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Advanced Spaceborne Thermal Emission and Reflection Radiometer imagery and
airborne radiometric data were integrated in order to map hydrothermal alteration zones
associated Igarra Schist Belt, Nigeria. Band rationing (BR) and False colour composite
(FCC) image processing techniques were performed on the ASTER imagery to map
alteration minerals while, F-parameter and K-deviation methods were applied on the
airborne radiometric data tin mapping diagnostic hydrothermal alteration zones
associated with mineralization. The Advanced Spaceborne Thermal Emission and
Reflection Radiometer imagery data mapped phyllic, argillic, propylitic, ferric oxides,
ferrous oxides, and gossans alteration minerals in the VNIR and SWIR bands of the
Advanced Spaceborne Thermal Emission and Reflection Radiometer system. While the
F-parameter and K-deviation methods performed on the radiometric data indicated
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potassium (K) alteration zones varying from 0.0 — 0.4 and -1.0 — 2.3, respectively.

1. Introduction

Hydrothermal alteration has been recognized as a significant
"mineralization system" in primary mineral deposits globally
in various geological environments, including the study area
(Di Tommaso and Rubinstein, 2007; Maden and Akaryali,
2015; Sanusi and Amigun, 2020).

Obaje (2009) recognized various hydrothermal alteration
processes such as silica metasomatism, argillic alteration, and
chloritic (propylitic) alteration and fluorization. The granites
and meta-sedimentary rocks, which are common in the
research area, have been discovered to be altered by
hydrothermal processes. Mineral exploration has benefitted
from the use of satellite imagery data for mapping lithological
differences in rocks (Sabins, 1999) as well as for mapping
different alteration zones related to mineral deposits (Gabr et
al., 2021).
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Through the analysis of the reflectance patterns of various
wavelengths of satellite images, geologists can distinguish
between the different lithologic units, and alteration zones
which aids mineral exploration. Similarly, remote sensing is
instrumental in mapping alteration zones, which are
indicative of mineralization potential. Alteration minerals
often exhibit distinctive spectral features that can be detected
using specialized sensors such as Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER);
Landsat, etc., allowing for the identification of mineralized
zones associated with hydrothermal alteration (Sabins, 1999;
Gad and Kusky 2006; Qiu et al., 2006; Amer et al., 2010;
Gabr et al., 2010; Abu El-Magd et al., 2015; Emam et al.,
2016). Presently, remote sensing methods are considered a
vital tool for appraising areas with mineral potential. Both
satellite and airborne sensors have always provided useful
information especially when integrated with other
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exploration techniques such as radiometric (Frassy et al.,
2015). Alteration zones represent the overflow of the deep
mineralized bodies and represent the zones in which the
hydrothermal fluids migrated and deposited their mineralized
fluids (Pour and Hashim, 2015; Zoheir et al., 2019).
Hydrothermal alteration is an important index in the mineral
exploration which involves the introduction of hydrothermal
fluids containing chemical composition complexes depending
on the rock and fluid ratio (Rushmer, 1991; Robb, 2005). It is

subsequently followed by the reworking and remobilization
of mineral deposits through assimilation in country rocks
under favorable temperature and pressure conditions
(Akinlalu, 2023). This in turn causes changes in both the
chemical composition and mineralogy of rocks (Phillips and
Powell, 2010; McCauig and Hronsky, 2014). This then
permits the mapping of anomalous changes in rocks caused
by hydrothermal alteration using geophysical methods
(Sanusi and Amigun, 2020).

EXPLANATIONS
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Fig. 1. Dahomey Basin is shown on a regional Gulf of Guinea map in respect to other basins (Adapted from Brownfield et al., 2006)

The mapping of hydrothermal alteration zones can thus be
accomplished with the integration of both radiometric and
satellite (ASTER) Imagery (Eleraki et al., 2017; Sanusi and
Amigun, 2020). However, the radiometric approach offers the
most detailed on the discovery and identification of alteration
minerals that are indicators for mapping hydrothermal
alteration zones (Maden and Akaryali, 2015; Eleraki et al.,
2017). This is because direct identification of potassium
enriched zones through potassic alteration, genetically linked
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to gold mineralization can be delineated easily through the
distribution of radioelements like Potassium (K), Thorium
(Th) and Uranium (U) (Graham and Bonham-Carter, 1993;
Grasty and Shives, 1997; Wilford et al., 1997; Ford et al.,
2000; Abd El Nabi, 2013; Eleraki et al., 2017; Sanusi and
Amigun, 2020; Olomo et al., 2022).

The radioelement contents of geological units that are
undergoing deformation can alter in a variety of ways due to
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hydrothermal processes (Eleraki et al., 2017). Radiometric
methods are useful for mapping potassic alteration, which is
a significant aspect of hydrothermal alteration (Akinlalu,
2023). Other important alterations like argillic, propylitic,
iron oxides, gossans, and phyllic alteration that are also
genetically linked to mineralization are mapped through
ASTER (Andogma et al., 2020; Forson et al., 2022).

Hence, the integration of ASTER satellite imagery and
airborne radiometric data to enhance both the accuracy and
efficiency in mapping hydrothermal alteration zones. The
current study focuses on mapping promising areas of
mineralization (hydrothermal alteration) zones in the ISB,
Nigeria, fusing airborne radiometric data and ASTER
imagery.
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Fig. 2. (A) F-parameter and (B) K-ideal maps

2. Geologic and Tectonic Settings

The research location is situated within the Igarra Schist Belt
(ISB) underlain by rock units of the migmatite-gneiss complex
(MGQC), Pan African Granitoids (PAG), and the low-grade
metasediments (LGM), (Odeyemi, 1976; 1988), (Fig. 1). The
ISB occurs as N-S trending zone of low to medium grade
metasediments such as phyllite, semi-pelitic to pelitic schist,
metagreywacke, meta-conglomerate, quartzite and basic to
ultrabasic metavolcanics (Fig. 1), (Rahaman, 1988; McCurry,
1989; Annor, 1998).

Boesse and Ocan (1992) reported that the belt has been
affected by at least two phases of orogeny (deformation): the
first phase (D1) produced tight to isoclinal folds with north-
southerly direction while the second phase (D2) is
characterized by more open folds of variable style with large
vertical NNE-SSW trending fault. Geological features such as
folds and faults are common in the metasedimentary rocks
and intruded by mainly quartz veins inclined in the northeast
to southwest direction (Fig. 1). The rock units coupled with
the quartzites appear as lenses of bands in the undifferentiated
schists which dominate the region.

222

Most parts of the study area are underlain by the
metasediments, which presumably overlies the older MGC,
possibly of Liberian age (Odeyemi, 1976).

While the southern part of the study region consists of
sedimentary rock units comprising sandstone, coal and shale,
shale and mudstone (Fig. 1). The ISB have the prospect of
hosting mineralization this is due to the fact that the schist
belt is similar to the gold bearing schist belts in Northern
Nigeria (Woakes et al., 1978; Adekoya, 1978; Garba, 2002).

3. Materials and Methods

3.1. Materials

The materials used in this study comprises ASTER imagery
data, and airborne radiometric data. The ASTER imagery
data was acquired from the United States Geological Survey
(USGS) agency earth explorer website, processed and
interpreted using ArcGIS 10.8 and ENVI 5.3 software
programs. While the airborne radiometric data was acquired
from the Nigerian Geological Survey Agency (NGSA),
processed and interpreted using Geosoft Oasis Montaj
software.
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3.2. Methodology

3.2.1. ASTER Imagery Data

One of the ASTER level-1B ITT Visual Information
Solutions' ENVI 5.3 (ENVI) image processing and analysis
software and Environmental Systems Research Institute's
ArcGIS 10.8 were utilized in order to process the cloud-free
data that was collected on December 15, 2021. The data
collected covered the whole study region. Based on the solar
zenith angle, satellite view angle, and relative azimuth angle
between the satellite and sun image parameters, the ASTER
images were translated from a sensor radiance to the top of
the atmospheric reflectance. This transformation was
accomplished with the help of the calibration utilities
provided by ENVI. According to Laben (2000), the Gram-

Schmidt Pan-Sharpening method was utilized to combine the
ASTER VNIR images, which had a pixel size of 15 meters,
with the six band SWIR image, which had a pixel size of 30
meters, in order to improve the spatial features. A nine-band
ASTER image with a resolution size of 15 meters was
produced by stacking the fused SWIR image with the VNIR
image. This image includes both the VNIR and SWIR bands
from the original image. Contemporary studies of Pour and
Hashim (2015), Rajendran et al. (2013), Di Tommaso and
Rubinstein (2007) and Salem et al. (2013) utilized the VNIR-
SWIR spectral bands of ASTER with image processing
techniques such as band ratios (BR) and False Colour
Composite (FCC) in delineating lithology, hydrothermally
altered zones, and mineralized zones.

Fig. 3. VNIR-SWIR FCC image indicating argillic-phyllic and propylitic alterations in red-pink (amethystine) and green tones

3.2.2. Airborne Radiometric Data

The radiometric survey that was carried out by Fugro
Airborne survey between 2002 and 2009 with 512-channel
gamma-ray spectrometers (with crystals measuring 2 inches
by 2 inches). The single-band percentage potassium (% K),
equivalent thorium and uranium (eTh and eU) pseudo colour
images derived from the radiometric data were used to map
lithology (Wilford, 1997).

The single-band % K, eTh, and eU pseudo colour images
were used for interpretation because they indicate areas
where a particular radio-element can be directly correlated
with the geochemical properties of the surface lithology and
regolith (Chisambi et al., 2021). In order to map and
differentiate  potassic alteration zones induced by
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hydrothermal alteration from areas of K-enrichment caused
by other processes such as weathering and leaching (Abd El-
Nabi, 2013; Akinlalu, 2023), the mathematical expression
(equation 1) known as the F-parameter, established by
Efimov (1978), was employed for this task (Equation I).

| F=K*eU/eTh =K/eTh/eU = eU/eTh/K [ (D) |
The F-parameter, which was created by Efimov (1978), is an
important marker of hydrothermal alteration in rocks
(Maden and Akaryali, 2015). This is because it is a reflection
of the ratio of €Th to eU as well as the concentration of %K.
According to Eleraki et al. (2017), locations with a high
anomaly factor are considered to have been hydrothermally
altered. Additionally, the potassium deviation (Kd),
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mathematical expression (Equation 2) introduced by Saunders
et al. (1987), has been proven to be appropriate and
diagnostic in identifying hydrothermal alteration zones
linked with mineralization (Akinlalu, 2023) was also used in
mapping hydrothermal alteration zones.
Kn = (Kavg/ Thavg)*m (2)
4. Results and Discussion
4.1. Airborne Radiometric Data
4.1.2. Potassium Alteration Anomaly (Kd) and F-Parameter Maps
In order to map hydrothermally altered zones associated with
K-enrichment diagnostically, mathematical combinations:
Kd and F-parameter proposed by Saunders et al. (1987) and
Efimov (1978) respectively were combined to produce
abundance ratios which are diagnostic of alterations in rocks
(Erdi-Krausz et al., 2003; De Quadros et al., 2003; Eleraki et
al., 2017). The Kd map (Fig. 2A) depicts diverge distribution
of K that isolates hydrothermally altered areas with
anomalously high Kd values regarded as hydrothermally
altered areas (Eleraki et al., 2017). The Kd map is a true
method for identifying hydrothermally altered areas since it
is able to delineate areas that are likely to have been affected
by hydrothermal processes. The Kd map illustrated in Fig.
2A, has anomaly values that range from -1.0 to 2.3%. The
hydrothermally altered regions are identified by the presence
of high Kd anomalies, which manifest themselves as large
irregular concentric halos at the central, southwestern, and
elongated strips and patches on the northern flanks. The
anomaly values in these regions range from 0.9 to 2.3%.

Additionally, anomaly values ranging from 0.0 to 0.4 is
indicated on the F-parameter map (Fig. 2B). In addition to
isolated patches of occurrences in the map's edges, these
anomalous zones can be found on the middle and western
flanks of the map (Fig. 2B). Also, the presence of porphyritic
granite, granite gneiss, and migmatite gneiss coincides with
the presence of these anomalously high areas. Anomaly
expressions are also observed on the schistose rocks due to
their close proximity to the granitoids. Generally, it is
observed that potassic alteration and sericitization which are
important in mineralization, has major occurrence on the
granitoids, thereby making areas proximal to them to be
hydrothermally altered (Grasty and Shives, 1997).

4.2. ASTER Imagery Data

4.2.1. FCC

FCC was applied to identify alteration minerals. The creation
of false color composite is based on known spectral properties
of rocks and alteration minerals in relation to the selected
spectral bands (Fakhari et al., 2019). Rocks that have
undergone argillic and phyllic alteration as well as propylitic
and carbonate alteration may be distinguished using different
colors of ASTER bands 468 in RGB (red, green and blue)
(Ali-mohammadi et al., 2015; Di Tommaso and Rubinstein,
2007). Examination of the FCC image (Fig. 3) depicts argillic
and phyllic altered rocks (muscovite and sericite) in reddish
to pink (amethystine) tones, propylitic alteration (chlorite
and epidote) in green tones as a result of the absorption of Al-
OH (centred at ASTER band 6) and Fe-, Mg-O-H (at ASTER
band 8) absorption features respectively.
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Fig. 4. (A) ASTER VNIR-SWIR BR of phyllic, argillic, propylitic, and iron oxides alterations; and (B) Iron oxides in red, non-mineralized rocks in green,

mineralized rocks in pink/purple colours
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4.2.2. Band Rationing (BR)

In lithologic and alteration mapping, the band ratio (BR)
method is frequently used to improve the spectral differences
between bands that can be built based on the spectral features
of the rocks and minerals (Jiang et al., 2014; Nair and
Mathew, 2012; Rowan et al., 2006). The band ratio
combinations of 4/6, 5/8, and 2/1 were selected on the basis
of the reflectance spectra obtained from JPL (Fig. 4A) in
order to enhance, respectively, the phyllic-and-argillic-altered
rocks (muscovite and kaolinite with Al-OH absorption), the
propylitic-altered rocks (chlorite, epidote, and carbonates),
and the iron oxides. The examination of Fig. 4A reveals that
rocks with phyllic and argillic changed properties (muscovite
and kaolinite with Al-OH absorption) are colored in red tones
by using B4/B6, rocks with propylitic altered properties
(chlorite, epidote, and carbonates) are colored in yellow tones
by using B5/B8, and iron oxides are colored in blue tones by
using B2/B1.

Better separation of the mineralized portions of the alteration
zones was achieved using the following ASTER bands; (4/8,
4/2, and 8/9 in RGB respectively) (Fig. 4B). To improve the
reaction of the iron oxides (Fig. 4B) in the changed
mineralized rocks, the BR 4/8 was adopted and to further
distinguish the altered mineralized rocks from both altered
non-mineralized and unaltered rocks, BR 4/2 was adopted
while, BR 8/9 was used for improved contrast. Further
examination of Figure 4B depicts BR 4/8 (iron oxides) in red,
BR 4/2 (altered non-mineralized and the unaltered rocks) in
green, and BR 8/9 (improved contrast) in blue, mineralized
parts of the alteration zones in pink and purple tones.

4.2.3. Simple Band Ratio

Depending on the spectral properties of alteration minerals, a
change in the abundance of an alteration mineral in an altered
rock would result in a modest change in the reflectance value
for both altered and unaltered rocks, Sabins (1997). Altered
rocks exhibit increased red reflectance in the visible spectrum
due to the iron enrichment of the rock, whereas the unaltered
rocks show lower reflectance in band 7 than band 5. Figure 5
(A, B and C) depicts regions of mineralized altered rocks with
high iron oxide (ferric and ferrous iron) content using the
rationing of B2/B1 and B5/B3 + B1/B2 proposed by (Rowan
et al., 2013) which is suitable for the mapping of iron oxides
alteration which have the potential to host mineral deposits,
and in the identification of alteration minerals and regolith
occurring as gossans. Band ratio (B4/B2) for the mapping of
gossans modified after Volesky et al., (2003) was used.
Gossans can be utilized as hints to the presence of
underground ore deposits since they are created by the
oxidation of the sulphide minerals in an ore deposit,
especially if characteristic box works are present. Fig. 5A-C,
depicts ferric iron and ferrous iron alterations in red, yellow
and blue coloration as high, moderate and low alterations
respectively. While gossans alteration (Fig. 5C) is depicted in
white, dark-blue and black coloration as high, moderate and
low alterations respectively.

5. Conclusion
The airborne gamma ray spectrometric delineated
hydrothermal alteration zones of the study region. The results
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airborne gamma ray spectrometric data indicated
hydrothermally altered areas that are associated with the
granites and schistose rock units in the study region. While
the ASTER data in the VNIR and SWIR bands mapped
phyllic, argillic, propylitic, iron oxides and gossans alteration
zones in the study region.

6. Recommendation

Rock geochemical survey analysis should be conducted to
confirm the alteration minerals revealed in the alteration
zones indicated by the ASTER imagery and airborne
radiometric data.
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