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1. Introduction 
The search for gold deposit anywhere in the world is either 
directed at sedimentary environment or basement complex 
region within faulted zones, dyke or major veins/rock 
boundaries, joints and many atimes as products of highly 
weathered geologic material that are subsequently eroded 
into streams, rivers and are often describe as 
alluvia/alluvium deposits (Ilugbo et al., 2020; Bawallah et 
al., 2019; Ozegin et al., 2019a; Ozegin et al., 2019b; Akinlalu 
et al., 2018; Ilugbo et al., 2018; Olomo et al., 2018). 
Therefore, gold deposits are located either along faulted 
zones, veins/joints or highly weathered basement or 

sedimentary geologic materials which may be products of 
volcanic activities, metamorphism or products of 
sedimentary processes leading to development of gold 
bearing formations or a stage of supergene mineralization 
arising from many years of weathering activities (Guo et al., 
1999; Sultan et al., 2009; Liu et al., 2006).  
 
The Minna gold deposit like most other deposit in Nigeria 
are products of tectonic activities resulting into basement 
rock formations (Figs. 1 and 2), leading to high degree of 
weathering and are found mainly along schist veins that has 
undergone high degree of weathering resulting into clayey 
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Geophysical evaluation of gold mineralization potential within Minna has been carried out 
using three principal techniques namely; dipole-dipole, lateral horizontal profiling of a = 5, 
10, 15 and 20 m as well as Vertical Electrical Sounding. This approach displays structural 
evaluation of lateral extent of the gold mineralization layer setting as well as layer 
stratification. Total longitudinal conductance was used as one of the major factors due to lack 
of chargeability equipment to determine the nature and mode of occurrence of the gold 
deposits. The gold deposits was found within highly weathered schist material which has been 
completely weathered into clay, and its presence within clayey horizon been responsible for 
high total longitudinal conductance within the region of its occurrence in contrast with areas 
of very little or non-gold mineralization The study further reveals that the Minna gold deposit 
are of shallow horizon in nature which exist between 0.8 m to less than 5 m in most cases. 
Due to shallow depth of penetration, they are easily eroded along the surrounding stream and 
river; hence, the investigated area could be categorized as alluvia deposits.  
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formation and hence, the bulk of the gold deposits in Minna 
environment are found mainly within the schist veins 
formation, especially those that has undergone a high degree 
of weathering that has result into clay; which is closely 
related with the mode and occurrence of Ilesha gold deposit. 
The preliminary studies of Minna gold deposit have been 
found to exist mainly within the highly weathered schist 
formation (clayey formation). Hence, a geophysical principle 
base on Electrical Resistivity contrast has been adopted for 
the evaluation of gold deposit and identification of 
mineralized zone/gold bearing formation along River 
Chanchaga, Minna schist environment. 

 
 
 

 
 

Fig. 1. Local miners at work within the study location 
 
 
 

2. Site Description and Geology of the Study Area  
The study area, which covers an area of about 8 square 
kilometres, is part of Chanchaga Local Government Area of 
Niger State, North-central Nigeria. It is located between 
latitudes 9°31'18'' to 9° 34'39''N and longitudes 6°33'25'' to 
6°35'10''E (Fig. 3). The study area is accessible through the 
Minna – Paiko road and other unpaved roads that network 
movement in and out of the city. The relief of the study area 
is relatively flat and rocky at the river channel drained by 
River Chanchaga. Chanchaga area falls within the Guinea 
Savanna Belt, it is covered with grassland which is basically 
used for agricultural purposes. The area is also characterized 
by two climatic seasons, each season lasting for about six 

months, the total annual rainfall of the area is between 1200 
mm in the north to 1600 mm in the south, the dry season 
begins in November and usually ends in March, the dry 
season is characterized by the N – E trade wind that blows 
across the Sahara Desert (Ajibade et al., 2008).  

 
 
 

 
 

Fig. 2. Local miners at work within the study location 
 
 
 

Minna is underlain by rocks belonging to the Basement 
Complex system of Nigeria, these comprises the migmatite-
gneisscomplex, the Older Granite and schist belt. The 
migmatite-gneiss complex is composed of migmatites of 
various structures and composition but predominantly with 
tonalitic or amphibolitic paleosome and granitic, pegmatitic 
or apliticleucosme. The Older Granite comprises rocks 
whose texture varies from medium-grained to coarsely-
porphyritic; and composition varies from granite to tonalite 
(Grant, 1978), they form rugged topography and inselbergs. 
Grant (1978) identified four generations of structures for 
Kushaka and Birnin Gwari Schist Formation and the 
Zungeru Mylonite (Ajibade et al., 1987). The field relation 
shows that the schist belts are intruded and separated by the 
rocks of migmatite-gneiss complex and granitic rocks 
(Ajibade et al., 1987). Chanchaga area consists pre-
dominantly of granite and schist (Alabi, 2011), the granitic 
unit outcropped in the central and northern parts of the area 
while the schist is confined to the southern part (Fig. 4). 
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Fig. 3. Location map of the study area 
 
 
 

 
 

Fig. 3. Geological map of the study area 
 
 
 

3. Research Methodology 
In this study, three electrical resistivity techniques were used, 
viz; Vertical Electrical Sounding (VES), 2-D Electrical 
Resistivity Tomography (ERT) and Horizontal Profiling 

(HP) with the corresponding configurations, been of 
Schlumberger, Dipole-Dipole and Wenner electrode arrays 
respectively (Fig. 5). Fifteen (15) sounding stations were 
occupied along the three traverses, and the current electrode 
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spacing (AB/2) was varied from 1 to 100 m. To process the 
electrical resistivity data, the apparent resistivity values were 
plotted against the electrode spread (AB/2). This was 
subsequently interpreted quantitatively using the partial 
curve matching method and computer-assisted 1-D forward 
modeling with WinResist 1.0 version software. The results 
from the VES interpretation were used to determined second 
order parameters such as the total longitudinal conductance 
(s). The dipole-dipole data were inverted using 2-D 
subsurface images using the DIPPRO™ 4.0 inversion 
software. The inter-electrode spacing of 5 m was adopted 
while inter-dipole expansion factor (n) was varied from 1 to 
5. Lateral Resistivity Profiling (LRP) techniques was taken at 
a = 5, 10, 15, and 20 m which give useful information on the 
nature and trends of the sub-surface and structural trends and 
the data obtained were inverted using 2-D subsurface images 
using the Resis2D software. Resistivity values were obtained 
by taking readings using the Omega resistivity meter. The 
results from the three techniques were integrated together to 
evaluate the existence and occurrence of gold mineralization 
potential. 

 
 
 

 
 

Fig. 5. Data Acquisition Map of the study area 
 
 
 

4. Results and Discussion 
4.1. Dipole-Dipole Psedosection 
4.1.1. Dipole-Dipole Psedosection along Traverse One 
Fig. 6 shows the 2D resistivity imaging of the study location 
on traverse one taken along East to West direction. The 
information obtained revealed that the gold mineralization 
along this location is of near surface occurrence concentrated 
mainly within a distance between 20-35 m along the profile 
to a depth extent of 3 m, this may be partially accountable for 

its exploitation through manual efforts. Furthermore, 
distance between 40-50 m was also observed as a major weak 
zone that host the presence of gold mineralization deposit. 

 
 
 

 
 

Fig. 6. Dipole-Dipole Psedosection along Traverse One 
 
 
 

4.1.2. Dipole-Dipole Psedosection along Traverse Two 
Fig. 7 displays 2D resistivity imaging which further classified 
the gold mineralization of the study area to be that of near 
surface occurrence as exhibited between 55-70 m towards the 
western part of the profile and depth extent of about 3 m, and 
with resistivity variations ranging between 20-75 Ωm. 
 
4.1.3. Dipole-Dipole Psedosection along Traverse Three 
Fig. 8 exhibits 2D resistivity imaging along traverse three 
taken along the upper flank of the study area. It was further 
established that the gold mineralization of the study area is 
not massive but shallow occurrence with a depth of about 3 
m, with lateral extent between 50-70 m, and resistivity 
variation ranging from 20-65 Ωm. 
 
4.2. LRP 
4.2.1. LRP along Traverse One 
Fig. 9 displays 2D Wenner Resistivity Imaging with a = 5 m, 
10 m, 15 m and 20 m. it exhibits additional information about 
the structural settings of the gold deposit within the study 
area. The findings from this approach revealed that though 
the gold deposit is of shallow horizon with a depth slightly 
above 6 m while the extent of its occurrence almost covers 
the entire profile. The deposit was concentrated mainly 
between 10 to 45 m along the profile, and with resistivity 
variations ranging between 20-75 Ωm. 
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Fig. 7. Dipole-Dipole Psedosection along Traverse Two 

 
 

Fig. 8. Dipole-Dipole Psedosection along Traverse Three 
 
 
 

 
 

Fig. 9. Lateral Resistivity Profiling along Traverse One 
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Fig. 10. Lateral Resistivity Profiling along Traverse Two 
 
 
 

 
 

Fig. 9. Lateral Resistivity Profiling along Traverse Three 
 
 
 

4.2.2. Lateral Resistivity Profiling along Traverse Two 
Wenner 2D imaging along the profile two (Fig. 10) also 
characterized that gold deposit of the study area is a near 
surface occurrence with resistivity parameters ranging from 
20 to 99.4 Ωm and the depth extent of about 4 m and the 
lateral extent almost covering the entire profile. The deposit 

was concentrated mainly between 35 to 60 m along the 
profile. 
 
4.2.3. Lateral Resistivity Profiling along Traverse Three 
Fig. 11 shows 2D Wenner imaging of profile three within the 
study location. The results obtained from this profile further 



A.O. Oluwakayode et al.   International Journal of Earth Sciences Knowledge and Applications (2021) 3 (3) 289-300

 

295 

 

reveals that the area is characterized by shallow occurring 
gold deposit/mineralization with resistivity parameters 
ranging from 20 to 97.7 Ωm and depth extent of less than 5 
m. The deposit was concentrated mainly between 25 to 60 m 
along the profile. 
 
4.3. Vertical Electrical Sounding 
4.3.1. Geoelectric Section along Traverse One 
Fig. 12 shows the geoelectric section across traverse one 
taking along E-W direction, it was characterized by 
geoelectric layers comprising of the topsoil with layer 
resistivity ranging from 67 to 105 Ωm indicative of clay 
horizon with layer thickness 0.5 to 1.9 m. the second layer is 
also clayey in nature considered as the highly weathered layer 
with layer resistivity of 54-83 Ωm and thickness ranges from 
1.5-3.8 m. It was reveals that the gold mineralization is of 
shallow occurrence and it was hosted by highly weathered 
schist with resistivity response emanating from the 
combination of both gold mineralization and the host rock, 
the highly weathered schist with resistivity values ranging 
from 20-60 Ωm.  
 
Hence, resistivity response above 60 Ωm to a maximum of 80 
Ωm was considered as sparse gold mineralization, whereas, 
the high and sparse area of concentration was found to exist 
within this second layer formation. Underlying this layer is 
partially weathered layer with resistivity values ranging from 
805-845 Ωm with thickness between 3.1-14.6 m while the 
weathered/fractured basement has a resistivity values 
ranging from 75-289 Ωm which is an indicative of gradual 
deformation of the underlying geologic material, arising from 
further weathering processes. 

 
 
 

 
 

Fig. 12. Geoelectric section along Traverse One 
 
 
 

4.3.2. Geoelectric Section along Traverse Two 
Fig. 13 displays the geoelectric section across traverse two 
with four geoelectric units. These comprises of the topsoil 
with resistivity values ranging from 66-125 Ωm with thickness 
varying from 0.8-1.9 m. Underlain by highly weathered layer 
with resistivity values ranging from 50-203 Ωm with thickness 
varying from 0.8-7.3 m. the region within this layer has 

resistivity values ranging from 50-55 Ωm at the western part 
of this layer was considered as the highest concentration/pre-
sence of gold mineralization. This is as a result of the inherent 
nature of the gold occurrence in which the gold concentration 
is hosted within the schist that has been completely 
weathered into clay, and hence, during heavy rainfall 
occasioned by strong erosion being shallow occurring 
mineralization, they are transported down the river channel 
and bed, meanwhile they are sometimes found as alluvial 
deposits.  
 
Furthermore, the third and fourth geoelectric unit along this 
traverse considered as the partially weathered basement and 
fresh basement with resistivity values ranging from 391-1258 
Ωm. 

 
 
 

 
 

Fig. 13. Geoelectric section along Traverse Two 
 
 
 

4.3.3. Geoelectric Section along Traverse Three 
This traverse was also considered along east-west direction 
(Fig. 14) with three to four geoelectric units which comprises 
of topsoil with resistivity values ranging from 58-121 Ωm and 
layer thickness varies from 0.5-2.1 m. the second layer has 
resistivity values ranging from 40-208 Ωm with thickness 
varying from 0.9-7.1 m, the western part of this layer is an 
area of interest with extremely low resistivity arising from the 
inherent nature of the gold mineralization of the study area, 
where the mineral deposit is hosted within the completely 
weathered schist into clay, and both gold presence and the 
highly weathered schist are a controlling factor for the 
extremely low resistivity nature of this region, which could 
have given rise to high chargeability characteristics of gold 
deposit environment in a typical basement complex region 
with the host rock been of metamorphic origin as the case of 
Minna gold deposit found within the highly weathered schist. 
Follow by other layers considered as partially weathered 
basement and fresh basement with resistivity values ranging 
from 410-1330 Ωm. 
 
4.4. Geoelectric Maps 
4.4.1. Overburden Thickness Map 
Fig. 15 displays the overburden thickness map of the study 
area, which can be used to characterize the investigated area 
into three regions. These includes region of high overburden 
thickness with depth to basement ranging from 18-27 m 
which lies within Northeastern part, while moderate 
overburden thickness was observed along the Northeastern, 
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eastern and southeastern parts with depth to the basement 
ranging from 12-17 m. the rest of the investigated area could 
be considered as region of low/shallow overburden thickness 
and this is the region where the presence of gold 
mineralization is highly pronounced and most probably 
account for shallow lying gold mineralization within the 
study location. Hence, the heavy presence of activities of the 
local miners was very prominent within the area (Fig. 16). 

 
 
 

 
 

Fig. 14. Geoelectric section along Traverse Two 
 
 
 

 
 

Fig. 15. Overburden Thickness Map of the study area 
 
 
 

4.4.2. Total Longitudinal Conductance Map 
Fig.17 illustrates the total longitudinal conductance which 
becomes more relevant to the study as a result of the 
depositional environment of the gold deposit within the 
research location, the gold mineralization was observed to be 
domicile within highly weathered schist. Most often of which 
have been completely weathered into clay, so in the absence 
of chargeability equipment to determining chargeability 
parameters which could have been very useful to the study.  

 
 

Fig. 16. Local miners at work within the study location 
 
 
 

 
 

Fig. 17. Total Longitudinal Conductance Map of the study area 
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Total longitudinal conductance also becomes relevant as an 
alternative control factors to explain the degree of weathering 
into clay which is the host geologic material for Minna gold 
deposit. Therefore, it was observed that total longitudinal 
conductance exhibits effective correlation with the 2D dipole-
dipole and lateral horizontal imaging that the gold deposits 

within the area is of shallow/low lying occurrence, and the 
deposit occur within schist veins that have been completely 
weathered into clay. Hence, target zone for any gold 
exploration/exploitation within the investigated location 
should be directed towards the schist veins that have heavily 
weathered into clay and are of shallow horizon. 

 
 
 

 
 

Fig. 18. Correlation of 2D Dipole-Dipole Pseudosection, 2D Lateral Resistivity Imaging and Geoelectric Section along Traverse One 
 
 
 

4.5. Correlation of Results  
4.5.1. Traverse one 
The three approaches that were considered for this study gave 
relevant and useful information about the nature of the gold 
mineralization of the study area. They effectively classified 

the area as shallow lying gold mineralization occurrence. 
However, the 2D lateral imaging further identified the area 
as shallow lying gold mineralization occurrence but with 
wider extension and greater concentration towards the centre 
of the profile (Fig. 18). 
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4.5.2. Traverse Two 
The 2D resistivity structure, 2D lateral imaging and 
geoelectric section established effective correlation indicating 
that from 50 m towards the western part of the profile was 
identified as region of low-lying gold mineralization potential 
(Fig. 19). 
 
4.5.3. Traverse Three 
The correlation of 2D resistivity structure, 2D lateral imaging 

and geoelectric section across traverse three of the 
investigated area effectively identified the active region in 
term of gold mineralization which exist between 50 m to the 
end of the western region.  
 
It also allowed for the zoning of the profile into region of 
sparse mineralization and region of heavy gold 
mineralization both of which are of shallow occurrences (Fig. 
20). 

 
 
 

 
 

Fig. 19. Correlation of 2D Dipole-Dipole Pseudosection, 2D Lateral Resistivity Imaging and Geoelectric Section along Traverse Two 
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Fig. 20. Correlation of 2D Dipole-Dipole Pseudosection, 2D Lateral Resistivity Imaging and Geoelectric Section along Traverse Three 
 
 
 

5. Conclusion 
The findings have revealed that Minna gold deposits can be 
mapped using geophysical approach as well as the technique 
and approach adopted for this study. It has also been 
established that the gold mineralization and deposit of Minna 
is of shallow lying occurrence and are found mainly within 
the highly weathered clayey schist, most of which drained off 
by erosion into the rivers and surrounding streams which was 
identified as stream sediments and alluvia deposits.  
 
The research shows that the origin of the deposit can be 
traceable to metamorphism or metamorphic activities and 
subsequent weathering processes. The Minna gold mineral 

deposit could be of high interest; if it is properly developed 
and harnessed. 
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