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Abstract: This study concerns with clay deposits, occurring at Boumaiza Northeast of Algeria, due to the
significance of clay in manufacture. To meet the objectives of the study, data from both field and laboratory
are collected the field data mcludes geological mvestigations and samples collection, whereas the laboratory
data consists of several analytical techniques (XRD, infrared absorption spectroscopy, chemical analysis,
determination of the humidity, determination of the loss on ignition, porosity and granulometric analysis). The
geological results show that these clays are associated with the Numidian flysch of the Edough complex and
the laboratory results reveal that the illite 1s the dominant clay mineral, quartz, kaolimte, montmorillonite are also
present, the size of clay particules is between 2 and 10 pm, the samples contain a low content of carbonates and
show an important vacuum. These clays could be used for the fabrication of various ceramics especially, briclks
and tiles, 1t may also be used mn environmental protection by immobilizing polluants.
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INTRODUCTION

Boumaiza 1s situated in the Northeast of Algeria, at
10 km far away from the village of Berrahal, in the South
the terrain is limited by the national road 44, the railroad
(Annaba-Constantine) (Fig. 1). The clinate of the region
13 wet Mediterranean type, with tepid wintry season
(average temperature 12°C) and rainy (700 mm year™') and
of warm and dry summer (diumal temperature 26-38°C)
(Bouasla, 2005).

The clays of Boumaiza are now worked in the
Boumaiza quarry for the manufacture of the renowned
Boumaiza red bricks and tiles (Bouasla, 2005).

The aim of tlus study, was to reveal the geological
context and the physicochemical properties of these
clays.

Geological setting: Geologically Boumaiza belongs to the
Edough Massif. The Edough Massif 1s the eastern most
metamorphic complex of the Algerian coast and has been
subjected of several geological studies (Gleizes et al.,
1988, Hammor and Lancelot, 1998, Hily, 1962;
Marignae, 1985, Marignac and Zimmermann, 1983;
Villa, 1970). The core complex of the Edough is composed

of a variety of WNeoproterozoic and Palaeozoic
metamorphic rocks, distributed i a NE-striking antiform
(Fig. 2), the Gneisses which form the core are cal-alkaline
rocks (Ahmed-Said and TLeal, 1997). The metapelites
overlying the gneisses consist of two units: Garnet-or,
more commenly, Kyamte-mica schiste alterming with
metric slabs and layers of marble and skarns and a
Paleozoic upper umt (Ilavsky and Snopkova, 1987)
comprising  andalousite-bearing
altemating with feldspathic quartzites, these rocks have
undergone a polycyclic metamorphism, from HP-HT
conditions (cycle 1) to medium P-T conditions (cycle 2)
and finally to LP-HT (cycle 3) conditions (Hammor, 1992),
the Edough 1s part of the intemnal zone of the north
African Alpine Belt, whose current position 1s believed to
be a consequence of Oligo-Miocene subduction and
collision in the western Mediterranean between the
African and European plates (Auzende et al, 1975;
Bouillin, 1978, 1986; Cohen, 1980, Carminati ef al., 1998).

Sedimentary nappes covering some parts of the
Edough metamorphic complex consist of Upper
Cretaceous Maestrichtian, Marignac and Zmmermarnn
(1983) and Numidian Oligo-Miocene; Lahondére ef al.
(1979) flysch. The clays of Boumaiza are within this

aluminous  schists
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Fig. 1: Geographic situation of the region of Boumaiza
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Fig. 2: Geological map of the Edough massif, Annaba modified after (Hilly, 1962)

Numidian flysch (Hilly, 1962; Villa, 1970), the numidian The numidian clays: This term is a classical geological
flysch contains from the bottom to the top. term used in Algeria which includes diverse sort of clays
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Fig. 3: Lithostratigraphic column of the Edough massif (Aissa, 1985)

and argillites, the tint and the aspect of these clays are 401V/40 mA, all XRD data were collected under the same
very changeable: grey, blue grey, black, greenish, experimental conditions, in the angular range 3°<2<45°
reddish... etc. they can be looses or very hard to split in ~ With counting time 47 m 37 s, to identify clay mineral
plaques n prisms or in baguettes this numidian clays associations and Brown (1980) and Velde (1992).

admit a little thick benches of quartzites and sandstone
(Hilly, 1962). Infrared absorption spectroscopy: To provide adequate

characterization of a clay mineral by infrared
spectroscopy, the spectrum should be recorded over
the range 4000-250 cm ™" and if it is possible to 200 cm ™,
for it 2 samples were tested the kaolinite resulting from
KPLC (Kaolinite, Porcelain, Ceramic of limoges) as well
as the natural clay of Boumaiza, 1 mg of every clay is
palletized in 200 mg of potassium bromide (Yariv, 1975).
The spectrums were registred between 4000-600 cm™
Several samples were taken from the study area; the by means of spectometer Perkelin Elmer 297
most sigmficant due to the aim of study were studied in (Wilson, 1987).
details.

Numidian sandstone: Of aquitanian to lower burdigalian.
Clear marl, silexites: Of Burdigalian age (Fig. 3).

MATERIALS AND METHODS

Chemical analysis: The samples were mixed with double
X-ray diffraction: X-Ray Diffraction (XRD) data were carbonate of Na and K for chemical analysis. The
obtained using a philips® PW 1710 diffractometer  ignition loss was measured by calcinations at 1000°C
equipped with CU Ka radiation source and operated at ~ (Mallem, 1997).
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Determination of the humidity: The humidity was
detertnined by difference in weight of an empty watch
glassand itz increased weight by 1 g of clay, after stoving
hetween 100£2°C during 24 h

Porosity: The porosity is in close relationship with two
characteristic values Dy and Dy, which are respectively the
real density and the apparent density. Dp could be
measured with precision using a pycnometer of
cotpparison D, could be measured with a meroury
porosimeter. The porosity p was given by the following
formula;

b -D
P=—"=
D

I

X100

(Mlare and Jacoques, 20067

Granulometric analysis: [t has been detennined by using
a Mastersizer Malvern particle size analyser.

RESULTS AND DISCUSSION

X-ray diffraction: The obtained diffractogram (Fig 4
represents peaks of variable intensities; the most intense
pealss correspond to a given mineralogy, the comparison
of these rays with those of clays standards shows that
our clay is a mizture consisting mainly of Quartz, illite,
kaolinite, montmorillomite (Table 1) (Bouchet ef o ., 20000,
Thi s mineralogy was explained asa result ofa detrital
sedimentati on without alteration of minerals (Hilly, 196200,
The high percentage of quartzis a serious problemein the
marmfacture of red brick, because on one hand the quartz
is wery hatd, so it exerts an intense abrasive action on the
machinery of preparation and mouling, on the other hand
during haking the quartz performs an important vatations
of wolume very different from thoze of clay, this causes a
signi ficant reduction in the resistance of the baked brick
(Ferdand and Lietti, 2004, B ergaya et !, 2006).

Infrared spectroscopy: The chatacteristic bands of the
tnineral eletnents are situated towards low wave lengths
(Fig. 5} for the kaolinite coming from KPLC, specta (3) we
ohtain the following characteristics: The bands of
ahsorption sitvated in 3694, 3620 and 3440 cm™
cotrespond to hydroxides according to their places in the
crystal lattice: the bands 3694 om™ corresponds to OH
the least connected to the sticture The hand 3620 cm™
corresponds to OH which is between tetmhedral layers
21,0, and octahedral layers A1¢OH),, the band 3440 con™
would comespond partly to the vibmtion of OH wvalence
located in the defects of the crystalline structure, the
hands of ahsorption situated in 1000 cm™ correspond to
S0 (the quartz i characterized by the bands of
ahsorption of 1000-470 cm™.
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Table 1: XE-ray diagram, punciples rays
80 d (A" Intersity (%9 Possible corfusinnwith
1024 453 36 Ilite-momttonllonite
13.40 332 100 Iite-momtronllonite,
Tite 2 M, 1 Coartz
1930 253 40 Eaobmte Mentworillonite
Eaclivite 1 Md and 1 4
20,20 205 15 Illite 1 BT

For B outnaiza, spectra (b)), we obtain the following
characteristics the bands of abzorption dtuated between
3200-3200 cm™ cotrespond to the grouping hydrozides
with a protubemance in 3635 cm™? the hand which is
situated towards 1630 o corresponds to the wibrations
of deformations H-OH due to the adsorbed water
molecules. At 961 o™ we can observe the wibrations (41-
OH) the resolution of the dewice being weak we cannot
have a representative spectre of our clay, for exzample in
550 om™, we do not ohserve the wibrations of
deformations corresponding in 51i-0-Al (Wilson, 1987

Chemical analysis: The calculated results are groupedin
(Table 2). As can be seen from this Table 2 the most
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Table 2: Chemical composition of the clay of Boumaiza

Elements (%)

Si0, 60.4+£2.50
A0, 25.5+1.50
Cal 1.7+0.10
Fe, 0, 5.9+0.90
C 0.9+0.10
K} 0.040.01
MgO Traces
MnO Traces

unportant percentages are those of S0, and ALO,
dominating elements of a clay soil this in addition
specifies the argillaceous nature of the ground of
Boumaiza besides percentages in carbonates are weaks
sign of absence or weak presence of humic substances.
The value of the loss on ignitioms equal to 7.2% (+0.2),
this value shows the existence of volatile organic matters
why not dissociable carbonates in the form of carbonic
gas (Mallem, 1997).

Humidity and porosity: The results indicated that the
humidity is equal to 1.89% (+0.09), this value of humidity
15 a weak water residual value, taking into account the
possibility of swelling of the clay.

The porosity is equal to 32.04% this value indicates
that there is an important vacuum.

Granulometry: The results of this method are shown in
Fig. 6. This Fig. 6 shows 2 types of curves: The
granulometric and cumulative curve. The granulometric
curve presents a histogram whose envelope 15 a bell-
shaped curve of Gauss; it shows that the major part of
particles have a size between 2 and 10 pm. the cumulative
curve, presented like the first one in semi-logarithmic
diagram allows to calculate two principal granulometric
parameters: The characteristic diameter d, and the
coefficient of uniformity 1. The characteristic parameter
d, in pum, is measured by the value read in x-coordinates
corresponding to a percentage in total weights, arbitrarily
chosen m ordinates. The most used 1s the effective
diameter d,,, obtained by the value 10%. From Fig. 6, d, =
1.5 pm.

This diameter expresses the weight of the
granulometric phase equal to 10% of the total weight of
the sample. The value d,; was fixed conventionally by
studies in laboratory, by considering just the fine grains
pulled by water in movement block the pores thus
reducing their dimensions. Other characteristic diameters
can be calculated as the diameter d,,. from which we can
estimate the coefficient of uniformity U which attributes
a numerical value to the slope of the curve, it 1s calculated
by the formula T = d,/d,,.

By convention if U lies between 1 and 2, the
granulometry is known as uniform. If it is higher than
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Fig. 6: Percentage of the sizes of particles

2 1t 13 varied. For our case and according to the Fig. 5,
1J = 6, what implies that the granulometrie is varied.

CONCLUSION

The study showed that: Geologically the clays of
Boumaiza are considered as Numidian clays, associated
with the Numidian flysch of the Edough massif. The
mineralogy of these clays is predominated by cuartz
and illite. Tn an industrial point of view, this clays
could be wused for fabricating red bricks and tiles
(Ferdand and Leietti, 2004). These clays may be used in
envirommental protection (Mallem, 1997).

RECOMMENDATION

Finally, we recommend finer studies as regards, the
evaluation of reserves of these clays, it would also be
necessary to preeed to ceramic attempts for the
improvement of lower qualities.
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