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Abstract: The seismic and magnetic data are well known for the investigation of tectonic structures and their
directions on surface and subsurface, a methodological approach integrated the seismic and magnetic data in-
terpretation combined with field measurement on cracked building and its underlying substratum, represented by
Agadez sandstones and basement. The extraction of seismic lineaments from West African seismic map showed
the seismic directions oriented NW-SE (N135 to N160°), passing through the studied area. The structural inter-
pretation of magnetic map show that the Agadez region is also affected by the subsurface lineaments mainly
oriented in NW-SE (N135°) directions, which are similar to the identified seismic lineaments in the same zone. A
structural study carried out on the Agadez sandstones and the underlying basement, showed that faults and frac-
tures oriented N120° to N165°, affect both the basement of the Air Mountains and the sandstone formations on
which the city of Agadez is built. These observations showed that building cracking in Agadez region has a higher
propagation tendency according to the directions ranging from NW-SE (N135°) to NNW-SSE (N165°). Therefore,
the buildings cracking has a stronger propagation component according to these mean directions those are not
recommended for building. To prevent and reduce the risks related to building cracking in Agadez region, it is
highly recommended to build in the minor directions of cracking propagation which correspond to NE and SW
directions.
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1. INTRODUCTION

This study tries to highlight the role of magnetic and seismic data in the prevention of
building cracking which constitute a geotechnical risks in Agadez city. This city is built on the
faulted and fractured sandstones formation of the “Agadez Sandstones”, which deposit in un-
conformity on the basement of the Air Mountain [1].

According to the previous geological data [2, 3 and 4], all these geological units (base-
ment and basin) are affected by brittle deformations in the state faults and or fractures with
several orientations. Thus the main directions of faults were made into evidence at regional
scale in Agadez region are (Figures 1):

- the In-Azaoua-Arlit fault system, NO° trending and the Madaouéla N30° fault system

(Figure 1),

- the N130° to N140° trending faults system, affecting the Air Mountains, is less frequent
in the Tim Mersoi basin,

- the N70°-N80° fault system (farther to the west in the DASA area) has been reactivated
in dextral sense during the Upper Cretaceous as indicated by the results of structural

study obtained in the Tim Mersoi basin [2,3 and 4].
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Figures 1: Location of survey area within the geological map of the Eastern part of Tim Mersoi Basin,

from the previous geological data [2, 3, and 4].

2. MATERIAL AND METHODS

The methodological approach is based on the review literature, field investigation and
processing and statistical analysis of field collected data: i) the review literature focused on
bibliographic research of thesis, scientific articles, scientific reports and all other document
relative to the geology of the studied zone, ii) the interpretation of geophysical data consists of
lineaments extraction from aeromagnetic and seismic maps and iii) the field investigation con-
sisted of prior identification of the most affected sectors by cracking and in situ structural meas-
urement of cracks planes. This stage was carried out with material as following: GPS (for site
location), Compass (for direction and dip acquisition of a structure). The obtained data were
processed by using the ArCGis 10.1 and Drowing Software Canvas 11.

3. RESULTS AND DISCUSSION
Seismic data
Structural analysis of seismic cartographic data [5] highlighted two regional linea-
ment systems: the NNW-SSE seismic lineament affecting both the Air basement and
Tenere basin in East and N-S fault system extended in the Tim Mersoi basin in West (Figure
2). In addition, some localized seismic lineaments oriented NEE-SWW and cutting the re-

gional lineaments were identified in the western region of Agadez. This regional lineaments
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would control the setup of the uranium mineralization in Arlit region [6], and in Tenere
basin it constitutes a NNW-SSE petroleum system of Termit basin [7].
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Fgure 2: Seismic lineaments of Niger Republic and Agadez region extracted in the case of this study
from seismic map West Africa [5], showing the NNW-SSE and N-S fault system affecting the survey
area.

Magnetic data

Lineaments extraction (in the case of this study) from aeromagnetic cartographic
data [8] of Agadez region at 1/200 000°™ (Figure 3) showed two types of magnetic linea-
ments according to their size: minor and major one. The major part of these magnetic line-
aments are oriented in NW-SE direction (manly N135° to N140°). In addition, a major
magnetic lineament oriented N-S corresponding to In-Azaoua-Arlit fault system revealed
by previous geological works was identified (Figure. 1). These similar directions were pre-
viously identified by seismic cartographic data (Figure 2). These observations reveal that
the subsurface seismicity directions of Agadez region is mainly NW-SE trending those
cannot be recommended or avoided for the construction of big buildings.

Major fault

Minor fault

Figure 3: Lineaments extraction from aeromagnetic cartographic data [8], showing the NW-SE major
directions of magnetic lineaments affecting the Agadez region.
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Field data

The field investigations and measurements of cracks planes was carried out on sand-
stones formations and on buildings (Figure 4). The obtained microtectonic data are pre-
sented in the tables 1 and 2. The structural analysis of obtained data showed that the crack-
ing event affects both the sandstone formations and buildings (Figure. 4).

To determine the major direction of the propagation, the 220 measured planes were
statistically analyzed by direction interval of 45° from the North (Table 2 and Figure 5).
The obtained results of statistical analysis by the percentage of directions show that:

- North to Northeast (N0°-N45°) directions: 25%,

- Northeast to East (N45°-N90°) directions: 30%,

- East to Southeast (N90°-N135°) directions: 12.73% and
- Southeast to South (N135°-N180°) directions: 32%.

According to these observations, the directions ranging from NW-SE (N135°) to N-
S (N180°) are the majority with 32%, followed by NE-SW (N45°) to E-W (N90°) directions
with 30%. Therefore, the buildings cracking has a stronger propagation component accord-
ing to the mean directions NW-SE (N135°).
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Figure 4: in situ photography showng (a) Agadez fractured sandstones with its underlying basement

*

of Air and (d) state of cracked building in Agadez city.
Table 1. Some of measured cracks from building and Agadez sandstones

Direction Dip values Dip sector
N120° 85° SW
N150° 75 NE
N80° 90 \%
N150° 90 \%
N90° 80 S
N50° 70 SE
N70° 90 \%
N135° 80 SW
N140° 85 SW
N35° 90 \%
N85° 90 \%
N160° 90 \%
N180° 70 E
N40° 70 SE
N85° 90 \%
N100° 50 SSW

Note: S: South, N: North, W: West, E: East, V: Vertical.
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Table 2. Statistic of measured cracks according to their directions.

Direction intervals Effective Percentage (%)
[NO°-N45°] 55 25,00
[N45°-N90°] 66 30,00
[N90°-N135°] 28 12,73
[N135°-N180°] 71 32,27

Total 220 100,00
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Figure 5: Diagram of directional distribution of all measured cracks on Agadez sandstones and on
building.

Discussion on tectonic origin

Analysis of seismic and magnetic cartographic data showed two main directions:
N-S and NWW-SSE directions. According to the previous geological works, the N-S re-
gional lineament systems corresponding to the In-Azaoua-Arlit fault system extended in
the Tim Mersoi basin in West and Raghane fault system affecting similarly the Precambrian
Air basement and Tenere basin in East. The NNW-SSE lineaments represent the relay of
N-S regional fault systems and causing the building cracking in Agadez region [1]. These
two fault systems were the focus of three seismic events (4™ July 1969, in 19" May 1967
and 18" January 2017 [5]). According to geological data obtained in Hoggar [9, 10, 11],
these regional fault systems derive from the reactivation of three major sub-meridian shear
zones in Hoggar: East Ouzzal shear zone (3°30’), Tekouyat shear zone (4°50”) and Raghane
shear zone (8°30’).

4. CONCLUSION

This study focused on the role of seismic and magnetic data for the prevention of ge-
otechnical risk related to buildings cracking. A Combined analysis of seismic, magnetic com-
bined and field data led to determine the major directions of cracks propagation. Indeed, ac-

cording to the obtained results, the major direction of cracks propagation corresponds to the
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NW-SE to N-S seismic and magnetic lineaments. Feld verification has showed that these line-
aments correspond to a cracks and fractures system oriented in the same directions (NW-SE to
N-S), affecting both sandstones formations and building in the Agadez city. Therefore, these
directions are not recommended for the building construction regarding its high level of crack-
ing. Thus, opposites directions corresponding to NE-SW (N45°) to E-W (N90°) are highly

recommended for building construction in this region.

REFERENCES

Aissa, D.E., Christian, M., Controls on gold deposits in Hoggar, Tuareg Shield (Southern Al-
geria). Journal of African Earth Sciences. 127, 136-145 (2017).

Ball, E., An example of very consistent brittle deformation over a wide intracontinental area:
the late Pan-African fracture system of the Touareg and Nigerian shield. Tectonophys-
ics. 16, 363-379 (1980).

Bang, L; Guangya, Z; Fengjun, M, Jiguo, L; Dingsheng, C & Mingsheng, L., The petroleum
system of the Tenere Basin: oil geochemistry from the SH-1 wildcat well in eastern
Niger. Petroleum Geoscience. (2015). https://doi.org/10.1144/petge02015-067

Baraou, I, S, Abdoulwahid, S; Abdoul, W, D, M and Moussa K., Geotechnical risk assessment
and geological origin of building fracturation in Agadez city (North Niger). Journal of
Environmental & Earth Sciences 4(2) (2022). DOI:
https://doi.org/10.30564/jees.v4i2.4697

Bonnier., Agadez sandstones nappes. Ministry of Hydrolic-DRE. Project NER/86/001, Niger
(1989).

Liégeois, J.P., Latouche, L., Boughrara, M., et al., The Latea metacraton. (Central Hoggar,
Tuareg shield, Algeria): behavior of an old passive margin during the Pan-African orog-
eny. Journal of African Earth Sciences. 37, 161-190 (2003).

PRDSM., Aeromagnetic cartography of Air Mountains. Ministry of Mines and Industrial de-
velopment, Ministry of Mines and Industries, Niger. pp. 55 (2005).

Sani, A., Konaté, M., Karimou, D.H., et al., Polyphasic tectonic history of the N70° DASA
Graben (northern, Niger). Global Journal of Earth and Environmental Science. 5(3),
58-72 (2020).

Tauzin, P., Geological context of Uranium ore deposit in Eastern edge of Tim Mersoi sedi-
mentary basin, intern report Minatome, Niger. pp. 15 (1981).

Wagani, I; Maman, S, B; Alhassane, I., Structural study of Akola uranium ore deposit and
geotechnical risk related to the extracting method in the Cominak, Niger. Rev. Ivoir.
Sci. Technol. 34, 230-246 (2019).

Wahab, D, M, A., Location map of seismic focus on the African continent, OTICE Department,
HANEA, Niger (2017).

6 Proceeding of the International Conference on Social Sciences and Humanities Innovation-
Volume. 1, Number. 2, Year 2024


https://doi.org/10.1144/petgeo2015-067
https://doi.org/10.30564/jees.v4i2.4697

