5,93 0,35 0,09 0,35 0,78 8,65

69,86 2,12

1 1 
1 1 
1 8.87 | 5,86 0,36 0,16 0,61 1,07 11,56

62,68 2.06 1 16,5? | 6,38 0,31 0,15 0,36 0,75 11,10

56,95 1,79 1 26,19 | 
1 1

5.76 0,38 0,16 0,26 0,97 9,36

78,82 1.27

1 1 
1 1 
1 3,10 | 3,66 0,1 1 0,09 0,28 0,72 12,65

35,70 0,68 1 30,16 | 18,21 0,95 0,50 0,11 1,07 11,25
-------------- ________J... ... .1 . ..... _______ 1______ _

t.i

Annex



Drill- | Sample 
hole/ j Nuwer 
Trench j 

No. |

Section 
of Sample 
from - Co

"Ihlck- 
ness of 
Simple

(">) __ Ŝ?)
DK 36 | |

656 1I22.30 - 23.60 | 
j 1,30

DK 36 | | 657
1
1| 23,60 - 26.50 |I 2,90

DK V. 1 658
1126.50 - 28.75 | 2,25

UK 35 | | 666

DK
1

35 |
1

665

DK
1

35 |
1

666

DK
1

35 |
1

667

DK
1

35 |
1

668

UK
I

35 |
1

669

DK
1

35 | 650

23,10 -  23,70 |I 0 ,60

23,70 - 26.90 | 
j

1.20

26.90 - 25.20 | 
j 0 .30

25.20 -  25.80 | 1 0 ,60

25,80 - 27,60 | 
j 1,80

27,60 - 29,20 | j 1,60

29,20 - 30.65 | 1.25

UK 36 |I 526 1 7.55 j - 11.25

DK 36 1 1
527 1 21.95 j - 26,35

t)K 36 1 
1

528 1 26.35 j
- 25.55

DK 36 | 529 1 25.55 -  27.60

3.70

2,60

1,20

2.05

DK 37 

I* 37 

1* 37 

l *  37 

DK 37

659 1 26.75 - 25,50 1 0,75

660 1 25,50 - 27.35
1
1 1.85

661 1 27.35 - 27.95
1
1 0,60

662 1 27.95 - j 29,15
1
1 1,20

663 1 29.15 - 
!

30,15
1
1
1

1.00

fe-tot. |IIIX |
53.86 |I
51.33 j

¿16.88 |

55,01 |

29.96 | 

53,61 I
I

29.96 

50,81 

68.63 

66,89

39.80 |

50.55 |

30,72 |

50.55 |

50.81 |

52.37 |

67.91 j

32.79 |

68.80 |



ANAl.YSKS RKSIII.TS

РегО}

г

Р2<>5

г

1 S102 
1 
1 
1
.1___1___

Л12») 

г

Т1»2

г

С М
i
Мр,П

х

М О

г X

Hydrates

(500°)

г

1
11
1
1
1

77.02 1,75
1
1 4.72
I

3,60 0,15
1

0,09 0,39 0,88 11,91
11

73./.1 2,29 1 5.57 i 5,68 0,38 0,12 0,36 0,56 12,23
11

64,18 2,12 J 17,19 
1

4,38 0,25 0,12 0,26 0,55 10,60
1
11

78,67 1,81

1i
1 1,42 2,89 0,21 0,08 0,32 1,62 11,25

111
42,84 1,01 1 65,08 

i 2,96 0,17 0,11 0,14 0,89 6,88
1
1

76,66 2,13 1 5,03 2,75 0,17 0,06 0,14 1.35 11.98
11

42,84 1.12 1 62,61 i 4.44 0,62 0,14 0,14 1,55 6,55
1
1

72,66 2,36 1 6.82 4,87 0,42 0,09 0,30 1,43 11,36
1
1

69,26 2,51
1
1 8.18 6,00 0,42 0,14 0,26 1,20 11,83

11
67,06 2.45 1 13, 04 

1
6.52 0,39 0,11 0,25 1,19 10,92

111
56,91 0,73

11
1 30.36 3,80 0,16 0,08 0,13 0,75 8,55

1
1
1

72,29 1,61 1 9,85 3,48 0,14 0,11 0,24 0,89 11,42
11

43,93 1.13 1 62.36 3,79 0,25 0,13 0,29 0,70 7,44
1
1

72,29 2,32
1 1
1 6.58 1 4,60 0,34 0,16 0,38 0,84 12,07

11
1 1 i 1 >

I 1I а
72,66 1,36 1 « Л » 3,65 0,21 0,08 0,28 1,73 10,78 1

0
л>

1 1 X
74,88 1.55 1 8,20 2,12 0,22 0,07 0,29 1,34 11,57 1

1 1 Cd
68,51 1,49 1 15.75 2,20 0,14 0,08 0,33 0,79 10,98 1 N>
46,89 1,06

J J
1 39,05 3.45 0.49 0,10 0,26 1,55 7,08

1
1 N5

1 1 СП
69,79 1,99 1 8.51 1 5.81 0,57 0,09 0,32 2,18 10,75 1— J____ L______ _____ ____1____J____ _______ J



Drill
hole/
Trench

No.

Sample
Nuulber

l* 37 

№  37

l* 38 

№  38 

DK 38 

DK 38 

DK 38 

DK 38

DK 39 

DK 39 

1)K 39 

DK 39 

DK 39 

DK 39 

DK 39

DK 90 

DK 90 

DK 90

DK 90 

DK 90

669

665

797

798

799

750

751

752

708

709

710

711

712

713 

719

715

716

717

718

719

Section 
of Sample 
frun - to

(tn)

Ihick- 
ness of 
Sample

<">)

Fe-tot

*
30.15 - 31,70 1.55 50,98

31.70 - 32,90 0,70 99,23

15,10 - 16,55 1,45 51,12

16,55 - 17,80 1.25 51,12

17,80 - 18,50 0,70 93,58

18,50 - 18,90 0,90 13,83

18,90 - 21,00 2,10 95,68

21,00 - 21,65 0,65 36,88

18,00 - 18,30 0,30 96,79

18,30 - 19,20 0,90 53,50

19,20 - 19,80 0,60 93.02

19,80 - 22,05 2,25 18,58

22,05 - 22,55 0,50 99,28

22,55 - 23,95 0,90 51,12

23,95 - 29,25 0,80 92,88

20,90 - 22,20 1,80 52,59

22,20 - 23,95 1,25 41,64

23,95 - 29,80 1.35 20,68

29,80 - 25.90 1,10 99,05

25,90 - 26,50 0,60 95,70



ANALYSES RESIJI.'IS

Fe2(>)

*

P2O5

*. -

S 1 0 2  

*

a i2o ,

X

Ti<>2

*

CaO
+

MrO

ï

M O

X

L.O.I.I
1

1

1

*  1

Hydrates

(500°)

X

1

1

1

i
1

72,91 2,52 5,61 5,22 0,32 0,07 0,26
1

1.98 | 11,31
1
1

63.25 2,07 17,62 6,90 0,38 0 , 1 2 0,26 1 , 6 8  | 
1

10,07
1
!
1

73,11 2,06 8,51 2,95 0,23 0,06 0,23

1
1

1,06 1 11,77

1
1

1

73,11 2,30 7,05 6,18 0,26 0,06 0,31 0,78 | 12,26
1

1

62,32 1,98 20,56 3,26 0,26 0,07 0 , 2 1 1,15 I 9,96
1
1

19,77 0 , 6 6 60,% 9 , 3 9 2,30 0,08 0,05 2,17 | 6,55
1
1

65,32 2,36 12,63 5,71 0,62 0,08 0,36 0,99 | 11,58
1
1

52,73 1,88 27,28 6,69 0,67 0,11 0,31 1.26 | 
1

9,55
111

66,91 1,62 13,10 5,35 0,62 0,10 0,16

1
1

1,47 | 11,30

111
76,50 1,75 5,90 2,39 0,17 0,06 0,18 1 , 5 9 1 11,57

11
61.52 1,71 26,11 2,16 0,23 0,06 0,16 1,08 | 9,50

1
1

26,57 0,68 63,66 3,61 0,39 0,10 0,17 0.58 | 6,68
11

63,32 1,97 13,09 7,32 0.66 0,11 0,27 1,72 | 11,03
11

73,11 2,65 5,53 5,30 0,35 0,09 0,28 1,05 | 12,26
11

61,32 2,19 19,30 5,07 0,66 0,09 0,27 1.20 | 10,60
11 >

01 1 0
| 1 0)
| | X

75,16 1,66 5.71 3,90 0,21 0,12 0,27 0,98 | 12,21 1 co
59,55 1,53 26,81 3,62 0,29 0,13 0,26 0,67* | 9.56

11 N)

29,57 0,73 56,71 6,23 0,95 0,19 0,12 0,53 1 6,19 | ro
| I CTN

70,16 2,39 8,00 5,96 0,35 0,13 0,55 0,68 | 12,09 1

65,36 2,28 15,16 5.12 0,31 0,13 0,66 0,61 | 11,05
11



ANALYSTS KESM.TS

Drill
hole/
Trench

No.

OK Al 

UK Al 

IK Al 

IK Al 

IK Al

IK A2 

IK A2 

IK A2

IK A3 

OK A3 

UK A3 

IK A3 

DK A3

OK AA 

IK AA 

DK AA 

OK AA 

DK AA

Sana:
Nun.

7A2

7A3

7AA

7A5

7A6

765

766

767

768

769

770

771

772

760

761

762

763 

76A

Sect Ion 
of Sample 
from - to

On)_
22,AO - 22,85 

22,85 - 23,75

23.75 - 25,25 

25,25 - 27,05

27.05 - 28.A5

22,30 - 25,20 

25,20 - 26,90

26.90 - 28,95

20.75 - 22.AO 

22,AO - 23,55 

23,55 - 23,95 

23,95 - 25,15

25.15 - 26,50

20.90 - 23,05

23.05 - 23,35 

23,35 - 23,65 

23,65 - 25,15

25.15 - 27,60

ITiick- 
ness of 
Sample

(m)

0,A5

0. 90

1.50 

1,80

1, AO

2,90

1,70

2,05

1.65

1.15 

0.A0 
1,20 

1.35

2.15 

0,30 

0,30

1.50

2, A 5

Fe-tot.

X

Fe2°3

*

«*205

*

1 SI02

1
1
1 *

Al 20} 

*

TÌO2

*

CaO
+

MrO

X

n o

X

L.O.I.

X

Hydrates

(500°)

X
1

A9,27 70, A6 1,38
1
1 9,5V

t
5.A2 0,33 0,11 0,25 1,36 11,A3

A7.59 68,06 1,39
1
1 11.47i 5,26 0,27 0,09 0,18 1,19 11,71

51,65 73,86 1,59
1
1 0 6  1 3,31 0,17 0,08 0,19

1
1,03 | 12,18

2A.22 3A.63 0,75 j A7,66 6,75 1,IA 0,12 0,1A 0,83 7,21

A5.77 65.A5 . 2,22 1 13.96 
!

5,1A 0,53 0,12 0,36 0,88 11,15

52,50 75,08 1,76

1
1
1 5.02 3.6A 0,15 0,10 0,37 2,15 12,11

21,7A 31,08 0,51 1 A2.55 12,52 2,09 0,1A 0,28 1,58 8,Al

A6.A6 66, A A 2,0A
1
1 12,Al 
1

5,21 0,A1 0,09 0,A5 1,87 10,60

52,63 75,26 2,08

1
1
1 A,79 j 3,A0 0,38 0,11 0,56 1,68 11,9A

A9.A5 70,71 2,03 1 9,37 j 3,7A 0,27 0,08 0,32 1,80 11,61

23,80 3A.03 1,10 1 52,59 A,63 0,62 0,10 0,19 1,23 5,9A

A6.77 66,88 1.93 1 IA.37 j 3.57 0,58 0,11 0,A3 1, AA IO, A6

A9.15 70,29 1,98 | 10,29 
1

A,26 0,7A 0,10 0,30 1,26 10,87

A6.79 66,91 1.7A

1
1
| 13,16 A, 63 0,33 0,08 0,36 1,83 10,91

22,91 32,76 0,98 1 52,77 A,82 0,56 0,12 0,18 1.53 5,79

A6.86 67,01 1,95 1 12,91 A,85 0,68 0,11 0,A7
1

l,5A | 10,6A

A8.89 69,91 2,00 1 9,67 A,7A 0,62 0,11 0,37 2,00 10, A8

A7.21 67,51 2,10 1 10,95 5,31 0,63 0.12 0,29
1

1,93 | 10, A3
± _ ____

04
to
to
- “*1

Annex



ANALYSES RESULTS

Drill
hole/
Trench

No.

Sample
Nunoer

Sect ion 
of Sample 
from - to

______ (!!!)

"thick
ness of 
Simple

(m)

| Fe-tot, 
1 
1 
1

1 1

Fe?(>3

£

I v / h  

1 1

1 SI02 
1 
1 
1
1 1

A120-J

X

Ti02 CaO
*

MkO

X

MnO

X

L.O.I.

X

llydriiti

(500°)

X

IX AS 7S3 17.A0 - 19,70 2,30 | 53,99 
j 77,20

1
1 2.03

1
1 3.39 2,56 0.1A

1 ~ 1  
0,09 0.62

—
1.81 11,78

DK AS 7SA 19.70 - 20,00 0,30 | 39,94 57,11 1 1.27 | 28,69 1,83 0,1 A 0,12 0,78 1,78 7,78

IX AS 7S5 20,00 - 20. AO 0,A0 | 27,06 38,70 1 0,93 1 65,95 A, 58 0,39 0,18 0,73 1.31 6,95

IX AS 7S6 20.A0 - 21. AO 1,00 ( 66,92 66,3? 1 1.89 1 13.15 5.13 0,AA 0,1A 0,69 1.77 10. A9

IX AS 7S7 21.AO - 22,55 1.15 1 51,28 j 73,33 1 2,37 1 5.57 A. 39 0.A1 0.11 0,39 1,92 11,11

IX AS 7S8 22,55 - 2A.05 1,50 | 50,20 j 71,79 1 2.A2 1 6,29 5.51 0,35 0,10 0,A3 1,87 11,37.

IX A5 7S9 2A.05 - 25,05 1,05 1 A9.36
1i

70,59 1 2.15 1 9,72 
1

3,39 0,23 o.ll 0,37 2,06 10, A9

IX A6 777 17,15 - 20.60 3.A5
1
1 52.9A 75,70 1 2.15

1
1
j 3,88 3.15 0,2A 0,07 0, A9 0.8A 12,86

DK A6 778 20,60 - 21. AO 0,80 1 31,15 j AA.5A 1 l.OA j AO,70 A,15 0,A1 0,22 0,50 0,83 8,16

IX A6 779 21.AO - 23,30 1,90 1 99,17 70,31 1 2.30 1 8.02 5.A1 0,A5 0,11 0,39 1,A8 11, AO

IX A6 780 23,30 - 25,50 2,20 | 97,99 67,91 1 2,23 | 10,63 5,A3 0,30 0,11 0,A8 0,89 11,95

IX A6 781 25,50 - 26.70 1,20 1 31.71
1j

A5.3A 1 1.A2 | 33,90 
1

7,69 0.77 0,12 0,31 1,16 9,23

IX A7 782 17,95 - 19,60 1,65

1
1
| A9.69 j 71,06 1 2,07

1
1
1 7,27 A, 59 0,27 0,07 0,31 1,76 11,9A

IX A7 783 19,60 - 20,20 0,60 1 25.27 36,13 1 1.06 I A9,26 5,25 0,39 0,09 0,19 1.A2 6,30

IX A7 7BA 20,20 - 20,80 0,60 | 62.30 60,A9 1 1.36 I 21,36 A.86 0,A6 0,08 0,36 2,16 8,88

IX A7 785 20,80 - 22,30 1,50 | 69,28 70. A 7 1 2.2A 1 8.17 5,10 O.AA 0,07 0,A6 2,50 10,28

IX A7 786 22.30 - 2A. 10 1,80 | A9.8A 71.27 1 2,A3 1 5.86 5.93 0,30 0,07 0,A9 2.76 10,73

DK A7 787 2A.10 - 25,60 1.A0 1 A5.3A 6A.8A 1 2.21 1 11,90 6,77 0,32 0,12 0,58 3,02 9,90

IX A7 788 25,60 - 26,80 1,20 | 30.A6 A3.56 1 1.A2 | 38,07 5.91 0,50 0,16 0,38 2,05 7,08

03
k:
ro
00
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ANALYSES RESULT?

Drill
hole/
Trench

No.

Sanple
NLfii>er

Sect ion 
of Simple 
fron - to

<m)

Thick
ness of 
Sarple

(m)

Fe-tot.

X

Fe2 0 3 |

!
X

P20 5

X

UK 48 773 15.25 - 17.35 2,10 52,54 75,14 2,39

UK 48 774 17.35 - 17.95 0,60 40,66 58,15 1,75

UK 48 775 17,95 - 20,85 2.90 47,93 68,54 2,30

UK 48 776 20,85 - 21,95 1.10 41,36 59,15 2,00

DK 49 794 18.65 - 20.85 2,20 52,10 74,50 2,43

UK 49 795 20.85 - 21.20 0,35 42,35 60,56 1,26

UK 49 796 21,20 - 26,10 2,90 46,84 66.98 2,16

UK 49 797 26,10 - 25,00 0,90 35.76 51,14 1,68

DK 49 798 25,00 - 25,55 0.55 29,03 41,51 1,29

DK 50 472 9,95 - 10,60 0,45 39,66 56,71 1,02

UK 50 473 20,65 - 22.90 2,25 52,37 74,89 1,90

DK 50 474 22,90 - 23,20 0,30 47,48 67,90 1.98

DK 50 475 23,20 - 26,80 3,60 45,11 64,50 2,13

UK 51 789 20,50 - 21.60 1,10 51,86 74,17 1,75

UK 51 790 21,60 - 21,95 0,35 43,97 62,89 1,57

UK 51 791 21,95 - 23,15 1,20 49,42 70,67 2,23

UK 51 792 23.15 - 24,20 1,05 48,80 69,07 7 ,12

UK 51 793 24,20 - 24,80 0,60 39,23 56,10 i,6i

DK 52 476 22,90 - 24.15 1,25 53,49 76.48 2,05

UK 52 477 24,15 - 26,80 2,65 68,18 6H.90 2,20i__ __L



SI02

X X

T102

X

OKI
+

MrO

X

№0

X

L .0 .1 .

X

Hydrates

(500°)

X

5,01 3,63 0,19 0,12 0,33 1,26 11,9/.

21,89 5,86 0,57 0,22 0,42 1,39 9,62

9,82 5.19 0,47 0 ,16 0,60 1,44 11,03

21,24 5,14 0.43 0 ,19 0,52 1,36 9,83

5,40 3,48 0,17 0,08 0 ,20 1,89 11,55

20,20 5,10 0,48 0,11 0,34 1,46 9,90

10.56 5.72 0,38 0,11 0,41 1.53 11,37

29,53 5,86 0,42 0,11 0 ,38 2,15 8,26

42,61 4,85 0,37 0,12 0 ,18 1,89 6,65

28,79 3,28 0,14 0,06 0,21 1,04 8,98

5,93 3,91 0,18 0,08 0,37 1,08 12,30

11.71 5,26 0,38 0,08 0,31 1.13 n , i 6

14,43 5,31 0,31 0,10 0,42 1,08 11,29

5,23 3,99 0 ,26 0,08 0,24 2,86 11,01

18,49 4,55 0,51 0,09 0 ,40 2,28 9,35

6,43 4,45 0 ,40 0,08 0,51 2,71 10,65

9,95 4.52 0 ,23 0,08 0,34 2,77 10, 76

25,32 4.80 0,27 0,07 0,33 2,39 8,86

5,44 3,13 0,25 0,07 0,44 1,00 11,84

9,82 | 5,55 0,41 I 0 ,08 I 0,41
I I

0,91 11,71

№
to
tvj5̂

Annex



ANALYSES RESULT

1 Drill- 
1 hole/
1 Trench 
1 No.

Sample 
Nume г

Section 
of Saiple 
from - to

(m)

Thick
ness of 
Simple

(in)

Fe-tot.

г

Fe20j

г

P2O 5

г

1 Ж  53 681 20,10 - 21,95 1.85 50,18 71,75 1.55

1 1Ж 53 682 21,95 - 22,85 0,90 51,73 73,97 2.11

1 ПК 53 683 22,85 - 23,15 0,30 39,46 56,43 1,85

1 Ж  53 684 23,15 - 25,60 1 2,45 48,98 70,04 2,36

1 Ж  53
I

685 25,60 - 26,80 1 1,20 
1

37,35 53,41 1.61

1
1 Ж  54

1 1
696 1 19,20 - 21,65 1 2,45 51,79

•
74,07 1,86

1 Ж  V i
1

697 21,65 - 22,55 0,90 33,92 48,51 • 1,22

1 Ж  54 1 698 22,55 - 24,65 2,10 50,26 71,87 2,36

1 Ж  54 699 24,65 - 25,85 | 1,20 49,56 70,87 2,42

1 Ж  54
1I

700 25,85 - 27.10 1.25 36,71 52,50 1,87

1 ПК 55 671 19,90 - 21,10 1,20 50,84 72,71 1,81

1 ПК 55 672 21,10 - 22,25 1.15 50,01 71,51 2,22

1 ОС 55 673 22,25 - 23,15 0,90 44,84 64,12 1,97

1 Ж  55 674 23,15 - 24,90 1.75 49,31 70,51 2,21

1 Ж  55 675i 24,90 - 26,50 1,50 52,38 74,90 2,40

1 Ж  55 676 26,50 - 27,20 0,70 45,96 65,72 1.96

Ж  56 iI 461 1 10,00 - 10,45

Ж  56
1
11 462

1
1 23.30 -i 25.70

Ж  56
»
1I 463 1 26,90 -

1
27,75

Ж  56
1
1 464 27.75 - 28,45

37,84 54,12 1 0,72

53,76 76,88 1 1,81

47,48 67.90 1 1,98

44,55 63,70 ! 1,71
J_ _ _ _ _ _ _ _ _ _ I I

0,70



I

s

sto2 AI2O3 T102 CM
+

HbO

№ 0 L.0 .1 . Hydrates

(500°)

X X X X X X X

7,95 5,28 0 , 2 2 0,05 0,29 2,63 10,76

5.93 3,61 0,15 0,06 0,25 1,79 12,19

27. 76 3.17 0,19 0,06 0,18 1,38 9,26

7.27 5,88 0,30 0,06 0 , 6 6 2 , 0 2 11,39

26.28 6,67 0,61 0 , 1 0 0,36 1,83 9,29

5,29 3.66 0.15 0,05 0,27 2,59 1 1 ,2 6

36,20 3,59 0,29 0,08 0,56 1,83 7,27

6 , 2 2 6 , 6 6 0,39 0 , 1 2 0,60 2,90 10,23

7,69 6 , 6 6 0,25 0,08 0,33 2,92 10,55

28.93 6 , 8 8 0,33 0,09 0,33 2,27 8,07

6,80 6,58 0,32 0,09 0,37 1,33 11,96

6,19 6,51 0,17 0,07 0,63 1,06 13,92

13,80 6,76 0,30 0,08 0,63 1 , 0 2 13,27

9.18 6,13 0 , 6 6 0 , 1 0 0,56 1.97 10,62

5,05 6,13 0,27 0 , 1 0 0,36 1,09 11,80

16,61 1,91 0,26 0 , 1 0 0,60 1,28 10,08

32,59 3,28 0,16 0,06 0 , 2 1 0,96 8,15

6.72 2,69 0,13 0,08 0,69 1 , 1 0 12,25

11,76 5,10 0,56 0 , 1 2 0,37 1,09 10,78

19,96 2,95
__ i

0,26
u

0 , 1 0 0,36 1 , 2 0 9,73 I

I

Annex



ANALYSTS KESMLTS

Drill
hole/
Trench

No.

Section 
of Sanple 
fran - to

(in)

Thick
ness of 
Sarple

<m)

Fe-tot.

X

Fe2Q3

X

P2 0 5

X

Si0 2

X

AI2O3

X

TIO2

X

CaO
+

Ugo

X

ttO

X

L.0 .1 .

X

1
Hydrates | 

(5iW>) | 

X

DK 57 701 20,30 - 21,95 1,65 52,73 75,41 1,58 4,92 3,46 0,23 0,16 0,32 2,57 11,32

UK 57 702 21,95 - 22,55 0,60 49,64 70,99 1,85 8 , 8 8 4,16 0,29 0 , 1 0 0,26 2,24 11,17

DK 57 703 22,55 - 23,75 1 , 2 0 31,27 44,72 1 , 2 0 40,54 4,18 0,58 0 , 1 1 0 , 2 1 1 , 6 8 6,84

UK 57 704 23,75 - 24,35 0,60 45,36 64,87 1,82 15,89 4,29 0,58 0 , 1 1 0,31 1.95 9,64

UK 57 705 24,35 - 25,40 1,05 41,51 59,36 1,70 18,25 6,92 0,95 0 , 1 1 0,28 2,38 9,48

DK 57 706 25,40 - 26.80 1,40 47,54 67,98 2 , 2 0 10,39 5.37 0,43 0 . 1 1 0,34 2,42 10,59

DK 57 707 26,80 - 27,30 0,50 35.97 51,44 1 , 6 6 30,60 4,74 0,38 0,13 0,61 1,91 8,29

DK 58 727 19,60 - 19,90 0,30 38,82 55,51 0,75 29,13 4,55 0,23 Tr. 0,07 0,79 8 , 6 6

DK 56 728 19,90 - 20,50 0,60 49,75 71,14 1.52 9,18 4,34 0,13 0 , 1 2 0,14 1,04 11,92

DK 58 729 20,50 - 21,65 1,15 43,10 61,63 0,71 19,39 5,12 0,18 0 , 0 2 0,17 1 , 0 1 1 1 , 0 2

DK 58 730 21.65 - 22,85 1 , 2 0 41,19 58,90 1.14 24,28 3,41 0 , 1 0 0 , 1 1 0,28 1.59 9,54
DK 58 731 22,85 - 23,45 0,60 29,05 41,54 1,34 43,78 3,58 0,37 Tr. 0,18 1.43 7.21
DK 58 732 23,45 - 24,35 0,90 39,57 56,59 1 , 8 8 20,04 8,03 0,33 0,08 0 , 2 2 2,83 8 , 8 8

DK 58 733 24.35 - 26,20 1,85 47,88 68,47 2,63 8,14 6,47 0,38 0,04 0 , 2 1 1,92 11,13
DK 56

i

734 26,20 - 26.50 0,30 41.94 59,98 2,40 17.5^ 6 , 6 8 0,37 Tr. 0 , 2 2 1,85 10,26

| DK 59 
j

735 23,20 - 24,10 0,90 54,75 78,29 1,67 4.27 2,39 0 , 2 2 0,05 0,40 1,76 10,92
| DK 59
j

736 24.10 - 25,60 1,50 52,92 75,68 1.74 6 , 2 1 2,80 0,15 0 , 1 0 0,31 2,35 10,55
| DK 59 737 25.60 - 26,50 0,90 40.67 58,15 1,52 28,11 1,77 0,17 0,09 0,24 1,24 8 , 6 8

| DK 59
j

738 26,50 - 27,20 0,70 49,97 71,46 1,98 11,55 2 , 0 1 0,13 0,09 0,27 2,26 9,81
j  DK 59 739 27,20 - 28,20 1 , 0 0 17,60 25,17 0,55 59,78 6,73 0 , 6 8 0,13

_ _ _ J
0 , 2 1 1 , 1 1 5,32

CO
ro
«u>

Annex



Drill
hole/
Trench

No.

Saille1 Section 
Nuiiet j of Sanple 

1 iron - to 
1
I <»)

thick
ness uf 
Sanple

(■)

Fe-tot

X

DK 59
1

760 1 28.20 - 30.15 1.95 50,26

DK 59 761 1 30,15 - 31,55 
1

1,60 66,11

DK 60

1
1

720 1 27,50 - 29,80 2,30 51,91

DK 60 721 j 29,80 - 31,90 2,10 50,20

DK 60 722 1 31,90 - 32,55 0,65 23,31

DK 60 723 j 32,55 - 32,75 0,20 26,33

DK 60 726 1 32,75 - 35,00 2,25 68,18

DK 60 725 1 35,00 - 35,65 0,65 65,01

DK 60 726 1 35,65 - 35,95
I

0,30 36,29

DK 63
1

535 1 8,95 - 10,95 2,00 52,09

DK 63 536 1 10.95 - 12.15 1,20 69,66

DK 63 537 1 12,15 - 13,40 1,25 60,50

DK 63 538 1 13.40 - 15,05 1,65 67,90

DK 63 539 1 15,05 - 15.80 
1

0,75 36,59

DK 66

!
1

478 1 13.15 - 13.70 0,55 53.07

DK 66 679 1 13,70 - 16.60 0,70 51,67

DK 66 480 I 14.45 - 15,20 j j 0,75 26,30

DK 66 481 1 15.20 - 16.30 1,10 36.73

DK 66 682 1 16,30 - 16,75 0,65 65.96J___ J_________ !______



ANALYSES RESULTS

Fe2<>3

X

P2O5

X

SJ0 2

X

Al2°3

X

T 1 0 2

X

CaO
+

Ugo

X X

L.O.I.

X

Hydrates

(500°)

X

71,87 2 , 2 1 7,86 4,74 0,34 0,06 0,39 2,77 1 0 , 1 1

63,09 1,90 17,76 4,28 0,27 0,06 0,32 1 , 6 8 9,12

74,23 1,75 6,46 3,57 0 , 1 2 0,05 0,19 1,29 11,91

71,78 1,85 9,91 2,74 0,05 0,04 0 , 2 1 1,14 11,80

33,34 0,64 60,15 1 , 0 0 0,07 Tr. 0.17 0,61 3.71

37,66 1,07 40,47 9,67 0,99 0,05 0,15 1,63 7,87

68,90 2,64 8,19 5,94 0,42 Tr. 0,25 1.51 11,69

64,37 2,62 14,46 5,40 0,30 Tr. 0,19 1,23 11,07

49,03 2 , 0 2 31,18 6,65 0,50 Tr. 0,19 1,33 9,00

74,49 1,46 6 .9 I 3,52 0 , 2 0 0,08 0,33 0,81 11,53

70,69 1,46 12,45 3,30 0,16 0 , 1 0 0,40 0,91 10,41

57,91 1,29 21,13 5,85 0,76 0 . 1 2 0,63 1,03 10,19

68,50 2,24 10,17 5,28 0,30 0,09 0,39 0,90 11,51

52,32 i 1,63 29,65 4,46 0,49 0 , 1 1 0,57 0,82 9,06

75,88

1

1,14 6,08 3.36 0,16 0 , 1 0 0,27 0,89 11,78

73,89 M 2 8,27 3,49 0,19 0 , 1 1 0,32 0,87 11,61

34,75 1 0.39 48,10 6 . 8 8 0,45 0,19 0 , 1 0 0,83 7,06
52.52 1 1 , 2 1 33,24 2,98 0.14 0 . 1 1 0 , 6 6 0,78 8,18

65,70 1,73 14,96 4.23 0,26 0 , 1 2

__
0,27 0,83 11,43

__

Annex



ANALYSES RESULTS



ANALYSES RESULTS

III

I

Drill
hole/
Trench

№ .
______

Sanplel Section | lliick- 
Nuuberj of Senile j ness of 

j from - to j Sample 
1 1

_______ 1______ is)______ 1___ is)___

Fe-tot.

*

1 * 2 0 3

X

P2O5

X

Si02

X

DK 69 690 I 17,75 - 19.30 1.55 50,70 72,50 1,67 9,10

DK 69 691 | 19,65 - 19,95 0.50 48,44 69,26 1,86 11,6^

DK 69 692 | 19,95 - 20,60 j 0,65 35,60 50,90 1.43 30,88

DK 69 693 | 20.60 - 23,05 2.65 49,75 71,14 2.41 6,99

DK 69 696 | 23.05 - 25,00 j 1.95 49,65 70,99 2,58 6,31

DK 69 695 j 25,00 - 25,30 0,30 39,98 57,17 2,10 23,99

DK 70 637 | 17,40 - 18,50 j 1,10 49,14 70,27 1.52 10,57

DK 70 638 | 18,50 - 19.50 1,00 47,18 67,47 1.47 14,31

DSC 70 639 1 19.50 - 20,30 0,80 45,87 65,59 2.47 12,45
DK 70 640 1 20,30 - 21,50 » 1,20 39,17 56,02 1,20 27,25

UC 70 661 | 21.50 - 23.05 | 1,55 
j j

50,25 71,86 2,63 4,73

DK 70 642 | 23,05 - 24,40 1,35 68,76 69,79 2.36 7.86

DK 70 643 | 24.40 - 25,25 0,85 40,80 58,46 1.63
1

23.59 I



a i2°3

г

TI02

г

СаО
*

Uso

г

Ж О

г

I..0.I.

г

Hydratée | 

(500°)

г
3,52 0,10 0,10 0,15 0.84 11,48

3 м 0.08 0,05 0.12 0,99 11,88

5,99 0,43 0,14 0.13 1,18 8,72

5.35 0,33 0,03 0,25 1,18 11,89

5.73 0,30 0,02 0,18 1,07 12,26

4,84 0,36 Тт. 0,17 0,78 10,1В

4.41 0,15 0,08 0,15 1,07 11,24

4,10 0,11 0,10 0,11 1,01 11,05

5.87 0,29 0,04 0,13 1,15 11,09

4,50 0,15 0,11 0,19 0,89 9,59

5.90 0,28 0,06 0,16 1,17 12,33

6,23 0,47 0,17 0,18 1,09 11,50

4,46 1 0,38 0,14 0,18 1.15 9,77



ANAI.YSKS UESIII.T

Drill
hole/
Trench

No.

Sample
Nwoer

Sect ion 
of S.inple 
fr<n« - to

(m)

Thick
ness of 
Simple

(in)

Fe-tot. 

X

Fe^Oj

X

P2«5

X

K 1 «03 3,«5 - «,50 1.05 37,16 53.14 1.67

K 2 «83 3.00 - «,20 1,20 «6.12 66,24 1.83

K 2 484 «.20 - 5,40 1,20 35,85 51,26 1,30

K 2 «85 5,«0 - 6,30 0.90 «3.75 62.57 2.32

K 2 «86 6,30 - 7,50 1,20 31, «7 «5.00 7.61

K 3 | 404 «.50 - 5,15 0,65 43.00 61.49 1,28

K 3 405 5,15 - 5,75 0.60 41.«9 59,33 1.70

K 3 406 5.75 - 6.35 0.60 1 «1,33 59,11 1,22

K 3 i 407 6,35 - 6,75 0,«0 36,30 51,91 1,06

K 3 «08 6.75 - 7,35 0,60 39,02 55,80 1,67

K A «09 3,95 - «,95 «0.08 57.31 1,21

K «10 «.95 - 5.70 0.75 20.19 28,87 0,29

, s

1

«87 3.35 - «.85 «3.50 62,21 1,««

K 5 «88 «.85 - 6,80
1

1,95 | 47,53 
1

67,97 1,62

K 6 559 3,«5 - 5.55 2.10 ««.91 6/i,?2 1.52

K 6 560 5.55 - 6.75 1,20 46,07 65,88 1,66

K 6 561 6.75 - 8.55 1.80 38.9/ 55.73 l.U



S ¡02

г

Al 2* *3

__г  _

T ¡0 2

г

ОлО
♦

MrO

№ 0

г

Г '1
!  1
1 г  1

Hydrntes

( 500° )

г
2 4 ,4 8 7 .Я5

Г
0 , 2 3 0 , 1 8 0 , 1 8 I

!
1

2 ,4 2  1

I

9 ,5 1

15 ,00 4 , 1 6 0 ,1 2 т„ 0 , 1 9 1
1

1 .93  1 10 .12

3 1 ,9 5 5 .1 2 0 . 2 0 Тг . 0 , 2 2
1

1 ,7 3  1 8 ,0 5

13 ,09 7 ,8 3 0 . 3 7 0 ,0 4 0 , 2 7 1 .94  1 11 ,01

3 6 ,5 0 6 , 5 0 0 , 3 5 0 , 0 5 0 , 2 4
i
1
1

1 .4 3  1 
1

8 ,2 5

19 ,44 7 ,8 5 0 ,1 3 0 , 1 2 0 ,2 3

i
1
1

1
1

1 .6 3  1 10 ,04

2 5 ,7 6 5 ,0 2 0 , 0 8 Тг . 0 ,1 1 1 1 ,2 6  1 9 ,2 2

21 ,54 2 .6 0 0 , 1 7 0 ,2 2 0 , 1 8 1,61  1 9 ,4 4

3 1 ,2 5 5 .6 3 0 , 1 2 0 , 1 0 0 , 1 6 1 .51  1 8 ,3 5

2 1 ,5 6 4 ,8 2 0 ,3 2 0 ,1 4 0 ,1 1 2 ,8 7  1 
1

8 ,7 4

2 5 ,5 0 4 , 7 0 0 ,1 2 0 . 1 7 0 , 1 4 1
1

1 .7 8  1 9 ,0 5

6 0 ,3 8 3 .7 7 0 ,1 2 0 ,2 2 0 ,0 7
1

1 ,2 2  1 
1

4 ,1 2

17 ,23 5 , 5 . 0 , 5 0 0 ,0 2 0 , 2 6 1
1
1

1 .7 5  1 10 ,40

12 ,20 4 , 5 9 0 . 1 3 0 ,0 3 0 ,2 7

1

1
1 .5 1  1 

!
11 ,1 6

¡6 ,3 3 5 ,2 2 0 , 2 2 Г1..1. 0 ,1 2

i
i
1

1
1

1 ,5 5  1 1 0 ,4 8

15, У. 6,36 0 , 1 6 n . d . 0 ,1 2 1 .93  1 10 ,02

25 ,21 4 ,2 6 0 . 1 5 n . l i . 0 , 1 3
1

2 ,0 3  1 10 ,17
„ 1  _______ _____ 1 1



ANALYSES RESULTS

Drill- I Sainte I 
I hole/ I Nuinerl 
I Trench I j

No.

К 7 I 520

Section 
of Sample 
fron - to

__ÍEÍ__
З . Ю  - 4,60

I Thick- I Fe-tot 
I ness of I 
1 Sanale j IIOn) X X

1,50 45,82 65,52

1’2«5

___ X

1,29

Si(>2

16,85

К 8 t 545I
К 8 I 546I
К 8 I 547I
К 8 I 548I
К 8 I 549

К 9 I 550

К 9 I 551I
К 9 I 552I
К 9 j 553

1,80 - 4.00

4.00 - 6.00

6.00 - 6.90

6,90 - 7,60

7,60 - 8.80

2,20 - 3.70 

3.70 - 4,30

4.30 - 6.30

6.30 - 7,60

2,20 1 49,04 1 70,12 1I 1,69

2,00 1 42,50 j 1 60,35
1
1I 1,63

0,90 1 30,00 1 1 42,91
1
1I 0,70

0,70 1 43,00 j 1 61,49
1
1I 2,94

1,20 1 27.44
I

1
I

39,24
1
1
I

1,52

1,50

1

1 46,88 ■
1
1 66,57

1

I 1,76

0,60 1 16.01 « 1 22,89 I1 0.57

2,00 1 41,19 j 1 58,90 1I 2.31

1,30 1 28,60 1 40,90
!
i 1,63

10,65 

22.(V. 

41,31 

14,60 

42,14

14,40 j 

50,60 I 

14,46 I 

36,30

10 1 1
5V. 1 2,40 - 4.00 1 j 1,60 1 43.91 j 1 62,78

10 1 i 555 1 4,00 - 5.30 1 j 1,30 1 46,93I 1 67,11

10 1 556 1 5,30 - 6.40 1 j 1,10 1 21,29 j 1 30,46

10 1 
1

557 1 6,40 - 7.90 1 j 1,50 1 .3,60 j 1 62,35

10 1 558 1 7,90 - 9.20 1 1,30 1 32,02 1 45.79

1,81

1,89

0,91

2,41

1,76

14,32

11.87

47.87 

12,80 

30,81

ll 1I 521 1 2,70 - 4,00 ¡I 1,30

11
1
1I 522 1 4,00 - 5.50 1 1 1,50

11
1
1 523 1 5,50 - 6.10 1 0,60

46,37 1 66,31 1j 1,68 1 16,04 j
42,34 1 60,55

1
11 1.75 1 22.50I

4,31 1 16,17
1
1 0,41 1 60,50



I
А'2°Э

г

Т102

* X г

1..0.1.

г

Hydrates
(500°)

г
111

л , п 0,12 0,02 0,27 1,51 10,23 111
3,67 0,10 0,07 0,21 1,63 11,17

111
3,96 0,90 0,04 0,26 1,60 9,96 11
5,47 0,47 0.09 0,27 1,66 6,23 1

!
8,00 0.48 о о 00 0,28 1,60 11,66 11
6,83 0,50 0,05 0,23 1,06 8,18 i

i
i

3,93 0,11 0,03 0,13 1.13 10,98
i
i
i

16,58 1,03 0,13 0,06 1,50 7,70 i
i

7,72 0,60 0,13 0,19 1,52 10,72 i
i

9,67 0,73 0,13 0,15 2,52 7,66 i
i
i

6,63 0,30 n.d. 0,11 1,48 11,10
i
i
i

5,68 0,17 n.d. 0,13 1,68 11,36 i
i

10,61 0,63 П.<|. 0,10 1,36 7,62 i
i

8,39 0,33 |1.<|. 0,12 1,83 11,56 i
i >

0
9,21 0,57 n.d. 0,12 2,02 9,06 i

i 0Ф
i *11 №

3,51 0,10 0,02 0,26 1,66 10,30 i Ы
3.76 0,12 0,02 0,25 1,63 9,26 11 LO

i O'
12,98 1,00 0.15 0,06 3,20 6,71 iJ

J



Drill- !1 Stralici 
1 Numeri

Section 1 ТЫск- 1
hole/ 1 of Sample 1 ness of 1
Trench 11 1 frctn - to 1 Sample 1

No. 1
I
1 1 
I I (m)

1 1 
<m) I

1
К 11 1

1 1
1 526 1 6.10 - 7.30

1 1 
1 1.20 1

Fe-tot.IIII
г

6 2,39 I
К 11 525 7.30 - 9.15 1,85 39.07

К 12 I 562I
К 12 I 563I
К 12 I 566I
К 12 I 565

6 ,5 8  - 5 ,1 0 I 0 .5 2 1 6 6 .5 1I
5 .1 0  - 5 ,6 5

1
1I 0 .5 5 1 2 9 .6 0i

5 ,6 5  - 7 ,5 0
1
1I 1 ,8 5 1 1 1 .5 8i

7 .5 0  - 8 ,9 0
1
1 1 ,6 0 1 6 0 ,7 9

К 13 I 586I
К 13 I 585I
К 13 I 586

9.70 - 10.30 11 0.60 1 69,06I
10,30 - 11.85

1
11 1.55 1 66,37 1

11.85 - 12.65
1
1 0.60 1 31.67

II
IIIIIIIII

К 16 i 587I
К 16 I 588

К 16 I 589
К 16 I 590. I
К 16 I 591

2,78 - 3.90 iI 1.20 1 66,07I
3,90 - 5.00

1
1 1.10 1 38.71 j

5.00 - 6.15 1I 1,15 1 21.55 j
6,15 - 7,60 1I 1.65 1 66.83

7,60 - 8,50
1
1 0.90

j
1 63,35

К 15 j 580 1 1,90 - 6,60 1 2,70 1 65.92

к iì i 
1

581 6,60 - 5.00 1 0.60 1 38,77

К lì i 582 1 5,00 - 6.15 1 1.15
1
1 17.97

К 15 i 
1

583 1_L 6,15 - 8,50 1 
1

2.35 1 62.85_L

I



ANALYSES RESULTS

?2°5 1 Si(>2 
1 
1 1

AljO-j 1
1
1

T102 CuO
♦

EfcO

x X
1
-1 г  - 4

X
1
! г %

60,62 2.31
1
1 П.50 3,90

1
1 0,38 0,15

55,87 2.14 1 22,70
I

6,81 1
I

0,33 0,12

63,65 1.57
1

1 18,44 3,06
1

1 0,12 n.d.

42,06 1,25 1 37,84 7,56
1
1 0.33 0,02

16,56 0,49 1 62,68 11,03
1
1 1,02 0,05

58,32 2,25 1 16,88 
1

7,93
1
1
1

0,55 Tc.

70,13 1,80

1
1
1 12.47 2,53

1
1
1 0 07 0,04

66,31 1,89 1 16,68 2,98
1
1 0,07 0,04

45,29 1,22 1 42,02 
1

2,91
1
1
l

0.13 1 0,02 
1

65,88 1,52

1

1 17.81 3.02

1

1 0,0B 0,20

55.37 1,59 1 26,71 4,66
1
1 0,17 0,05

10,82 0,79 1 45.94 10,33 1 1,13 0,34

66,96 2.65 ! 9.31 6,47 1 0,33 0,06

61,99 2,47
1
1 16 ,66 
I

7,21
I
1
I

0,40 0,09

65,66 1.79 1 12,25 6,47
1

1 0,21 0,09

55,44 1,55
1
i 26.02 5,09

1
1 0,17 0,05

25,70 0,78
1
1 51,18 12,09

1
1 0,79 0,19

61,27 2,34
1
1 15.89
i _____

7.53
______

1
1
1

i
0.33 I 0,08

1

0,18 i 1, 18

0,30

0,20

0,20

0.10

0,95

0,92

0.86

1,10

0,87

2,30

1,50

1,56

10.98 

10,76

7,28

9,60

9,68

7,26

11,73

11,10

10,8?

9,16

6.98 

10,87

Annex В 2.37



ANALYSES RESULTS

Drill
hole/
Trench

No.

Smple 
Nm' - r

Section I 
of Sample | 
iron - to j

i
On)

K 16 601
1

3,65 - 4,60 |

K 16 602 6.60 - 6,25 |

K 16 603 6,25 - 6,55 j

K 16 604 6,55 - 8,20 |

K 16 605 8,20 - 9,40 j 
1

K 17 606

1
1

2.60 - 6,90 |

K 17 607 4.90 - 5,75 |

K 17 608 5,75 - 6,90 |

K 17 609 6,90 - 8,25 1

It 17 610 8.25 - 9,11 |
I

K 18 5,50 - 6,40 | 
j

K 18 634 6,40 - 7,40 |

K 18 635 8,85 - 10,35 |

K 18 636 10,35 - 11,30 |

Thick
ness of 
Sample

(m)

Fe-Lot. 

*

Fe2Oj P2(l

l

0,95 52,11 74,52
r

1,56

1.65 45,26 64.73 1,87

0,30 19,03 27,22 0,80

1,65 45,97 65,74 2.53

1,20 39,88 57.02 2,15

2,50 49,85 71,28 2,05

0.85 35.95 51,41 1.35

1,15 12,78 18,29 0,52

1,35 46.83 66.96 2,74

0,88 42.70 61.06 2,49

0,90 46,37 66,31 1.47

1.00 23,66 33,55 0,91

1,50 46,37 66,31 2,31

0,95 43,60 62,35 2,42

I K 19

l K 19

I K 19

| K 19

| K 19I____

592

591

5 %

595

596

5,55 - 7,10 11 1.55 46,37

7,10 - 8,55
1
11 1,45 41,64

8,55 - 8,90
1
1| 0,35 16,51

8,90 - 10,35
1
1 1,45 47,83

10,35 - 11,75 1 1,40 45,77
i

66.31

59,54

23,62

68,40

65,45

1,67

1.63 

0,74 

2,59

2.64

SiOj

*

AI2O3 T 1 0 2

4%

5.52 3,86 0.15

13.71 5,90 0 , 2 0

63.66 16,38 1,46

8,96 7 , 5 9 0,32

18,77 8,29 0,40

6,36 5,02 0.18

32,47 3,81 0,12

56,30 15,18 1,60

8,56 6,98 0,37

15,59 6,98 0,37

16,39 3,89 0.15

51,59 5,69 0,35

11,15 7 , 0 1 0,40

15,33 6,87 0,35

16,50 2,73 0,08

24,88 2 . 7 3 0,05

50,22 15,25 1,60

9,23 5,91 0,28

10,40 7,05 0,40

of

1*0

l X

L.O.F.

X

Hydrates j 

(500°) |

x 1
0,09 0,31 1,40 11,93 |

0,05 0,25 1,14 11,68 |

0,02 0,10 2,39 7,88 |

0,03 0,30 1,35 12,32 |

0,07 0,30 1,46 11,00 |

Tr. 0,33 1.53 12,58 |

Tr. 0,23 1.42 8,53 |

Tr. 0.13 3,94 3,90 |

0,09 0,28 2,21 11,47 |

1 0 , 1 0  

|
0,26 1,61 11.12 1

1 0 , 2 0 0,15 1,26 9,95 |
1
0,06 0,19 1,44 5,96 |

0,08 0,15 1,20 11,30 1

0,13 0,18 1,31 10,93 | 
1

0,05 0,30 0,95
!

10,86 |

Tr. 0,20 0,83 9.66 |

Tr. 0,08 1,90 6.51 |

0,04 0,23 2,09 10,86 |

I 0,06 0,28 2,28 10,86 I

ca
N3
U>
CO

4

Annex



a n a l y se s  IWSin.TS

Drill
hole/
Trench

No.

Sdoitle
Nunber

Section 1 
of Sample j 
from - to

<m)

Thick
ness of 
Sample

(m)

Fe-tot.

x x

P2«5

X

K 20 623 15.35 - 16,15 0,80 37,81 56,07 1,36

K 20 626 18.25 - 20.70 2.65 66,62 66,67 2,82

K 20 625 20.70 - 21,30 0,60 32,73 66,80 1,57

K 2’ 626 10,35 - 11.05 0.70 52,66 75,31 1,86

K 21 627 11,05 - 11.85 0,80 22,66 32,11 0,78

K 21 628 13.15 - 16,60 1,65 66,02 65,81 2,52

K 21 629 16,60 - 15,65 1.05 42,70 61,06 2,31

K 22 597 6,10 - 7,60 1.50 . 53.17 76.03 2,19

K 22 598 7.60 - 8.50 0,90 20,24 28,96 0,79

K 22 599 8,50 - 10,00 1.50 65,67 65,30 2.56

K 23 621 8.55 - 9,00 0.65 35,95 51,61 0,65

K 23 622 9,00 - 10,80 1.80 6i,66 59,26 1,88

K 25 630 3.75 - 5,85 2,10 67,83 68,60 1,68

K 25 631 5,85 - 7,00 1,15 65,82 65,52 1.59

K 26 632 2.35 - 6.37 2,02 63,65 62,16 1.60

| Si02 

1

X

A12<V, 

1

T102

X

CuO | Mnf) 
+ 1 

Hk o 1 
1

X I X

L.0.1.

X

Hydrates j 

<500») | 

X I

32,12 2,08 0,07 0,13 0,36 1,05
1

8,56 |

9,71 6,13 0.33 0,16 0,28 1,83 11,87 |

33,70 6,40 0,33 0,09 0,20 2,03 8,21 |

5,88 3,11 0,08 0,09 0,23 1,59 11,57 |

57,10 2.98 0,10 Tr. 0,09 1,00 5,68 |

9,79 7,67 0,67 0,12 0,15 2,38 11,08 |

1 16.51
1i

6,86 0,33 0,11 0,16 1,56 10,82 |

1
1
1 6,05 3,73 0,20 Tr. 0,24 1,70 11,57 ||
I 49,71 10,84 1,21 Tr. 0,17 2,05 6,23 |

1 12.26 
1

6,19 0,37 Tr. 0,13 1,20 11,86 |

\

1 96,75 j 5,06 0,30 0,15 0,25 1,39 6,97 |

| 18,93 
1

6,83 0,63 0,22 0,22 1,86 10,23 |

1
j 12,77 6,19 0,12 0,11 0,17 1,67 11,06 |

1 12,69
11

5.97 0,18 o . n 0.17 1.93 11,39 |

1
1 17,53 
1.

5,59 0,21 0,17 0,15 1,67
_____

10,81 |

u>
\o

Annex



ANALYSES RESI Л .IS

I
Drill
hole/
Trench

No.

Sanple
Nimber

Sect ion 
of Salile 
from - to

(m)

Thick
ness of 
Simple

(m)

Fe-tot.

z t

P2O5

x

S102

г

Al2°3

X

TÌO2

г

OnO
+

MkO

X

И Ю

X

L.O.l.

X

Hydrates

(500°)

X

К 27 576 13.70 - 15,00 1,30 43,05 61,56 1,60 23,32 1,92 0,05 0,02 0,20 1,51 8,91
1 К 27 577 15,00 - 16.20 1,20 10,67 15,26 0,50 53,26 19,28 1,70 0,21 0,02 3,27 6,39
1 К 27 578 16,20 - 17,10 0,90 44,81 1 64,08 2,74 12,17 7.52 0,46 0,06 o,ie 2,06 10,73
1 К 27 

1
579 17,10 - 18,30 1,20 46,12

1
65.95 2.71 10,81 6,66 0,42 0,09 0,17 2,16 10,62

1 1 
1 К 28 1 600
1 1 i i

6,10 - 8,55 2.45 39,93 57,10
I

2,01 18,20 9,22 0,57 0 0 0
0 0,13 2,30 10,20

1
1 РК 1
i

614 0,00 - 2,00 2,00 52,31

1

74,81 1,81 7,53 2,54 0.06 0 . 0 3 0,21 1,18 11,52
1 РК 1 615 2,00 - 4,00 2,00 51,76 74,02 1,85 7,02 3,06 0,06 0.18 0,22 ! 1,47 11,69
1 РК 1
11

616 4,00 - 5,50 1,50 44,41 63,50 1.43 17,76 4,65 0,15 0,13 0,29 1,23 10,36

РК 2 617 0,00 - 0,65 0,65 51,05

l
1
1 72.94

l
1
1 1,52 7.61

1

3.79 0,16 0,15 0,31 1,60 11,79
РК 2 6L8 0,65 - 1,85 0,90 49,24 70,42 1 1.91 9. (Vi 4,60 0,13 0,08 0,19 ! 1.75 11,69
РК 2 619

I
1,85 -

1
2,70 0.85 1 36,05 51.55 0.91 28,15 6,80 0,70 0,14 0,26 2,11 8,93

1 РК 2 

1

1 620 

1
2.70 - 3,60 0,90 1 42,09 1 60.19

I
1 1.87
I

16,73 1 7,50 0,33
11 0,19 0,24 1.95 10,60

1
1 РК 3 
1

1
1 569 
j

0.00 - 2,90

1

2.90
j

48,34j
11 69.12 
j

1
1 1.70 10,37

1
1 4,37 0.12

1
0,13 0,25 1,30 12,56

1 РК 3 
1

1 570
i

2,90 - 3,30 i 0,40 1 36,05 
j 1 51,55 1 1.40 26,77 1 7,47 0,79

1
! 0,06 0,31 1,67 9,52

1 РК 3 
1

1 571 3,30 - 4,80 1.50
_______

42,95 I 61,42 
1

1 2,20 15,14 1 7,90
1

0,33 j 0,09 
1

0,20 1.51 11,10



I Drill- 
I hole/
I Trench 
I No.

1 PK 6 
I re 6 

i re 6

I re 5 
I re 5 
I re 5 
I re 5

Sanplel Section 
Nunber i of Simple 

Iron - to

0«)
611 t 0.00 - 1,10 1,10 I 62,70 1
612 1 1,10 - 3,00 1,90 1 67.83 j
613

1

!
3,00 - 6,00 1,0 j 61,69

I

572
1
1 0,0 - 1,30 1.30

1
1
1 A 7,63 j

573 1 1.30 - 2,60 1,30 1 32,17 j
576 2,60 - 6,00 1,60 1 65,72 j
575 1 6,00 - 6,00 2,00 1 60,18

Thick
ness of 
Sanple

On)

Fe-tol.

ANALYSES RESULTS

Fe20 3 P2<>5 j SU)2
I

г г L.
61.06 1,62

i
1 Ю.61

68,60 2,27 1 «.71

59,62 2,16 1 17,59 
1

68,11 1,62

1
1
1 11.77

66,01 1.27 1 38,06

65,38 2,39 1 10,37

57,66 2.27 1 19.69

Al2°3 T102 ° f  1 

MgO 1

№ 0

г г I V I l _ J L
6,92 0,16 0,15 0,30

6,79 0,37 0,13 0,27

7.59 0,37 0,13 0,26

6,35 0,16 0,17 0,20

6,19 0,12 0.06 0,20

7.62 0,33 1 О Д А 0,20

8,06 0,39 1 0,07 

1

0,20

IIIIIIIIII

•O.l.l
1
1
1

_1_L

Hydrates

(500°)

г
I

2,01 1 10,07

1.65 1 11,56

1.28 1 
1

10,95

1
1

1.96 1 10,77

1.56 1 7,70

1.97 1 11,11

2,69 1 9,36II
I

III

II



Drill- 1 Sample | Section Thick- Fe-tot
hole/ 1 Numerj of Sample ness of |
Trench 1 1 iron - to Senile

No. 1 1 1
| (m) On) *

PSD 1
I
1 41? | 0.0 - 0,80 0,80 48,44

PSD 1
1
1 418 | 0.80 - 1.80 1,00 42,85

PSD 1
1
1
I
419 |

I
1.80 - 2.40 0,60 42.70

PSD 2

1
1
1

1
1

420 | 1.15 - 1.50 0.35 49.85

PSD 2 1 421 1 1,50 - 2.60 1.10 40.98

PSD 2
1
»I 422 j 2,60 - 3.00 0.40 37,46

PSD 2
1
1
1
423 | 

1
3.00 - 4.00 1.00 25,63

PSD 3

1
1
1

I
1

516 | 1,00 - 1.40 0,40 51,81

PSD 3
1
1 517 | 1.40 - 2.00 0,60 45,16

PSD 3 1 518 | 2,00 - 2,80 0,80 42,09

PSD 3
1
1
I
519 | 

1
2,80 - 3.10 0.30 37,46

PSD 4

1
1
1

1
1

424 | 0.00 - 0.80 0,80 53,16

PSD 4
1
1
1
425 | 

1
0,80 - 2.35 1.55 40,88

PSD 5

1
1
1

1
1

426 | 0,50 - 1,90 1.40 46.62

PSD 5
1
1 427 | 1.90 - 2.45 0.55 48. V.

PSD 5
1
1
1
428 | 

1
2,45 - 3,30 0.85 48,39

PSD 6

1
1
1I

1
1

429 | 0.00 - 1.35 1.35 53,42

P S ) 6 1 430 | 1,35 - 2.40 1.05 46,17
1 1 »

PSD 6 1 431 | 2.40 - 2.80 0.40 46,07



I

ANALYSES RESULTS

Fe2°3 | 
1

P205 1 Si«V 
1 A12<>3 1102 CaO | FhO IL.O.I.I 

+ 1 1 1
Hydrate»

1
1

1
1
1

1 ifco j 1 1 
1 1 1 1

(500°)

1 X X X X X x X x
69.26 1 1.62 9,22 6,60 0,20 Tr 0,20 1,91

r
10,91

61,27 1 M S 16,37 9,60 0,25 0,28 0,08 2,69 10,32

61,06 1 1 , 7 9

I
15,59 8,06 0,23 0,18 0,16 2,60 10,17

71,28

1
11 1 . 9 9 6,17 6.17 0,21 0,10 0,26 1.92 11,15

58,61 1 1.98 j 16,06 9,57 0,61 0 . 1 0 0,21 2.15 10,56

53,57 1 1.741 25,56 7.25 0,30 0,06 0,21 2,17 8,93

36,66 I 1,17 
'

40,22 10,93 0,65 0,26 0,18 2,56 7,66

76,09

1
1 1.96 j 5 , 9 7 6,38 0,28 0,21 0,31 1.59 10,91

66,58 1 2.01 11,34 7,61 0,63 0,28 0,23 1.91 10,95

60,19 1 1.93 16,02 8,52 0,35 0,20 0,19 2,30 10,16

53,57 1 I,v> 
1

26,56 7,11 0,27 0,07 0,17 1,87 8,69

76,03 1 1.99 
j

3,69 4,21 0,10 0,06 0,26 1.91 11,68

58,66 1 1,67 

!

19,39 8,33 0,30 0,08 1 0,12 1,98 9,70

66,67 1 1 . 3 91 13,25 6,70 0,22 0,06 .... 1,85 9,75

69,61 1 1 . 8 61 8,19 6 , 5 7 0,20 0,05 0,09 2,25 10,56

69,19 1 1.89
11

9,30 6,60 0,17 0,09 0,12 2,07 10,33

76,39
1
1 1.60 
j

5.19 3.75 0,13 0,03 0,12 1,81 10,59

66,02 1 1.80 13,70 6,22 0,23 0,02 0,11 2,26 9,56

65,88 1 1.90 12,05 7,32 0.3fl 0.01 0.16 2,33 9,91
1 J  1 1

Annex



1 К Ш _ 1 ж ?
1 Trench 1 
1 No. 1
1 I

Section I Ttilck- 
of Sample | ness of 
iron - to j Sarple 

1
(m) (m)

Fe-tot.

X
1 1
1 D 1 1 799

1
7.65 - 8.60 1 0.95 46,03

1 D 1 1 800 
1 1

8,60 - 9,60 1 1,00 
1

42,52 1

1 1 
1 1
1 D 2 1 801

1
1

7.60 - 8,АО 1 0,80 50.37 1

1 D 2 1 802
l 1

8,40 - 9,50 1 1,10 
1

44,21

1 1

! D 3 j 803

1

12,60 - 14.00 1 1,40 49,67

1 D 3 1 804 14,00 - 14,90 1 0,90 1 47,85

1 D 3 1 805 
1 1

14,90 - 16.20 1 1,30
________________!_________

45,33
________



4NALYSES RESULTS

Fe2 0 3 P205 S102 Al2Ol T102 CaO m ) L.O .l . Hydrates

PfeO (5000)

X X X X X X X X X

65,82 1,16 15,29 6,97 0,27 0,07 0,28 2,38 9,21

60,82 1.15 20,85 5,20 0,27 0,06 0,30 2,00 8,73

72,03 1,10 10,52 1,61 0,23 0,07 0,12 2,66 9,37

63,22 0,96 19, V. 6,66 0,26 0,06 0,11 2,10 8,70

71,03 1.21 11,20 3,66 0,23 0,06 0,11 2,27 9,59

68,43 1.29 15,28 3,23 0,22 0,06 0,12 2,11 8,92

66,82
__

0,96
_______

19,35
______

6,12 0,23 0,06 0,05 2,13 8,68
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Annex B 3.1 to B 3.125

Descriptions and logs of drill holes and trenches



3%p 2o 5 ; An.5.g .^ B 3.- ,1

60%Fe|I 1
l£on_eBlite,consolidated, ca- 95 % ooliths,

ea. 5 t  clay-lieonite eatrix, dark red- 
brown, evidence of bioturbation between 
1 and Z *

Iron o811t>,pisolitic, uncosolidated, 
clay eatrix, silty, grey-brown

increasing content of quartz sa»d

Sandstone, fine to nediua grained, 
silty, 5 to 10 % ooliths and pisoliths 
light brown

?*PA !
60%Fe|

Iron oolite,consolidated, ca. 95 % ooliths 
ca. 5 % clay-lieonite eatrix, 
dark red-brown,

Iron oolite,ca. 60 % ooliths,ca. 35 % quartz sand 
clay-lieorute eatrix, red-brown; evidence of 
bioturbation and ironcrusts
Iron oOllte,pisolitic, unconsolidated,
clay eatrix, silty, grey-brown

increasing content of quartz sand

Sar •‘stone, fine to eediue grained, silty, 
slightly oolitic and pisolitic, light brown 
to white-red



V

1





?*p2°5;
6 0 % F e |

Iron o81it»,coas»lidated ca. 95 % ooliths, 
ca. 5 % clay-liaonite aatrix, 
dark red-brown

Iron polite ca. 60 t  ooliths, 30 to 35 quartz sand,
clayrli«onitg «atrix, red-brown, evidence 
of Sioturbation

Iron »8 lite ,p iso lit ic , unconsolidated, 
clay «atrix, s ilty , grey-brown

slightly increasing sand content
Sandstone, fine to «ediu» grained, 
silty, light red



i4
5i

 
44

Annex B 3.3

PDK 4
m

o -

5 -

10 -

15 -

• • • • •

• ♦ • •

! f  ?%P2°5! 
40 50 60%Fe|I I I 1

Iron saadstone,brecciated, and p is o lit ic  sandy 
Iron. oB lita,dark brown 
strongly consolidated

Siltstone, sandy-clayey,
white-grey to light brown and light red

>

Clay, Slightly s ilty ,  white-grey to light brown

Iron oB lite.noderately consolidated,
ca. 95 % ooliths, ca. 5 % day-limonite matrix,
dark brown

Iron oe iite .stronqly sandy, unconsolidated 
clay matrix, grey-brown

Iron oO lite,p iso lit ic , dl^y 
clay aatrix, grey-brown

Strongly sandy
Sandstone, silty-clayey, grey-white 
altered basement
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Annex B 3.4

PDK 5

3%P2Og
60%Fe|

Iron aaad»tonc,brecciated and o o lit ic , sandy 
Iron, > l$ tlit» ,dark brown 
strongly consolidated

Sutstone, sandy-clayey
Light red to light brown and white

Clay, slightly  sandy-silty, white-grey 
_to light brown

Iron aB llte ,consolidated, ca. 95 % ooliths, 

ca. 5 % clay-liaonite Matrix 
evidence of red clay injoints 
dark brown

Iron oOllte,Moderately sandy, unconsolidated 
clay aatrix, grey-brown

Iron oa lite .p iso lit ic , sandy-silty, unconsolidated 
clay Matrix, grey-brown

~Sandstone, silty-clayey, light-grey to light brown 
WMU* gained

15



Annex B 3.5

m
o
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PDK 6

Clay, s ilty , light brown

Iron aB lite ,consolidated, 90 to 95 t  ooliths, 

5 - 10 % day-liaon ite matrix 

dark brown

Iron eB llte,sandy-clayey, unconsolidated 
light brown

"Iron a8 llte ,p iso lit ic , clay matrix, grey-brown 
Sandstone, s ligh tly  consolidated,oolith-bearing,arey- 
Iroa oB lita, a la a lit ic  clay aatrix, grsy-fcrown ravn 
Sandstone7«edium grained,light brown

m
0

5

PDK 7

Clay, sandy-silty, light-brown

Iron aB lite,consolidated, 90-95 % ooliths 
5 - 10 % clay-linonite matrix 
dark brown

increasing sand content to the foot wall 

Clay sandy-silty, light-brown

i



Annex B 3.6

m
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P D K 8 , 2

1 "? ' 5P

r ri'T 'll 1
* * ~ + M *  +4- •

3»P2O s i 
so%Fe| Iron oC lite , consolidated, ca- 95 % ooliths 

ca. 5 % clay-liaonite aatrix

Sandstone,slightly consolidated, isolated 
ooliths, light grey, nediua grained 

~Clay, sandy-silty, 
red to light brown
Iron a8llt> ,p iso lit ic , s lightly  consolidated, 
clay aatniT, grey-brown

Sandstone, clayey, white-grey 
altered baseaent

0

5

Iron .«51it«,consolidated, strongly altereted 
and evidence of bioturbation and iron crusts, 
red-grey-brown

Sandstone, slightly consolidated, isolated
_ooliths, light grey-brown

Iron o fll lta .p iso lit ic , unconsolidated, 70-80 % 
ooliths and p iso liths, clay aatrix, sandy-silty 
lightbrown-greenish

Kao lin itic  Clay, sandy, white-grey 
strongly altered baseaent
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Iron MBIlte,consolidated, ca. 95 % ooliths, 
ca. 5 i  clay-lioonite Matrix, dark brown, 
strong evidence of bioturbatio» and 
iron crusts

Pisolite-Layer 

Sandstone, o o lit ic
decreasing oolith content to the foot wall

Clay, s ligh tly  sandy-silty, light brown 
Tron oB llte o is o lit ic ,  unconsolidated, 
clay Matrix

"Sandstone, fine grained, s ilty ,  s ligh tly  consolidate 
isolated ooliths, light red-brown 
Kao lin itic  clay, sandy, white-grey 
altered basement
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I

3%P2O Ji 3|60% Fe
Gravel of river liger terrace

Iron oB lite ,consolidated, ca. 95 % ooliths 

ca. 5 % linonite matrix, dark brown

Iron o61ita,p iso lit ic , unconsolidated 
clay Matrix

Strongly increasing sand content 
to the foot wall

strongly altered baseaent 
kao lin it ic , white-grey

10
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PDK 12 ii 2
40 50

P

3%P20 r :
G0%Fej

Iron oo lite ,consolidated, ca. 95 % ooliths 
ca. 5 % clay-li«onite «atria 
dark brown

~Tron aisolite.soderately consolidated, clay «atria 
Iron oBIita,consolidated, ca. 95 % ooliths,
ca. 5 % clay-li«onite «atria 
dark brown

+ ca. 10 - 15 S quartzsand

Iron «B lite^ is o lit ic ,  unconsolidated 
clay «atria, grey-brown 
evidence of iron crusts

Strongly increasing sand content to the foot wall

"Sandstone fine to coarse grained, oolith bearing 
_Led-brown to red-white 

altered basenent, strongly kaolinized

0

5

PDK 13 , 2
1 40 ' 50

3%P2Og|
60%Fe

Iron p is o liteyioderately consolidated, dark brown

Iron oB lite ,consolidated, ca. 95 % ooliths, 
ca. b i  ci?y-li«onite «atria, dark brown 

—evidence of biotcrbation

Iron po lite ,p iso lit ic , «oderately 
consolidated, ca. <i0 - 50 t  p iso liths 
clay «atria, grey-brown

strongly increasing sand content to the 
foot wall, up to 20 %

~~Siltstone. sandy, red 
Sandstone, kaolinitic, white-grey 
al ered basenent



Iron, «B lite,strongly sandy and strongly conso
lidated, linonite «atrix, dark brown

Siltstone, sandy-clayey 
red-brown to yellow-white

3%P20g i Clay, s ilty , red-write
60%Fe|

Iron oS lite ,consolidated, ca. 95 % ooliths, 
ca. 5 % clay-linonite «atrix 
dark brown

Sandstone, clayey and o o lit ic , brown

Iron e fllite ,p iso lit ic , unconsolidated, 

clay «atrix

increasing sand content to the foot wall 
up to 30 %

Sandstone, s ilty ,  red-white 
Kaolin itic clay, sandy, white 
strongly a lte red base«ent



PDK 15
Annex B 3.10

Eoli an sand,
fine to aediue grained, well sorted, 
yellowish-brown

T o llu v ia l bed containing quartz- and iron sand-stone-
fragments

Iron oB lite , consolidated, ca. 95 % oOliths, ca. 5 % 
day-liaon ite  aatrix, dark red brown 

~Tron p iso lite  layer in iron oBlite

Iron oBlite, moderately consolidated, strongly sandy 
up to 30 - *t0 $, yellowish-red 

"Sandstone, clayey, slightly  consolidated 
yellowish-brown
Iron oBlite, pi so li t ic , slightly consolidated, 
clay aatrix, s ilty , grey-brown

"Clay, sandy, white-grey, altered baseaent

PDK 16 1 21
50I

?*Pz05i
60%Fej

Iron oBlite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-linonite aatrix, dark brown

Layer of intraforaational pebbles

Sandstone, clayey, oBlith-bearing, slightly  
consolidated, brown 

Clay, s ilty , light brown
_jandstone, aediua to coarse grained, light brown 
clay, sriidv-silty. light brown 
Iron oB lite, p is o lit ic , unconsolidated, sandy, 
clay aatrix, grey-brown

"Sandstone, clayey, red-white



PDK 17
Annex B 3. 1 1

Iron oB lite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-liaonite «atrix, 
dark red-brown

froa 3,60-3,70 horizon of intraformational 

Debbies
"  Sandstone, coarse grained, light grey-brown 
Iron oOlite, sandy-clayey

Clay, sandy-silty, with isolated oOliths, 
red-yellow-brown

Iron oB lite, p iso lit ic , unconsolidated 
clay «atrix, froa 6,25 n ground water

PDK 18
m

i 2 3 % P ,o c :i i i 1 bi
40 50 80% Fe]

Colluvial bed, containing boulders of 
s ilic f ie d  iron oSlite and qucrtz

Clay, s ilty ,  yellow-white

Iron o fllite , consolidated by liaonite, 
ca. 90 - 95 % oOliths, dark red brown

Iron oo lite , strongly clayey, grey-brown 

Sandstone, strongly clayey, yellow-white

a O  c 3
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3%P7CL'I L bl
60% Fe

Clave s ilty , red-yellow

Iron oo lite , consolidated, ca. 95 % 
oOliths, ca. 5 % clay-liaonite aatrix 
dark red-brown

Iron oPlite, s lightly  consolidated, 
clay aatrix, grey-brown

Iron odlite, p is o lit ic , unconsolidated, 
clay aatrix, grey-brown 

"D ay , s ilty ,  yellow-brown

PDK 20
m
o

5

10

Colluvial bed, containing boulders of 

s i l ic i f ie d  iron oBlite and quartz

Clay, slightly  s ilty , white-grey

Iron oB lite , consolidated, 90 - 95 % oOliths, 
clay-liaonite aaM x , dark red-brown

~Tron oo lite , sandy, evidence of iron crusts

Iron oo lite , p iso lit ic , unconsolidated 
clay aatrix

increasing sand content to the foot wall 
up to ca. 10 %

Kaolin ltic Clay, sandy, white-grey 
altered baseaent



PDK 21
Annex B 3.13
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i 2 3%P205:
1 40 1 so 1 60%Fe|

c

,—V

Iron o fllite , consolidated, ca. 95 % odliths, 
ca. 5 % clay-limonite matrix, 
dark red-brown

~iron ofllite, sandy, clay matrix, grey-brown, 
.evidence of bioturbation

Iron oo lite , p is o lit ic ,  unconsolidated, 
clay matrix, s ilty ,  grey-brown

increasing sand content to the foot wall 
up to 20 %

l

Sandstone, silty-clayey, grey-white 
altered basement

0

5

PDK 22 , 2 3%P20 5
40 1 50 1 so%Fej

Iron oB lite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, 
dark brown

""Sandstone, slightly  od lit ic

Iron oo lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 
up to 5 it

—  Sandstone, s lig lu ly  o o lit ic  and p iso lit ic  
Sandstone, medium grained, red to light 
brown



PDK 23
i ’  3%P,Orl 
1 40 ' 50 1 60%Fe|

Annex B 3.14

0
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• -• t • • • i i • • * • • •. • • • • •  • 4

Iron oB lite, consolidated, ca. 95 % oflliths, 
5 fc lay-liaon ite «atrix, dark red-brown, 
evidence of bioturbation froa 0,5 to 9,0 a

“  Iron p iso lite , consolidated, dark brown 
Iron oB lite, consolidated, dark red-brown 
Sandstone, cB lit ic , clay aatrix

Iron oo lite , p is o lit ic , ca. 30 % p iso liths, 
clay aatrix, grey-brown

increasing sand content to the foot wall 
uo to 5 %
Sandstone, oO litic  and p iso lit ic , light brown

Kaolin itic clay, sandy, white-grey 
altered baseaent

1 0

5

3%P7Oc ii * 31,
60% Fe | Terrace gravel

Iron oB lite, consolidated, ca. 90 - 95 % 
oOliths, day-liaon ite aatrix 
dark red-brown

"Iron  oB lite, sandy, clay aatrix

Iron oB lite , p is o lit ic , ca. 20 - 30 % 
pisoliths; clay aatrix, grey-brown

Increasing sand content to the 
foot wall up to 30 %

Sandstone, aediua grained, oBlith 
bearing, light grey to light brown

Sandstone, strongly clayey, white grey, 
altered baseaent
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3%p2o 5 : 
MxFej Gravel of river Niger terrace

"Iron oB lite , consolidated, ca. 95 t  oBliths, 
ca. 5 i  clay-lieonite matrix, dark 
red brown

__Iron p iso lite , moderately consolidated
"Iron ofllite, sandy-clayey, s lightly  

consolidated, brown
Iron oa lite , p is o lit ic ,  unconsolidated, 
clay matrix, sandy-silty

increasing sand content to the foot wall

Iron oo lite , strongly sandy, clay matrix 
isolated p iso liths, grey-brown

.Sandstone, oB lit ic , clayey, grey 

.Sandstone, clayey, white-grey 

Kao lin itic clay, sandy, white, 
altered basement
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40 ' 50i i
3%P20 5|

60% Pel Terrace gravel

Iron oBlite, consolidated, ca. 95 % oBliths,
linonite matrix, dark red-brown, evidence 
of bioturbation at 0.5 m
Iron p iso lite , s ligh tly  consolidated, 
dark brown, evidence of bioturbation from 2.0G to 
Iron oo lite , consolidated 2.35 m

- Sandstone, medium to coarse grained, o o lit ic

Iron oo lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content to the 
foot wall up to 30 %

""Sandstone, fine to medium groined, 
white to light-brown
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PDK27 ,
i 50i

«P20si
M%Fe|

Iron oB lite , consolidated, ca. 95 % 
oOliths, clay, matrix, dark red-brown 
evidence of bioturbation fro* 1,80 to 2,00 a

Iron oo lite , sandy, clay matrix, light grey-brown

Iron oB lite , p is o lit ic ,  ca. 20 it p iso liths, 
clay aatrix, grey-brown

increasing sand content to the foot 
wall up to 10 it

Sandstone, o o lit ic  and p iso lit ic , clayey 

Sandstone, «ediua grained, red-white
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PDK 28 1 2
I I

40 50i >
?*Pz05 i

60%Fe|i 1
Gravel of river Niger terrace

T ron  oo lite , consolidated, ca. 97 it oOliths, 
ca. 3 it clay-liaonite matrix 
dark brown

Iron oo lite , sandy, clayey, unconsolidated 
grey-brown

Iron oolite, p is o lit ic , s ligh tly  consolidated 
clay matrix, grey-brown

strongly increasing sand content up to 
30 %, light grey-brown

Sandstone, clayey,isolated oOliths and 
piso liths, light brown

Sandstone, clayey, kao lin it ic , white-grey, 
altered basement
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PDK 29 , 2
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Eolian sand, fine to aediua grained

Iron og lite , consolidated, ca. 95 t  oOliths, 
5 % day-liaon ite aatrix, dark red-brown

Iron p iso lite , s ligh tly  consolidated; ca. 50 % 
pisoliths,30 - 40 % oOliths, clay aatrix, brown 

—  Iron oBlite, consolidated 
Sandstone, coarse grained, slightly consolidated 
Iron og lite , sandy-clayey

Iron jd l it e , p is o lit ic ,  unconsolidated, 
clay aatrix, grey-brown

froa 8,00 a ground water

m
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5 -

PDK 30 3%P20 5; 
60% Fe

Iron oglite, consolidated, ca. 90 - 95 % ogliths, 
clay-liaonite aatrix, dark brown

"Iron pisolite, slightly consolidated, dark brown
“ Sandstone. slightly  consolidated, coarse grained 

iron dlm te, sandy-clayey

Iron og lite , p is o lit ic ,  unconsolidated, 
clay aatrix, grey-brown

'WAHjO froa 7,00 a ground water



w

Annex B 3. 1 8

m
o -

5 -

U3LD
c m

lO
c m

QOLT>
c m

253
C004
<oCM
CO04

i I40 50i i
PDK 31 , 2

• a *• * H  ! * •

............r
il

• • • • • •  e • • • * • • •• • « • • • a

• • • • • •  4
• • • • • •  4
• • • • • • •
• • • • • • •• • • • • • «

■
•iik .

. V . v . v . 1A  » » » ■ ‘ - n_TU"\

3% pz°5  j 

' 60% Fe
Iron oB litc, consolidated ca. 90 - 95 % 
oOliths, dark red-brown

-Iron oB lite , sandy-clayey, s lightly  consolidated

Iron oo lite , p is o lit ic ,  unconsolidatec 
ca. 30 % p iso liths and ca. 30 % oflliths, 
clay aatrix

strongly clayey

froa 7,10 a ground water
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3%p2o 5; 
6 0% Fe Eolian sand, fine to aediua grained

Iron o fllite , aoderately consolidated, ca.
90 - 95 X oflliths, 5 - 1 0  % clay-limonite 
aatrix, dark brown

~Tron o d ite , strong evidence of bioturbation

Iron oo lite , p is o lit ic ,  s lightly  consolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 
up to 5 %

""Sandstone, fine to medium grained, o fllit ic  
_ana p iso lit ic , red to white

Sandstone, kao lin itic  clay matrix, 
white to grey-red, altered basement

I
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Iron oB lita , consolidated, ca. 95 % oBliths, 
ca. 5 % clay natrix, strong evidence of 
iron crusts, dark red-brown

Iron oB lite , p is o lit ic , unconsolidated 
ca. ‘tO i  p iso liths, 30 % oBliths, clay 
natrix, grey-brown

increasing sand content to the foct wall 
up to 10 %

—  Sandstone, oB lit ic  and p iso lit ic  
Sandstone, nediua to coarse grained, light 
. --d to light brown

Kao lin itic  clay, sandy, white, 
altered basenent

m
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PDK 34 1 2 ?*p2°5:
60XFe|I '

Iron oB lite , consolidated, ca. 95 i  oBliths, 
ca. 5 % clay-linonite natrix, dark 
red-brown

Iron oB lite , p is o lit ic , unconsolidated, 
clay natrix, grey-brown

Increasing sand content to the foot wall 
jjp to 3C t

Sandstone, s lightly  oB lit ic , nediun 
grained, light red

Sandstone, kao lin itic  clay natrix, 
altered basenent
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» p2o 5:
50 60%Fe|

Iron oo lite , consolidated, ca. 95 % oBliths, ca. 
5 % clay natrix, strong evidence of iron crusts 
on the f ir s t  0,30 a, dark red-brown

Iron oB lite, p is o lit ic ,  unconsolidated, ca.
% p iso liths, 30 % oBliths, clay matrix, 

grey-brown

increasing sand content to the foot wall up to 

5 %
=  Sandstone, fine to mediun grained, red 

Sandstone, medium grained, white to grey-red 
altered basement

3%PyOc!
5p ' soxFe!

Iron ob lite , moderately consolidated, ca. 95 % 
oBliths, ca. 5 % clay-limonite matrix, 
s ligh tly  s ilty , dark red-brown

~~Tron oB lite, sandy, strong evidence of iron

~ ru?andstone, fine grained, dark red 
Ifftn oB lite, p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Increasing sand content to the foot wall up to 20 % 
Sandstone, slightly oBlitic and pisolitic, 
light brown
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0 -

5 -

10 -

Siltstone, clayey,red to white

^^Sandstone, fine grained, light brown

—  ^n^lione, sandy, white to liaht brown
—  Sairastaner, fine grained, red

Clay, slightly  s ilty , 
white to light brown

Iron oo lite , consolidated, ca. 95 % oflliths 
ca. 5 % clay matrix, dark brown

—  Limonitic clay
Iron oC lite, sandy, day-iiiion ite  matrix, brown 

Siltstone, sandy, isolated oBliths, light brown 

clay, white
—  Siltstone, clayey, light-brown

Iron oB lite, p is o lit ic ,  moderately consolidated 
clay matrix*, grey-brown 

— Sandstone, clayey-silty, brown 
Sandstone, medium to fine grained, clayey 
white-grey, altered basement
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3*P20 5;
60% Fe!i 1

Iron oB lite, consolidated, 90 - 95 % oBliths, 
5 - 10 % clay, limonite matrix, dark 
red-brown
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Sandstone,medium to coarse grained, 
slightly  oB lit ic , evidence of bioturbation

Iron oB lite, p is o lit ic ,  unconsolidated, slightly 
sandy-silty, clay matrix, grey-brown

increasing sand content to the foot wall 
up to 10 %
Sandstone, fine to medium grained, light brown

Kaolin itic clay, sandy, white to light 
grey, altered basement
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PDK 39 , 2
60% PelI 1

?'PA!
Iron p iso lite , moderately consolidated, dark brown

Iron o fllite , consolidated, ca. 95 % oBliths, 
ca. 5 % clay-linonitc matrix, dark brown 
Sandstone, tedium to coarse grained, light brown 

~Clay, s ilty ,  yellow

Iron oB lite , p is o lit ic , unconsolidated, 
clay eatrix, s ligh tly  sandy, grey-brown

""Sandstone, fine to tedium grained, light brown

Sandstone, kao lin it ic  clay matrix 
altered basement

PDK 40
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50i
3%P2o 5|

' 60%Fe li i

Terrace gravel

Iron oB lite , o is o lit ic ,  unconsolidated, 
slightly  sandy, clay matrix, grey-brown

Iron oBlite, strongly sandy, evidence of 
—iron crusts

Sandstone, kao lin it ic  clay matrix, 
light brown to white, altered basement

5 -
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3%p2° 5:
60% Fe

Iron oo lite , consolidated, ca. 95 % oeiiths, 
5 % clay-limonite matrix, dark red-brown

Iron oo lite , p is o lit ic , unconsolidated, 
c.ay matrix, grey-brown

“Increasing sand content to the foot wall 
uo to 20 %

_UA to 30 %

Sandstone, 'ine to medium grained 
Sandstone, kao lin itic  clay matrix, white 
to light red, altered basement

m
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5 -

m

PDK 42
50l

3*pzo 5;
60* Fe

Iron od lite , moderately consolidated, 90 - 95 % 
oOliths, 5 to 10 % clay-limonite matrix, 
dark red-brown

Iron oo lite , p is o lit ic ,  s lightly  sandy, un
consolidated, clay matrix, grey-brown

increasing sand content to the foot wall 
uo to 30 %

_Sandstone, oSIitic and p iso lit ic

Sandstone, fine to medium grained, red
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40 ' 5C 60VFe
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Iron oo lite, consolidated, ca. 90 % oOlit s, 
ca. 10 t  clay-linonite matrix, dark red-brown

[
» • • • • • • Iron oo lite , p is o lit ic , unconsolidated, s ilty ,

» • • • • • • clay matrix, grey-brown
> « • • • • « t,
• • • • • • • i '• • • • • • • 1 • 

j;
.• •• • • • •  • I _ipcreasing sand content to the foot wall up to 20 % 

Sandstone, oO litic  and p iso lit ic , clayey, 
light brown

• i.

Sandstone, medium qrained, red

PD K 44
1 2 3%p20 5!
’ 40 ' 50 1 60% Fe'l

I I I *

Iron o31ite, consolidated, ca. 95 % oOliths, 
ca. 5 % day-limonite matrix, dark 
red-brown

U ro n  od lite , sandy, clay matrix 

Iron o o lite , p is o lit ic , unconsolidated, grey-brown 

Sandstone, slightly  clayey

Clay, strongly sandy, yellow-brown

5 -
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PDK 45 1 ? 3%P20 5'
40 1 50 ' 60% Fe'

Iron oSlite, consolidated, ca. 95 % oCliths, 
ca. 5 % clay-linonite matrix, dark brown

~5Indstone, coarse grained, light brown 
—  Uay,"sandy-silty 

Iron oB lite, p is o lit ic , unconsolidated, 
ca. 85 % oSliths and p iso liths, clay matrix 
grey-brown

increasing sand content to the foot wall up to ca. 
15 %

Sandstone, medium grained, grey-brown
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PDK 46

• • 0  0  m m m 
0 0 0 0 0 0 0J.y.v.v.;.y.v.v.j
i X v ' w
.v X v M i

3%P20 5; 
60% Fe|i 1

Iron oB lite, consolidated, ca. 95 % odliths, 
ca. 5 % clay-limonite matrix; dark brown

strongly sandy

Iron o d ite . very strongly sandy,
—  Clay, sandy

Iron oB lite , p iso lit ic , unconsolidated, ca. 5̂ % 
p iso liths, clay matrix, sandy, grey-brown

Sandstone, fine to medium grained, clayey, 
light brown
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?*Pzo5;
60%Fei

Iron oB lite, consolidated, ca. 95 % oOliths, 
ca. 5 % clay-linonite matrix, dark red- 
brown

Sandstone, fine to tedium grained 
Iron oB lite , p is o lit ic ,  moderately 
consolidated, clay matrix, grey-brown

Sandstone, oB lit ic  and p is o lit ic ,

Sandstone, fine to medium grained, 
grey-white

TiiI

Iron oB lite , consolidated, ca. 95 % oBliths, 
ca. 5 % clay-linonite matrix, dark 
red-brown

Z Z  Sandstone, fine to medium grained 
Iron o d ite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Sandstone, fine to medium grained, 
clayey, oOlith and p iso lith  bearing
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0 -

5 -

Terrace gravel

Iron oOlite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, dark red-brown

Iron oB lite, sandy

Iron oB lite , p is o lit ic , uncorsolidated, 
clay matrix, s ligh tly  sandy, grey-brown

Sandstone, fine grained, oB lit ic  and 
p iso lit ic

PDK 50

1 2 3%p2o 5;
40 ' 50 60%Fe|I I I

Clay s ilty , light brown

Iron oB lite, consolidated, ca. 90 % 
ofl’ iths, ca. 10 % clay-limonite matrixI 
dark brown

I  Iron oB lite, sandy,

Sandstone, medium grained, clayey, 

red-brown

0 -

3 -

3%P20 5:
' BOy.Fel

Iron oB lite , consdidated, ca. 95 % oBliths 

Clay, sandy-silty, light brown



m
5 -

10 -

15 -
/

20 -
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?%pA j
40 50 60% Fe

05n

Quartz conglomerate in iron sandstone matrix 
Laterite, brecciated, iron sandstone matrix

Annex S 3.28

Siltstone to fine grained sandatone, 
red-brown

—  Sandstone, fine grained, oS lit ic , la te r it ic

S iltstone, sandy-clayey, grey-white 
to red-brown

Clay, s ilty , white to light brown

Iron o fllite, consolidated, ca. 95 % oOliths, 
ca. 2 % quartz sand, clay-limonite 
matrix, dark red-brown

Iron o fllite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Sandstone, medium grained, o o lit ic  and 
p iso lit ic , light brown

Kaolinitic clay, sandy, white-grey,
altered basement

30 -
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?%p2o5 i
60 % Fe |

Siltstone, sandy, red to white 

Lateritic  breccia, sand, limonite matrix

Siltstone, sandy, layers of 
fine grained sand, grey-red to 
light brown

TTa£, s ilty , grey

Iron oB lite , consolidated, ca. 95 % 
oflliths, s lightly  sandy, clay-linonite 
matrix, dark red-brown, 
evidence of isolated piso liths

Sandstone, medium grained, oS lit ic , 
s ligh tly  clayey, brown

Iron o fllite , p is o lit ic ,  unconsolidated, 
ca. 10 - 20 % p iso liths, clay matrix, 
grey-brown

increasing sand content up to ca. 5 %

increasing sand content up to 

ca. 35 %

Sandstone and kaolinitic clay, grey-
white, altered basement
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Siltstone, clayey and sandy, 
white to red-brown

Iron oB lite, strongly sandy, lioonite 
natrix

Siltstone, clayey and sandy, 
White to red-brown

Clay, s ilty ,  grey-white

?*p2° 5:
60%FeJ

Iron od lite , consolidated, c* "5 % oOliths, 
ca. 5 % clay-limonite matrix, 
dark red-brown

Iron oB lite , p is o lit ic ,  moderately 
consolidated, clay matrix, grey-brown

increasing sand content to the foot wall 

up to 10 %

Kaolin itic clay, sandy, white-brown, 
altered basement



not cored

Laterite, brecciated, sandstone in linonite matrix

Siltstone, s ligh tly  ferruginous
Laterite, brecciated, with boulders of strongly
sandy iron oBlite

Siltstone and fine grained sandstone, 

clayey, grey-red to light brown

2 3%P,Ot ii , 2 5 ■
50 60% Fe I

Clay, s lightly  s ilty , grey-red to 
light grey

Iron oB lite , consolidated, ca. 95 % 
oBliths, ca. 5 % clay-limonite eatrix, 
dark red-brown

Iron oB lite, p is o lit ic , unconsolidated, 
slig th ly  sandy, clay natrix, grey-brown

Kaolinitic clay, sandy, white,
altered casement
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Siltstonc, sandy, red-brown

Laterite o o lit ic  and p iso lit ic , sandy, 
.brecciated, limonitic matrix, dark brown

Siltstone and fine grained sandstone, 

light brown to light red

Clay, light grey

Iron oB lite , consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, dark red- 

brown

Sandstone, coarse grained, oB lit ic , light brown

Iron oB lite , sandy-clayey, grey-brown

Iron pa lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Kao lin itic  clay, sandy, white, 
altered basement
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3SP20 5 : 

60SFel

Laterite, brecciated, strongly sandy, s lightly  

o o lit ic , liaonite natrix

not cored

Siltstone, clayey, light brown to light red

Iron sandstone

Sandstone, fine grained, light red to light brown

Clay, white to pink

iron oo lite , consolidated, ca. 95 X oOliths, 
ca. 5 X clay-linonite natrix, dark red-brown

Sandstone, coarse grained, s lightly  o o lit ic , 

light brown

Iron o fllite , sancy-clayey

Iron oo lite , p is o lit ic ,  unconsolidated,
^lay natrix, grey-brown

Kaolin itic clay, sandy, light grey, 
altered basenent

30 -
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I P - Q ^ W

3XP205 j
40 50 60%Fe|

Siltstone and fine grained sandstone, 
light brown

Laterite, sandy-oBlitic, limonite 
_aatrix, black-brown

Siltstone and fine grained sandstone 
light red to light brown

Clay, light red to white-grey

Iron oo lite , consolidated, 90 - 95 % oOliths, 
5 - 10 % clay-limonite matrix; 
dark red-brown

Sandstone, medium to coarse grained, 
o o lit ic , light grey-brown

Iron oOlite, sandy, grey-brown

Clay, light brown

Iron oo lite , p is o lit ic , «oderately conso
lidated, clay matrix, grey-brown

Sandstone, fine grained, whito
and kaolinitic, sandy clay
altered basement



not cored

Laterite, quartz pebbles, sandy, also oB lit ic , 
limonite matrix

Siltstone, clayey, light red to light brown

Clay, s ilty , grey-white with 
reddish stripes

50 60% FeI I 1
Iron od lite , consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, 
dark red-brown

no core

Iron oo lite , sandy, clay Matrix, 
moderately consolidated, grey-brown 

Sandstone, coarse grained, light brown

Iron oBlite. sandy, clay matrix, grey-brown

Iron oBlite. p is o lit ic ,  unconsolidated,
clay matrix, grey brown

slightly  increasing sand content up to 5 %

Sandstone, medium grained
kaolinitic clay matrix, white-grey,
altered basement
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Sand, medium grained, s lightly  
consolidated, light red-brown

Iron sandstone, medium grained, 
grey-brown

"T ite r ite , brecciated, sandy, o o lit ic , dark bro*

Sandstone, fine to medium grained, 
light red-brown

and

Siltstone, sandy-clayey, 
light red to white-brown

Clay, s ilty , white-grey to light brown

?*P2°5i
60%Fe|

Iron oo lite , consolidated, ca. 95 % 
oflliths. ca. 5 % limonite matrix, 
dark red-brown

Iron oo lite , strongly sandy, clay matrix

Sandstone, coarse grained, light brown to red

Clay, s ilty , light brown with white schlieren

Iron oo lite , p is o lit ic ,  unconsolidated, 
ca. 15 % p iso liths, clay matrix, grey-brown

increasing sand content up to 5 %

„increasing sand content up to 10 %

Sandstone, fine grained, yellow-white 
and
Kaolinitic clay, sandy, white
altered basement



not cored

Sandstone, medium grained, 
light brown

2 3%P90.!i i 2 J" | 50 60SFe,
I I Clay, s ilty , light brown to grey-white

Iron oB lite, consolidated, ca. 90 % odliths, 
ca. 5 - 10 % clay-limonite matrix, 
isolated piso liths, 
dark red-brown

f Iron od lite , sandy, clay matrix, 
grey-brown

Sandstone, medium grained, light brown 
_to red

Iron oB lite, p iso lit ic , moderately 
consolidated, clay matrix, grey-brown

increasing sand content up to 5 %

increasing sand content up to 10 %

Sandstone, kao lin itic  clay matrix 
grey-white, altered basement
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not cored

Laterite, brecciated, quartz fragments, 
sandy, linonite matrix

Siltstone, sandy-clayey, 
light grey to light brown

and

Sandstone, fine to iiediu» grained, 
red

Clay, white-grey

Siltstone to fine grained sandstone, 
clayey, light brown to white

Cla*, light brown

Iron oS lite , consolidated, cz. 95 % 
oOliths, ca. 5 % clay - limonite matrix, 
dark red-brown

Iron oB lite, moderately consolidated 

ca. 70 - 80 % oflliths, 5 % quartz sand, 
clay matrix, grey-brown

—Iron siltstone, slightly  o o lit ic , henatitic, 
Clay, s ilty , o o lit ic , light brown

Iron oOlite, p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Iron oB lite, strongly sandy to o o lit ic  
_sandstone, clayey, grey-brown

Sandstone, kao lin itic  clay matrix, 
white-grey, iron stained in the 
upper part, 
altered basement
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D K 12

Siltstone, clayey, red to 
light grey

10

IS

1

20

25

1 2 3%P,Oc 'i i | í a i
40 50 60% Pel Clay, white to light brown

Iron oBlite, consolidated,_90 - 95 % 
oOliths, 5 - 10 % clay-limonite matrix, 
isolated piso liths, dark red-brown

» • • • • • «M, », I I I I.III■’ - . O i I
J

4  +  - f  ■ +  • ♦

4  ♦ .

4  4 4

no core

Iron ob lite , consolidated, 90 - 95 % odliths,
5 - 10 % clay, limonite matrix, p is o lit ic ,

_dark red-brown
Iron oBlite, p iso lit ic , unconsolidated, clay matrix 

—  grey-brown
Sandstone, medium grained, o o lit ic  and 
p iso lit ic , brown

Sandstone, kaolinitic clay matrix,
white-grey, altered basement
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3%P20 5|

60%Fe

not c  . 'd

Siltstone, clayey, light red

T la y , white-grey

Iron oB lite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay^-limonite matrix, dark 
red-brown

Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content up to ca. 5 - 8 % 

increasing sand content up to 10 %

Sandstone, medium grained, oBlitic
Kaolinitic, clay, sandy, grey-white
altered basement



not cored

Laterite, san ly-oBlitic - p is o lit ic , 
strongly consolidated, limonite matrix, 
black-brown

Siltstone, clayey-sandy, 
white-grey to light red-brown

2 3*P2o5 ; _
♦ Q 50 60SFe! Clay, s ilty , light red to light brown

Iron oB lite , consolidated, ca. 95 % oOliths, 
ca. 5 % clay-limonite matrix, 
p is o lit ic , dark red-brown

Iron oo lite , p is o lit ic ,  s lightly  consolidated, 
clay matrix, grey-brown

increasing sand contrnt to the foot wall 
up to 15 %

Kaolin itic clay, sand, grey-white, 
altered basement
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Eolian sand
fine to medium grained, well sorted 
yellowish-brown

3%P,OJI 2“ ,
so%FeI 1 _

Iron oo lite , consolidated, ca. 95 % oBliths, 
ca. 5 % day-limonite matrix, p is o lit ic , 

dark red-fcrown

Sandstone, medium grained, 
light brown

~  Clay, s ilty , light brown

Iron oB lite, p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 5 % 
"Sandstone, o d lit ic  and p iso lit ic , medium 

_grained

Sandstone, fine to medium grained, 
light brown to light grey
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DK16
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30 -
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Conglomerate, sandy, dark red-brown

Core loss

Laterite, iron sandstone and 
fragments of strongly sandy 
oo lite , limonite matrix, dark brown

Siltstone, sandy-clayey, 
light brown to grey white, 
iron stained

Cla*, s ilty ,  grey-white to 
light pink

Iron oo lite , consolidated, ca. 95 % 
oOliths, ca. 5 % clay-linonite 
matrix, sandy, dark red-brown

—  Sandstone, o o lit ic , clayey

Clay, o o lit ic  and p is c lit ic ,  s ilty , 
brown

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Kaolin itic clav. white, altered basement
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D K 17 Sandstone, coarse grained, con- 
gloneratic, containing feldspar 
fragments, slightly clayey, red

Iron sandstone, conglomeratic to 
brecciated, slightly  oS lit ic , limonite 

j&atrix, dark brown

Sandstone, containing ca. 5 - 10 X 
feldspar, medium grained, light red

Siltstone, clayey-sandy, 
light brown to grey-white

Clay, silty, white-grey

Sandstone, fine grained, silty-clayey, 
light brown to light red

1 2I I40 50I I
3KP,Oe1I 160%FeI

Clay, white to light pink

Iron oolite, consolidated, slightly 
sandy, ca. 90 X oBliths, 5 - 10 X 
clay-limonite matrix, dark red-brown

Iron og lite , sandy, clay matrix, 
grey-brown

""Sandstone, medium grained, oBlititc
Sandstone,medium to coarse grained,

_red-brown
__ clay,s ilty -o 8 lit ic , light brown

Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 5 X

Iron oB lite, sandy, clay matrix 

Sandstone. oB lit ic , medium grained 
Kaolin itic clay, sandy, white, 
altered basement
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Conglomerate of quartz pebbles, 
strongly sandy, light red-brown

Sandstone, medium to coarse grained, 
conglomeratic, light red-brown

.Icon oB lite , strongly sandy, black-brown

Sandstone, medium grained... 
light brown

Siltstone, clayey, white to light-brown

Clay, white-grey to light brown

Siltstone and fine grained sandstone 
.light brown

Clay, s ilty , white-brown

Iron oo lite , consolidated, 90 - 95 % 
oSliths, clay-liraonite matrix, 
s lightly  p is o lit ic , dark red-brown

Iron oB lite, sandy, ca. 5 % piso liths 
clay matrix, grey-brown

Sandstone, medium to coarse grained, 
oB lit ic , light brown

Iron oa lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 5 %

increasing sand content up to 8 - 10 %

Sandstone, medium grained, slightly  
oS litic
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Eolian sand,
medium grained, light brown

5 -

Laterite, brecciated, quartz pebbles, 
sandy-oBlitic, limonite matrix

Siltstone, clayey, grey-white 
to light brown

Sandstone, fine to medium grained, 
light brown

20

26

? “ P2°si
50 60% F e

T

Clay, s ilty , light grey to 
light brown

Iron oo lite , consolidated, ca. 95 % 
oflliths, ca. 5 % clay-limonite 
matrix, dark red-brown

Sandstone, medium to coarse 
grained, s lightly  o o lit ic , 
brown

Iron ob lite , unconsolidated, clay matrix, 
—oflliths ca. 0,3 to 0,5 mm in diameter

Iron oOlite, p is o lit ic , unconsolidated, 
clay ea trix , grey-brow»

increasing sand content up to 5 %

_ Sandstone, fine1 to medium grained, o o lit ic  
Sandstone, fine to medium grained, 
light brown to white-grey



not cored

DK 20

Laterite, iron sandstone, conglomeratic 
to brecciated, liaonite matrix, 
dark brown

Laterite, congloaerate containing 
guarz pebbles and iron sandstone pebbles, 
dark brown

Iron p iso lite . oO litic , strongly sandy, 
— dark brown

Siltstone, sandy, light brown to red

Sandstone, fine grained, yellow-red

Siltstone, clayey, light grey to yellow- 
red

Clay, s i lty ,  light brown to light grey

50 60%Feli i 1
Iron oo lite , consolidated, 90 - 95 % 
oOliths, 5 - 10 % clay-liaonite matrix, 
sandy, dark red brown

""Sandstone, fine to aediuii grained, 
oO litic, brown-grey

Iron oolite, p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

slightly  increasing sand content up to 
5 %

"Sandstone, fine grained, o o lit ic , white-g

Sandstone, fine grained, white grey 
Kaolin itic clay, sandy, white, altered 
basement
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o o  o

t' -j--* ■« :V

» f ,  •*, - *4 i ’

1 2I - ~i -40 50I I

—  I

“ pjPs!
60% FeI

not cored

Conglomerate, quartz pebbles

Laterite, iron sandstone, 
limonite matrix, dark brown 
evidence of iron oSliths

Sandstone, medium grained, clayey 
light brown

Sandstone, fine grained, s ilty  
light brown

Siltstone, clayey, white to light brown, 
with isolated nodules of argillaceous 
iron ore

Clay, s ilty , grey-white to light brown

Sandstone, fine qrained, s ilty , red-white 
= s m r  W t e  to nght'brown

Sandstone, fine qrained, liqht qrey to light 
' — brown

Iron oB lite , consolidated, ca. 951» oSliths, 
ca, 5 % clay-limonite matrix, 
dark red-brown

Iron oo lite , sandy, slightly  consolidated, 
ca. 60% oSliths, clay matrix, grey-brown

Iron oS lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

slightly  increasing sand content up to 5 % 

increasing sand content up to ca. 10 % 

Sandstone, oS lit ic  and p is o lit ic ,  brown 

Sandstone, fine grained, grey-white



m
DK 22 Annex B 3.4 9

0 -

5 -

10 -

15 -

20 -

25 -

3%P20c!I 3'60% Fe

not cored

Laterite, iron sandstone, brecciated, 
s ligh tly  o o lit ic  and p iso lit ic , 
dark brown

Sandstone, fine grained, s ilty , red

Siltstone, sandy-clayey, 
grey-white to red

~ Iron odtite, sandy,consolidated,black-brown

Sandstone, fine grained, s ilty , to

Siltstone, sandy, grey-white 

to light brown

Clay, s ilty , white-grey to light brown

Iron po lite , consolidated, ca. 95 % 
odliths, 5 % clay-limonite matrix, 
dark red-brown

Iron oglite, p is o lit ic , s lightly  con
solidated, clay matrix, grey-brown

""Sandstone. oB lit ic  and p iso lit ic , 
kao lin itic , grey-white

Clav. kao lin itic , grey-white,altered basement



c
Annex 3 3.50

m

5

10 -

15 -

20  -

25 -

DK 23
not cored

: i 2 3%p20 sI I I i 3
*j> so 60% Fe

9
•*■ ■■* * 4 *

Laterite,
iron sandstone, slightly  o o lit ic , 
dark brown

Sandstone, s ilty , 
light brown

Clay, s ilty , white-yellow

Siltstone, sandy-clayey, 
grey-white to light reddish-brown

and

Sandstone, fine grained, silty-clayey, 
red to light brown

Clay, s ilty , white-grey

Iron oo lite , consolidated, ca. 95 % 
oGliths, ca. 5 % clay-linonite «atrix, 
dark red-brown

Iron oo lite , strongly sandy, clay «atrix, 
s lightly  consolidated, grey-brown

Iron oo lite , sandy, clay matrix, grey-brown

Iron oo lite , p is o lit ic , unconsolidated, 
i la y  matrix, grey-brown

Sandstone, aediu* grained, o o lit ic  
and p iso lit ic , clayey, moderately 
consolidated, light grey-brown

Sandstone,kaolinitic clay matrix,altered
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DK 24
m

5 -

not cored

10 -

onD 0\ Iron oClite, strongly sand, consolidated, 
— black brown

Siltstone, sandy-clayey, 
light brown to red

20  -

10

(0
C0

30-

• • • • • •  4

2
40 ' 50i l

»1-,It
sII

» p!°s:
MXFe|

Clay, s ilty , grey-white to light brown

Iron oo lite , consolidated, ca, 95 % 
_o01iths, ca. 5 % clay-limonite matrix, 
dark red-brown

Iron po lite , p iso lit ic , unconsolidated, 
s ilty , clay matrix, grey-brown

strongly increasing sand content up to 

c*. 25 %

Kaolinitic clay, sandy, grey-white,
altered basement
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DK 25

not cored

"Iron sandstone, dark brown

la te r ite , iron sandstone, brecciated, 
oB lit ic , dark brown

~Tron p iso lite , strongly sandy, dark brown 

Clay, s ilty , light brown

Siltstone, sandy-clayey, 
white-grey to pink-red

£121* s lig t ly  s ilty , light brown

Iron oC lite, consolidated, 90-95 X 
oBliths, 5 - 90 % clay-limonite matrix, 
dark red-brown

iron oB lite, p is o lit ic ,  unconsolidated, 
ca. 80 X to 85 % oBlites and p iso lites, 
clay matrix, grey-brown

increasing sand content up to ca. 5 %

Iron oB lite, p is o lit ic ,  strongly sandy, 
clay matrix

Kaolinitic d a y ,  sandy, grey-white,
altered basement
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Sandstone, fine grained, clayey, 
light brown to red-white

Clay, grey-white to light brown

Sandstone, fine grained, 
light brown

3%p2o 5;
50 60%Fe| s ilty ,  light brown

Iron o fllite , moderately consolidated, 
ca. 90 % oSliths, ca. 10 % clay-limonite 
matrix, dark red-brown

Iron oB lite, p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Clay, sandy, light brown



DK 27
Annex 3 3.54

m

20-

25-

30-

35-

Iron sandstone, brecciated, 
clayey, light brown to dark brown

1 2 3%P20 5 j
' « 1 50 ' 60% FeI I I

Iron sandstone, fine to nediua 
grained, heeatite-limonite natrix, 
dark red

Clay, sandy-silty, 
grey-white to light brown

Sandstone, fine grained, light brown

Clay, sandy-silty, 
light brown

Sandstone, fine grained, s ilty , 
white-brown

Clay, light brown to white-grey

Iron oo lite , consolidated, ca. 95 % oBliths, 
—  dark red-brown

Clay, white-brown to brown

Sandstone, fine grained, strongly 
clayey, light brown

Kaolinitic clay, sandy, white-grey,
altered basement
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Conglomerate, s ligh tly  consolidated, 
_sandy, light grey-red

DK 28 Sandstone, medium to coarse 
grained, s lightly  conglomeratic, 
red to grey-brovn

Sandstone, fine grained,
silty-clayey, evidence of some 
light mica, light red to light brown 
to
Siltstone, sandy-clayey, light 
brown to light red

Sandstone, fine grained, 
silty-clayey, white to yellow-red

Clay, s ilty , white to light grey

2 3%p20s!
1 5p ' 60%Fe|

—  slightly  increasing sand content 
to the foot wall up tc ca. 5 %

Sandstone, fine grained, ca- 5-10 % 
odliths and p iso liths, silty-clayey, 
brown

£121. light brown to light grey

Iron oClite, p is o lit ic , s lightly  consolidated, 
clav matrix, grey-brown 

Kaolin itic clay, sandy, white, 
altered basement

Iron od lite, consolidated, ca. 95io81iths, 
ca. 5 i  clay-limonite matrix, dark red- 
brown
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Sandstone, medium grained, 
s ilty ,  isolated quartz pebbles, 
light brown

DK 29  -

Sandstone, fine grained, 
silty-clayey, light grey

Siltstone, sandy-clayey, 
light grey to light brown

Sandstone, fine grained, s ilty -  
clayey, white grey to light brown

Clay, slightly  s ilty ,  
white-red to light brown

oa lite , consolidated 
stone, clayey, white-

, ca. 95 % oBliths, brown 
grey

Iron oa lite . strongly sandy, red 
-Sandstone, coarse grained, s ilty , brown

Clay, s ilty , white-brown

Sandstone, medium grained, 
_silty-clayey, brown

Kaolinitic clay, sandy, white,
altered basement
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DK 30

5-

10-

15-

20 -

25-

not cored

Iron sandstone, s ligh tly  clayey, 
limonite matrix, dark red-brown

—Iron odlite, p is o lit ic ,  strongly consolidated,brown 

Clay, s ilty , light brown

Siltstone, silty-clayey to

Sandstone, fine-grained, silty-clayey, 
light brown to light red

Cla slightly  s ilty ,  light brown

Iron oB. te, consolidated, ca. 95 %
_o01iths, ca. 5 % clay-limonite matrix, brown

Sandstone, coarse grained, 
light brown

Iron o fllite , p is o lit ic ,  strongly sandy, 
clay-matrix, grey brown

Sandstone, fine to medium grained, red 

Clay, sandy, red to white-grey

%
r



la te r ite , pebbles of iron sandstone 
liraonite matrix, red brown

Iron sandstone, moderately con
solidated, limonite-hematite 
matrix, dark red

Laterite, sandy, consolidated, isolated 
_flfiliths, red-brown

Sandstone, fine to medium grained, 
strongly clayey, light brown to red

Iron ob lite , strongly sandy, consolidated, 
dark brown

Siltstone, sandy-clayey, 
light brown to red and grey

Clay, light brown to white-grey

Clay, o b lit ic  and p is o lit ic ,  light 
to medium brown

Iron oo lite , s ligh tly  p is o lit ic , unconso
lidated, ca. 70 i  oOliths, sandy, clay- 
matrix, grey-brown

Increasing oUlith content

Sandstone, fine to medium grained, 
clayey, light grey to light brown



DK 32

Annex 3 3.59

m

not cored

la te r ite , fragments of iron sandstone 

and quartz, limonite matrix, red brown

Laterite, sandy, less fragments of iron 
sandstones, isolated oOliths and p iso liths, 
limonite matrix, red brown

Iron oo lite , p is o lit ic ,  strongly sandy, 
consolidated, dark brown

Clay, s i lty ,  light grey to grey-white

Siltstone , clayey-sandy to

Sandstone, fine grained, 
light brown

Clay, s lightly  s ilty , light brown to 
white-grey

Iron oBlite, consolidated, ca. 90 % oBliths, 
isolated p iso liths, clay-limonite matrix, 
dark red brown

Clay, light brown 
—  Sandstone, limonite matrix 
Iron p iso lite
Sandstone, medium to coarse grained, light brown 
Iron oB lite , p is o lit ic ,  unconsolidated, ca.
80 i  odlitbs and p iso liths, clay matrix, 
grey-brown

.strongly increasing sand content to the foot wall 
Sandstone, fine to medium grained, 
dark red

*
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m
0-

5 -

10 -

15-

20-

mio

mce

' 40 1 50

not cored

Sandstone, fine grained, silty-clayey 
to Siltstone, sandy, light brown

Clay, sandy-silty, light brown to white

. =  Iron oo lite , consolidated, 70-80% oOliths 
Clay, sandy-silty, light brown to white 

3%p2o 5; ~Tfon oB litc, consolidated,ca.953» oOliths,limonite ma
60%Rs| —Clay, s ilty , light brown tr
' — 1 Hay Ironofllite

Iron oo lite , consolidated,ca.95i oOliths, 5 %
clay—limonite matrix 

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, brown

—increasing sand content to the foot wall 
up to 15 - 20 %

—  Sandstone, fine to medium grained, red 
Kaolin itic clay, s lightly  sandy, white, 
s ligh tly  contaminated by limonite, 
altered basement

m %
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m
5-

10-

15-

20 -

00iD
CO

40
3%P205j 

50 1 60SFe|

in
CO

CDn
CO

25- s
• • • •

» v . v .

Sand, medium grained, light brown

"Sandstone, o o lit ic ,  consolidated, dark brown

Sandstone, silty-clayey, 
to Siltstonc, sandy-clayey, 
light brown to reddish-white

Layers of s ilty  clay

Clay light brown to white

~TTon oo lite , .onsolidated, ca.95t o01iths,ca. 5 % 
_£iay-iinonite matrix, dark red brown 
Clay, s ilty , light brown

Iron  oOlite,consolidated.ca.95t o01iths,ca.5i matrix

Iron oo lite , p is o lit ic ,  unconsolidated, 

clay matrix, grey-brown

Increasing sand content to the 
foot wall up to 10 - 15 %

— Sandstone, medium to coarse grained, white

Kaolin itic clay, slightly  sandy, white



DK 35
Annex B 3 . 6 2

Laterite, brecciated, sandy, 
dark brown

Iron oBlite, strongly sandy to 

Sandstone, o o lit ic , dark brown

p is o lit ic  to the foot wall

Siltstone, sandy-clayey, light brown

to

Sandstone, fine grained, silty-clayey, 

light brown

Clay, white to light red

Tron od lite , consolidated,ca.95% o8liths,ca 
l i nanite matrix, dark red brown 
Sandstone, coarse grained,

_eediua brown
_£a. 10 - 20 % oBliths
—Iron oB lite, consolidated,ca.95% oBliths 

Sandstone, coarse grained, light brown

Iron oB lite, p is o lit ic , unconsolidated,

d a y -s ilt  matrix, grey-brown

slightly  increasing sand content to the 
foot wall up to 5 %

Sandstone, medium grained, light rea-brown 
to white
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Eolian sand, fine to medium grained, 
“ tight brown

Iron sandstone, medium to coarse 
grained, limonite natrix, red-brown

“ Iron sandstone, coarse grained, brecciated, 
—l-imonite matrix, red brown

Iron od lite , strongly sandy, strongly 
consolidated, dard red-brown

piso l it ic

Sandstone, fine grained, s lightly  clayey, 
light red

Clay, sandy,silty, light brown

Sandstone, fine grained, clayey, slightly 
consolidated, light red to light brown

Clay, s ilty , light brown to grey-white

3%P20 5!

60%Fe| isolated ocJliths

Iron oolite, consolidated, ca. 90 % oSliths, 
ca. 10 % clay-limonite matrix, dark red-brown

Sandstone, medium to coarse grained, isolated 
odliths, iron stained, light brown

Iron oo lite , p is o lit ic ,  unconsolidated, 
ca. 75 to 80 % oOliths and p iso liths, 
clay matrix, grey-brown

Sandstone, fine grained, kao lin itic 
clay matrix, white-grey



Sand, slightly  consolidated, medium 
grained, light brown

Laterite, brecciated, sandy, quartz 
pebbles, dark brown

Iron o d ite , p is o lit ic ,  strongly sandy, consolidate

-Clay, s ilty , light brown 
Siltstone, clayey, light brown

Clay, sandy-silty, light brown to 
white red

Siltstone, clayey, light brown 

Clay, s ilty ,  light brown to light red

Sandstone, fine grained, clayey, 
light red

Clay, yellow-white

3% P2O 5I
60% Fe

1 1 —  Sandstone, clayey, o d lit ic , light brown
Iron od lite , consolidated, liaonite matrix

Iron odlite, consolidated, ca. 95 % odliths, 
ca. 5 % clay-limonite matrix, dark 
red-brown

"Increasing sand content to the foot wall 
up to 5 - 10 %
Sandstone, medium to coarse grained, 
isolated oOliths and p iso liths, light-grey 
to brown

Clay, sand, light-grey

Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 5 to 10 %

Sandstone, medium grained, light grey 
to brown



not cored

Laterite, sandy, brecciated, 
limonite matrix, red brown

Siltstone, sandy-clayey, light brown 
to grey-red

Clay, s ilty ,  light brown to grey-white

3%P20c!
M*Fe|

Iron od lite, consolidated, ca. 95 % oflliths, 
day-limonite matrix, dark red-brown

strongly p iso lit ic

increasing sand content to the foot wall 
up to 5 %

~ Sandstone, medium to coarse grained 
—  Uay, light brown to white

Iron o fllite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 
up to 10 %

Sandstone, fine to medium grained,
light brown to grey-white



not cored

Siltstone, sandy, light brown to 

grey-white to light red

Clay, light brown to white

3%P2o 5|
60%Fe|

Iron oB lite , consolidated, ca. 90 % 
oBliths, ca. 5-90 % clay-limonite matrix, 
dark red-brown

.increasing sand content to the foot wall

Sandstone, medium to coarse grained, 
s lightly  clayey, light brown to brown 
and light to dark red

Iron oB lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot 
wall up to 20 %

Sandstone, fine to medium grained,
light brown to yellow brown
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DK 40

not cored

•>:!

»• ! ••

Sandstone, fine to medium grained, 
iron stained, red brown

Iron oo lite, strongly sandy, limonite 
matrix, dark red brown

1 2 3XP205!
40 1 50 1 60SFe|

Siltstone, sandy-clayey, light brcwn 
to grey-red

Clay, slightly  s ilty , light brown 
to grey-white

Iron oB lite , consolidated, ca. 95 i  oBliths, 
ca. 5 % clay-limonite matrix, dark red- 
brown

Sandstone, medium grained, strongly 
oB lit ic , clay matrix, light brown

~5andstone. medium to coarse grained, s lightly  
o o lit ic , light brown

Clay, brown to white
Iron oB lite , p is o lit ic , unconsolidated,
clay matrix, grey-brown

Sandstone, fine grained, light brown



not cored

Laterite, brecciated, sandy, quartz 
and in n  stone pebbles, limonite 
matrix, red brown

Siltstone, sandy-clayey, 
light brown to grey-red

Clay, s ligh tly  sandy, light brown to 
grey-white

1 60% Fe

Iron oo lite , consolidated, ca. 95 % oOliths, 
clay-limonite matrix, dark red-trown

Sandstone, coarse grained, s lightly  consolidated, 
—tight brown

Sandstone, coarse grained, o o lit ic , light brown 

Clay, s ligh tly  sandy, light brown

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Sandstone, fine to medium grained,
light brown
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10 -

15-

20-

25-
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1 2 3%P205¡
I t I ^ *i40 50 60%Fe|

TlIIII
IIIJ

not cored

Sandstone, aediun grained, iron stained, 
browiv--

Lateritic layer

= r  Lateritic layer 

Sandstone, fine grained, light brown

Siltstone, sandy-clayey, 
light brown to reddish-white

Sandstone, fine grained, light reddish- 
brown

Clay, light grey to light brown 
si lty

Iron oS lite, consolidated,ca.95/6 oBliths, 
ca. 5 % clay-linonite matrix, 
dark red-brown

~Tron ob lite , sandy
- Sandstone, medium grained,clayey,light reddish-brown 

Clay, s ilty , light-brown to reddish-white

Iron o fllite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Sandstone, medium grained, kao lin itic  
clay matrix, white
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♦ ♦ ♦ + +♦ + + ♦ ♦
+ + + ♦ +

not cored

Sandstone, fine grained, s ilty , 
light brown

"Iron sandstone, mediun grained, dark brown

Siltstone, sandy-clayey, light brown 
to light red

Clay, s ilty , light grey-brown

Iron oo lite , consolidated,ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, dark 
red brown

Sandstone, coarse grained, light brown

Iron oB lite, unconsolidated, ca. 90 % oBliths, 
ca. 5 % quartz sand, clay matrix, grey-brown

Iron oB lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Clay, oB lit ic  and p is o lit ic ,s ilty , lig h t  brown 

Iron oB lite, p is o lit ic , unconsolidated, clay matrix 

s ilty , grey-red
Kaolln itic d ay , s lightly  sandy, white 
altered basement



not cored

Sandstone, fine to medium grained, 
partly iron stained, brown

Iron oB lite, p is o lit ic , strongly sandy, 
consolidated, limonite matrix, dark brown

Siltstone, clayey 
light brown

Siltstone, strongly clayey, 

light brown to reddish-white

Siltstone, light brown

Clay, slightly  s ilty , light brown to 
white

3sp20 5i
60XFe|

Iron oolite, consolidated, ca. 95 % oBliths, 
ca. 5 % limonite matrix, dark red-brown

—  Iron oB lite. sandy

Sandstone, medium to coarse grained, oB lit ic  
—Iron oafTte, clay matrix

Iron oB lite, s ligh tly  p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Iron oB lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

Clay, light brown, slightly  p iso lit ic

Kao lin itic clay, s ligh tly  sandy, 
altered basement
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5-

10-

15-

20-

25-

755755
<0hT)

! ? 3%p2o 5:40 50 60%Fe|

en
i n

not cored

Iron oo lite , consolidated, strongly, sandy, 
dark brown

Slltstone, clayey, light brown to 

white-red

Siltstone, clayey, light brown

Clay, light brown to white

Iron oB lite, consolidated,90-95i oBliths,
5-10 % limonite matrix, clay on joints, 
dark red-brown

strongly increasing sand content up to 15 %

"Sandstone, coarse grained, light brown 
¿lay

Iron oB lite . unconsolidated, sandy, grey-brown

Iron oB lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

slightly  increasing sand content up to ca. 5 %

ZZ Clay, s ilty , grey-white 
Sandstone, fine grained, light grey to red



not cored

Siltstone. sandy, light brown to white-red

Clay, s ilty ,  light brown to light pink

3%P205;
60%Fe|

Iron oC lite, consolidated, ca. 95 % oBliths, 

ca. 5 % clay-limonite matrix, dark red-brown

isolated piso liths

Sandstone, medium to coarse grained, light brown 

¿Lay. sandy, oB lit ic  and p iso lit ic , light brow.. 
Iron oBlite, sandy, clay matric, brown

Iron oB lite , p is o lit ic ,  unconsolidated,
75 - 80 % oBliths and p isoliths, 
clay matrix, grey-brown

increasiro sand content to the foot wall

Sandstone, medium grained, oB lit ic  and p iso lit ic  
Sandstone, fine grained, kao lin itic  clay matrix,

white, altered basement
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not cored

Iron oBlite, consolidated, sandy, dark brown

Siltstone, sandy-clayey, 

light brown to white-red

Clay, white to brown-red, s ilty

3%P20 5:
60*Fe|

Iron o fllite , consolidated, ca. 95 % oSliths, 
ca. 5 % clay-linonite matrix, dark red-brown 
isolated piso liths

Sandstone, medium to coarse qrained, ob lit ic  and 
ptS B lllle , clayey, brown
Iron oB lite , sandy, strongly clayey, brown

Iron oB lite , p is o lit ic , unconsolidated,
70 - 80 i  oflliths and p iso liths, clay, 
matrix, grey-brown

increasing sand content to the foot wall 
up to 30 %

Sandstone, medium grained, ob lit ic  and p is o lit ic  

Kaolin itic clay, sandy white, altered basement



not cored

—  Iron oB lite, la te r it ic , consolidated, sandy brown

Siltstone, sandy-clayey, grey-white to 
light brown and red

Clay, sandy-silty, light brown 
reddish

3%p2o5:
60XFe|

Iron ob lite , consolidated, ca. 95 % odliths, 
ca. 5 % clay-limonite matrix, some red 
clay on jo ints, dark red-brown

~Tron pg lite , strongly sandy, clay matrix, 
_4rey brown

Iron oBlite, p is o lit ic ,  unconsolidated, 
ca. 80 % oOliths and p isoliths, clay matrix

increasing sand content to the foot wall 
up to 5 %

Sandstone,medium grained, o fllit ic  and 
_ a iso lit ic , light brown to light grey 

Sandstone, fine to medium grained, 
s ligh tly  kao lin itic , white to light grey



not cored

Laterite, brecciated, sandy, 
dark brown

~T7on oBlite, strongly consolidated, sandy, slightly  
-fU-sohtic, Olack-brown

Clay, sandy-silty, 
light brown

Siltstone, sandy-clayey, light brown 
to reddish-white

Clay, slightly  s ilty , 
light brown to white

?*p2o5;
6pr„Fe|

Iron oo lite , consolidated, ca. 95 % oBliths, 
ca. 5 % day-linon ite matrix, 
dark red-brown

~~tron oo lite , coarse, sandy, clay matrix, grey-brown

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot 
wall up to 20 %

Sandstone, medium grained, s ligh tly  clayey 
light brown

I
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not cored

Sandstone, medium to coarse grained, 
limonite matrix, red-brown

Laterite, sandy, brecciateo, limonite 
matrix

~Tron oblite^ p is o lit ic ,  strongly sandy, conso- 
—  iidated,limonite matrix, dark red-brown

Sandstone, fine-grained, silty-clayey, 
light brown and dark red to pink in same 
parts

Clay, light brown to light red with 
white stripas

Iron oBlite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, red-brown

Iron oB lite, p is o lit ic ,  consolidated, red-brown 

ZIron oo lite , clay matrix, grey to light brown

Iron oBlite, p is o lit ic ,  unconsolidated, ca.
70 % ooliths and p iso liths, clay matrix, 
grey-brown

f°Pz05: 
50 60%Fe|

Sandstone, fine to medium grained, clayey, 
—Isolated odliths and p iso liths, red to light brown

Kaolin itic clay, sandy, white-grey, 
altered basement
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not cored

Laterite, brecciated, sandy, dark brown 

Clay, s ilty ,  brown

Sanostone, clayey, iron s.ained, 
brown

Iron  oo lite , p is o lit ic ,  consolidated, strongly 
_sai»dy, black brown

Siltstone, sandy-clayey, light brown 

to grey-red

2 3%P20 5|
40 ' 50 60% Fe| Clay, s ilty , light brown

Iron oB lite, consolidated, ca. 95 % oOliths, 
ca. 5 % limonite matrix, dark red-brown

—Leon oB lite, sandy,clay matrix,evidence of iron crust

Iron oC lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 3 - 5 %

'Increasing sand content up to 10 %

■ Sandstone, fine grained, light brown to white

Kaolin itic clay, sandy, white, 
altered basement
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Laterite, coarse sandy, brecciated, 
liaonite matrix, black-brown

Sandstone, clayey, s lightly  consolidated, 
light brown to red

Laterite, oB lit ic  and p iso lit ic , 
strongly sandy, limonite matrix, 
consolidated, red-brown

Sandstone, fine grained, clayey, 
red to light brown

Sandstone, fine grained, iron stained, red 

Sandstone, fine grained, light brown

Clay, sandy, light brown to grey-white

3% PpO r1

60% Fe |
Iron oB lite , consolidated, ca. 90 % oBliths, 
ca. 10 % clay-limonite matrix, dark red-brown

Iron po lite , p is o lit ic , unconsolidated,
ca. 80 % oQliths and p iso liths, clay matrix,
grey-brown

Tihdstone, fine to medium grained, 
ca. 20 % oBliths and piso liths, 
light brown

Kaolin itic clay, sandy, white 
altered basement



not cored
Laterite, brecciated, quartz pebbles, 
sandy, s lightly  o o lit ic , dark brown

Iron oS lite . sandy consolidated, dark brown 

Clay^ iltv .  light brown

Siltstone, sandy-clayey, 
light brown to reddish-white

Clay, light brown to white-red

3%P205;
60%Fe|

Iron oSlite, moderately, consolidated,

ca. 95 % oOliths, ca. 5 % clay-limonite matrix,
dark red-brown

■ Sandstone, medium to coarse grained, o d lit ic

Iron oB lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 

up to 20 %

Sandstone, medium grained, s lightly  o d lit ic , 
-light red-brown 

Kaolin itic clay, sandy, white, 
altered basement
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m

5 -

DK 54
V/- 0 Laterite, sandy, quartz pebbles, 

limonite matrix, red brown

Iron oBlite, strongly sandy, dark brown

10- Siltstone, sandy-clayey, 
light brown

15-

20-

25-

Clay, slightly sandy-silty, light brown to 
white

toO»<0

0>
<0

0)(0

0)0>10

3%p2o 5; 

6,0% Fe|
Iron oo lite , consolidated, 90-95 % obliths, 
5-90 X clay-limonite la tr ix , dark red-brown

Sandstone, medium to coarse grained, o o lit ic , 
slightly clayey, red-brown

Iron oB lite, p iso lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 
up to 30 %

Sandstone, medium to coarse grained, 
o o lit ic  and p iso lit ic , brown

Sandstone, medium to coarse grained,
kap lin itic  clay matrix, white, 
anered basement



D K55
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Laterite, quartz and iron sandstone 
pebbles, sandy, limonite matrix, 
red brown

~TTon oB lite, strongly sandy, consolidated, 
dark >~ed brown

Siltstone, sandy-clayey, light brown 

to white-red

Clay, s ligh tly  sandy s ilty , 
light brown to white-grey

2
40 ' 50I I--!--IIr

II
III

n— LII

Iron oB lite, consolidated, ca. 95 % oBliths, 
ca. 5 % clay-limonite matrix, dark 
red brown

increasing sand content to the foot wall 
up to 5 %

Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

T la y , slightly  p is o lit ic , light grey to brown 
T 5 o lin it ic  clay, sandy, white, slightly  
consolidated by limonite, altered basement
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Iron sandstone, partly brecciated, 
isolated oSliths, limonite matrix, 
red brown

Iron oB lite. strongly sandy, consolidated, 
black-brown

Siltstone, sandy-clayey, to

Sandstone, fine grained, silty-clayey, 
light brown to light grey, partly red

Clay, s ilty , light brown to light grey

G0XFe|
Iron oo lite , consolidated, ca. 95 % 
oBliths, ca. 5 % clay-limonits matrix, 
dark red brown

Sandstone, medium grained, isolated 
-oflliths, brown
Hay, isolated oBliths, light brown 
Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

Clay, s ilty , s ligh tly  o o lit ic  and
p iso lit ic , light brown

Sandstone, fine to medium grained, isolated 

oBliths and p iso liths, light brown

Kaolin itic clay, sandy, white, 

altered basement
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Annex B 3.84

10-

15-

20 -

Laterite, sandy, limonite matrix, red brown

1
40

2
50

3%p2o 5;
60%Fe|

Sandstone, fine to medium grained, 
clayey, iron stained, red brown

—iron oBlite, strongly sandy, consolidated, dark browr

Siltstone, sandy-clayey, light brown to 
white red

Clay, s ligh tly  s ilty , 
white grey to light brown

T o n  oB lite, consolidated, 90 - 95 % 
oBliths, 5 - 1 0  limonite-clay matrix, 
dark red-brown ’

slightly  increasing sand content to the foot wall

Sandstone, medium to coarse grained, 
o d lit ic , light brown

T ron  oB lite, sandy-clayey, unconsolidated,
—Lignt Drown

Clay, strongly p iso lit ic  and oB lit ic , 
brown

Iron oB lite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall up to 15 % 
ZSandstone, fine grained, oB lit ic  and p iso lit ic , lig h t

orovn
Sandstone, fine grained, s ligh tly  kao lin itic



la te r ite , quartz and limonitic iron stone 
pebbles, sandy, limonite matrix

Iron ofllite, strongly sandy, dark brown

Silstone, sandy-clayey, light brown 
to grey-red

Clay, s ligh tly  sandy-silty, 
light brown to grey-white

39&P205:
' 60%Fe Ii '

Iron oo lite , consolidated, isolated 
piso liths, ca. 80 % ooliths, ca. 10 t  medium 
to coarse grained sand, clay-limonite matrix, 
dark rea brown

Sardstone, medium to coarse grained, oB lit ic

Iron oOlite. sandy, clay matrix, unconsolidated, 
arev-brown

Claĵ , light grey to yellow 
Iron oBIite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

-Sandstone, fine to medium grained, grey 
Sandstone, kao lin itic  clay matrix, 
white, altered basement



Sandstone, fine grained, to 
Siltstone, sandy-clayey, 
red-white, light brown

—  Clay, white to yellow-brown 

Sandstone, silty-clayey, light brown

Clay, sandy-silty, white-grey to light brown 
slltstone, sandy-clayey, light brown

Clay, s lightly  sandy-silty, grey-yellow

Iron oB lite , consolidated, ca. 90 % 
o ilith s , isolated p iso liths, ca. 10 % clay- 
limonite matrix, dark red brown

-frron oB lite , strongly sandy, clay matrix 
Sandstone, medium to coarse grained, o b lit ic , 

—  moderately consolidated, light grey-brown 
Iron oB lite, sandy, clay matrix, slighly

Sands?one|̂ meSium to coarse grained, slightly  
.Clayey, light brown

Clay, sandy-silty, light brown

Iron oo lite , p is o lit ic ,  unconsolidatd, 
clay matrix, grey-brown

increasing sand content to the foot wall 
=  Sandstone, ob lit ic , brown 
__  Sandstone medium grained, white-grey

Kaolin itic clay, whi*e, altered 
basement
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m

15- Siltstone, sandy-clayey, light brown 

to grey-red

20-

25-

30-

cx

Psleg
7231

rx

35- &

n l

50
I

I
iI
iIII
II- i

/̂op-Oc!
60%Fel

Clay, slightly  s ilty , light brown to white

Iron oO lite, consolidated, ca. 95 % oOliths, 
isolated p iso liths, ca. 5 % clay-limonite 
matrix, dark red-brown

light brown to white

Iron oo lite» p iso lit ic , unconsolidated, 
clay matrix, grey-brown

slightly  increasing sand content to the 
foot wall

Sandstone, fine grained, isolated oBliths 
at the top, kao lin itic clay matrix, white
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m

20-

25-

30-

35-

not cored

Caterite, brecciated, strongly sandy, 
limonite matrix, red brown 
Sandstone, fine to medium grained, 
isolated quartz pebbles, light brown

JLmn sandstone, coarse grained, red brown

Siltstone. sandy-clayey, 
light brown

Sandstone, fine to medium grained, 
s lightly  clayey, light red

Clay, light brown to grey-white

Iron oB lite, consolidated, ca. 95 % neiiths, 
ia# 5 % clay-limonite matrix,dark red-brown 
Clay, slightly o fllit ic , light brown

Iron o fllite , consolidated, ca- 85 % oflliths, 
sandy, clay-limonite matrix, red-brown

Clay, light brown

Iron oB lite , consolidated, ca. 80 % oflliths, 
sandy, clay-limonite matrix, red brown

Clay, slightly sandy, light brown40-
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10-

15-

20-

25-

3 0 -

Scndstone, fine to medium grained r 
light red

Iron sandstone, consolidated, 
limonite matrix, dark brown

Sandstone, fine to medium grained, 
moderately consolidated, light brown 
to grey-white

Siltstone, silty-clayey, to

Sandstone, fine grained, light brown 
to grey-white

Clay, slightly  sandy, grey-white 
with light brown stripes



not cored

№ 0 5 ; Sand, slightly , consolidated, fine to
60Xre| medium grained, light red-brown

Iron oB lite, consolidated, ca. 95 % 
odliths, ca. 5 % clay-limonite matrix, 
dark red brown

Sandstone, coarse grained, o d lit ic -p is o lit ic , 
limonite-hematite matrix, red-pink 

Clay, strongly od lit ic  and p iso lit ic , 
brown

Iron oo lite , p is o lit ic ,  unconsolidated, 
s lightly  s ilty , clay matrix, grey-brown

increasing sand content to the foot wall 
up to 20 %

"Sandstone, od lit ic  and p iso lit ic , light brown

Sandstone, fine to mediuum grained, 
clayey, light brown
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DK 64
m

not cored

Sand, fine to meaium grained, 
s lightly  consolidated, light brown

Sandstone, fragments of iron sandstone 
and la te r it ic  material, light brown 
to light red

Clay, light brown

Iron oB lite , consolidated, 90-95 % oDliths, 
isolated p iso liths, clay-limonite matrix 
dark red-brown
Sandstone, fine to medium grained, clayey, 
is o lated oBliths, medium brown 
Iron oo lite , strongly sandy, ca. 70 % oBliths, 
—  clay matrix brown
ja ,  60 % oBliths ’
Sandstone, strongly oB lit ic , clayey, brown

Clay, light brown

Kaolin itic clay, sandy, white 

altered basement



not cored

Laterite, brecciated, sandy, quartz 
pebbles, isolated oOliths, dark brown

Iron oB lite,. p is o lit ic , sandy, cpnso  ̂
.Sandstone, oolitic and bIacl< !

p is o lit ic ,  brown

Clax, sandy-silty, light brown

Siltstone, sandy-clayey, light brown to 
white-red

Clay, s ilty , light brown

Siltstone, sandy-clayey, light brown 
to white-red

Clay, sandy-silty, light brown to grey

3%p2o 5;
60%Fe|

Iron ob lite , consolidated, ca. 95 % 
odliths, ca. 5 % clay-limonite matrix 
dark red-brown

—  Sandstone, clayey, isolated ooliths

Iron ob lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall 
up to 10 %

Sandstone, medium grained, o o lit ic  and 

p is o lit ic ,  brown

Kaolinitic clay, slightly/ sandy white
altered basement

dated,
rown
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not cored

Sandstone, medium grained, light 
brown

Ta ierite , sandy, quartz pebbles, dark brown

Siltstone, sandy-clayey, light brown

Cla^, s ilty ,  light brown to white red

3%P205|
60%Fe|

Iron oo lite , consolidated, ca. 90 % oSliths, 
ca. 10 % clay-limonite matrix, 
dark red-brown

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the 
foot wall up to 25 %

Kaolin itic clay, sandy, white 
altered basement



Iron sandstone, medium grained, 
s lightly  clayey, limonite matrix, 
brown-red

Iron oB lite , strongly sandy, brecciated, 
consolidated, limonite matrix, 
black brown

Si ltstone, sandy-clayey, to

Sandstone, fine grained, s ilty -  
clayey, light red-brown to grey-white

Clay, grey-white to light brown

3%P20 5!
1 60%Fe|

Iron pg lite , consolidated, ca. 90 % ofllith 
ca. 10 % clay—limonite matrix, 
dark red-brown

Sandstone, coarse grained, isolated odlitn 
brown

Iron oo lite , p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content to the foot wall

Sandstone, fine to medium grained, oO litic 
—  and p is o lit ic ,  light grey-brown 

Kaolin itic clay, s lightly  sandy, 
white, altered basement
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not cored

Laterite, brecciated, sandy 
slightly  o o lit ic  and p iso lit ic , 
quartz pebbles, dark brown

— - Sandstone, medium grained, light brown 

Clay, s ilty , light brown

Siltstone, sandy-clayey, 

light brown to red-white

Clay, s ilty , light brown to white

3%P20g|_;
60%FeI ciay  ̂ red-white

Iron o fllite, consolidated, ca. 85 to 95 % 
oOliths, 5-10 % clay-limonite matrix 
dark red-brown

Sandstone, medium to coarse grained, light brown, 
increasing oOlith content to the foot wall

Iron oo lite , p is o lit ic ,  unconsolidated, 
clay matrix

Sandstone, medium grained, white-red
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Sandstone, fine to medium grained, 
light brown, iron stained

Lean oo lite, strongly sandy, dark brown

Siltstone, sandy- clayey, light brown 
to white-red

Clay, ' ightly s ilty , 
light brown

3%P205i 
60% Fell

Iron oo lite , consolidated, 90-95 % odliths,
5-90 % limonite matrix, dark red-brown

—  Sandstone, coarse grained, light brown
Iron ob lite , consolidated, ca. 90 % o ilith s ,
ca. 90 % clay-limonite matrix, sandy, dark red-brown
=  Sandstone, medium grained, o o lit ic

Iron oB lite , p is o lit ic ,  unconsolidated, clay 
matrix, grey-brown

slightly  increasing sand content to the foot wall

Sandstone, fine grained, o o lit ic  and 
p iso lit ic . light brown

Kaolini+ic clay, sandy, white, 
altered basement







Annex B 3.97

not cored

Sandstone, fine grained, clayey, 
light brown

Clay, yellow-white

3%P205Î
60%Fe|

Iron oB lite , consolidated, ca. 95 % oBliths,
, limonite matrix, dark red-brown 

-and-

stone, silty-clayey, oB lit ic , brown 
Iron oo lite , consolidated, p is o lit ic ,  clay- 
limonite matrix, dark red brown 
increasing sand content up to 25 %
Sandstone, coarse grained, ca. 15 % oBliths, light 
Clay, sandy, o d lit ic , brown brown
STffdstoi.e medium to coarse grained, o o lit ic  
Iron oB lite, p is o lit ic ,  unconsolidated,
¿ay matrix, grey-brown

increasing sand content up to 15 %

ZZ Sandstone, fine to medium grained, 
white, isolated oBliths
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Iron oO lite, consolidated, ca. 95 % cBliths, 
limonite matrix, dark .ed-brovn

increasing sand content to the foot 
wall up to 10 %

"Sandstone, fine grained, red-yellow 
Sandstone, fine grained, kao lin itic  
clay matrix, white-grey

m
o —

to

O)(0
(0

P K  2 1 2 
40 ' 50__* I

3%p2o5 ;
60%Fe|

Iron oO lite, consolidated, ca. 95 % oBliths, 
limonite matrix, dark red-brown 
Iron p iso lite , consolidated, red-brown 
Iron oO lite , consolidated, ca. 95 % oBliths, 
clav-liaonite matrix, dark red-brown 
Sandstone, clayey, strongly penetrated by 

— TTOn crusts, bro n̂ 
Iron oCI '■ *, p is o lit ic ,  unconsolidated, 
sandy,j.iay matrix, grey-brown 
Sandstone, fine to msdium grained, 
silty-clayey, brown to light brown

m
o —

5 —

0)<0IT)

570

lf5

P K 3

• • • • • •
» •  •  •  • •  i •  •  •  •  •  •  '••••• f • • • • • • • • • • • I • '• • • • • • • • * • • ♦ .

1 2
40 ' 50» 4---1--1IIIIII

3%P,0K >i ¿91
60P/oFe|

Iron oB lite , consolidated,
ca. 90 % oBliths, isolated p iso lites,
day-limonite matrix, dark red-brown

__  Sandstone, clayey,yellow-brown
== Iron oB lite . clay matrix, grey-brown 

Clay, strongly sandy, iron crusts 
Iron oB lite , p is o lit ic ,  unconsolidated, sandy 
ca. 70 % oBljttis and p iso liths, clay matrix,

dran oB lite , strongly sandy, clay m a t r i i,rown

Sandstone, fine to medium grained, 
clayey, red-yellow to white-yellow
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m
o

m
to

P K  4

SB
• • • • • •

• • • • •

■ f i •

1 2 
40 ' 53
I

?#/« P2°siGJ>%Fe |
Iron oB lite , consolidated, sandy, limonite matri 
Trim p iso lite , consolidated, sandy, red-brown 
Iron oB lite , consolidated, sandy, red-hrown

Iron oB lite , p is o lit ic ,  modea.ely 
consolidated, ca. 80-90 % oBlitds and 
p iso liths, c lay -s ilt matrix, grey-brown

increasing sand content to the 
foot wall up to 20-30 %

Sandstone, medium grained, clayey, 
red yellow

m
0 —

5 —

CM
tn

m

in
r-wm

^  ̂  ° 1 2 3%  P20 5 >i i i c 91
♦o so 60%Fe |• i t  I

• • • • • • •• ••••••* • • •
• ••••••• ••••••>• • • • • • <»••••••<• ••••••

•I>

Iron oB lite , consolidated, ca. 90 % 
oBliths, clay^limonite matrix, 
dark red-brown

Iron oB lite , ca. 15-20 t  medium 
grained sand, clay matrix, grey-brown

=  Clay and iron crusts, sand, brown

Iron oB lite , p is o lit ic , s lightly  consolidated,
sandy, clay-limonite matrix, dark
red-brown

increasing sand content to the 

foot wall up to 10 %

Sandstone, fine grained, s lightly  oB lit ic , 
clayey, yellow-brown to white yellow
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not cored

Clay, sandy-silty, grey to light brown 

Sandstone, medium grained, grey to light brown 
Sandstone, medium grained, conglomeratic 
Iron oB lite , sandy, p is o lit ic , moderately 
consolidated, brown

"Sandstone, s ilty ,  :a. 10-20 % oSliths 

Sandstone, 'ine grained, white-yellow

Kaolin itic clay, white, partly 
limonite on joints, 
altered basement

K 2
m
o-

5 -

3%P20 5;
60%Fe|

Sandstone, coarse grained, 
grey-red-brown

~Tron oo lite , consolidated, ca. 95 % 
oOliths, sandy, clay-limcnite matrix, 
black-brown

T ro n  oo lite , strongly sanjy, slightly  .on- 
solidated, clay-matrix, grey-brown

~Tron oo lite , p is o lit ic ,  s ligh tly  Consoli
dated, clay matrix, grey- r̂own

strongly increasing sand content to the foot 
—  wall

Sandstone, medium grained, oo lit ic  and 
-JflUO lltlc , clay matrix, red-grey

Sandstone, medium grained, light brown 
to white



K3 Annex B 3.101

0-
m

5- '»
.QQP'Û
TTTT

• •# • -• •

407
’.V.V.V•«••VtV.

I n p f i ï

40 SMFel

Eolian sand, fine grained, 
light brown to light red

Gravel, «oderately consolidated, 
qvartz and iron sandstone pebbles 
Sandstone, coarse grained, brecciated
grev-red-brown

Trave l, «oderately consolidated 
Iron oo lite , pisol:.tic, s ligh tly  consolidated,

—  clay-lioonite matrix, grey-brown 
Iron oB lite, consolidated, well sorted, 
ca. 70 % ooliths, sandy, clay matrix brown

Iron oC lite , sandy, clay matrix, gre.-brown 
Iron oo lite , p is o lit ic ,  moderately consoli-

—  dated
Sandstone, fine to medium grained,

-e-Iayey, light red-brown 
Kaolin itic clay, white, altered basement

m
0-

5-

K4

2%P205;
50%Fe|

not cored

Sand, medium grained,
_grey

Terrace gravel, sandy, light grey-brown

~Tron oBlite, consolidated, ca. 85 % 
odliths, sandy, euy-limonite matrix, 

-dark red-brown

Sandstone, medium grained, ca. 30 %
— oBliths, limonite matrix 
Sandstone, medium grained, s ilty -

clayey, light brown
-Kao lin it ic  clay, contaminated by limonite 

Kaolin itic clay, white, 
altered basement
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m
0-

5 -

Sand, medium grained, 
silty-clayey, light brown

Conglomerate (Niger terrace), 
quartz and iron sandstone pebbles, 
sandy, light grey-brown

Iron oB lite , consolidated, ca. 85 S oBliths, 
"ca. 5 % sand, clay-limonite matrix, 
diaeeter of oOliths: ca. 0,5 to 1,0 mm, 
dark red-brown

no quartz grains

Sandstone, s lightly  oB lit ic , light brown 

Clay, s ilty ,  light grey to brown

Sandstone, medium to coarse grained, 
isolated oBliths

Kaolin itic c lay , s ligh tly  sandy, 
white, altered basement

K 6
m

o-

5-

10-

folian sand, medium grained, 
Teddish—l i ght brown

~Tferrace gravel, quartz and iron sandstone 
-pebbles
Sand, medium to coarse grained, con
glomeratic, s ligh tly  clayey, limonite 

—  matrix, red-brown

Iron oB lite , consolidate^, ca. 85 % oBliths, 
sandy, clay-limonite matrix, dark brown

isolated pisoliths

—increasing sand content to the foot wall 
up to 10 %

Clay
Iron nHlj|»T as above

—Iron oB lite . sandy, clay-limonite matrix, 
red brown
Clay, s lightly  sandy, white-brown

ZSndstone, medium grained, clayey,reddish 
Kaolin itic day ,- sandy, white 
altered basement



not cored

Sand, medium grained, s lightly  
clayey, light brown to red

3 % P,0E ! Conglomerate 
• * 3 LonqIWBrate, quartz and iron

.sajjdstone pebbles, sandy clay-limonite matrix 
Iron oB lite, consolidated, clay-matrix 
-Uaonite matrix, red-brown

increasing sand content up to 10 %

"Sandstone, medium grained, red to light-brown 

Clay, light brown to red

-Sandstone, medium grained, strongly 
clayey, partly iron stained, red-brown 
to light grey

Sandstone, medium grained, light 
brown to white grey 
Kaolin itic clay, sandy, white, 
altered basement

Sandstone, coarse grained, con- 
, glomeratic, light brown 

3% P20,j,| "Conglomerate, quartz and iron sandstone

60P/oFe Debbies, lim onite-silt matrix, red-brown
• iron sandstone, clay-limonite matrix

Iron oB lite, consolidated, c?. 95 % oBliths, 
isolated p iso liths, clay-limonite matrix, 

dark red brown

increasing sand content to the 
foot wall up to 10 %

Hid" 5 0 " ! 5  *
Sandstone, fine-grained, silty-clayey 
Iron oB lite, p is o lit ic ,  unconsolidated, 

-day matrix, grey-brown 
Sanostone. ifdium grained, oO litic  
and p iso lit ic , s ilty , clay matrix, light 

-twvn

Sandstone, medium grained, slightly  
-ofH itic and p is o lit ic ,  light brown 
Kaolin itic lay 1 s ligh tly  contaminated 
by limonite, white, altered basement
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m
0 -

5 —

K 9

not cored

Terrace gravel, medium to coarse 
sandy, clayey, light brown 

TTrrace gravel
Iror oOlite, consolidated, ca. 95 % 
oBliths, clay-limonite matrix, red-brown 

increasing sand content to the foot wall 
—  Clay, sandy-silty, light grey-brown 

Iron oB lite . sandy, clay matrix, 
red brown

Iron oB lite , p is o lit ic , unconsolidated, 

clay-matrix

Siltstone, clayey, oB lit ic , light-brown 

Iron oB lite, strongly sandy, slightly  con- 
-salidated, clay matrix, light grey-brown 
-increasing sano content to the foot wall 
Kao lin itic clay, sandy, white, with 
limonite on jo ints, altered basement

K 10
m

0

s

10

mif*

kAtf)
st>

iOtf)J)

if}

i*p2°s:
' «• ' so eo*Fe|

T in d , fine to medium grained, 
silty-clayey, light brown

-Sand, coarse grained, brown 
"Terrace gravel, quartz md iron sandstone 
—  pebbles

Iron oB lite , consolidated, 80-90 % oBliths,
isolated ^ isoliths, clay-limonite matrix, 
sandy, dark red-brown

slightly  decreasing sand content

Clay, strongly sandy, 
slightly  oO liric, brown

Tron oB lite , p is o lit ic ,  unconsolidated, 
sandy, clay matrix, grey-brown

“ Increasing sand content to the 
foot wall up to ca. 15 %

~up to ca. 25 %
r iandstone, fine grained, oB lit ic  

Sandstone, fine grained, clayey, light brown 
to white

Kaolin itic clay, s ligh tly  sandy, 
white, altered basement



m Annex B 3.105K11

o

s

10

4> ; V r r
— i t__*  *  -t

not cored

—Send, medium to coarse grained,
_flig h t ly , congloaeratic, light grey-brown

Terrace gravel, predominantly iron
_sandstone fragaents, red-brown

Iron cB lite , consolidated, ca. 90 % 
oOliths, sandy,clay-linonite matrix

Tncreasing sand content to the 
foot wall up to 10 %

up to 20 %
Sandstone, medium grained, o o lit ic  

SaflttSTCHft, medium grained, light brown 
_J la y , F tp t brown to gray

Iron oo lite , p is o lit ic ,  unconsolidated, 

sandy(ca. 70 % oOliths and p iso liths,
— elay matrix, grey brown

Iron oB lite , unconsolidated, ca. 10 %
__sand, clay matrix, grey-brown

increasing sand content up to 20 %

Clay* strongly sandy, oO litic , grey-brown 
Sandstone, moderately consolidated, 
medium grained, light brown

Ttsolin itic clay, slightly  sandy, 
white, altered basement

K 12

o —

5 —

10 —

562

563

<0wn

10(0iO

c=> o  O
o  ̂ <=>0 © o° o i5 o
o  ° o

40

• •••»• i >••••••• • • •» • • 4

P ,

50

3%P20 5 i
6,oxFe|

not cored

Lateritic  conglomerate, iron sand
stone and iron ofllitn fragments and 
pebbles, limonite matrix

Siltstone, sandy clayey, 
red to white-brown

darkron oo lite , consolidated, sandy, 
an3stone,"medium to coarse grained, o o lit ic

-Iron o fllite . strongly sandy, clay matrix 
Sandstone, medium grained,

_siIty-c 1 ayey, light brown 
Clay, sandy, white-brown

Iron oB lite . p is o lit ic ,  s ligh tly  con
solidated, ca. 70 % oOliths and p iso liths, 
clay-matrix, grey-brown

Sandstone, fine to medium grained, o fllit ic  
— Sandstone, medium grained, clayey, red 
— -Sandstone, s lightly  o o lit ic  and p is o lit ic  

Sandstone, medium grained, s ilty ,
— red-yellow

Kaolinitic clay, sandy, contaminated
by limonite, white, altered basement
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\

K 13
m

0

5

10

15

ao%Tf
mGOfcO

in

• • • • • 17
M, ,f t t

I  X + f  *V

h- t + » -

3 * ^ 0 5  i 
so*Fe|

not cored

Sandstone, fine grained, s ilty -  
clayey, red

U l I ’ white-grey 

Siltstnn̂
red-brown-yellow

Siltstone, clayey, light brown 

Clay, s ilty ,  g: ¿y-red

partly limonitic

Clay, limonitic, s ilty , yellow-brown

i ron od lite , consolidated, ca. 95 % oBliths 
1imonite matrix, red-brown

increasing sand content up to 5 %

~frpn oB lite, ca. 20 % sand, clay- 
_limonite matrix, grey-brown 
Clay, s ilty ,  grey to 
light brown

"Iron ofllite, p is o lit ic , s ligh tly  consoli- 
3ate(ft strongly sandy, clay matrix 
sandstone, medium qrained, oS lit ic  
Sanasioney medium grained, light brown

Kao 1 in it ic  clay, slightly  sandy, 
white, altered basement

i
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K 14
m

0

5

10

1 ? 3%P;Ok \
' 40 ' so ' 60%Fe|

001it)

Sand, fine to medium grained, 
s ilty ,  light brown |

~~Irbn oB lite, consolidated, 70-80 % oBliths, j 
ca. 5-10 % sand, clay-limonite j
matrix, red-brown

_Sind3tone, ca. 30 % oBliths, light brown 
Iron po lite , consolidated, ca. 70 % oBliths, 

_ca. 10 £ sand, clay-limonite matrix, red-brown 
Sandstone. oB lit ic , red-browr 
Clay, sandy-silty, light-brown

Iron oBlite, p is o lit ic , unconsolidated, 
-¿ iay-su t matrix, grey-brown 
-el-ay, limonitic, oB lit ic  
Iron oB lite , p is o lit ic ,  unconsolidated, 
limonitic clay matrix, sandy, 
grey-brown
Sandstone, medium grained, oB lit ic , light brown
Sandstone, medium grained,
light brown-red with white stripes

not cored

Kaolin itic clay, sandy, white, 
altered basement

K 15
m

o

5

10

581
«NODm

Lfl

3 % p 2o i :
6 0 %Fe|
I

not cored

Iron po lite , consolidated, ca. 80 % 
oOliths, sandy, clay-limonite 
matrix, dark red-brown

isolated pisoliths

Iron oB lite. ca. 70-30 % sand, clay matrix 
Sandstone, medium grained, clayey, light brown 

isolated oBliths, sandy, light brown

Iron oB lite , p is o lit ic , uncrnsolidated 
sandy, clay matrix, grey-brown

Sandstone, fine to medium grained, 
light brown

Kaolinitic clay, sandy, white
altered basement



K 16 Anne x B 3.108
m

0

s

10

1 2 3%
1 40 1 S0 1 60

Sand, fine to medium grained, 
silty-clayey, light red

J Terrace gravel, sandy, s ilt- lim on ite  matrix

Iron oB lite, consolidated, ca. 95 % oBliths, 
limonite matrix, dark red-brown

Iron oB litc, consolidated, p is o lit ic , 
sandy, clay—limonite matrix 
dark red-brown

~CTay, sandy, light brown to yellow 
Iron oB lite, p is o lit ic , unconsolidated, 
sandy, clay matrix, g: ey-brown

increasing sand content up to 95 %

Sandstone, fine to medium grained, 
s ilty , light brown

Kaolin itic clay, sandy, white, 
altered basement

K 17
m

o —

5 -

10 —

■ O  O '"o o  o 3 Q °0&  ° 0  O  nO O  O o o o  O

• r n m  _ ••••••«

40 50

r J

J
60%Fe|

Terrace gravel, sandy, guartz ;nd 
iron sandstone pebbles, grey-brown

Tm n oBlite , moderately consolidated, ca. 95 > 
-U lltflS , Clay-limonite matrix, dark brown

slightly increasing sand contem 
to the foot wall

"Iron oo lite , moderately consolidated, ca. 65 % 
oBliths, ca. 10 % sand, clay matrix, orown

_iandstone, medium to coarse grained, light browi 
Clay, light brown to white and red

Iron oBlite, p is o lit ic , unconsolidated, 
clay matrix, grey-brown

increasing sand content up to 10 %

Sandstone, fine to medium grained, 
light grey-brown

Kaolinitic clay, sandy, white,
altered basement
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Sand, fine to medium grained, 

light brown to grey

3%FWDc \ 
' 60%Fe|

i

light brown to white

Terrace gravel, sandy, light brown to grey 
Iron oB lite , consolidated, ca. odliths, 
clay-limonite matrix, dark brown

increasing sand content to the foot wall 
up to 10 %

—  up to 20 %
"Clay, light brown to grey
—  Iron od lite , p is o lit ic ,  sandy, grey-brown 
Iron od lite , p iso lit ic . unconsolidated,
clay matrix, grey-brown

increasing sand content up to 10 % 
Tandstone, medium grained, white
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not cored

Sandstone, medium grained, 
red-yellow

Sandstone, fine grained, to Siltstone 
clayey, red-brown to white-yellow

Clay, s ilty , red-yellow to light brown 
"Siltstone, clayey, light brown to red-white 
Sandstone, fine grained, to Siltstone

Siltstone, light brown to white

Clay, s ilty ,  light brown to white

Iron oB lite, ca. 20-30 % sand, clay matrix 
—Sandstone, coarse grained, isolated oBliths
_Clay, sandy-silty, white-grey

Sandstone, medium to coarse grained, light brown

Clay, light grey to reddish

Iron oB lite , p is o lit ic ,  unconsolidated, s lightly  
—sandy, clay matrix, grey-brown

increasing sand content up to 5 %

increasing sand content up to 30 %

Sandstone, medium grained, isolated oolithr, 
s ilty , grey-brown-white 
Kaolin itic clay, s ligh tly  sandy, white 
altered basement

so (0XFe|
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K 21
m

o —

5 —

10 —

15 —

? %p2 ° 5 : 

60%Fe|
I

not cored

~Tind. medium grained silty-clayey, red-brown

Terrace gravel, predominantly quartz pebbles 
Clay, sandv-slltv. isolated pebbles 
Sand, clayey, quartz pebbles

Terrace gravel, predominantly quartz pebbles

Siltstone to Sandstone, fine grained 
brown to red with white stripes

—  Clay, grey
—Siltstone, sandy-clayey, isolated pebbles

Clay, s ilty ,  yellow-brown to white-grey

Iron oB lite , consolidated, ca. 90 % oOliths,

6 r ° “ "

Sandstone, medium to coarse qrained, ca.5-10 % 
—= ooiltns, clay-limonite matrix, brown 
—Sandstone, medium grained, red

Clay, silty-sandy, grey-brown

Iron oo lite , p is o lit ic ,  unconsolidated, 
sandy, clay matrix, grey-brown

~Tron od lite . ca- 5-10 % sand, clay matrix, 
light grey-brown
Iron oo lite , s ligh tly  p is o lit ic ,  ca. 30-̂ 0% sand 

—Sandstone, medium grained, grey 
Kao lin itic  clay, white, 
altered basement



62
2

K 22
Annex B 3.113

0

5

10

m

o>
(fl

O»
mm

3%P0
6Ô%f4i

K 2 3

not cored

~Sgnd, medium grained, light brown

Sand, fine to medium grained, 
silty-clayey, light brown to white

Terrace gravel, quartz and iron 
sandstone pebbles, sandy

Iron o fllite , consolidated, ca. 95 % odlitns, 
clay-limonite matrix, dark red-brown

""Sandstone, medium to coarse grained 
Clay, ssndy-silty, light brown

Iron od lite , p is o lit ic , moderately 
consolidated, sandy, clay matrix 
grey-brown

""Sandstone, coarse grained, clayey, slightly  
...Qglitic and p iso lit ic , grey-brown 

Sandstone, medi"m grained, clayey 

Sandstone, medium to coarse grained, light 
brown
Kao lin itic  clay, sandy, white, 
altered basement

0

5

621
50

3%POc ! 
60%Fe|

Sand, medium grained, s lightly  
clayey, red-yellow-brown

Terrace gravel, sandy 
Iron oB lite , sandy, isolated pebbles 

—  Clay, sandy,red

Iron oS lite , p is o lit ic , unconsolidated, 
sandy, clay matrix, grey-brown

3 - 5 % sand

Sandstone, fine to medium grained, 
light brown to grey

Sandstone, fine to medium grained, 
kao lin it ic  clay matrix



K 24 Annex S 3.114

-G?
©  . O

*■. + . + ■  +— ■

not cored

Sand, medium grained, isolated 
quartz and sandstone pebbles, 
red-yellow to red-grey

Sand, medium grained, silty-clayey, 
red-yellow to red-white

Sandstone, medium to coarse grained, 
quartz and iron sandstone pebbles

Kao lin itic  clay, strongly sandy, conta
minated by limonite on joints, altered 

basement

K 25

not cored

Sand, medium grained, red

Iron oolite, consolidated, ca. 3-5 % sand, 
clay-limomte matrix, dark red-brown

ca. 10-20 % sand

ca. 3- 5 % sand 

ta. 10 % sand

ca. 20 % sand

Sandstone, medium grained, brown 
U onq loae ra te , iron pebbles, sandy 

Kaolin itic clay, s ligh tly  sandy, 
altered basement



K 26

3%P20 5; 

50 6(P/oF«|

Sand, yellow-brown

Terrace gravel, predominantly 
quartz pebbles

Iron cB lite , consolidated, ca. 35 % oflliths, 
ca. 5-10 % sand, clay matrix, dark red brown

~Tron o fllite , moderately consolidated, ca,
15-20 % sand, clay matrix 

-Conglomerate quartz and iron sandstone pebbles 
—  Ciay, yellow-brown 
Sandstone, medium grained, liqht-brown 
Kaolin itic clay, white, 
altered basement



K 27

> • • • • • •

3%P205; 
40 50 6lP/oFejI l

• • • • •

r ian sand, fine to medium 
p ained, reddish-yellow

Clay, sligrv 
grey-yellow

t

slightly  increasing sand content

Sandstone, fine grained, limonite 
matrix, brown
rzz Clay, s ilty ,  grey to light brown 
Iron oB lite , consolidated, ca. 5-10 % 
coarse sand, limorite-clay matrix, 
red-brown

f t «1 , sandy, isolated oBliths, brown 
brown-yellow 
-strongly sandy,
Iron oo lite , pi sol i f f c ,  unconsolidated, 
sandy, clay matrix, grey-brown

Sariostone, fine to medium grained, 
-light brown to white 
Kao lin itic clay, white, 
altered basement
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Sand, medium grained, light brown 

to red

Sand, medium grainec, silty-clayey, 
grey

strongly clayey
“ Iron oOlite, consolidated, sandy, 

ca. do i  oUliths. dark brown 
___ , Sandstone, medium to coarse graired,3%p2o 5 : —

i i  ̂ Clay, sandy, light brown

Iron oO lite, p is o lit ic ,  moderately con
solidated, sandy, clay matrix, 
grey-brown

Iron oB lite , sandy, clay matrix, grey 

~andy up to 15 %
Sandstone, medium to coarse grained, 
o d lit ic  and p is o lit ic ,  light brown

Kaolin itic clay, white, 
altered basement
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40
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»•••••• ir-• t • 1
1
1•«•*** L ..•_* • • • •■ttjV.u

?%p2o 5
W*Fe|

Iron oo lite , p is o lit ic ,  unconsolidated, 
clay matrix, grey-brown

increasing sand content to 
the foot wall

Clay, sandy, light brown

P S D  2
m
o-

5-

3% P,O r'I 9 l
6,°%Fe|

Clay, sandy, white to light brown

— • Iron sandstone, consolidated, red 
Iron oo lite , p is o lit ic ,  unconsolidated, 
ca. 65 % oOliths, clay matrix, 
grey-brown

Iron oo lite, sandy, slightly  p is o lit ic ,
— grey-orown
Sandstone, ca. 35 % oOliths and

_¡¡.isoliths, clayey, brown

Sandstone, isolated oOliths and 
p iso liths, light brown

Clay, light brown

P S D  3

Clay, light brown

Iron oOlite, p is o lit ic ,  moderately 
consolidated, clay-matrix, grey-brown 
increasing sand content to the foot wall

— increasing sand content up to 30 %
— Sandstone, medium to coarse grained 

isolated oOliths 
Kao lin itic clay, sandy, white, 
altered basement



I*

A n n e x  B 3 . 1 9

m
o-

P S D  4
i z 3%P,0&;
1 4,° 1 5,0 '

t v . v . wfy.’.V.Vfc.v.v.v,
t^iVmV>1

Iron o o lite , consolidated, ca. 95 % 
jiB liths, clay—limonite matrix, red-brown 
Iron oB lite , o is o lit ic ,  s ligh tly  con
solidated, ca. 75 % oSliths and 
p iso liths, clay matrix, gray-brown

Clay, s ligh tly  clayey, ligh t brown

m
o-

P S D  5

T a tg r ite , quartz pebbles and fraqments 
Jt-Irinr' sandstone, consolidated
Iron oB lite , consolidated, s lightly  
sandy, ca. 85 % oBliths, clay- 
limonite matrix, dark red-brown

ca. 90 - 95 % oBliths

Sanjstone, clayey, red-brown

P S D  6

+ . ♦ • + + ++ + .+ + + + ■*- + + ++ * *■ + + ■+ + + * t

Iron oB lite , consolidated, ca. 95 % 
oSliths, clay-limonite matrix, 
grey-brown

increasing sand content to the foot wall
Ihon o fllite , p is o lit ic ,  clay matrix, grey-brown

Sandstone, medium grained, o o lit ic  and 
—p is o lit ic ,  ligh+ grey-brown 

Kao lin itic  clay, c ligh tly  sandy, white, 
altered basement
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not cored

Sandstone, fine to coarse grained, isolated 
quartz pebbles, iron stained, light red 
Sandstone, medium to coarse grained, 
conglomeratic, light red

Quartz conglomerate, fine to medium 
sandy, light red

3%P20 5; 
50 60%Fel
l i 1

Clay, s ilty , light brown to reddish, 
isolated quartz pebbles in the upper part

Iron oS lite , consolidated, 85-90 % 
obliths, limonite matrix, dark red-brown

Clay, s lightly  s ilty , light brown with 
white stripes
Sandstone, medium to coarse grained,

—— siign tly  kaojin itic, light red to white 
__  Sandstone, fine grained, kao iin it ic ,

Kao lin itic  clay, s ligh tly  sandy, 
white, altereo basement
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Annex B 3.121

D 2

not cored

Sand, medium to coarse grained, 
light red to light brown

' Sandstone, medium to coarse grained,
—eengloraeratic, limonite matrix, brown-red

Sandstone, medium to coarse 
grained, light brown

3%P205|
60%Fe|

i

~U lts to n e , clayey, brown to 
red-grey

Iron oo lite , strongly sandy to 
oS lit ic  sandstone, consolidated, 
limonite matrix, red-brown

Clay, s lightly  sandy 
white to light brown
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m
o —

5 —

D 3

not cored

Sand, fine to medium grained, 
red-brown

Laterite, sandy, quartz pebbles, 
linonite matrix, red-brown

Siltstone, sandy-clayey, 
red-white to light brown

10

1 5

1 2 3%P20 5j
' 40 ' 50 ' 60% Peli i i

Sandstone, fine grained, light brown 

Clay, s ilty ,  light brown

Sandstone, medium to coarse grained, 
clayey, light brown to red-white 

—  linonite hardground, isolated ooliths

Iron oC lite , strongly consolidated, 
sandy, limonite matrix, dark 
red-brown

—  Iron sandstone, conglomeratic 
Sandstone, coarse grained, clayey

Kaolin itic clay, s lightly  sandy, 
light brown to white, 
altered basement



la te rite , iron sandstone, medium to 
coarse grained, brecciated, isolated 
quartz pebbles, red to red-brown

“"Conglomerate, sandy-clayey 
light grey-brown 
Sandstone, coarse grained, 
clay matrix, isolated quartz 
pebbles, light brown

Clay, sandy, medium to 
coarse grained, light brown 
to red-white

Clay, s ilty ,  light brown to white

Clay, sandy, fine grained,

to

Siltstone, strongly clayey 
light brown to white red

—  Iron o d it e , consolidated, sandy 
limonite matrix, dark red-brown

Siltstone, sandy-clayey, 
light brown to white
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m
ID-

15

20

25

•: 'A-/ • >

Sandstone, fine to medium grained, 
s ligh tly  clayey, white to light brown

Sandstone, fine to mudiua grained, 
red

Sandstone, fine grained, s ilty ,  reddish

Sandstone, medium to coarse 
grained, clayey, isolated ofiliths, red

Sandstone, fine to medium grained, 
clayey, yellow to light brown

Clay, sandy, light brown 
with white stripes

Sandstone, fine grained, 
light brown to red

Sandstone, coarse grained, clayey 

Schists, green to grey

3 0
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not cored

Sandstone, medio* to coarse grained, 
isolated ooliths, red

TaTerite, qoartz pebbles, sandy, red 
Clay, isolated quartz pebbles, red 
yellow

Clay, strongly sand, red to 
light brown

Sandstone, clayey, quartz pebbles 
limonite matrix, dark red and 
yellow-brown

Sandstone, coarse grained, s lightly  
clayey, red-yellow

Clay, slightly  sandy, light brown

Sandstone, medium to coarse 
grained, light brown

Iron oo lite , consolidated, ca. 85 % 
ooliths, s lightly  sandy, limonite 
matrix, dark red brown

Sandstone, coarse grained, 
red to white

Granite
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