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ABSTRACT: The main objective of this work is to characterize the alteration profile of the ferrugenization
(iron oxide) and kaolinization (aluminium silicates) types in relation to uranium mineralization through the
analysis of TM mapper data. The ferric iron index and the acidity index calculus were used respectively.
These two indexes applied to the alteration profile made it possible to draw pertinent conclusions.  

Concerning the discrimination of the different compounds of iron, it is necessary to note the similarity of  
the theoretical spectral signatures of the goethites with regard to the spectral curves of the samples to the level 
of contact basement-cover. However, the cartography of kaolinization is not perceptible by the acidity index. 
For that, a  multidate approach of our TM data (Spring or Summer) would be desirable, when the parameters 
of humidity, sun elevation and sun azimuth should be taken into account 

1 INTRODUCTION

The main focus of our study is at the tactical level. 
The steps followed for the geologic cartography of 
the alteration profile in relation with the uranium 
mineralization are based on the calculation of two 
indices, which are the iron index and the acidity 
index.

2 METHODOLOGY

To show up the alteration which is related to  
uranium mineralization, two indices, the iron index 
and the acidity index allow this. The methodology is 
based on the calculation of these indices derived 
from different operations on satellite data imagery. 

2.1 Alteration profile by band ratios 

The results of studies made over 200 spectres at high 
spectral resolution, acquired on varied rocky terrain 
in arid regions, have permitted to show two spectral 
signatures in the band 0.5 to 0.9 µm. The one of 
ferric iron and the other of rocks having of an 
acid/basic character. These spectral signatures were 
indicated by indices for the SPOT and T.M. bands 
concerning our study. 

However, after statistical data processing for a 
correlation between the spectral data and the global 
chemical composition of the rocks, Cervelle et al.,
1988, propose two relatively reliable correlations 
and this using the medium reflectances of the rocky 
surfaces, simulated for the SPOT XS spectral bands 
which were extrapolated for our TM data. 

Figure 1. definition of alteration profile by ratio type 
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Figure 1 defines the alteration profile form by a 
type of ratio allowing thus its characterization. The 
low tonality values (black colour) show clearly its 
extension.

2.2 Revealing alterations in relation to 
mineralization by means of radiometric indices 

The ferric iron index calculation well related to the 
iron content (figure 2) and the acidity index (figure 
3), which is the optic translation of the geochemical 
content of the rich rocks in clear mineral and 
essentially the aluminosilicate, was used re-
spectively in order to discriminate between the rich 
iron alteration and those having the higher content of 
kaolinite, related with Uranium mineralization 
(Hallalouche, D.,1995) . These two indices were 
defined by Cervelle et al., 1988. The iron index is 
expressed by equation (1): 

F3tm = (tm3-tm2)/(tm3-tm4)  (1) 

Figure 2. The application of the iron Index to the alteration 

profile 

Wheareas the acidity index Atm is calculated by 
the relation : 

Atm = (tm2+tm3+tm4)/100  (2) 

Figure 3. The application of the Acidity Index to the alteration 
profile 

The acidity index thus calculated does not give 
remarkable results, but then, its crossing with the 
iron index and raw band of TM 7 gives good results. 
Figure 4 is the result of crossing pictures between 
the two indices F3tm , Atm and raw band TM 7. The 
yellow hues, orange and red express zonation in 
relation with iron content oxides in the North East of 
sedimentary basin of  Tin-Seririne: Tahaggart ( Mo-
kaddem, M., 1980). 

Figure 4. A Coloured Composition RGB: Iron index, Acidity 
index and TM7  (Improvement of colour nuances) 
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2.3 Spectral estimation of alteration profile 
Definition of iron mineral 

Figure 5. The relationship between the sample spectral 
response and the different theoretical curves 

On figure 5 we can show the relationship between 
the sample spectral response that is collected in the 
alteration profile and its name of the iron mineral 
such as hematite or goethite. So the analysis of the 
different theoretical curves traced on the graph and 
their comparison with the sample curve lead us to 
conclude  that the iron mineral is the goethite. These 
theoretical curves had been defined at the ENVI-
JPL- spectral library. 

3 CONCLUSION 

By this study, we try to demonstrate by using dif-

ferent ratio types or equations, the relationship 

which exists between the mineral element of iron 

and its liaison with uranium mineralization.  
At a tactical level of mineral prospection, the 

characterization by TM data of the alteration profile 
of ferrugenization and kaolinization linked to 
uranium mineralization gives some favourable and 
pertinent results. 

Concerning the discrimination of the different 
iron compounds, it is necessary to note the con-
formity or the similarity of the theoretical spectral 
signatures of goethite with regard to those spectral 
curves of the samples to the level of contact of 
basement-cover.  

However, the cartography of kaolinization is not 
discerned by the acidity index. For that, a multidate 
approach of our TM data in spring or summer would 
be desirable, when the parameters of humidity, sun 
elevation and sun azimuth should be taken into 
account.

Finally, it is necessary to note that the adequacy 
of remote sensing for different geological studies 
depends on the spectral, spatial and textural 
specificities of the facies being studied. The effi-
ciency of remote sensing in geologic cartography is 
a function not only of the choice of bands, but also 
of the quality of the outcrops, of their environment 
and the parameters of acquisition of the scene. 
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