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PETROGRAPHIC CHARACTERIZATION OF THE URANIUM ORE OF TAHAGGART
(EL-HOGGAR, SE ALGERIA)

(MpedcmaeneHo 4YneHoM pedakyiliHol Koneaii 0-poM 2eos. Hayk, npogh. B.A. Muxaiinoeum)

Background. Algeria has long sought to exploit its uranium deposits in the Hoggar region, whose objective is to market the ore,
and use part of the production exclusively in the civil field, especially in electricity generation. The exploitation and valorisation of this ore;
require a very specific process of exploitation, characterization and treatment.

The main objective of this work is to establish a detailed and complete technical data sheet for the Tahaggart deposit, enabling the
implementation of a uranium ore mining and beneficiation technique to obtain a marketable product known as "yellow cake".

Methods. To achieve this objective, samples were taken from the site under study, followed by microscopic and macroscopic
analyses non-thin sections to obtain petrographic, mineralogical and geochemical identifications.

Results. The analyses confirmed the sandstone character of the ore and the predominance of quartz, clays, oxides and iron
hydroxides as well as uranium and rutile minerals. The uranium contents in the mineralized altered levels varied from 0.90 to 1.32 %
and from 0.34 to 0.74 % in the mineralized conglomeratic sandstones. Uranium occurred either in the high-grade uranium minerals or in
low-grade apatite, zircon, rutile, and in traces in monazite.

Conclusions. Different studies carried out on the Tahaggart region have proven the presence of Uranium ores with remarkable
quantities, varying between 0.90 to 1.32 % in the mineralized altered levels and 0.34 to 0.74 % in the mineralized conglomeratic sandstones,
however, despite this, and in view of the strategic value that uranium enjoys at the international level; to date, there is no exploitation of
this mine by the state. The best treatment method in this case is heap leaching; the recovery rate by this method can reach 70 % in uranium
as "yellow cake".

Keywords: Uranium, Tahaggart, Petrographic characterization, Mineralogy and geochemistry, Leaching, "yellow cake".

Background
The element uranium was discovered in 1789 by the German
chemist Martin-Heinrich Klaproth (Graublinden and Souidi,
2020). More than a century later, in 1896, Henri Becquerel
discovered radioactivity from fluorescent uranium salts and at
the same time demonstrated the radioactive properties of this
element (Giry, 2017). Originally, uranium was only used as a
chemical agent, notably in the ceramics and mirror-making
industry (glass coloring), then in the manufacture of high-
strength steel (Nilson and al., 2019). In the early 20th century,
following Pierre and Marie Curie's work on radioactivity, its ores
were an essential source of radium, used to treat cancerous
tumors (Rentetzi, 2022).
The discovery of nuclear fission by Otto Hahn and Fritz
Strassmann in 1938 marked the baptism of nuclear energy

and the use of uranium as a fuel element (Reed, 2020).
Uranium in metallic form, can also be found as a structural
element (counterweight) in aircraft and marine construction,
as well as in the military field, for tank armouring and shell
manufacture (Lourenco and al., 2016; Carvalho and al.,
2023). It can also serve as shielding to protect against
ionizing radiation, just like lead (Lourenco etal., 2016).
Uranium is the main element used for the manufacture of
fuel elements for nuclear reactors (Zerbib, 2024). However,
its use goes through several stages of preparation called the
nuclear fuel cycle. The first step in this cycle is the
exploration, exploitation and valorization of uranium ores.
The latter requires a specific treatment process, taking into
account the technical sheet of the uranium ore. Algeria has
significant mineral reserves, in particular, gold and uranium
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are the main metals present in Hoggar. Tin, tungsten and
tantalum, niobium, and copper indices are also present.

There are several uranium deposits identified and not
exploited to date: Timgaouine, Abankor, Tinef and
Tahaggart. Exploitation of a deposit requires a perfect
understanding of its geographical environment, geology and
geometry, and for profitable extraction of the raw material
and valorization of this resource, in our case uranium in the
Tahaggart deposit, it is imperative to establish a detailed and
complete technical data sheet for the uranium ore. The first
geological studies were carried out by Joulia (1959), Lessard
(1961) and Claret et Tempeére (1968), Legrand (1970), Fabre
(1971) and Beuf etal (1971), who studied the Paleozoic
history of the Saharan platform in the Tassili region or at
N'Ahaggar de In Debiréne in the southwest and in the TiN-
Eggole region in the northeast. Mokadem carried out a study
on the wuranium mineralization of the Tin Séririne
sedimentary basin (Tahaggart deposit and the Tamert-N-
Iblis region) in 1980, followed by a study of the alteration of
the Precambrian base on the periphery of the basin. In
addition, the associated wuranium and thoriferous
mineralization (Hallalouche, 1995), and a structural study of
the Tin Séririne basin were made using geophysical
methods (Bournas, 1998).

A contribution to the geological and gitological study of
the uranium mineralization of Tahaggart (Southeast of
Hoggar): mineralogy and geochemistry of mineralization
linked to alterations of the base and to the basic
conglomerate of the detrital series was the subject of a
magister thesis by Chahdane in 2009. Algeria began the first
prospecting work in the Tin-Séririne basin around the 1970s.
The aim of this work was to search for uranium in the
northern district of the Algerian-Nigerian uranium province.
The Romanian group GEOMIN (1969-1975) working on
behalf of SONAREM (Société Nationale de Recherche et d'-
Exploitation Miniére) highlighted the Tahaggart uranium
deposit and the Timouzeline and Tamert-N-Iblis uranium
indices. These mineralized zones were discovered by
ground verification of the radiometric anomalies highlighted

by the aero-magneto-spectrometric survey at 1/200,000,
carried out by the American firm Aéroservice (1971).

A reserve estimate has been made for the Tahaggart
deposit. A SONAREM team (1976-1977) carried out
hydrogeological research work in the Tin Séririne basin.
From 1986 to 2005, uranium exploration work was carried
out on the eastern and western flanks (Timouzeline and
Tamert-N-lblis) of the Tin-Séririne Basin (CREM, 1986-
1991); on its northern and north-western periphery (CREM,
1991-1992), and its southern part (CREM, 1996-1997), as
well as evaluation and extension work on the Tahaggart
deposit (COMENA (2001-2005). Appreciable results were
obtained in the Tin-Séririne basin, notably the identification
and confirmation of uranium indices and anomalies. The
present work represents a contribution to the enrichment of
the Tahaggart uranium ore datasheet, through the
petrographic (macro and microscopic), mineralogical and
geochemical characterization of the main horizons,
represented by the conglomeratic sandstones and alteration
facies of which they are composed.

Site description. The Tahaggart uranium deposit is
located 350 km southeast of Tamanrasset in the Tin Séririne
basin in extreme southeastern of Algeria; close to the Niger
border (Rabia-Zaourar, 1978; Badahmaoui et al., 2020)
(fig. 1). This desert region is characterized by very low
human density, with altitudes ranging from 1,000 m in the
north, to 400 m in the south on the Algerian-Nigerian border.
Temperatures ranging from 40—45 °C (April to July) and from
13 to 11°C (January to February), very little rainfall,
vegetation limited to wadi beds, and fauna specific to desert
zones (Chahdane, 2009; Khaldi et al., 2018). It is located at
the crystalline basement-Paleozoic sedimentary cover
contact, with global uranium reserves estimated at 8,105t of
ore grading 0.215 % U, or 1,700 tonnes of U metal (Allek
et al., 2013). It occurs as subhorizontal mineralized lenses 1
to 8 m thick hosted in altered Precambrian basement
gneisses and Cambro-Ordovician basal conglomerates
(Baadi, 2018; Gherbi et al., 2015).
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Uranium mineralization, is known at surface and sub-
surface depths of 0 to 8 m, and occurs in more or less
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discontinuous patches (Sanguinetti et al., 2018; Smirnov et al.,
2018). The uranium ore essentially contains secondary
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uranium minerals (utunite, torbernite), associated with iron
oxides (hematite, goethite) and a clay matrix (Hatert et al.,
2018). Significant thorium and rare-earth mineralization
associated with conglomerates (Bonhoure, 2010; Boni et al.,
2023); is related to primary and secondary minerals (monazite)
and alumino-phosphates (grandallite, florencite, brockite).
Other secondary uraniferous minerals include carnotite,
sabugalite and uranophane (Chahdane, 2009).

Methods

The samples were taken to cover most of the region
studied. The diameter of the collected pieces varies from 0 to
250 mm; they are taken from conglomeratic sandstone ores
and altered facies, then the diameter of the pieces of rocks
was reduced using a hammer to sizes which do not exceed
90 mm. The pieces obtained from conglomeratic sandstone
ore are intended for macroscopic observation with the naked
eye, while microscopic observation was carried out using a
Leica binocular optical microscope. Samples were selected to
prepare thin sections of uranium ore.

To determine the chemical composition of the rocks, 19
samples were taken, 9 from conglomeratic sandstones and
10 from mineralized alteration rock, each sample was
crushed using a Model HERZOG disc crusher, then mixed

Uranium
Mineral

Uranium

Quartzo- 3
Mineral

Ferruginous Matrix

and divided by quartering technique, to obtain a
representative sample. Prior to FRX analysis, all samples
were pulverized using a Model SIEBTECHNIK pulverizer.
Preparation of the thin section for microscopic and
petrographic study involved the following stages: the ore
rock was cut by a BROTLAB diamond disk saw, then the
samples were ground in a BROTLAB automatic diamond-
grinding machine, followed by manual polishing, and finally
GBS1 resin was used to bond the resulting section to special
glass chips. The prepared thin sections were placed on the
stage of a polarizing optical microscope (Leitz PoL 12 in
PLNA in APL). The chemical composition was determined
by X-ray fluorescence analysis, using a portable X-ray
fluorescence spectrometer (Thermo Ficher-Niton xI3t
Golddt+). This analysis made it possible to obtain results for
each type of sample, its chemical composition and the
content of each chemical element.

Macroscopic study of uranium ore associated with
conglomeratic sandstones. Macroscopic observation of
conglomeratic sandstones reveals the presence of 06 arenas
(Fig. 2). The first facies, Uranium-mineralized alteration
arena, has a ferruginous clay-quartz matrix.

Quartz

Clay Matrix

Silico-Ferruginous
Matrix

Fig. 2. Macroscopic observation of conglomeratic sandstones

This matrix is composed of clays and quartz grains of size
varying between 1 mm and a few microns, impregnated with
reddish iron oxides. Within this matrix there appear yellowish
uranium minerals (Fig. 2a). The second arena is mineralized
clay, essentially composed of a whitish-gray clay matrix
containing 1-2 mm thick quartz beds and yellow uranium
minerals. The latter appear as coatings plated onto the matrix
(Fig. 2b). In the mineralized microconglomerate arena within a
silico-ferruginous matrix, centimetric to millimetric quartz grains
appear, whitish to grayish in color. These quartz grains are
generally xenomorphic and angular, and sometimes sub-
rounded. A few yellowish uranium minerals appear in the
ferruginous matrix (Fig. 2c). In addition to a ferruginous-clay
matrix, the mineralized ferruginous arena is also composed of
clay pockets containing a few disseminated grains of uranium
(Fig. 2d). The fifth arena is the mineralized ferruginous-clay
arena. Green uranium fiims of millimetric to centimetric
dimensions appear within this clay matrix. The clay matrix is
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grayish and whitish-gray in color, with several planes of
schistosity. Greenish uranium minerals sometimes permeate
these schistose planes (Fig. 2e). The last arena is the quartz-
clay arena. Within this whitish clay matrix, there are
agglomerations and sheaves of whitish to grayish quartz grains
(Fig. 2f). Under Leica binocular microscope in direct light, the
different observed matrices of the samples studied are:

¢ A quarto-ferruginous matrix with small fine millimeter
to micrometer quartz grains (Fig. 3a).

e A clay-ferruginous matrix with green uranium films
(Fig. 3b);

e A quartz-ferruginous matrix with uranium grains
scattered everywhere and sometimes iron oxides coated
with clays (Fig. 3c);

e A clay-iron matrix, with clay particles in the form of
microveins intercalated between quartz and iron oxide
(Fig. 3d).
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Fig. 3. Microscopic observation of matrices (x40)

Petrographic study of conglomeratic sandstones in
thin sections. In polarized light not analyzed (PLNA),
conglomeratic sandstones are composed of Quartz, in the
form of grains of various sizes (millimeter to micrometer)
(Fig. 4). These grains are rounded and sub-rounded and
sometimes sub-automorphic. Quartz is often surrounded by
discontinuous halos of secondary silica. It is also fissured,
and the micro-fissures are sometimes filled with iron oxides
and uranium minerals (Fig. 4a). Iron oxides, these are
abundant, appearing as fillers in interstices and intergranular
spaces, as well as in micro-fissures in quartz grains. Two
generations of iron oxides are present. These oxides also
imprint on the clay minerals present in the inter-granular

spaces (Fig. 4b). Clay minerals are not abundant and
appear in the intergranular spaces often impregnated with
iron oxides, and appear in small aggregates and in the form
of small vermicular. According to studies carried out by
Hallalouche, 1995 and Chahdane, 2009, these clays appear
only as kaolinite (Fig. 4c). Accessory minerals occupy the
intergranular spaces and appear as crystals of zircon and
monazite (Fig. 4d). Uranium minerals in the Tahaggart are
found mainly in carnotite (K2(UO2)2(V04)2.3H20) and
autunite (Ca(UOz2)2(P04)2.10-12H20) (Mokadem, 1980,
Hallalouche, 1995, Chahdane, 2009) also reported the
presence of weeksite (K2(UO2)2Sis015.4(H20)) (Fig. 5).

Quartz and
Kaolinite Matrix

Clay

Cement

Fig. 4. Minerals in conglomeratic sandstones

Note that uranium ores contain yellow to golden-yellow
minerals (in polarized light analyzed by PLA), sometimes
canary-yellow, filling micro-fissures in quartz and

b

b

surrounding its grains, and appearing as small aggregates
in the inter-granular spaces (Frankland et al., 2022; Aissa
et al., 2022).

" Autunite Autunite

150pm

Fig. 5. Uranium minerals in conglomeratic sandstones

Study of uranium ore associated with clay-quartz
alterations. In this section, we will use the microscopic
study of uranium minerals in mineralized alterations. We find
autunite Ca(UO2)2(P04)2.10-12H20, golden yellow to lemon
yellow fluorescing in green, it occurs as prismatic crystals,
flattened tablets and as aggregates (Frankland, 2020).
Autunite often occurs as disseminations within kaolinite,

ISSN 1728-2713 (Print), ISSN 2079-9063 (Online)

filling microcracks in quartz and as flattened tablets within
the clay matrix and in quartz cracks (Fig. 6).

Torbernite Cu(UO2)2(P04)2.12H20 occurs as veinlets
and tablets, with a pale yellow to greenish-yellow color in
natural light (NL), and a blue tint in polarized light (PL)
(Syczewski, 2023). It also appears as microcrystalline
aggregates within the clay matrix and iron oxides, filling
fissures, flattened tablets and automorphic crystals (Fig. 7).
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Metatorbernite Cu(UO2)2(P04)2.8H20, in natural light
(NL), shows pale green, pale blue to colorless hues similar
to those of torbernite, with the transition in polarized light
(PL) to a dark blue to purplish-blue color (Descostes, 2017)
(Fig. 8). It appears as crack filling and in the form of small

"'.‘5

Fig. 8. Metatorbernite in clay matrix

Chemical characterization of Tahaggart uranium
ores. Several Tahaggart ore samples, composed of
conglomeratic sandstones and mineralized alteration rocks,
have been analyzed by X-Ray fluorescence (XRF).
Chemical analysis was carried out using a portable X-ray
fluorescence spectrometer Thermo Ficher-Niton xI3t
Golddt+) (Jarc, 2022), which enabled us to obtain its
chemical composition for each type of sample.
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tablets within the clay matrix. Observation also shows that
metatorbernite can be observed on the edges of sheets, and
filling the inter-sheet spaces of flakes and packets in the clay
matrix (kaolinite).

* Metatorbornite
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Analysis of wuranium ore
conglomeratic sandstones

Major elements. In samples related to conglomeratic
sandstones, silica (SiO2) remains very abundant and
omnipresent. Clays (Al203) are also quite important in this
facies (Tab. 1 and Fig. 9); magnesium, iron, and potassium
are also present in moderate amounts; the other major
elements (CaO, VO2, P20s, TiO2, etc.) appear at low
concentrations.

associated with

Table 1
Concentrations of major elements in conglomeratic sandstones (%)

Element Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9
P,0g 0.5151 0.5334 0.5135 0,.2705 0.0000 0.0012 0.0000 0.0000 0.0879
K,O 1.5207 12.7147 1.2684 1.0578 0.1273 0.0011 0.0260 0.7057 2.3978
VO, 0.4118 0.3881 0.3879 0.3748 0.3325 0.0009 0.0511 0.0948 0.0000
ALO, 5.0962 4.9827 4.7962 4.6176 1.0970 0.0005 2.4439 5.6508 0.0395
Ca0 1.6432 1.6234 1.5183 1.0844 0.1251 0.0004 0.0298 0.0278 2.2062
TiO, 0.6943 1.0106 0.7830 0.4519 2.6446 0.0009 0.7953 1.0133 0.0000
SiO, 37.8529 37.0517 39.4210 53.1192 74.1155 0.0005 84.3836 62.9949 0.0832
Fe,O, 8.1733 8.1800 8.4656 7.1862 18.6610 0.0023 10.8930 0.7523 0.0000
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Trace elements

The results obtained show the presence of uranium from
medium to high concentrations and high potassium and
vanadium contents in conglomeratic sandstones. These are

Fe203

Fig. 9. Evolution of concentrations of major elements in conglomeratic sandstones

the uranium minerals manifested, in particular by Carnotite.

Zirconium and magnesium are also present but with
moderate levels; copper and thorium have very low contents
(Tab. 2 and Fig. 10).

Analysis of uranium ore associated with clay-quartz

alterations
Major elements
Silica (SiO2) is very abundant in clay-quartz alteration
samples, with high concentrations of Al2O3, associated with

Fig.10. Evolution of concentrations of trace elements in conglomeratic sandstones

Table 2
Trace element concentrations in conglomeratic sandstones (ppm)
Element |Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9
U 5859.72 6432.53 7347.42 6226.62 3385.60 1262.73 59.95 5097.89 5133.29
Zr 280.98 325.85 404.15 249.31 1281.97 115.21 701.43 569.08 1.52
Cu 233.73 246.58 212.05 124.71 0.00 35.19 16.97 12.38 0.00
V 2529.40 2384.13 2382.91 2302.12 2042.56 5.76 314.43 582.80 0.00
K 12624.52 10552.95 10530.05 8782.07 1057.15 9.55 215.90 5858.58 19905.95
Th 9.15 15.10 11.16 9.95 94.17 24.99 37.11 68.93 0.00
Cs 0.00 0.00 0.00 0.00 0.00 2.83 0.00 0.00 0.00
Mg 2209.16 2937.74 2846.20 0.00 0.00 4.29 0.00 2079.66 970.39
mSamp 1 Samp 2 Samp 3 Samp4 ®mSamp5 ®WSamp6 MSamp7 MSamp8 WSamp9
25000
20000
15000
10000
5000 |
0 Il II = I I I - | I Il
u Zr Cu Vv K Th Cs Mg

clays (Tab. 3 and Fig. 11); magnesium and iron are also

present in moderate quantities, the other major elements
(Ca0, K20,...) are present in very low concentrations.

Table 3
Concentrations of major elements in alteration samples (%)

Element Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp8 Samp9 | Samp10
Al,O, 0.80 13,79 9.19 12.90 14.00 11.70 12.32 15.98 8.54 12.27
CaO 0.18 0.22 0.04 0.07 0.07 0.03 0.05 0.32 0.20 0.07
FeO 3.88 3.25 0.09 0.14 0.12 0.11 1.28 0.23 0.17 0.24
k,O 4.55 0.69 0.19 0.16 0.05 0.24 0.25 0.47 2.09 0.93
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.25 0.00
P,0q 0.10 0.07 0.16 0.27 0.22 0.13 0.13 0.25 0.38 0.32
VO, 0.00 0.02 0.09 0.02 0.02 0.01 0.01 0.08 0.02 0.08
SiO, 54.02 44.62 53.61 46.60 50.69 61.81 58.06 38.37 31.59 26.41
TiO, 0.51 0.85 0.36 0.36 0.25 0.26 0.45 222 0.67 1.87
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Fig. 11. Evolution of concentrations of major elements in alteration samples

Trace elements

Tab. 4 and Fig. 12 show a variation in Uranium
concentrations in the various samples. There are highly
mineralized alterations (Samp 9 and Samp 10), moderately
mineralized alterations (Samp 5) and weakly or non-
mineralized alterations. Vanadium is also present with

Uranium in the alteration profile. Zr levels reflect the
abundance of Zircon in altered facies. A relatively low Th
content is recorded. Other chemical elements, such as
Copper (Samp 10), clearly indicate the phenomena and
intensity of alteration.

Table 4
Trace element concentrations in alteration samples (ppm)
Element | Samp1 Samp2 Samp3 Samp4 Samp5 Samp6 Samp7 Samp38 Samp9 Samp10
U 9.88 84.26 127.31 537.23 1061.35 372.60 471.63 452.49 13193.99 9013.36
Zr 198.22 203.89 177.38 125.40 86.09 99.67 135.35 104.01 152.61 143.09
Cu 21.13 31.14 0.00 0.00 7.32 0.00 0.00 107.88 60.06 1050.87
\ 30.21 115.71 55.78 111.92 138.85 55.99 77.49 469.80 136.15 463.78
Th 10.78 12.59 20.73 23.47 18.92 18.91 22.04 0.00 0.00 6.25
Cs 57.43 25.62 10.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mSamp 1 Samp 2 Samp 3 Samp4 wmSamp5 ®WMSamp6 MSamp7 WMSamp8 MSamp9 W Samp 10
14000
12000
10000
8000
6000
4000
2000
0 I nER e NN I PORNSNN RNy NN
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Fig. 12. Evolution of trace element concentrations in the alteration samples

Based on the analysis of samples from conglomeratic
sandstones and altered facies we can conclude that three
main chemical elements predominate in Tahaggart ore:
silica, iron and aluminum; corresponding to sandstone and
clay formations where iron is present at all levels with
variable concentrations. It is richest in the conglomeratic
sandstones, which are at the top of the series, compared
with the altered rocks in the lower part. The other chemical
elements, with varying grades in both facies, are generally

ISSN 1728-3817

associated with typical uranium minerals and accessory
minerals (quartz, rutile, zircon and monazite...) present in the
Tahaggart ore. Uranium, the element of interest, is found in
high concentrations in both facies. Uranium levels are higher
in the alteration levels than in the conglomeratic sandstones.

Results

The results of analyses carried out on the various
samples of Tahaggart uranium ores show the predominance
of certain chemical elements over others. These elements



FEONOTISA. 2(109)/2025

~T71 ~

correspond perfectly to the chemical compositions of the
dominant mineral phases observed under the optical
microscope (petrographic study), namely: quartz, clays
(kaolinite), iron oxides and hydroxides, uranium minerals
and rutile. In summary, analysis of samples from
conglomeratic sandstones and alteration facies shows that
silica predominates over other Tahaggart ore components,
with iron oxides and hydroxides more abundant in
conglomeratic sandstones than in alteration facies. Clays
are also present in alteration-related facies and to a lesser
extent in conglomeratic sandstones, which appear as
cement (matrix).

Carbonates, vanadates and phosphates and other
chemical elements are present in small proportions in both
facies and are generally bound to uranium and other
minerals containing traces of uranium in their structures:
carnotite, autunite, torbernite, metatorbernite (uranium
minerals) and apatite, zircon, rutile and monazite (accessory
minerals). Uranium grades in the Tahaggart deposit are
significant, with 0.90 to 1.32 % in the mineralized altered
levels and 0.34 and 0.74 % in the mineralized conglomeratic
sandstones. Uranium is remarkably present in both facies,
and is more concentrated in the altered levels. It is either
associated with uranium-bearing minerals with high grades,
or with lower grades in other minerals (apatite, zircon, rutile
and monazite).

Discussion and conclusions

The petrographic (macro and microscopic) mineralogical
and geochemical characterization of the main ore horizons;
represented by the conglomeratic sandstones, and the
alteration facies of which they are composed after
synthesizing the results and overall data from the Tahaggart
deposit, revealed the following: uranium grades are high
(0.90 to 1.32 % in the mineralized altered levels and 0.34 to
0.74 % in the mineralized conglomeratic sandstones).

The Tahaggart uranium ore contains mainly secondary
uranium-bearing minerals of autunite and torbernite, associated
with iron oxides (hematite and goethite) and a clay matrix
(kaolinite). Significant thorium and rare-earth mineralization is
enclosed in a reddish Ordovician conglomerate.

There are also other uranium-bearing secondary
minerals such as carnotite, sabugalite and uranophane.
Silica predominates over the other components of Tahaggart
ore, confirming its sandstone character, with the presence of
iron oxides and hydroxides, which are more abundant in
conglomeratic sandstones than in alteration levels.

Clays are also present in alteration-related facies, and to
a lesser extent in conglomeratic sandstones, where they act
as cement (matrix). Carbonates, vanadates and
phosphates, and other chemical elements, are present in
small proportions in both facies, and are generally
associated with uranium-bearing minerals, and other
minerals containing traces of uranium in their structures.
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Nlaboparopisi Banopum3auii ripHMYNX pecypcis i HABKONMULIHBLOrO cepeaoBULLa, FipHUYMIA hakynbTeT, YHiBepcuteT Bagxi MoxTtapa, AHHa6a, Anxup

2yuigepcutet A6aepaxmaH Mipa, TexHonoriuHuii hakynbTeT,

na6opartopift TexHonorii matepianiB Ta iHxeHepHux npoueciB (LTMGP), Beaxas, Anmxup

3BigeHcbkuii yHiBepcuTeT, BigeHb, ABcTpis
“LleHTp ekonoriuHnx gocnigxeHb (C.R.E), AHHaba, Amkup
SINFN-HauioHanbHi na6opaTopii ®packari, ®packari, Itanis

SKacheapa TepaneBTMYHOI XiMmii, HauioHanbHUi gocnigHnubkmui ueHTp €runTy, Kaip, €runer

"HauioHanbHuit iHCTUTYT isuku maTtepianis, Byxapect, PymyHis

NETPOrPA®IYHA XAPAKTEPUCTUKA YPAUHOBOII' PYOU TAXAITAPT
(ENb-XOITAP, NIBOEHHUWN AITXWUP)

B cTyn. Amxup daeHo Hamazaecsl po3pobumu ceoi podosuwja ypaHy e pezioHi Xo2zap, Memoto € 36ym pydu, eUKopucmaHHsi YacmuHu rpo-
OyKuii 8UK/TIOYHO 8 yueinbHiIli cghepi, 30Kkpema Ons supobHUYymMea enekmpoeHepezii. Ekcrnnyamayiss ma eanopu3ayis yiei pyou eumazaromb Oyxe
cneyugidvHo20 npoyecy po3pobku, xapakmepucmuku ma o6po6ku. OcHO8HO Memolo yiel po6omu € cmeopeHHs1 demasibHOI ma noeHoi mexHiYHoi
mab6nuyi onsi podosuua Taxazzapm, wyo dacme 3Mo2y peaslisyeamu mexHosiozito auob6ymky ma 36a2a4eHHs1 ypaHoeoil pydu Or5s1 ompuMaHHsi mo-
eapHo20 npodykmy, eidomozo sik "yellow cake".

M e T o awu. Ons docsizHeHHs yiei Memu 6yn10 835imo 3pa3ku 3 0ocidxyeaHol GinsiHKu 3 nodanbWum MIKPOCKOMiYHUM | MaKpOCKOMi4YHUM aHari-
30M HeMoOHKuUX 3pi3ie st ompumMaHHs1 nempozpadhiyHoi, MiHepas102i4HOi ma 2eoxiMiyHoT ideHmudbikauii.

Pe3ynbTaTtu. AHaniz nidmeepdue nickosukoeuli xapakmep pydu ma nepeeaxaHHs keapuy, 2/1uH, okcudie ma 2idpokcudie 3ani3za, a makox
minepanie ypaHy ma pymusy. Bmicm ypaHy e MiHepanizoeaHux 3miHeHuUX pigHsix konueaecsi gid 0,90 do 1,32 % i eid 0,34 0o 0,74 % e miHepanizosaHux
KOH271I0Mepamuy4Hux nickosukax. YpaH mpanssiecsi abo y eUCOKOsIKiCHUX ypaHOoeuXx MiHepanax, abo 8 HU3bKOSsIKICHUX anamumax, YUupKoHi, pymuusi
ma e cnidax y MoHayumi.

B ucHoOBEKMU. Pi3Hi ocnidxeHHsi, npoeedeHi 8 pezioHi Taxazzapm; doeesniu HasieHicmb ypaHo8uUX py0 y 3HaYHUX KiJlbKOCMSIX, KO/1IUBarYUCh
8id 0,90 do 1,32 % y miHepanizoeaHux 3MiHeHux pieHsix i 8i0 0,34 do 0,74 % y miHepasizoeaHUX KOH2JIOMepPamMu4YHUX MNicCKosuKax, 0OHaK, He38akaroyu
Ha ye ma epaxoeyro4yu cmpameziyHe 3Ha4eHHs, sIKe ypaH Ma€ Ha MiXKHapOOHOMY pieHi; Ha CbO200HIi dep)xaeHa eKcrlyamayisi yiel waxmu He se-
dembcs. Kpawjum memodom o4uuweHHs1 8 UboMy eunadKy € Kyrnkoee ausly208yeaHHs; koegiyieHm ausy4yeHHs1 3a A0NoOMOo2010 Yb020 MemMody MoXe
docsieamu 70 % ypaHy y euansidi "yellow cake”.

Knwo4yoBi cnoBa: ypaH, Taxazzapm, nempozpaghiyHa xapakmepucmuka, MiHepasoziss ma 2eoximisi, aunyzoeyeaHHsi, "yellow cake".
ABTOpM 3aaBNSAIOTb NPO BiACYTHICTb KOHMNIKTY iHTepeciB. CnoHcopu He Gpanu yyacTi B po3pobneHHi gocniaxeHHs:; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCaHHI pyKonucy; B pilleHHi Npo nybnikauito pe3ynbTartis.
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