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Abstract

Morocco is known for the diversity of its natural resources. In particular, the
mineral substances, diatomites, material relatively abundant but poorly ex-
ploited in Morocco. The aim of this work is to determine the geochemical and
textural characteristics of the different diatomite deposits of north-eastern
Morocco in order to compile a database with the different properties of these
sediments. These data are valuable to guide the use and exploitation of this
natural georesource. Samples from 3 deposits were characterised by different
techniques of analysis: sedimentological (granulometry, calcimetry), chemical
(pH, X-ray diffraction, infrared spectrometry and transmission electron mi-
croscopy coupled with EDX). We also performed thermogravimetric analysis
of some samples. Results revealed that diatomite is a fine, moderately refrac-
tory material with a basic pH. While, the CaCo; content varies between dif-
ferent deposits. It is composed mainly of silica and has a well-developed po-
rosity. In addition, thermogravimetric analysis revealed a loss of mass with
temperature increase. A moderate variation in the chemical composition of
the diatomite was observed from one deposit to another. Generally, we can
stipulate that the diatomite from the Rif deposit is relatively a good quality. It
has relatively the same physico-chemical properties as the neighbouring re-
gions.

Keywords

Diatomite, Morocco, Physico-Chemical Characteristics, Thermogravimetric
Analysis

1. Introduction

Diatomite, also known as “diatomeous earth”, is a sedimentary rock formed
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mainly from the debris of the microscopic shells (frustules) of diatoms. These
frustules of various forms are composed of silica, often in an amorphous state
(Breese, 1994). The Late Miocene represents one of the periods of high accumu-
lation of biogenic silica in the world (El Ouahabi et al., 2007). This biosiliceous
event is marked by the diatomite deposition during the Messinian in the Medi-
terranean domain (Pestrea et al., 2002; Saint Martin & Rouchy, 1990; Cornée et
al., 1996; El Ouahabi et al., 2007). The global increase in the production of silica
as opal during the late Miocene, worldwide and in the Mediterranean area, has
been explained by the synergistic intervention of abiotic (tectonic and climatic
reconfigurations) and biotic (expansion of opal-rich biomasses) controlling fac-
tors (Pellegrino et al., 2018).

In Morocco, diatomitic deposits represent one of the phases of Messinian se-
dimentation relatively well represented in the north-eastern Rif. They are ex-
posed as amarno-diatomitic alternation in the Nador and El Hoceima areas.
These sediments have been the subject of several geological studies (Houzay,
1975; Rouchy & Freinex, 1979; Guillemin & Houzay, 1982; Rouchy, 1982; Wer-
nli, 1988; Barhoun & Wernli, 1999; Barhoun, 2000, Saint Martin et al., 2003, Van
Assen et al., 2006). These studies have mainly allowed us to precise the biostrati-
graphic framework and to propose a paleoenvironmental interpretation of these
sediments. As well as a scientific interest, diatomite is an environmentally
friendly, inexpensive material and it’s used in various environmental and indus-
trial applications as a filter (Rocher, 1995; Ibrahim & Selim, 2011), filler, abra-
sive, adsorbent (Zaitan et al., 2006; Colin et al., 2018) and catalyst (Sahraoui et
al., 2002; Liu et al., 2004; Bahramian et al., 2008). The world production is
around 3 million tonnes a year (Negroni, 2007; Colin et al., 2018).

However, in nature, this material is often associated with impurities that can
affect its application. An impure diatomite is not useful as a filtering agent but
can be used as a high quality absorbent product (Rocher, 1995).

In comparison to other mineral substances, research on the characterisation
and valorisation of diatomite is not very developed in Morocco. Moreover, the
previous studies realized on the diatomite of North-Eastern Morocco have been
focused mainly on the Ras Tarf deposit (Agdi et al., 2000; Rizki et al., 2003;
Haddad et al., 2001; Sahraoui et al., 2002; Zaitan et al., 2006).

The objective of this work is the physico-chemical characterisation of diato-
mites sampled in different North-Eastern Morocco deposits in order to establish
a dataset with the different properties of these materials. These data are useful to
making their exploitation more rigorous and rational.

This study provided information on the geochemical and textural characteris-
tics of three diatomite deposits from north-eastern Morocco. It revealed a mod-

erate variation in the chemical composition from one deposit to another.

2. Geological Setting

The diatomite deposits are exposed in the post nappe basins of north-eastern

DOI: 10.4236/gep.2022.102008

110 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2022.102008

B. Hanane et al.

Morocco. These Neogene basins were formed after the main orogenic move-
ments of the Rif (Guillemin & Houzay, 1982). The Neogene series are deposited
by a major angular unconformity on all the subjacent terrains. The diatomites
are located in the Boudinar and Mellilia-Nador basins.

The Boudinar basin is a vast triangle open to the Mediterranean Sea in the
north (Figure 1). It is limited to the west by the Trougout mountains (Ketama
unit) and the RasTarf volcano, to the east by the Beni-Said massifs and to the
south by the Beni Touzianes ridges. It was formed overlying the Kétama and
Temsamane metamorphic nappes, or over the Middle Miocene-aged RasTarf
volcanic massif (Achalhi et al., 2016).

Following its individualisation in the Early Tortonian, marine infilling of the
basin began in the Tortonian and lasted until the Early Pliocene (Guillemin &
Houzay, 1982; Wernli, 1988; Barhoun & Wernli, 1999; Azdimousa et al., 2006).

The Late Neogene deposits of the Boudinar Basin are organized into three se-
dimentary series that are differentiated by their facies and biostratigraphic charac-
teristics (Guillemin et Houzay, 1982; Wernli, 1988; Ben Moussa, 1994; Barhoun et
Wernli, 1999; Azdimousa et al., 2006, Achalhi et al., 2016). The Tortonian sedi-
mentary series is composed of continental conglomerates followed by marine
marls. In the early Messinian, the sedimentation is represented by marls with vol-
canic intercalations, diatomites and Porites coral reef layers (Saint Martin, 1990).

These sediments are overlapped by a thick conglomeratic series attributed to the
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Figure 1. Simplified geological map of North Eastern Morocco (after El Hajjaji, 1992) and location of the sites studied: Site
A (Boudinar), Site B (Cap des trois fourches) and site C (Zeghanghane).
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late Messinian (Achalhi et al., 2016; Cornée et al., 2016). The early Pliocene se-
dimentary series consists of marine sandy and marly deposits.

The diatomite sedimentation is mainly located in the north-western part of
the basin. Several studies have been conducted on these sediments (Houzay,
1975; Guillemin & Houzay, 1982; El Kharim, 1991; Rachid et al., 1997; Wernli,
1988; Barhoun & Wernli, 1999; El Ouahabi et al., 2007) which have established
their biostratigraphic and paleoenvironmental context.

The Melilla-Nador basin is located along the north-eastern coast of Morocco,
and is bounded to the north by the rhyolitic complex of the Cap des Trois
Fourches and to the south by the Gourougou volcanic massif. It extends to the
valley of the Oued Kert in the west.

The Tortonian and Messinian sediments are largely transgressive on the sub-
stratum.

The Messinian sedimentation is characterised by the development of a carbo-
nate platform located on the Cap des Trois Fourches which constitutes a very
extensive sedimentary complex, passing southwards into open marine marls, di-
atomites and volcanic-clastic deposits in the vicinity of the Gourougou volcan-
ism (Cornée et al., 2002).

The diatomite deposits from the Melilla-Nador Basin are mainly located on
the periphery of the carbonate plateform and outcrop in the eastern and western

parts of the Trois Fourches peninsula (Saint Martin et al., 2003).

3. Materials and Methods

The diatomite samples were collected from three deposits located in North East-
ern Morocco: Boudinar (A), Cap des trois fourches (B) and Zeghanghane (C).
The samples were collected in thick and homogeneous diatomite levels.

Diatomite is an important industrial material with special properties (Breese,
1994). In order to determine the physico-chemical characteristics of the samples,
we used the analytical techniques commonly adopted to characterise this ma-
terial (Stamatakisa & Koukouzas, 2001; Arik, 2003; Sahraoui et al., 2002).

First, we measured the pH and the CaCOs; content for each sample.

To measure the PH, 20 g of the diatomite is placed in a beaker then 100 ml of
distilled water is added. The solution obtained is agitated for 15 to 20 min by a
magnetic agitator. Then measurements of each sample are taken by a pH meter
Type HI 2211 Ph/ORP Meter.

Calcimetry was determined using the Bernard calcimeter method. The deter-
mination of the percentage of CaCOs; is done with reference to a control test
with a mass mt (=0.25 g) of pure CaCO; which emits a volume Vt of CO, after
reaction with excess HCI.

We also performed the granulometric analysis of all the samples to know the
size of the grains of the diatomite. The granulometry consists in classifying the
various grains constituting the sample by using a series of sieves, assembled the

ones on the others, whose dimensions of the openings are decreasing from the
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top to the bottom. 100 g of each sample is sieved in a series of sieves under wa-
ter; the residues are recovered and weighed.

The phase identification was performed using X-ray diffraction (XRD) where
the Diffractograms were executed by X’ Pert Pro and were recorded by X’ Pert
High Score. The incident radiation is given by the copper Ka line (A = 1.54060
A), operated at a tube voltage of 45 kv and a tube current of 40 Ma.

The determination of the nature of the functional groups and molecular
bonds present in the samples studied is realized by infrared spectrometry. This
technique also supports the results of the X-ray diffraction. The analysis is made
using a Fourier transform spectrometer, which sends infrared radiation onto the
sample and measures the wavelengths at which the material absorbs and the in-
tensities of the absorption. Fourier transform infrared spectra were registered
between 400 and 4000 cm™ by a Bruker Tensor-27 spectrometer with a resolu-
tion of 2 cm™. The study was done on a ground sample, then mixed with potas-
sium bromide (KBr) in pellet form (1/200 by weight).

Morphological and microstructural characterisation of crude diatomite was
performed by scanning electron microscopy (SEM) using a Quattro S FEG in-
strument with a 1.2 nm resolution field emission gun (FEG) source, SE detectors
(ETD,GSED), BSE, and EDS microanalysis (129 eV resolution).

The thermal properties of the diatomite are determined by thermogravimetric
analysis (TGA). The samples are finely ground (63 um), the mass used for the
Boudinar sample (A1) is 76 mg and for the Cap des trois fourches sample (B1) is
69 mg. The powder to be analysed is placed in the sample cup, the stove starts to
heat and the temperature rise is observed from ambient temperature to 1200°C.
Evolution of diatomite mass loss is controlled by the SetsysEv 1750 (TGA 1750°)

instrument.

4. Results

In this section, the analytical results obtained by different techniques are pre-

sented and analysed.

4.1. Sedimentological Analysis

4.1.1. Granulometry

The particle size parameters of the studied samples are consigned in Figure 2.
The average grain size of the studied samples showed values below 63 pm across
all deposits. It demonstrates the fine to very fine character of diatomite, as illu-
strated by the frequency histograms (Figure 2). Thus, this material has almost
the same particle size characteristics as the diatomite from Ras Tarf (Haddad et
al., 2001) and Algeria (Benzelmat et al., 2019).

4.1.2. Calcimetry
The diatomites carbonate content of the studied samples is expressed in the his-
tograms in Figure 3. Globally, CaCOs contents fluctuate between 3 and 27.73%.

Samples from Cap des trois Fourches contain the highest percentage in carbonate.
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Figure 2. Granulometry histogram of Samples from Boudinar (A1, A2), Cap des trois
Fourches (B1, B2) and Zeghanghane (C1, C2).
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Figure 3. Histogram for the percentage of carbonates of the crude diatomite in Boudinar
(A1, A2), Cap des trois Fourches (B1, B2) and Zeghanghane (C1, C2).

Variation in the calcium carbonate CaCOj; content of the various samples allows
us to distinguish two types of facies: carbonated diatomite, the Cap des 3 fourches
deposit, with a content of up to 28%; and less carbonated diatomite, the Boudi-
nar and Zeghanghane diatomite, where the content varies between 3% and 14%.
The diatomite from the Cape des Trois Fourches presents approximately the
similar composition as the Algerian diatomite (Benzelmat et al., 2019). However,
the diatomite of Boudinar and Zeghanghane has more affinity with the Ras Tarf
diatomite (Haddad et al., 2001; Zaitan et al., 2006). Thus, exploitation of diato-
mite from the Cape des Trois Fourches requires prior treatment to eliminate

impurities and improve the quality of the material.

4.2. Physico-Chemical Analysis

4.2.1.pH

In general, the pH of natural diatomite is in the range of 7 to 8 (Rocher, 1995).
The pH values of the raw diatomite from the deposits studied oscillate between
7.61 and 7.83 (Figure 4). This material is comparable to diatomite from Sig (Al-
geria), which presents a pH of 7.9 (Cherrak, 2018).

4.2.2. X-Ray Diffraction (XRD)

The X-ray diffraction results of the crude diatomite from the three deposits are
presented on Figure 5. The x-ray diffraction spectrum shows that the crude di-
atomite of the Boudinar deposit consists mainly of silica in two forms Quartz
(Si0O,) located at 2 theta = 20°, 42° and amorphous silica observed at 2 theta =
10° to 19°. In addition, characteristic peaks of carbonate minerals such as calcite
(CaCO:s) located at 2 theta = 23°, 36°, dolomite (Ca Mg(CO:s)) at 2 theta = 30°
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Figure 4. pH histogram of the crude diatomite in Boudinar (Al, A2), Cap des trois

forches (B1, B2) and Zeghanghane (C1, C2).
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Figure 5. X-ray diffractograms of the X-ray diffraction of the crude diatomite in Boudi-
nar (A1, A2), Caps des trois Fourches (B1, B2) and Zeghanghane (C1, C2).

and clay minerals (Muscovite 2 theta = 8° and Nontronite 2 theta = 5°). While
the diffractograms of the diatomite samples from Cap des trois Fourches show
that the predominant peaks are those of silica as Quartz (SiO,) 2 theta = 26°, and
amorphous silica 2 theta = 10° to 19°. Next, carbonate minerals such as calcite
(CaCO:;) located at 2 theta = 23°, 29°, 43°, 47°, 48° and Dolomite (Ca Mg (CO3))
located at 2 theta = 30°. Finally, clay minerals represented by Nontronite are also
observed.

X-ray phase analysis of the Zeghanghane basin samples show the predomin-
ance of silica as cristobalite (2 theta = 22°, 31°), Quartz (2 theta = 27°, 36°) and
amorphous silica (2 theta = 10 to 19°). X-Ray signals corresponding to the
crystalline form of CaCO; are as Calcite (2 theta = 29°).

4.2.3. Infrared Spectrometry

The IR spectra obtained for the crude diatomite from the three deposits are
shown in Figure 6. They indicate the presence of bands at about 3627, 3439,
1638 cm™ which could be attributed to the vibration bands of the valence bonds
of the O-H water molecules adsorbed on the surface of free silica. We also ob-
served the presence of the characteristic bands of carbonate ions (2515, 1436,
713,875 cm™). As for the bands (474, 1086 cm™), the recorded spectrum shows
intense absorption bands between 1000 and 1100 cm™ and at 797 cm™ attri-
buted to the stretching bands of Si-O-Si vibrations. The bands at about 797 cm™
correspond to the Al-O-Si vibration of the Si-OH silica. A band of around 692
cm™ characterises the elongation vibrations of the Al-O bond. Moreover, the
bond observed around 524 cm™ is attributed to the deformation vibration of the
Al-O-Si band. Finally, the bands of about 458 cm™ could be attributed to the
symmetrical and asymmetrical vibrations of the Si-O bond and the Si-OH silica.
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Figure 6. Infrared spectra of the crude diatomite in Boudinar (Al, A2), Cap des trois
Fourches (B1, B2) and Zeghanghane (C1, C2).
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4.2.4. Scanning Electronic Microscope

Scanning electron microscope analysis of raw diatomite from two deposits in the
North Eastern Rif (Boudinar and Cap des trois fourches) reveals that this ma-
terial is mainly composed of fossilised diatoms. They are represented by whole
skeletons and their large fragments. Images of the crude diatomite are illustrated
in Figure 7 and Figure 8. They show that the diatoms have a circular shape with a

multi-porous structure. The pores are uniformly distributed over the test surface.
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Figure 7. Aspect of Boudinar crude diatomite texture and pore structure.
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Figure 8. Aspect of Cap des trois Fourches crude diatomite texture and pore structure.

According to the results of chemical composition obtained by SEM (Figure 9
and Figure 10), we have observed that the crude diatomites are composed of a
large proportion of Si as shown by the large peak of silica, followed by Al, Ca

and Mg and a small amount of Fe, Na and K.

4.2.5. Thermogravimetric Analysis

ATG thermogravimetric analysis consists of a continuous following of the di-
atomite comportment at different temperatures according to a determined law.
The thermogravimetric curves of the crude diatomites studied are indicated in
Figure 11. The analysis of the thermograms of the Boudinar samples reveals two
distinct mass losses: The first, moderate, took place at 400°C, it is about 4.73%
for Al and 5.78% for A2. The second, more important loss was observed at
1070°C. It corresponds to 11.64% for Al and 8.84% for A2. Concerning the Cap
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Figure 10. Chemical composition of the Cap des trois Fourches diatomite obtained by SEM.
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Figure 11. Thermogravimetric analyses on Boudinar crude diatomite (A1, A2) and Cap
des trois Fourches (B1, B2).

des trois Fourches samples, two mass losses were observed for sample Bl at
410°C (7%) and at 1300°C (15.9%). While sample B2, exhibited the first loss of
mass at 280°C (6.35%) and the second at 1000°C (18.75%).

5. Discussion

In this section, we will discuss the various analytical results that have been ob-
tained. In fact, as mentioned before, the analytical programme aimed to charac-
terise raw diatomite from different deposits and by various methods. The physi-
co-chemical characterisation of diatomites was performed by using X-ray dif-
fraction to determine the mineralogy of the diatomite, scanning electron micro-
scopy to obtain information on the morphology of the diatomite particles, infra-
red spectroscopy to detect the structural groups present and thermogravimetric
analysis to follow the thermal comportment of the diatomite. The objective is to
determine the geochemical and textural characteristics for the different diato-
mite deposits of north-eastern Morocco in order to establish a dataset with the
different properties of these materials that can be used to orient their utilisation.
The granulometric analysis of the crude diatomite from the North-Eastern
Morocco deposits reveals that this material is mainly composed of fine grains
with an average size lower than 63 um (Figure 2). This structure could show that
this sediment is formed essentially from juxtapositions of diatom frustules,
which are generally very small in size. The calcimetric study shows two types of
facies: *the carbonated diatomite of the Cap des trois Fourches (CaCO; content
is 28%); *the less carbonated diatomite of Boudinar and Zeghanghane (contents
vary between 3% and 14%) (Figure 3). The change in carbonate content is an
important element that influences the purity of the material and consequently its

exploitation domain (Rocher, 1995, Ivanov & Belyakov, 2008). Therefore, it is
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clear that diatomite exploitation from Cap des Trois Fourches requires prior
treatment to remove impurities and improve its quality. The pH values of the
raw diatomite from the studied deposits oscillate between 7.61 and 7.83 (Figure
4). Moreover, pH is a predominant parameter in the adsorption process. It di-
rectly affects the charge state of the adsorbent and the adsorbate. His effect on
contaminants retention is often studied. Commonly, a low pH favours the ad-
sorption of anions while an alkaline environment supports the adsorption of ca-
tions (Bentahar, 2016; El Sayed, 2018; Valente Flores-Cano et al. 2013). Also, in
highly alkaline environments, diatomite has a pozzolanic effect (Colin et al.,
2018).

The mineralogical composition of the three types of diatomite showed that the
samples studied generally have a comparable composition. Semi-quantitative
analysis of the crude diatomite from the three deposits reveals that this material
is composed mainly of silica in the form of quartz, cristobalite and amorphous
silica; calcite and dolomite and clay minerals (Figure 5). This chemical compo-
sition is similar to that characterizing the natural diatomite of RasTarf (Zaitan et
al., 2006) and Sig (Algeria) (Cherrak, 2018; Khaldi, 2019; Benzelmat et al., 2019).

The infrared infrared spectroscopy study is in agreement with the results re-
vealed by X-ray diffraction analysis. The IR spectra obtained for the crude di-
atomite from the three deposits (Figure 6) provided information on the nature
of the functional groups and the main molecular bonds that were present. Silica
was observed for all three of the types of diatomites. The presence of carbonates
and clay minerals was also detected. Similar results have been found by other
researchers (Benzelmat et al., 2019; Khaldi, 2019).

Scanning electron microscope analysis of crude diatomite from two deposits
in the North Eastern Rif (Boudinar and Cap des trois fourches) reveals that this
material is mainly constituted of diatom tests possessing a circular shape with a
multiporous structure (Figure 7 and Figure 8). In fact, a detailed micropa-
laeontological study of the Boudinar diatoms (El Ouahabi et al., 2007), showed
that these microfossils present variable forms and are represented by 185 species
(75 species of centrics and 110 species of pennate). The porous structure of raw
diatomite is sometimes damaged by impurities such as: Carbonates and clays.
This microstructure of the crude diatomite of the eastern North Rif is similar to
that observed in diatomites from other regions (Al-degs, Khraisheh, & Tutunji,
2001; Ivanov & Belyakov, 2008; Stamatakisa & Koukouzas, 2001; Yilmaz & Ediz,
2008; Hadjadj-Aoula, Belabbesa, Belkadib, & Guermouche, 2005; Koukouzas,
2007; Arik, 2003, Khaldi et al., 2018; Cherrak et al., 2020).

The results of the chemical composition obtained by SEM (Figure 9 and Fig-
ure 10), indicate that the crude diatomites are made up in large proportion of Si
as shown by the large peak of silica, followed by Al, Ca and Mg and in small
quantities of Fe, Na and K. These complementary results are consistent with the
results obtained by the other methods.

X-ray Fluorescence is a technique commonly used to obtain quantitative in-
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formation about the chemical composition of material. Until we obtain the re-
sults of studied samples, we have exploited the results of previous work realised
on the raw diatomites of the Rif. The chemical composition analysis of the Rif
diatomite and its comparison with algerian diatomite is indicated in Table 1. We
have chosen to make comparisons with the Algerian diatomite because it is de-
posited in the same geodynamic context and during the same period.

Crude Diatomite chemical analysis of the Moroccan Rif shows the predomin-
ance of silica SiO; (57.1% - 72.8%), as well as the presence of calcium oxide CaO
(5.3% - 6.15%), aluminium oxide Al,O; (4.37% - 9.63%) and feroxide Fe,O;
(1.94% - 5.13%), while the other elements (MgO, Na,O, KO, TiO,, ZrO,, SrOs)
are very low (Table 1).

From this chemical composition, we can stipulate that the diatomite in the Rif
deposit is relatively of good quality. It has approximately the same chemical
composition as the Algerian one. However, it should be noted that the chemical
composition of diatomite varies from one deposit to another in the same region.

Thermogravimetric analysis of the Boudinar samples (Figure 11) reveals two
distinct mass losses: The first, slight, took place at 400°C, it is of the order of
4.73% for Al and 5.78% for A2, while the second, more significant loss is ob-
served at 1070°C. It corresponds to 11.64% for A1l and 8.84% for A2.

Two mass losses were observed for the samples from the Cap des trois
Fourches, in sample B1 at 410°C (7%) and at 1300°C (15.9%), while sample B2,
showed the first mass loss at 280°C (6.35%) and the second at 1000°C (18.75%).

This thermogravimetric analysis provides a good approach to the mass evolu-

tion of raw diatomite samples against temperature. As illustrated in Figure 11, it

Table 1. Chemical composition (% by weight) of crude diatomite from the Rif and com-
parison with crude diatomite from Algeria.

Raw diatomite . Raw diatomite . . Raw diatomite
) ) Rif crude _Raw diatomite . )
Chemical Boudinar ) ) Ras Tarf (Rif, . Sig Algeria
. L diatomite Algeria )
composition  (preliminary . Morocco) (Khaldi-2019;
(Zaitan et Benzelmat et
(%P) study El Haddad and Cherrak,
! al., 2006) al, 2019
Attmani, 2015) al., 2001 2018)
SiO, 57.1 72.8 69.00 47.52 68.015
AlLOs 9.63 522 4.37 2.85 7.575
CaCO 6.15 5.86 5.30 22.44 19.25
MgO 2.28 1.13 1.08 1.21 1.241
Fe,0s 5.13 1.94 2.58 1.22 2.024
Na,O 2 0.83 0.67 0.09 0.200
K.0 0.898 0.901 1.80 --- 1.491
TiO: 0.263 0.27 --- -—-- 0.144
ZrO; 0.0109 ---- --- --- 0.007
SrO; 0.0164 - 0.10 --- 0.038
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is clear that the diatomite shows a significant mass loss amounting to 19%. This
confirms that diatomite is a humid and porous material (consisting mainly of
amorphous silica). This would contribute to decreasing its thermal conductivity,
improving its thermal insulation capacity. Studies on the thermal properties of
diatomite have shown that this material could be used for thermal isolation (Ba-
laska et al., 2013; Nakkad et al., 2005). According to this thermal performance,
diatomite is moderately refractory, Colin et al. (2018) report that its softening
point is between 1400°C and 1600°C.

6. Conclusion

The objective of this work was the physico-chemical characterisation of diato-
mite from three deposits located in north-eastern Morocco in order to establish
a dataset with the different properties of these sediments which can be used to
guide the utilisation and exploitation of this material.

The study, based on various analytical techniques, shows that raw diatomite
from North Eastern Morocco is a fine material, with an average size of less than
63 um and a pH that varies between 7.61 and 7.83. Calcimetric analysis high-
lights two types of facies: the carbonated diatomite of the Cap des trois fourches
(CaCO; content is 28%) and the less carbonated diatomite of Boudinar and
Zeghanghane (contents vary between 3% and 14%). The mineralogical determi-
nation of these materials by X-ray diffraction showed that all samples are com-
posed mainly of silica in the form of quartz, cristobalite and amorphous silica.
Other associated minerals were detected in these samples. The carbonate miner-
als such as dolomite and calcite were observed. In addition, clay minerals (Mus-
covite and Nontronite) are detected mainly in the Boudinar diatomite and the
Cap des Trois Fourches.

The structural study of these diatomites by infrared spectroscopy revealed co-
herence with those obtained by XRD analyses. The presence of silica was well
confirmed for the three types of diatomite. Carbonates and clay minerals were
also detected.

Moreover, qualitative and quantitative analysis spectra obtained by SEM indi-
cate that these samples are rich in diatom frustules, which gives this material a
well-developed porosity and a high content of silica. Chemical composition re-
sults obtained by SEM indicate that the crude diatomites are composed of a large
proportion of Si as illustrated by the large silica peak, followed by Al, Ca and Mg
and small quantity of Fe, Na and K. These complementary results are coherent
with those obtained by other methods.

Thermogravimetric analysis informs about the mass evolution of raw diato-
mite samples against temperature. Results obtained clearly show that diatomite
has a significant mass loss amounting to 19%. This confirms that diatomite is a
humid, porous and moderately refractory material.

This study allowed us to determine the geochemical and textural characteris-

tics of three diatomite deposits that have been poorly studied to date. It hig-
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hlighted that these diatomites have attractive physico-chemical properties (high
silica content, lightweight, porosity, insolubility, chemical inertia, etc.) and are
relatively similar to those found in other regions (Algeria, Spain, Greece, ...).
Through this study, we have also provided a series of data that can orient the
utilisation of this material, abundant but poorly exploited in Morocco. This
work opens new perspectives on the studied material. And we will envisage ex-
tending and improving the physic-chemical characterisation of all the Moroccan

diatomite deposits.
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