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Abstract

The Dg and Yg source rocks of Termit sedimentary basin were subjected to mineralogical
characterization to determine if they present a risk of swelling. Mineralogy is determined
by X-ray diffraction on crude rocks and clayey fractions. It is mainly dominated by clay
(52.80% for Dg and 42.70% for Yqg), quartz (25.20% for Dg and 32.60% for Yg) and a
significant proportion of muscovite (5,00% for Dg and 8,84% for Yg) and pyrite (12,80%
for Dg and 7,00% for Yg). The clayey fractions are dominated by kaolinite (51.00 and
67.9%) and have interstratified minerals at two and three sheets. These interstratified are
composed of illite-smectite (31.40%) and illite-chlorite (17.60%) for Dg and illite-
smectite-chlorite (32.10%) for Yg. These results are verified by X-ray fluorescence
spectroscopy and scanning electron microscopy on crude rocks and then confirmed by
infrared spectrometry. The specific surface areas of these clays determined by BET, are
respectively 530.40 m 2 / g and 464.90 m 2 / g for Dg and Yg. In total, the mineralogical
composition of the crude rocks and their clayey fractions analyzed as well as their specific
surface areas show that these rocks present a risk of swelling.

1. Introduction

Upper Cretaceous petroleum source rocks (Yg and Dg formations) of Termit sedimentary basin (Niger)
are mainly composed of clays. These clays have been the subject of several studies, including mineral
and organic petrography, organic geochemistry and paleontology [1-9] to determine the level of thermal
maturity, characterize the depositional environment, and evaluate their oil potential. Other studies have
focused on the characterization of the basin's oil reservoirs [10-17].

The interest of clays study in general and clay minerals in particularly, is based on their multiple
applications as water treatment materials, paint components, barriers against pollutants, adsorbent
substances, catalysts and as drilling fluids [18-22]. Other studies determined the behaviour of some clay
minerals to prevent the risk of shrinkage and swelling of clays [23-25]. This phenomenon of shrinkage
and swelling is very common in oil drilling operations because the role of mud-cake is predominant for
porous and permeable formations [26]. Knowledge of mineralogical composition of these clay source
rocks will determine if they present a risk of swelling, a phenomenon that causes jamming of drilling rig
and drilling bit.
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Therefore, this work focuses on mineralogical characterization of Dg and Yg clay formations, which
may be crossed by oil exploration and development drilling in Termit sedimentary basin.

2. Material and Methods
2.1 Study area

The Mesozoic and Cenozoic intracontinental Termit basin is a sub-basin of Eastern Niger sedimentary
basin which is located between parallels 14°15 and 17° northern latitude and meridians 14° and 11°45
western longitude. It is limited in Niger by two major geological areas. From the west and northwest,
the basin is bordered by crystalline rocks from basement of Gouré Precambrian massif and Zinder
Mesozoic massif (Damagaram Mounio), in the north by Téfidet basin and Ténéré basin (Fig 1) and in
the east and northeast by of Dibella Mesozoic granite [9]. In the south, the Termit basin is bordered by
the Bornu basin at the northern boundary of northern zone for Benoue faults in Nigeria and Chad [6].
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Fig 1: Regional map of West and Central African rift system with location of Termit basin in Eastern Niger [27]

2.2 Samples
The samples from clayey oil source rocks were taken at the Centre de Documentation et d'Archives
Pétroliéres du Niger (CDP). These are cuttings from Yg and Dg formations at intervals of 2507 to 3025

m and 3025 to 3325 m from F-1AT well for the X = 519535, 254 m Eastern and Y = 1766538.873 m
Northern coordinates.

2.3 Methods

The drilling cuttings samples were washed to remove them from the drilling mud. Several analyses were
conducted to characterize these samples. These are X-ray diffraction (XRD), X-ray fluorescence
spectrometry (XRF), infrared spectroscopy (IR), scanning electron microscopy combined with energy
dispersive spectrometry (SEM/EDS) and the Brunauer, Emmett and Teller (BET) method.

Ibrahim et al., J. Mater. Environ. Sci., 2020, 11(7), pp. 1173-1183 1174



The XRF was made using portable XRF spectrometer Niton XL3t® type coupled with a computer to
ensure the transfer of data after analysis through the NDT (Niton Data Transfer) software.

The measure in All-Geo mode were performed on an accessory equipped with an RFID (Radio
Frequency ldentification) chip allowing the analyzer to automatically detect and convert it into a
benchtop analyzer. Thus, the elemental composition of crude rock samples was determined.

For the XRD analysis, the crude rock samples were analyzed firstly on disoriented powder and then
prepared according to Medard protocol [28]. The oriented section of clayey fractions (less than 2um)
obtained were made and previously analysed in order to be saturated with ethylene glycol and heated to
550°C. The diffractograms are obtained by using a Bruker D8 ADVANCE diffractometer in 6/26 mode.
The relative percentage of each clay phase was determined by using the FITYK diffractogram processing
software and Thorez intensity correction factor [29-31]. This analysis made it possible to determine
mineral composition of the crude rock samples and to identify different crystalline phases contained in
clayey fractions. Then, the crude rock samples were analyzed by using a Bruker FT-IR spectrometer
equipped with a diamond crystal in 400 to 4000 cm™ wavelength range. This analysis allowed to
determine the different functions that are characteristics of crystalline phases through their vibration
modes. The Brunauer, Emmett and Teller (BET) method was used to estimate the specific surface area
of crude rock samples.

At the end, scanning electron microscopy coupled with energy dispersive spectrometry (SEM/EDS)
made it possible to study the morphology of minerals through digital images and to determine the
distribution of elements in minerals and the relative content at a given point in the images.

The device used is a SEM/EDS with Variable Pressure of the D.C.A.R. (MEB FEG Supra 40 VP Zeiss),
equipped with an X-ray detector (OXFORD Instruments X-Max 20) connected to an EDS (Inca Dry
Cool, without liquid nitrogen) microanalyst platform.

3. Results and discussion

3.1 X-ray diffraction

The mineralogical composition of the crude rock samples determined by the X-ray diffraction and
performed on disoriented powder is shown in Table I.

Table I: Mineralogical composition of crude rock samples

Samples Samples Constitu§nts of crude rock-(%? (%) _ - _
Quartz | Muscovite Garnet | Siderite | Pyrite | Clays Aragonite | Albite

Dg 25,20 5,00 1,10 3,20 12,80 | 52,80 0,00 0,00

Yg 32,60 8,40 0,00 0,00 7,00 42,70 5,20 3,00

This table shows a dominance of clays in both samples (52.8% for Dg and 42.7% for Yg). These samples
contain quartz, pyrite and muscovite in significant proportions. In some samples, minerals such as
siderite, albite, aragonite and garnet are found secondarily. The presence of pyrite in these clays samples
is subject to shrinkage and swelling for the rocks studied [32]. Figure 2 shows the diffractograms of the
crude rock samples from Dg and Yg formations. Peaks can be observed which also have the
characteristics of quartz, kaolinite and illite [28, 33—-36]. For clayey fractions, mineralogy presents two
types of clayey minerals: the simple mineral, which is kaolinite in a very large proportion in the two
samples, and interstratified minerals with two and three different sheets also composed of two types of
regular and irregular edifices [37, 38] (Table Il and Figure 3). The presence of these interstratified
compounds of type 2:1 minerals confirms the relative abundance of potassium and calcium in samples
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and possible intrastructural substitutions [39, 40]. These interstratified minerals, in particular illite-
smectite and illite-smectite-chlorite, have a high swelling potential [32, 41]. Figure 3 shows the XRD
diffractograms of the clayey fractions of Dg and Yg formations.

1500 Q a) Q b)
1100
1300
1100 500
= = Q
e K 2 00
2z 2
£ 700 Q K = Q
| 500 K
500 | K
| K | I
300 ﬂ 300
100 100
5 10 15 20 25 30 35 5 10 15 20 25 30 35
20 28
Figure 2: XRD diffractograms of the crude samples a) Dg formation and b) Yg formation; K: kaolinite; I: lllite Q: Quartz.

Table 11: Mineralogical composition of the clayey fractions of Dg and Yg formations.

S I Single Regular interstratified | Irregular interstratified
amples - ) 3 ST : ] ]
P Kaolinite | Illite-smectite Chlorite-illite | lllite-smectite-chlorite
Dg 51.00 31.40 17.60 0
Yg 67.90 0 0 32.10
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Figure 3: XRD diffractograms of the clayey fractions of A) Dg and B) Yg; a: natural; b: ethylene glycol; c: heated to
550°C; K: kaolinite; C-1: Chlorite-Illite; I-S : Smectite-lllite; 1-S-C: Illite-Smectite-Chlorite.

3.2 X-ray fluorescence

The XRF results are presented in Table I11. Here, the abundance of silicon and aluminum on one hand
and the relatively high Si/Al ratios on the other hand in the XRF elemental analysis results confirm the
clay and quartz content of the crude rocks. The high iron content also confirms the presence of pyrite in
the crude samples. The relatively high contents of potassium (K) and calcium (Ca) are probably due to
substitutions in the octahedral and tetrahedral structures of AI®* by Fe?* and Si** by AI** or Fe®*
respectively, thus causing a slight charge deficit in these structures and compensated by these interlayer
cations in clay materials [37, 42]. This is due to the presence of muscovite and probably that of illite and

smectite [42].
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Table 111: Elemental analysis by X-rays fluorescence spectrometry of crude rocks Dg and Yg

Components of crude rocks (%)
Samples - -

Fe Mn Ti Ca K S Mg Al Si SI/Al
Dg 19.1 028 |14 431 3.85 (226 |2.08 17.71 48.02 2.71
Yg 13.25 0.09 |1.18 4.3 5 191 |16 14.21 57.37 4.04

3.3 Infrared Spectroscopy

Figure 4 shows the IR spectra of the crude rock samples: Dg and Yg. These spectra show absorbance
(arbitrary unit) as a function of waves number (cm™).
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Figure 4: IR spectra of the crude rock samples: a) Dg and b) Yg

The appearance of these spectra is almost identical. The differences observed in shape and position of
the absorption bands and peaks can be related to difference in the stacking of the various layers of sheet
minerals (clayey minerals). The spectra are characterized by a strong and wide band centered on 1004.3
and 998.2 cm™ corresponding to the Si-O elongation vibration mode of kaolinite [43-47]. Moderately
intense lines at 459-461 and 526.7-528.7 cm™ respectively characterize the elongation vibrations of Al-
O (illite) and Si-O (smectite) deformation [21]. In addition, there are the bands at 694.1 and 698.1 cm™
respectively, which characterize the hydroxyl (OH) deformation vibration in trioctahedral clay minerals
in general. However, fine and low intensity lines with a wave number of 790 cm™ are due to quartz [25,
48]. Similarly, the shoulders around 914.5 and 910.4 cm™ observed for each sample are result of MV'-
OH low-precision deflection vibration modes characteristic of montmorillonite (Al, Fe, Mg) [49, 50].
The band centered at 1465.7 cm™ moderately thick of C-0 elongation vibration corresponds to the
presence of calcium carbonate (CaCQOz) [25, 51]. The bands of H-O elongation and H-O-H deformation
vibration modes in water molecules absorbed or present in the cavities of the structure of clay materials
are observable at 1624.9 and 1647.4 cm™ [52]. The wide bands and low-intense centered at 3417.2 and
3423.4 cm™? respectively are due to the symmetric and asymmetric elongation vibration modes of OH
for water adsorbed or interspersed in the interlayer space. The less intense lines at 3212.4 and 323.4 cm-
1 and then at 3692.8 and 3694.9 cm-1 correspond to region of structural OH elongation modes in the
octahedral layer characteristic of kaolinite [43, 47, 53]. The absorption bands observed for Dg and Yg
(Figure 5) are well related to the characteristic bonds of clay minerals of type 1:1 (Kaolinite), type 2:1
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(smectite and Illite), quartz and carbonate (Dg). These results, therefore, confirm those found by the
DRX and FRX. The specific surface areas of Dg and Yg samples for this study are 530.40m2/g and
464.90m2/g respectively. These relatively large values give these samples a high swelling potential [32].

3.4 Scanning Electron Microscopy / Energy Dispersion Spectrometry

Figure 6 shows detrital quartz grains (Q) embedded in a clayey paste and covered with illitic materials
(), sometimes chloritic (C) and interstratified illite-smectite (I-S) (Fig. 5-(a)). The pores between quartz
grains are partially filled with pseudo-hexagonal kaolinite and interstratified illite-smectite (I-S) and
chlorite-smectite (C-S) (Fig. 5-(a), (d) and Fig. 6-(a), (b)) [54, 55]. Books of kaolinite, fan chlorites and
micropores are also found in pore fillings (Fig. 5-(b) and (d)) [55].

Micrographs in figure 5 (c) and (d) and figure 6 (a) and (b) show that clayey particles form irregularly
contoured blocks and sheets and some aggregate clusters due to other associated minerals. This
morphology is characteristic of kaolinite poorly crystallized [48, 54, 55]. Indeed, these results are in
agreement with the XRD, XRF and IR analyses. The energy dispersive spectrum of samples in Figure 6
- (c) and (d) shows that the majority peaks of the elements observed in these spectra are common
elements observed using XRD and XRF [55]. These are silicon (Si), aluminum (Al), magnesium (Mg),
iron (Fe), sodium (Na), potassium (K), calcium (Ca), titanium (Ti) and sulphur (S). The Au and C
elements come from the support grid and sample cap. The chemical composition of crude rocks
expressed as oxides of these elements is presented in Table 1V.

Figure 6: SEM images of crude rocks: (a) - Yg sample at 100y; (b) - Dg sample at 100y; (c) - Yg sample at 20p and (d) -
Dg sample at 20u
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Figure 7: SEM images and corresponding EDS spectra of the crude rock samples: (a) - Yg sample at 7u; (b) - Dg sample at
30 i; (c) - Yg spectrum and (d) - Dg spectrum.

Table V: Chemical composition of crude rocks (Yg and Dg)

Oxides Na,O MgO A|7_O3 SiOz SOs3 K,O CaO Ti02 FeO SiOz/A|203

Dg (c) (%) 167 |1.39 [1887 |5293 |0 (301 |5.11 [178 [12.03 [2.80

Yg(d) (%) |0.00 [2.00 [21.05 |50.32 |1.89 [3.22 [4.99 [129 [13.37 [2.39

The EDS analysis (Table IV) shows SiO2 / Al,Os ratio values of 2.39 and 2.80 respectively for Yg and
Dg are significantly higher than those of standard kaolinite which are 1.73 to 1.8 [54, 56]. This is in
concordance with the results of the XRD and XRF which reveal the presence of siliceous minerals, in
particular quartz and small amounts of type 2:1 clay, such as smectite and illite in crude rocks [57].
Therefore, the mineralogical composition of the Dg and Yg raw rocks and their clayey fractions, and
their specific surface areas show that these rocks present a risk of swelling that can cause the jamming
of the drilling rig and the drilling bit.

Conclusion

Dg and Yg source rocks are mainly composed of clay (52.80 and 42.70%) and quartz (25.20 and 32.60%)
respectively. These rocks also contain minerals such as muscovite (5.00% for Dg and 8.84% for Yg) and
pyrite (12.80% for Dg and 7.00% for Yqg) with significant proportions. The clayey fractions (< 2 um) of
Dg and Yg are mainly dominated by kaolinite (51.00% and 67.9%). In addition, Dg clayey fraction
contains interstratified with two different sheets which are illite-smectite (31.40%) and illite-chlorite
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(17.60%) and Yg clayey fraction of interstratified with three different sheets which is illite-smectite-
chlorite (32.10%). Finally, the crude rocks are characterized by relatively high specific surface areas
(530.40m2/g for Dg and 464.90m2/g for Yg). Thus, the presence of significant proportions of pyrite,
interstratified minerals illite-smectite and illite-smectite-chlorite as well as relatively high specific
surface areas, give these rocks a risk of swelling. It is therefore important to conduct a study on the
swelling potential of these rocks to assess the rate of relative swelling to the type of drilling fluid used
to limit the risk of jamming of the drilling rig and the drilling bit.
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