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Abstract A study was conducted on four bituminous rock samples from
Tangier, Tetouan, Bab Taza and Arba Ayach deposits (samples TA, TE, BT,
AA, respectively) in the Rif region of northern Morocco. The study was
carried out using thermogravimetric analys(TGA), Xray diffraction
(XRD), Xray fluorescence (XFR), inductively coupled plasm@mic
emission spectrometry (IGRES), and scanning electron microscopy with
energy dispersive spectrum analysis (SEDIX).

The results obtained by these methodsa&d that the organic part of TA,
TE, BT and AA samples was 5.59 wt%, 6.73 wt%, 4.77 wt% and 7.53 wt%,
respectively. Therefore these bituminous rocks can be considered a
perspective energy resource. The dominant mineral phase in all samples is
quartz (70.@i 84.46 wt%). Clay minerals (illite, chlorite) and other mineral
components are present in different faight proportions.

Keywords: mineralogy, bituminous rocksthermogravimetryX-ray diffrac-
tion, X-ray fluorescenceMoroccanRif.

1. Introduction

With reference to energy resources such as crude oil or natural gas,
Morocco depends almost fully on the outside. However, geological studies
have demonstrated that Morocco ranks seventh in bituminous rock reserves
in the worldwith an estimated®O0 billion barrels of oil of bituminous rock
deposits found in the northern, central and southern regions of the country
[1]. This nonconventional resource might be envisaged at least for internal
requirementsn the long term.

Bituminous rocks (bituminous shale, bitinous marls) are fingrained
sedimentary rocks that yield a significant proportion of oil of similar
appearance to that of crude oil by pyrolysiggR It can be burnt directly as
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low-grade fuel for the production of electricity and heating purposéd, isu
also a valuable chemical feedstockTb

During the past few decadeabgere has been an increasing interest in the
utilization of these bituminous rock deposits as an alternative energy source
[8]. Knowledge about the mineralogy and trace elendésitibution in raw
bituminous rocks after retorting is highly important for various exploitation
programs.

This study is focused on the Tangier depddibroccan Rif in the northern
part of Morocco) which was discovered in the past century by qumgry
buil ding materials there and is consi der e
bituminous rocks (Fig. 1) [41]. This region has not been studied in detail,
according to literatureThe mineralogy and inorganic elemental pasition
of Moroccan Rif bituminousocks were investigated by thergravimetric
(TGA) and Xray diffraction (XRD) analysis, Xay fluorescence spectrometry
(XRF), inductively coupled plasratomic emission spectrometry (IES),
and scanning electron microscopy (SEM).
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Fig. 1. Map ofthe Moroccan Rif and locations of the four sampling sites of the
study.

2. Experimental
2.1. Sampling and stratigraphy

This work was carried out on four samples, which were stratigraphically
selected from northern Morocco (Table 1, Figs. 1 and 2). Ordysample
was collected from the outcrops at each sitee samples averaged about
20 kg in weight and were collected at a depth of 20 to 80 cm.
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Table 1. Latitude and longitude coordinates of each sampling site of theocks

sampled
Site | Symbol of| Lithology| Geological age | Longitude (E) Latitude (N)
sample

Tangier TA Marl | Upper Cretaceous| 5A 46' | 35A 45"
Senonian

Tetouan TE Shale |Upper Cretaceous| 5A 27' | 35A 33"
Cenomanian

Bab Tazqg BT Shale |Upper Cretaceous| 5A 10" 35A 3
Cenomanian

Arba AA Shale |Upper Cretaceous| 5A 51' | 35A 24"

Ayach Turonian

The Tangier and Arba Ayactieposis of bituminous rocks are located
within the western basif the Moroccan Rif, the Tangier site is located in
the east of Tarngr city and the Arba Ayach site is located in the east of Arba
Ayach village (Fig. 1). The bituminous marls of the Tangier site are Upper
Cretaceoussenonian in age and alternate with limestone (Fig. 2A) [11, 12].
The oil shales of the Arba Ayach site afeUpper Cretaceod§uronian age
and alternate with limestone and white marl (Fig. 2AY .

The Tetouan and Bab Taza deposits of bituminous shales are located
within the eastern side of the Moroccan Rif, the Tetosiéa is located in
the west of Taetuan city and the Bab Taza site in the east of Bab Taza
village (Fig. 1). The bituminous shales of Tetouan and Bab Taz sites are
Upper Cretaceou€enomanian in age and are included in schistose marls
(Figs.2B, 2C) [15, 16].

The four samples collected wesebsequently crushed, homogenized and
sieved (to < 180 Om).

2.2. Thermogravimetric analysis (TGA)

Thermogravimetric analysis of raw shale [17] is commonly used to measure

the mass change of a sample as a function of temperature and time, in a
controlledatmosphereln this study, the analysis of the selected raw samples

of bituminous rocks (5 to 10 mg of the crushed product) was performed

using aLabsys Evo 1Rhermal analyzer (Setaram, France). The temperature

range of the TGA an®3ysAG, warsd ftriven B#®t é\Catt
the temperature increased was 10 AC/ min. He
prevent the sample from oxidizing and as a carrier gas to remove the gaseous

products during the analytical process.

2.3. Xray diffractometry (XRD)

X-ray diffraction was used to identify the main minerals (mass content
higher than 5%) in the sample. The analyses were performed with powdered
rock samples by using a Brucker D8 Advance diffractometer equipped with
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In order to determine the nature of clay minerals, the crude sample was

crushed ad pulverized using a chromed steel ring crusher. The clay fraction
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Fig. 2. Generalized stratigraphy of the Cretaceous and Paleocene rocks of A: Flyschs
nappes [12], B: internal Tangier [15], C: external Tangier [16] of the Moroccan Rif.
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was separatetir om t he whole sample by wultracentri
fraction and mounted as an oriented aggregate mount [18]. This could be a

very useful technique for the identification of clay minerals. The clay samples

in oriented mounts have been successigeilyzed after three separate treat

ments: air drying, glycoli2l.i on and heat tre

2.4. Xray fluorescence spectrometry (XRF)

X-ray fluorescence spectrometry is an analytical technique usdemtify
andmeasure the concentratiofinorganic elements in these types of rocks.
The selected raw samples of bituminous rocks of the Moroccan Rif were
analyzed using an FX AXIOS PW4400rXy fluorescence (XRF) spectro
meter system.

2.5. ICP-AES analyses

The determination of mass concetibas of inorganic elements in these
types of sedimentary rocks is possibly done by inductively coupled plasma
atomic emission spectrometry (IG¥ES) [22 23]. In this study, the selected
raw samples were analyzed using a Jobin Yvon Ultima 2 m spectrometer
after digestion in HF acid.

2.6. Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) is a qualitative or sprantitative
technique useful for determining particle composition and morphology.
Besides the surface elemental analysis, SEMilso employed to obtain
topographic images of mineral grains and determine their distribution.

Each sample of the whole rock was analyzed by a Cambridge Stereoscan
120 instrument coupled with an elemental analysis (EDX) unit. The apparatus
was adjustedt 4 10 mm WD, 30 kV HV and 10000X magnifian.

3. Results and discussion
3.1. Thermogravimetric analysis (TGA)

Figure 3 shows the thermal behavior of raw samples of bituminous rocks of

t he Mor occan Ri f heated up to the final
TG-DTG curves indicate that the decomposition process occurs in three

main stages. At a temperature below 200 AC
samples is attributed to the loss of moisture and interlayer water from the

clay minerals whictare presenin the raw samples. The weight loss from

about 200 to 600 AC corresponds to the deg
[24, 25] (Table 2). According to our previous studies, the various organic

geochemical parameters (ReEkal parameters) indicatetiat the oganic

matters (kerogen) of the studied samples are of types Il, lll and IV [26].

These results are comparable with those obtained for bituminous rocks of

Timahdit and Tarfaya deposits, but in lower proportion$ 287.
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Fig. 3 TG and DTG curves of bitumous rock samples.

Table 2 TGA results for the studied samples of the Moroccon Rif and a sample
of the Timahdit deposit

Sample Water, % OM, % Carbonate, %
TA 4.7 5.59 10.65
TE 4.13 6.73 0.31
BT 3.48 4.77 2.51
AA 4.60 7.53 3.31
Sample of Timahdit 1.0 16.6 ~35

Heating above 600 AC leads to the decomp.
temperatures between 600 and 800 AC due t
species [30] (Table 2). In this range, the TA sample showed a high rate of
weight loss contrary to theleer samples examined.

Table 2 shows the comparison of the TGA results obtained (mainly
organic matter) for the Moroccan Rif samples and an oil shale sample of the
Timahdit deposit in the middle of Morocco [29]. These results indicate that
the bituminousdacks of the Moroccan Rif contain a significant proportion of
OM, which could be considered as a potential energy resource, such as the
bituminous rocks of the Timahdit deposit.

3.2. X-ray diffractometry (XRD)
3.2.1. Overall mineralogy

X-ray powder diffratograms show that the major constituents of these
samples are quartz, calcite and plagioclase (Fig. 4). Quartz is abundant in all
samples. Calcite with some traces of hematite is found only in the sample
TA. Plagioclase is present in all samples excepstdmple AA.
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Clay minerals are scarce or at least less visible on the untreated materials
(no decomposition of cement). Table 3 provides a sprantification of
maj or minerals using their major reflectio
all clays.

Table 3. The semiquantitative X-ray diffraction analysis of major minerals of
bituminous rock samples

Sample Quartz Calcite Plagioclase Hematite Clay minerals
TA ++++ +++ tr tr ++
TE ++++ ++ +
BT ++++ ++ ++
AA +++++ +

3.2.2. Clay mineralogy

The mi ner al composition (Fig. 5) of t he fre
samples studied is qualitatively shown in Table 4. After decomposing

cements (carbonate and organic matter), it appears that the most abundant

clay minerals are not chlorite or illitbut phases of a swelling type smectite

or interstratified illite/smectite. Smectite dominates in the sample TA while

for the samples BT and TE it is interstrat
(with a superlattice to ,AA®sngicedtllat t er gl ycol
the AA material is virtually devoid of clay fraction, except some traces of

chlorite and illite on the threshold of detection limit.

3.3. Xray fluorescence spectrometry (XRF)

X-ray fluorescence analysis of the four studied samplakl€é15) shows that
their content of quartz is very high (70i@4.46 wt%), the mass coentra

tion of calcium oxide (CaO) is 0.008.84 wt% and magnesium oxide
(MgO) 0.47 1.32 wt%,indicating the low contents of dolomite and calcite
(carbonate) in the himinous rock samples. Thmass concentration of
aluminum oxide (AlOs) ranges between 3.90 and 12.34 wi&bric oxide
(Fe0s) between 0.74 and 3.56 wt% and sulfur trioxide S&m 0.08to

0.74 wt%,; the two last proportion rangeslicate the low conterof pyrite
(FeS). It also appears that clay is present in the studied samples in different
proportions.

These resultsorroboratehose obtained b}RD analysis It is clear that
quartz is the dominant product in all samples while mass concentrations of
calcium oxide (CaO) and magnesium oxide (MgO) are high only in the TA
sample unlike the other samples. In addition, the presence of an appreciable
amount of carbonates in the sample TA was also confirmed by thermo
gravimetric analysis.
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Fig. 5. Xray diffraction analyses of the <Q@fraction of the four studied samples:

Nati untreated sample; EGglycolated sample; is ampl e heateid to 550 AC;
chlorite; IST interstratified illite and smectite;il illite; K T kaolinite; QT quartz;

P1 plagioclase.

Table 4. The mineral composition ofthec2 Om fracti on of the samples

Sample Chlorite Smectite Interstratified Illite Kaolinite
TA + +++ + +
TE ++ +++ + +
BT ++ +++ + +
AA tr tr
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Table 5. Major, minor and trace element XRF analyses of 4asnples, wt%

TA TE BT AA
Sio, 80.22 70.04 73.78 84.46
AlL,O, 7.929 12.34 11.87 3.908
Fe,0; 2.172 3.569 1.808 0.644
caO 0.84 0.36 0.191 0.013
MgO 1.216 1.31 1.323 0.48
TiO, 0.2 0.3 0.31 0.09
SO, 0.1 0.11 0.08 0.74
K,O 0.64 0.73 0.92 0.23
Zno 0.14 0.05 0.05 0.05
Na,0O 0.31 1.815 1.246 0.18
MnO, 0.034 0.09 0.04 0.02
Cuo 0.03 0.02 0.04 0.01
P,0s 0.05 0.08 0.1 0.02
V,05 0.024 0.1 0.06 0.1
Cr,0; 0.02 i 0.04 0.02
BaO 0.02 0.02 0.02 i
NiO 0.01 0.02 0.02 0.01
Sro 0.01 0.031 0.004 0.01
Rb 0.01 0.004 0.01 -
CoO i 0.04 0.01 0.01
As,0, i 0.031 i 0.004
PbO i i 0.01 i
Y,0, i i i 0.001
LO.I 6.01 9.013 8.08 8.983
Total 99.991 99.995 100.012 99.99

L.O.IT loss on ignition

3.4. ICP-AES analyses

The mass concentrations of inorganic elements inrédve samples of
different bituminous rocks argiven in Table 6. As indicated in this table,
themass concentrations of ten inorganic elements have been chosen for each
sample. It appears that silica dominates (32923 wt%), followed by
aluminum (2.445.88 wt%), except in the TA sample the mass concentration

of calcium is much higher (5.6 wt%) than in the other samples. The mass
concentrations of the rest of the inorganic elements are equal to or less than
1 wit%.

Table 6. Mass concentrations of inorganicelements in the bituminous rock
samples of the Moroccan Rif by ICRPAES analysis

Sample,| Al Ca Fe K Mg Na P S Si Ti
wt%

AA 2.44 1 0.032| 0.228| 0.563| 0.229| 0.170| 0.012| 0.304| 39.300| 0.031
BT 5.88 | 0.159| 0.596| 0.996| 0.350| 1.080| 0.013|0.0209 34.100| 0.148
TE 5.34 | 0.251| 1.208| 0.888| 0.350| 0.860| 0.035|0.0209 32.900| 0.076
TA 3.31 | 5.607| 1.045| 0.640| 0.498| 0.203| 0.053| 0.04 | 32.200| 0.074
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3.5. Scanning electron micrography (SEM)

Figure 6 shows the SEHEDX analysis of natural untreated samples of
rocks. The SEM odervations reveal some differences in particle morphlogy

Fig. 6. SEMs for the bituminous rock samples studied.



