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Abstract

The present study was carried out in the south-western part of Niger. The study area corresponds to the Arewa region,
which is located in the southwestern part of the Iullemmeden basin. The general objective of this work is to highlight
the effectiveness of the ASTER image in mapping areas with showings of iron mineralization in the Continental Terminal
3 (Ct3) formation. Specifically, these areas are identified with major indices of iron oxides and hydroxides (Fe203 -
Fe(OH)2) and goethite Fe(OH)3. The methodology implemented is based on band ratios and indices as well as the Main
Component Analysis (PCA) were applied to the ASTER image of the study area and allowed the detection and mapping
of anomalies related to the presence of iron in the Continental Terminal 3 formation. The band ratios applied to the
bands of the ASTER image were very useful for mapping the distribution of iron in the study area and allowed to
differentiate the spatial distribution of ferrous iron (Fe2+) and ferric iron (Fe3+) in the area. The Band 1/Band 2 and
Band 2/Band 1 ratios were used to detect the spatial distribution of ferrous iron (Fe2+) and ferric iron (Fe3+) of the
study area, respectively. The results of the Principal Component Analysis (PCA) were very effective in detecting iron-
associated minerals or groups of minerals in the area. The presence of iron oxide is predicted by Aster bands 1, 2 and 4
in CP3, which are distinguished by bright pixels. CP6 reveals negative effects of bands 7 and 8 on Fe(OH)-containing
minerals.
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1. Introduction

The contribution of geomatics associated with other integrated approaches (geophysics and geochemistry) should be
studied in depth to adopt and develop a multidisciplinary approach for the prospecting of metal deposits (Abdessamad
El Atillah et al 2018). It is in this perspective that remote sensing and its applications play a very important role in
geological prospecting (Abdessamad El Atillah et al 2018). It thus considerably reduces the cost of exploration, by
directing mining research towards favourable regions of a large area, which are sometimes inaccessible (Abdessamad
El Atillah et al, 2018). For several years, remote sensing and airborne geophysical methods have been used to acquire
data on the geological infrastructure of large areas (Rencz, 1999). Thus, multispectral (LANDSAT, ASTER, etc.), and
hyperspectral (HYPERION, AVIRIS, etc.) imaging methods provide homogeneous and georeferenced coverage, of
controlled resolution (quality of measurements, altitude, spacing) in very short acquisition, processing and archiving
times. In the field of geology, the ASTER sensor remains one of the most widely used Earth observation satellites
(Abdessamad El Atillah et al 2018). This sensor provides detailed information on the mineralogy and geochemistry of
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rocks on the Earth's surface (Abdessamad El Atillah et al 2018). As part of this work, we use geomatics to direct our
research towards areas potentially rich in iron ore. It will offer the opportunity to confirm field observations on geology
and will also be a decision-making tool that will have the advantage of being economical, fast but above all applicable in
remote and inaccessible areas. It is in this sense that we propose an integrated approach to digital processing of spatial
data to respond to our problem while implementing modern analysis and modeling tools, hence the need for this
bibliographic research. This work allows us to frame this theme in its scientific environment. The general objective of
this work is to highlight the effectiveness of ASTER images in mapping areas with iron mineralization showings of the
Continental Terminal 3 (Ct3) formation, southwestern part of the lullemmeden basin in Niger (Arewa region).
Specifically, these are areas with major indices of iron oxides and hydroxides (Fe203 - Fe (OH)2) and goethite Fe (OH)3.

2. Situation of the Iullemmeden basin in its West African context

The [ullemmeden Basin (named after the Tuareg confederation of the region) is a vast intracratonic basin in West Africa.
It extends over more than 1000 km long, from north to south and over 800 km wide from east to west (Alzouma, 1994).
Thus located, the ITullemmeden basin communicates to the northwest with the Taoudenni basin via the Strait of Gao
located between the Adrar des Iforas and the Gourma. It communicates to the east with the eastern Niger basin or Chad
basin by the Dadermou threshold. Covering nearly 600,000 km2, the Iullemmeden basin is surrounded by ante-ecbrian
crystalline and crystallophyllian soils represented to the north by the Hoggar, the Adrar des Iforas and the Air, to the
west by the Liptako basement in Burkina Faso and Niger, and to the south by the Benin-Nigerian Shield in Benin, Niger
and Nigeria. The basin of the Iullemmeden includes, in its northern part, the basin of Tamesna, Tim Mersoi, and Tin
Seririne, and in its central part the plains of the Irhazer and Tegama. To the south, the [ullemmeden basin is in continuity
with the Kandi and Sokoto basins (Alzouma, 1994).
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Figure 1 Location map of the [ullemmeden basin and the study area in West Africa (Trompette, 1973; modified).

3. Location of the study area in the context of the Iullemmenden basin in Niger

In the western part of Niger, the Terminal Continental Formation represents the last series of fill deposits in the
[ullemmeden basin (Greigert, 1966). Indeed, Greigert (1966) defined three groups within this formation, from the
bottom to the top: The Ader Doutchi siderolithic series (Ct1); the clay-sandy series with lignites (Ct2) and the series of
clayey sandstones of the Middle Niger (Ct3). The Ct3 deposits subject to the present study, consisting of alternating
clayey sandstones and ferruginous oolitic sandstones with indurated levels, lie in major unconformity on
Neoproterozoic deposits and/or on the Paleoproterozoic (or Birimian) basement in the Niamey region (Hamza Mayaki
etal, 2017; Ousmane et al,, 2020).
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Figure 2 Location of the Niger on the map of Africa; B: Geology of the lullemmenden Basin (Greigert et Pougnet,
1965).

4. Material and methods

4.1. . Equipment

As part of his work, ASTER multispectral images were used for the mapping of iron ore-rich areas of metallogenic
interest of the Terminal Continental 3 (Ct3) formation of the Arewa region.

«» ASTER Data

The ASTER image used in this study is a AST_L1T with total absence of clouds. Acquired on December 9, 2023, it has
been corrected, atmospheric effects and geometric distortions related to the sensor. The Aster image plays an important
role in lithological discrimination. Table 1 gives a clear idea of the use of Aster strips for mineral exploration.

Table 1 The different applications of ASTER images (Hamzaoui, 2005).

Bande (Aster) Resolutions Assemblage and alteration minerals

1,2,3 15m Hématite, jarosite, goethite, ferrihydrite

5(2.145 - 2.185 pm) 30 m Kaolinite, dickite, alunite, zunyite, topaz, jarosite,
Pyrophyllite

6 (2.185-2.225 um) 30 m Illite, muscovite, smectite, jarosite

7 (2.235 - 2.285 um) 30m Chlorite, amphiboles, biotite, épidote, nontronite,

jarosite, dolomite, serpentine, tourmaline

8(2.295 - 2.365 um) 30 m Carbonates, serpentines, nontronite, saponite,

chlorite,amphiboles, biotite, épidote, tourmaline

9 (2.36 - 2.43 pm) 30 m Chlorite, amphiboles, biotite, épidote, tourmaline

nontronite, saponite
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Mid-infrared and thermal infrared (Figure 3). The spatial resolution varies with wavelength: 15 m in the visible and
near-infrared (VNIR-Visible and Near Infrared), 30 m in the mid-infrared (SWIR-Short Wave Infrared) and 90 m in the
thermal infrared (TIR-Thermal Infrared).
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Figure 3 Location of the 14 spectral bands of ASTER and on the atmospheric transmittance spectrum.

4.2. Methodological approach
In the framework of this study, the following methodological approach has been adapted :

ASTER Image

Tape Report CPA

3/2 43 112 21 CP1 CP2 CP3
CP4 CP5 CP6
CP7 CP8 CP9

l

Lithological discrimination of iron

Figure 4 Methodology approach

5. Result

5.1. Principal Component Analysis (PCA)

The processing of the Aster image by Principal Component Analysis (PCA) allowed us to obtain nine (09) main
components denoted CP1 to CP9, the results of which are presented in the table and figure below.
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Figure 5 CPA result

Table 2 Eigenvector matrix from principal component analysis

Bandl |Band2 |Band3 (Band4 |Band5 |Bandé (Band7 |Band8 |Band9
CP1 0749 -0,171) 02698 -0,1004| -0,1262] 0,259 -0,512| -0,044 0931
cP2 -0,167| -04348 -0418| -0,1018| 10,1809 -0,1254 0,048 -0,525 10,1334
cP3 0,2433| 09355 -0,1621 0,1746| 02463 -0,81 -0,1427| -066| 0,207
CP4 0,282 -0,066| -0,2957{ 10,3267 -0,036] 0,229 0521| -0,667 0,1685
CP5 -0,3082| 0439 01747) -0,1801 -0,1479| 0,597 011636 0,681 0,1105
CP6 01304 0,929 -0,2978] -0,404| 02359 -0,2037| -0,1495| -0,295 10,2559
cP7 0,76 -0,396 04377( -0451| -0,1366| -0,228 -0,099| -0,814 01471
CP8 -0,3092| 06665 0,2043| -0,892| -0,2093| 01759 -0,165| 10,0347 0,264
CP9 -0,1887| -0,066| 0,2074| -0,1113| -0,55 0555 0576 -0,375 -0,0036

The analysis of its results of the nine (09) main components allows us to distinguish two predominant colors, the light
color and the dark color. According to Velosky et al., 2003, the contributions of Aster bands 1, 2 and 4 in CP3 predict the
presence of iron oxide distinguished by bright pixels because iron oxide has minimal reflectance in the visible range
(Aster bands 1 and 2) and high reflectance in the near-infrared (band 4). The main components CP1, CP2, CP7 have the
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same characteristics as the main component CP3. On the latter, a concentration of bright pixels can be observed at the
outcrops of the terminal continental 3 of the study area.
5.2 Aster band ratios and indices
This method is based on the ratio of the bands. To highlight the lithological characteristics of the Iron, the ratios of Band

3 /Band 2,Band 2 / Band 1 / Band 1 were applied to the ASTER image of the study area, the result obtained following
the processing of the images is presented in the figure below.

Figure 6 Results of the band ratios on the ASTER A image: 3/2; B:3/4;C:1/2; D: 2/1

Rowan et al (2005) and El Qayedi et al (2006) used the ratio (Band 1 / Band 2) for the detection of ferrous iron (Fe2+).
This ratio was applied to the ASTER image of the study area after masking the vegetation to eliminate its absorption
effect in band 2. The ratio (Band 2 / Band 1) was used by Rowan et al (2003) to show the pixel distribution with intense
absorption of ferric iron (Fe3+). Rouskov et al, (2005) used the ratio (Band 4/ Band 3), (also mentioned by Kalinowski
et al, (2004)), to map the iron distribution, the use of this ratio (Band 2 / Band 1 and Band 1 / Band 2) on the ASTER
image of the study area shows high concentrations of iron oxides and hydroxides at the top of the Ct3 outcrops in this
part of the Arewa region.
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Figure 7 Results of the band ratios on the ASTER image (1/2 -2/1)

The RGB color composition of the 2:1 band ratios; 4+6/5; 3/2 (Figure 8), presents the outcrops of Ct3 by pixels in dark
blue, these zones coincide perfectly with the tops of its outcrops of Ct3 occupied by a ferruginous armour, showing signs
of iron mineralization.

Figure 8 the RGB color composition of the 2:1 band ratios; 4+6/5 ; 3/2.

In the Iullemmeden and Kandi basins, the plateaus and mounds of the Terminal Continental frequently have a
ferruginous armour at their summits with a mostly oolitic structure (Kamal, 2020). This tabular armoured level has
been generally considered to be a particular aspect of laterite (Tessier, 1954). Various observations and studies,
particularly microscopic studies, show that these are deposits of syngenetic ferruginous ooliths, probably of lacustrine
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origin, which must be clearly dissociated from the true laterites proper (Tessier, 1954). This area, characterized by a
steep slope, is less conducive to vegetation growth, resulting in improved reflectance of the rocks. Figure (9) shows the
different facies observed according to the south-north synoptic section. The latter shows the top of Ct3 in the study area
is occupied by a more or less oolitic ferruginous armour. These observations are in agreement with Aster satellite data
which distinguish the top of the Ct3 outcrops with clear pixels attributed to some authors to the presence of iron oxides
and iron hydroxides.

Oolitic sandstone cuirasses ferruginous g :
plants consisting of nodues of iron oxide

Ferruginous oodliic sandstones with
Temite tubing

Ferruginous oolitic sandstones with
Termite tubing

e ) < .
Ferruginous oolitic sandstone pebbles
with a clay-ferruginous matrix
Legend
- = Oolitic Cuirasses
- —_+|Clayey sandstone :
= .—=|“ayey ferruginous
- - o 0 | Nodule conglomerate
——_|Kaolinic Clay g fen-uginous

NB: Scale not respected

Figure 9 Synoptic section of the study area in the south-north direction

6. Conclusion

The study found that Band Reports, Band Indices and Principal Component Analysis (PCA) applied to ASTERS images
have made it possible to detect and map anomalies related to the presence of iron in the Continental Terminal 3
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formation of the Arewa region. The results obtained were effective and in line with the real conditions on the ground.
These very interesting results have helped to complement the work carried out in the field.
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