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Abstract: Algeria has important phosphate reserves (2 billion tons) located in the east of the country
at Djebel Onk. This mining district, located in the northwestern part of the Algerian Sahara near the
Algerian-Tunisian border, is composed of five sectors: Kef Essennoun, Djemi Djema, Bled El Hadba,
Djebel Onk North and Oued Betita. Kef Essennoun and Bled El Hadba were selected for this study. The
knowledge of the petro-mineralogical and chemical characteristics as well as the dimensions of the main
existing minerals in the two types of phosphate ores is necessary to guide the choices of upgrading
treatments and understand the reaction processes. The physico-chemical studies applied to the light and
dark phosphates, respectively from the deposits of Bled El Hadba and Kef Essennoun revealed significant
differences on the chemical and mineralogical level, with however a great similarity in terms of size and
shape phosphate grains. The Kef Essennoun phosphate ore rich in P,Os with a content of 28.23 % and the
grain release mesh characterized by the slice of 800 to 125 microns. On the other hand, the Bled EIl Hadba
ore less rich in P,Os with a content of 23.90 % and the grain release mesh characterized by the slice of 500
to 100 microns. This study constitutes a criterion for assessing the quality and behavior of the two types of

ore on the processing chain.
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1. INTRODUCTION

Algeria has significant mineral resources in-
cluding hydrocarbons, clays, and phosphate. Phos-
phates are of great importance because of their
applications in several sectors, particularly in the
fertilizer and phosphoric acid industries. Phosphate
is mined in the area of Djebel Onk, the Tebessa
region. The Djebel Onk area hosts more than two
billion tons of phosphorite reserves distributed
across several deposits (Figure 1) [1].

The Djebel Onk mining district belongs to the

Gafsa-Metlaoui-Onk basin, and phosphorite mine-
ralization is found in five sectors: Kef Essennoun,

Djemi Djema, Bled EI Hadba, Djebel Onk North
and Oued Betita (Figure 1) [2-3]. It is mined and
processed by Pherphos' Djebel Onk mining com-
plex without recovery of rare earth elements.
Another challenge is to recognize new economic
sources in phosphorites, such as rare earth elements
(REE) and yttrium (REY) have received more
attention as they are widely used in various high-
tech and green energy applications. Recently, short-
age of supply and high demand for REY has led to
targeting secondary resources such as phosphorites
[4-5].
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Fig. 1. Simplified geological sketch map of the Djebel Onk region [12]
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Kef Essennoun deposit is characterized by a
thick (~35 m) layer of Upper Thanetian phos-
phorites, divided into three sub-layers according to
their P,Os and MgO contents. The Bled EI Hadba
deposit is characterized by a ~30 m thick phos-
phorite layer [6] that occasionally contains marly
phosphate intercalations with a marked drop in the
P20s content [7].

This study aims to use several analytical meth-
ods to assess the mineralogical and chemical cha-
racteristics as well as the grain-size of the main
minerals in the Kef Essennoun and Bled El Hadba
deposits. The results will contribute to the resource
re-estimation as well as to necessarily refinements
in the mineral processing protocols.

2. GEOLOGICAL SETTING

The phosphate deposits near to Bir EI Ater
(Figure 1) are located in the transition between the
eastern part of the Saharan Atlas to the north and the
Sahara Platform to the south. The boundary between
these two tectonic units is marked by the fault or
flexure of the southernmost Atlas. The Atlas Moun-
tains belong to the Alpine belt that was formed by
the convergence of the Eurasian and African plates
during the Miocene period [8].

The stratiform marine phosphate deposits are
well developed on the Algerian northeastern terri-
tory. These Tertiary phosphate fields (late Paleo-
cene — early Eocene) belong to the large Mediterra-
nean Phosphogenic Province which extends from
Morocco to the Middle East (lrag, Jordan, Syria
etc.). The phosphate rocks of this province are pre-
dominantly of Cretaceous-Eocene ages [9].

The Algerian layers extend from the lower
Tertiary, mostly upper Thanetian, occasionally up-
per Thanetian—lower Ypresian Chouabine Formati-
on, with a total thickness of 68 m. The main phos-
phate layer locally reaches a maximum thickness of
43 m. It is characterized by grains of phosphate
pseudo-oolites and coprolites, and locally by a
significant amount of fish teeth and fragments of
phosphatic bones. The base of the Chouabine For-
mation is composed of lower Thanetian bituminous
laminated marls, with irregular limestone intercala-
tions containing a typical gastropod fauna.

The economically significant phosphorite lay-
ers at Djebel Onk (Tebessa) are in close spatial and

chronological relation and share affinities with the
layers known in Tunisia [10]. Many localities with
phosphorite deposits, however, exhibit some differ-
ences in terms of petrography, geochemistry, and
depositional environments [1]. Those located to the
north of Tebessa (Djebel Dyr and El Kouif) are the
equivalent of Ain Kerma, Kelaat Djerda and Sra
Ouartane from Tunisia; they exhibit similar dimen-
sions.

Those located south of Tebessa, such as Djebel
Onk and the western side of Djebel Zrega, show
considerable economic potential and are the equiv-
alent of the Tunisian deposits in the Basin of Gafsa,
such as the deposits of M'rata, Redeyef, Kef Esch-
fair and Metlaoui. The upper part of the phosphatic
layer is represented by the Ypresian-Metlaoui For-
mation with a general thickness of 50 to 55 m. It is
characterized by the presence of lumachelic lime-
stones and marls with abundant flint concretion
[11].

This large phosphate basin, located between
Algeria and Tunisia (Figure 1), is also known as the
Gafsa-Bir El Ater Basin. The Bled El Hadba (BEH)
and Kef Essennoun (KES) deposits are located in
this basin and represent the objective of this study
(see Figure 2). The prospected area consists mainly
of upper Cretaceous to lower Eocene marine sedi-
ments that are covered discordantly by thick conti-
nental sandy and argillaceous Miocene to Quater-
nary deposits.

3. SAMPLING AND METHODOLOGY

Samples for petrographic and chemical anal-
yses were taken from the outcrops of the three main
phosphate sub-layers in both Kef Essenoun (KES)
and Bled El Hadba (BEH), according to the struc-
ture of the deposits (top, central, and basal).
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Six samples were taken systematically bottom
to top in order to follow vertical evolution and de-
termine the different types of facies from petro-
graphic analysis. The petrographic analysis was car-
ried out using an optical microscope at the Depart-
ment of Geology, University of Annaba.
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Fig. 2. Stratigraphic column of Jebel Onk [13]

Two samples (one for each deposit) were taken
in trenches (one trenches for each sublayer), were
taken for chemical analyses. Prior the analyses, the
samples were homogenized, crushed (< 4 mm),
quartered, dry sieved (4 to 0.05 mm), grinded (<90
um), and again sieved through a series of dry sieve
screens. Each grain size fraction was powdered
(<90 % passing through the 80 pum sieve) for chem-
ical analyses provided by the Iron and Phosphate
Exploitation Company (FERPHOS).

The dimensional classification (used to deter-
mine the weight distribution of particles of a mate-
rial according to their dimensions) of the raw ore
obtained after mechanical processing was carried
out by the dry sieving method using a vibrating
sieve on a series of sieves with openings ranging < 2

mm. The different particle size fractions obtained
after separation by sieving was grinded down to
<100 um, to facilitate chemical reaction during sub-
sequent treatments. Based on previous studies [14—
15] on this type of ore, we limited the duration of
sieving to 10 to 15 minutes to avoid significant er-
rors due to the crushing effect (attrition).

The X-ray diffraction was carried out with a
powder X’Pert Pro Panalytical diffractometer using
the copper line in the Laboratory of Material Tech-
nologies and Process Engineering (LTMGP) at the
University of Bejaia. The determination of the ma-
jor elements was carried out in the FERPHQOS labor-
atory using the phosphomolybdate spectrophotom-
etry, atomic absorption spectrometry (AAS), and
calcimetry methods.

4. RESULTS AND DISCUSSION

4.1. Petrographic data

The deposits of Djbel Onk (BEH and KES)
host brittle phosphorites and are, therefore, classi-
fied as phospharenites [16-17]. The phosphatic fa-
cies is represented by homogenous fine grains (200
um to 300 um), rarely heterogeneous coarse-grained
(up to 3 mm) phosphorites. Phosphatic particles are

composed mainly of pellets, coprolites, bioclasts
(mainly bone and fish teeth fragments), and gla-
uconite. The rocks of the Kef Essennoun deposit are
beige to brown in color at the top and dark grey to
black at the bottom of the layer (Figure 3). Color
variations are most likely related to organic matter
contents [18].

Geologica Macedonica, 37 (2), 99-109 (2023)
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Fig. 3. Contact between the black and beige phosphates
and the upper phosphatic dolomite of the Kef Essennoun
(KES) deposit. A: black phosphate; B: beige phosphate;
C: phosphatic dolomite

Based on macroscopic, microscopic, and che-
mical studies we distinguish three phosphate sub-
layers from the bottom to the top of the phosphorite
layer in the BEH deposit (Figure 4):

Lower sub-layer (LL): The thickness is vari-
able between 2.4 and 18 m, characterized by fine to
medium-grained phosphorites with calcareous-do-
lomitic cement with rare limestone intercalations.

Middle sub-layer (ML): This section is thicker,
reaching 29.75 m, which increases towards the
western part of the basin. The beige, rarely dark-
gray phosphates are fine-grained with clayey-marly
matrix, occasionally sandy, soft and brittle. This
section contains intercalations of phosphatic limes-
tones with calcareous-dolomitic cement.

Upper sub-layer (UL): The thickness varies
from 2.3 to 18 m. This layer disappears gradually
towards the northwestern part of the section, near
the studied area. The lithology is similar to that of
the lower layer; it consists of beige, dark-gray, fine
to medium-grained hard and compact phosphorites,
with calcareous-dolomitic cement. Several quartz
geode intercalations are occasionally observed.

Fig. 4. Contact between the three sub-layers at the BEH
deposit. UL: upper sub-layer; ML: main sub-layer;
LL: lower sub-layer
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The macroscopic observations of the outcrops
allowed the determination of the following litholo-
gies:

The Danian is composed of a thick layer of
marls and whitish limestone that are overlain by
intercalations of oyster limestones of Montian age
surmounted by a medium phosphate bed rich in fish
debris of Thanetian age (Figure 5). This is overlain
by limestones with clays and marls, and black
gypsum-rich marls.

The upper Thanetian is represented by a thick
layer of phosphates (Figure 5b).

The top of this phosphate layer consists of
lower Ypresian phosphatic dolomites and phospha-
tic shark teeth-enriched (Elasmobranchii and carti-
laginous fish) limestone, with intercalations of whi-
tish limestones and flint. The teeth are represented
by lateral-central and Hypotodusverticalis (superior
side teeth). The change of lithology indicates a
regressive tendency during the sedimentation of the
deposits. This was followed by a reopening of the
marine field during the late Ypresian represented by
limestones and dolomites with flint.

Fig. 5. Lower Thanetian phosphate layers
(a): Bled-El Hadba; (b): Kef Essennoun

Early Lutetian consists of dolomites and lim-
estones with intercalations of quartz geodes. During
the sedimentation of the upper Lutetian green clays,
followed by limestones, marls and gypsum, the
depth of the basin got significantly lower.

The uppermost beige phosphate of BEH (UL)
is hard, coarse-grained and colored in its lower part
by iron hydroxides. It contains shark teeth and bo-
nes, and bivalves can be observed in its lower part.

The middle phosphates of BEH, of brown
color (ML), are fine-grained and friable.

The lowermost phosphates of BEH, of beige
color (LL) are hard and contain white marl inter-
calations with a thickness up to 20 cm (Figure 5 a).
The base of the bed is delimited by the presence of
dark brown marls.
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The phosphates of KES are represented by
three types of facies: upper Thanetian black (A) and
beige (B) phosphates, and lower Ypresian phospha-
tic dolomites (C).

The BHS deposit is poorer in P,Os and richer
in MgO contents comparing to the KES deposit.
Moreover, the grain size of apatite is finer than in
KES.

Petrographic examinations show that the phos-
phates of BHS (Figure 6) consist of pellets (50 um
to 100 um), coprolites (0.5 to 1.6 mm), bone debris
with varying shapes and sizes, oolites, quartz and
glauconite (0.12 to 0.6 mm) that are cemented by
carbonate, sparite (calcitic) or micrite (dolomitic).

< ¢ 48 B "
Fig. 6. Microscopic images of
(D, E and F) phosphates ores. BD: Bone Debris; PS: Pseudo-oolites; CM: Micritic Cement; G: Glauconite;
O: Oolite; CO: Coprolites; P: Pellet; CS: Sparitic Cement; Q: Quartz

The phosphates of KES consist predominantly
of pellets, coprolites, bone debris, oolites and glauc-
onite bound by a calcareous, sparitic or micritic
cement.

Depending on the size and origin of the grains,
the KES deposit includes three types of facies:

Black phosphate is generally composed of
oolites and pseudo-oolites and black pellets with the
presence of some coprolites and bone debris. It

The cement in the BHS mineralization is generally
dolomitic and calcitic but sometimes clay [14].

The phosphates from the lower and upper part
are characterized by an abundance of dolomitic and
calcitic cement (75 %) with the presence of a few
heterogeneous grains: large-sized coprolites, bone
debris, pseudo-oolites, glauconite, pellets and
quartz of small grains (A, C). On the other hand, the
phosphates of the intermediate sub-layer generally
consist of fairly homogeneous grains: oolites,
pseudo-oolites and pellets, with the presence of
some small coprolites, bone debris, glauconite, and
large quartz grains. These grains are bound by
micritic cement (15 %) of argillaceous nature how-
ever; the cement is also calcareous (B).

represents the lower part of the deposit of lower
Thanetian age. The black color is due to the pre-
sence of organic matter (Figure 6D).

Beige phosphate is characterized by heteroge-
neity of the grains, and includes pseudo-oolites,
glauconite, bone debris and coprolite. These grains
are bound by calcareous cement. This type of phos-
phate is present in the productive sub-layer of the
upper Thanetian (Figure 6E).

Geologica Macedonica, 37 (2), 99-109 (2023)
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Dolomitic phosphate. It represents the upper
part of the deposit (Figure 6F) and is characterized
by the abundance of dolomitic cement with the pre-
sence of some coprolites, pseudo-oolites and bone
debris.

4.2. Mineralogical and chemical analyses

4.2.1. Mineralogical analyses

The volumetrically dominant phosphate mine-
ral of Djebel Onk is carbonate fluorapatite [19]. The
gangue minerals associated with phosphate particles
in the phosphatic rocks are mainly quartz, calcite,
dolomite, ankerite, siderite, feldspars, clay mine-
rals, gypsum and organic matter [20]. The mineralo-
gical phases in major elements (carbonate hydroxyl-
apatite, fluorapatite, carbonate fluorapatite, etc.) of
the two deposits of BEH and KES are comparable,
with however a greater distinction in quality and
guantity of the secondary elements (quartz, clays,
fluorite, feldspar and hematite) [6, 21].

4.2.2. Particle size analyses

The phosphate elements of the phosphorites
present a great diversity. These elements are pelo-
ids, nodules, oolites and oncoids: generally rounded
to sub-rounded and lithoclasts, bioclasts and copro-
ids: often less regular in shape. The non-phosphate
fraction of the rock is divided between an endo-
gangue included in the phosphated figured elements
and an exogangue, which is external to them.This
distinction is important in mining geology because
in the processing of phosphate ores, the endogangue
is obviously more difficult to eliminate than the
exogangue (example: pelphospharenite with pyritic
endogangue and exogangue of clay rich in organic
matter).The nature of the phosphate fraction, that is
to say the secondary component of the rock, can be
indicated in several ways in the name of a phos-
phatite simply using an adjective: clay pelphospha-
renite, calcareous phospharenorudite, etc. [16].

The endogangueis composed, as a whole, of
non-apatitic fraction internal to the phosphatic ele-
ments [7]. The most common minerals are opal,
quartz, illite, and organic matter. The existence of
organic matter (OM) in phosphate sediments has
been reported by several authors [22-23].

Grain-size classification of the raw phosphates
obtained after mechanical treatment and sieving for
the two samples, BEH and KES, are reported in
(Figure 7)

Geologica Macedonica, 37 (2), 99-109 (2023)
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and BEH samples

The distribution of grains in the raw phosphate
is represented by four main modes (M1, M2, M3,
and M4) of KES and BEH samples.

The mesh sizes of the phosphate elements are
represented by the particle sizes of 0.1 mm to 0.5
mm with 42.59 and 64.54 %, respectively for the two
types of the deposits of phosphates (BEH and KES).

The fine fractions smaller than 0.1 mm assig-
ned to the elements of the gangue registered of
10.84 and 9.09 %, while the coarse fractions greater
than 1 mm with predominance in sterile elements of
the gangue register considerable rates with 29.1 %
and 14.24 % for BEH and KES, respectively. On the
other hand, Figure 7 reports the evolution of the
weight yield as a function of grain size classes by
sieving. From the four granulometric modes, only
M1 is the most pronounced. It is assigned partly to
dolomite, very abundant in the coarse fraction
greater than 1 mm [16].

The secondary modes M2 and M3 where the
phosphatic elements are concentrated records pro-
portions of grains with dimensions between 0.08
mm and 0.25 mm. The M4 mode with sizes smaller
than 0.1 mm is assigned to minerals of the gangue
(silica and clay). The obtained output is higher in
the intermediate fraction 0.1 to 0.5 mm for (KES)
per report/ratio (BEH) which is assigned to the
abundance of the phosphatic elements.

In Figure 8A, KES deposit illustrates the
texture distribution of the rough ore. The percentage
of the overall sample mass of KES phosphate ore is
>50 % and is represented by the range —0.40 + 0.315
mm with a grain size class between —0.20 and +0.16
mm. Figure 8B illustrates the texture distribution of
phosphates from the BEH deposit. The obtained
results indicate that the granulometry is homo-
geneous. The percentage of the total sample mass of
the BEH phosphate ore is >50 % and is represented
by the range —0.25 + 0.20 mm with a grain size class
between —0.20 and +0.16 mm.
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Fig. 8. Granulometry sieving of the KES and BEH phosphate samples
4.2.3. Granulo-chemical analyses directly correlated to the particle-size ranges of the
) ) BEH and KES samples, which are given in Tables 1
The elements (oxides) P20s, MgO, CaO, SiOg, and 2.

Al>O3, Fe;03, Na2O, K70 contents of phosphates is

Table 1
Major element contents versus sample size classes from BEH
. wt (%)

Fraction

P20s MgO Ca0 SiO2 Al20s3 Fe20s Na2.0 K20 LOI Total
Total 23.9 3.46 45.43 5.51 0.95 0.55 1.08 019 1893 100
>4 19.92 2.22 48.69 461 0.8 0.3 0.64 021 2261 100
—4+2 20.4 4.09 46.56 3.61 2.25 0.29 0.89 024 2167 100
—2+1 22 4.19 476 3.91 2.41 0.31 0.68 0.24  18.66 100
~1+0.80 22.4 3.51 47.08 4.32 2.74 0.34 1.21 031  18.09 100
~0.80+0.63 22.6 3.42 47.13 4.03 3.29 0.36 1.25 035  17.57 100
~0.63 +0.50 24.8 3.23 46.01 6.06 4.05 0.34 1.08 031 1412 100
~0.50 +0.40 27.7 3.12 46.01 5.41 3.19 0.3 1.38 033 1256 100
—0.40 +0.315 29.3 2.86 472 4.16 3.12 0.25 1.36 044 1131 100
—0.315 +0.250 29.5 2.45 47.89 3.63 2.25 0.2 1.24 029 1255 100
-0.250 + 0.200 29.25 2.15 48.15 3.69 2.07 0.22 1.44 032 1271 100
—0.20 + 0.160 29.7 1.89 49.64 3.41 2.23 0.21 1.35 031  11.26 100
~0.160 +0.125 29.95 1.32 47.26 4.29 3.2 0.34 1.21 0.34  12.09 100
~0.125+0.10 27.6 1.2 44.1 4.6 35 0.27 1.16 056  17.01 100
~0.10 +0.08 18 3.25 43.08 5.51 3.28 0.23 0.92 057  25.16 100
—0.08 +0.063 11.9 4.36 422 5.63 3.3 0.22 0.81 055  31.03 100
—0.63+0.05 9.1 4.25 413 5.77 3.4 0.36 0.75 0.5 34.57 100
<0.05 4.5 4 39.49 6.84 4.43 0.74 0.69 048  38.83 100

Geologica Macedonica, 37 (2), 99-109 (2023)
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Table 2
Major element contents versus sample size classes from KES
. wt (%)

Fraction =

P20s MgO CaOo SiO2 Al>0O3 Fe203 Na20 K20 LOI Total
Total 28.23 2 47.8 3.04 0.68 0.25 1.16 035 1649 100
>4 19.92 3.86 50.11 3.02 0.68 0.18 0.79 023 2121 100
—4+2 19.68 3.19 47.65 3.24 0.76 0.22 1.06 027 2393 100
—2+1 23.06 3.12 49,52 3.42 0.85 0.23 0.94 025 1861 100
~1+0.80 26.14 3.02 49.07 3.95 0.86 0.26 1.51 037 1482 100
~0.80 +0.63 28.79 2.99 48.2 4.85 0.78 0.29 1.46 039 1225 100
—0.63+0.50 29.99 2.9 47.99 6.13 0.79 0.28 1.30 038 1024 100
~0.50 +0.40 30.19 2.26 48.61 6.53 0.72 0.26 1.5 0.36 9.57 100
—0.40 +0.315 30.34 2.15 49.39 4.72 0.69 0.2 1.51 0.34  10.66 100
~0.315 +0.250 30.18 1.99 49.08 3.32 0.73 0.17 1.13 026  13.14 100
—0.250 +0.200 30.01 1.19 49.57 3.01 0.6 0.18 1.52 0.32 13.6 100
—0.20 + 0.160 29.74 1.02 51.23 3.27 0.71 0.19 1.25 0.3 12.29 100
—0.160 +0.125 28.71 1 50.69 4.64 0.78 0.27 1.31 038 1222 100
-0.125+0.10 26.33 3.05 50.23 4.7 0.8 0.3 1.37 0.4 12.82 100
~0.10+0.08 24.5 4.13 49.8 4.85 0.83 0.35 1.4 047 1367 100
—0.08 +0.063 23.52 4.17 49.58 4.98 0.86 0.38 1.42 052 1457 100
—0.63 +0.05 22.88 3.77 47.14 4,55 0.88 0.46 1.1 046  18.76 100
<0.05 20.21 2.16 41.66 4.68 0.95 0.61 0.56 033 2884 100

The following observations emerge:

A small population appears in the field from
100 to 60 um; this is attributed to the presence of
dolomite, silica and clays.

A major population is centered around the 200
um value; this is partly attributed to the phosphate
elements of the arenite class.

A small population with coarse grains appears
in the range of 0.5 to 1 mm, and this corresponds to
a mixture of grains consisting of phosphate and
dolomite.

The P20s contents increase with a maximum in
the particle size of 0.800 to +0.125 mm and —0.500
to +0.100 mm and decrease considerably when the
MgO contents increase. The evolution of MgO con-
tents represents carbonates and dolomites located
below the phosphatic layer. It seems that the phos-

phate content increases with the decrease in dolo-
mite and carbonate contents.

Major element contents of BEH and KES
samples are given in Tables 1 and 2.

From these analyses, the following remarks
can be drawn:

The CaO/P,0s ratio of BEH phosphates of
1.90 is higher than that of KES (1.69). Comparison
with the CaO/P,0s ratio of pure fluorapatite [24]
indicates the presence of other Ca-minerals.

The KES phosphates are richer in CaO, Corg,
and P,Os than those of BEH.

The BEH phosphates show slightly higher
MgO, loss on ignition (LOI), SiO; and Al,O3 con-
tents compared to the KES phosphates.

The contents of remaining elements (NazO,
K-0, and Fe,Os) are similar in the two deposits.

5. SUMMARY AND CONCLUSIONS

Two types of phosphate ores were studied by
granulo-chemical analyses and X-ray diffraction
(XRD) which allowed performing a comparative
study of their granulometry, and chemical proper-
ties. The obtained results show that the phosphates
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grains are mainly coprolites, pseudo-oolites and
pellets, bound by a dolomitic cement.

The phosphates of BEH are divided into three
sub-layers from top to bottom: (1) the upper section
with beige phosphates (UL) is very hard and rela-



108 T. Tahri, S. Narsis, Z. Chafi Souici, N. Bezzi, O. Sekiou, T. Trirat, T. Amrane, A. Benselhoub, Stefano Bellucci

tively coarse-grained; (2) the middle section with
brown phosphates (ML) is fine-grained and friable;
and (3) the lower section with beige phosphates (LL)
shows whitish marl intercalations (up to 20 cm).

The phosphates of KES are represented by three
types of facies: (1) the upper Thanetian black and
(2) beige phosphates, and (3) the lower Ypresian
phosphatic dolomites. In terms of particle size, the
dimensional classification carried out by sieving
revealed that the bulk of the overall mass of the raw
ores is represented by the particle size range of 0.08
to 0.125 mm and 0.50 to 0.10 mm: 70.36 (KES) and
61.56 % (BEH). This represents the optimal release
mesh of separation of the phosphatic elements (class
of the arenites).

The mineralogical study on BEH phosphates
shows the presence of fluorapatite, hydroxylapatite
and dolomite as the main minerals. Quartz, calcite
and gypsum are minor minerals. KES phosphates
are represented by carbonate-hydroxylapatite and

dolomite as the main minerals. Quartz and calcite
are secondary minerals.

The results of the granulo-chemical and XRD
analyses point out the depletion in phosphate con-
tent of the layer of BEH and enrichment in carbo-
nate and dolomite content of the BEH deposits com-
pared to the KES deposits.

The CaO/P,0s (1.90) ratio of BEH phosphates
is higher than the ones from the KES phosphates
(CaO/P,0s = 1.69).

Despite the two deposits being located in the
same region, each deposit has different mineralogic-
al and chemical characteristics, which will need dif-
ferent method of exploitation in the mining opera-

tions.
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Kayunu 360poBu: ¢ocdary; roneMuHa Ha YeCTHIKH; XeMuja; ietporpaduja; Tedeca, Amkup

AJDKUp MMa BaKHH pe3epBU Ha Qocdar (2 MuiHjapIu
TOHH) JIOIIMPAaHHU HA UCTOKOT Ha 3eMjaTa Bo [lebGen Onk. OBOj
PYAApCKH OKPYT, KOj ce Haol'a BO CeBEpO3anaJHHuoOT JIell Ha ajl-
xupckara Caxapa Bo OiM3MHA Ha rpaHuLaTa Mely AJDKup u
Tynuc, ce cocrou ox net cekropu: Ked Ecenyn, [lemu [lema,
brnen En Xan6a, cesepen Lle6en Ouk u Oyen Berura. 3a oBue
npoyuyBama 6ea m3bpanu Ked Ecenyn u bien En Xan6a. [1o3-
HABaKkETO Ha METPO-MHUHEPAIOIIKUTE U XEMUCKUTE Kapakre-
PHCTHKH, KAKO 1 TOJIEMHHATA Ha TNIABHUTE TOCTOJHH MUHEPAITH
BO ABara tuna ¢pocdaTHH pyau, € HEONXOJHO 32 J1a Ce OCOUYH
u300pOT Ha MOCTAaNKa 3a 300raTyBame U Ja ce pa3depar npoiie-
cuTe Ha peakiujata. OU3HIKO-XEMUCKUTE NPOydYyBama MpH-

Geologica Macedonica, 37 (2), 99-109 (2023)

MEHETHU Ha CBETIINTE W TeMHHUTE (Ooc(aTH, COOIBETHO O Hac-
narute Ha brien En Xan6a u Ked EcenyH, oTkpuja 3HaUnTETHI
Pa3IuKU Ha XeMHUCKO M MUHEPAJIOIIKO HUBO, HO CEMakK rojiemMa
CJIMYHOCT BO OJJHOC Ha roJIeMHHATa U OOJIHMKOT Ha (ocdaTHUTE
3pHa. ®ocdarnara pyaa ox Kef Essennoun e 6orara co P20s co
coaprkuHa o 28,23 % u Mpexara 3a 0c1000/1yBamke Ha 3pHaTa
ce KapakTepusupa co mapumma ox 800 mo 125 mmkponu. Ox
npyra cTpaHa, pyaara ox brien En Xan6a e momanky Gorara co
P20s, co compkuna ox 23,90 %, u Mpekata 3a 0co00 yBame
Ha 3pHaTa ce Kapakrepusupa co napuuma ox 500 mo 100
MuKpoHu. OBHE MpOydyBama MPETCTaByBaaT KPHUTEPHYM 3a
IpoLieHa Ha KBAJIUTETOT U OJHECYBaWkETO Ha JIBaTa BUJA pyJla
BO TEKOT Ha mpepaboTkKa.
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