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Abstract 

High resolution aero-radiometric data of Sokoto basin Northwestern, Nigeria were used in this research work. The 
location of the basin is between latitude 11o30I to 13o30IE and longitude 4o30I to 6o30IN. Sixteen (16) sheets of high 
resolution of airborne radiometric data were used to obtain the concentration of Potassium (K), Uranium (U) and 
Thorium (Th) respectively in the area of interest. The data were gridded and analyzed using Geosoft software. The result 
of the analysis revealed that potassium concentration is between -0.577935% to 7.34347% with an average of 3.3827%. 
The Thorium concentration values ranged from -3.81541ppm to 91.9404ppm with an average of 44.0624ppm. The 
Uranium concentration revealed values from -4.44524ppm to 46.1767ppm with an average of 20.86572ppm. The ratio 
of potassium and equivalent thorium (K/eTh) indicated values between -8.69847%/ppm to 39.567%/ppm and ratio of 
equivalent uranium and equivalent thorium (eU/eTh) revealed values between -412.181ppm to 99.4613ppm. The 
ternary diagram of the radiometric data showed that the south and southeastern regions of the study area have high 
radioactive mineral concentration above the average normal value of radioactive minerals in a natural environment and 
radioactive minerals are good source of geothermal energy. The results obtained has shown that the basin has 
geothermal potential which can cause non productivity of hydrocarbon in the area of interest and the research area can 
be recommended for geothermal energy resource to compliment the electric power supply in the nation.  

Keywords: Geothermal energy; Airborne radiometric; Radioactive minerals; Potassium; Uranium; Thorium; 
Hydrocarbon. 

1. Introduction

In Nigeria, geothermal energy resources are desirable in the generation of electricity. This alternative energy resource 
will be a good relief to the current electricity challenge. The study of geothermal activities of the study area, showing 
the manifestation of heat will be an attractive and cheaper alternative energy source in the country [1][2][3]. It is very 
important for the nation to engage and improve alternative renewable energy resources such as geothermal energy 
since there are evidences of geothermal energy potentials on the surface such as warm and hot springs both on the 
basement and sedimentary areas within the country to compliment hydrocarbon. 

Olumide et al.,[4] said that Hydrocarbon extraction in Niger-Delta which is practiced extensively now is predicted to be 
exhaust in 2040. The need for renewable alternative sources of energy for use in the country became very necessary 
due to epileptic power supply in the country. The National Renewable Energy and Energy Efficiency (NREEE) Policy 
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articulates for 30% renewable energy by 2030 for electricity generation. Kenya and Ethiopia have been using 
geothermal energy resources for electric power generation over 1000mW.  

 

Figure 1 Major Hot Springs in Nigeria and Their Locations with Geologic Setting 

 

Figure 2 Disintergration path of lsotopes 

Aero-Radiometric survey is one of the most economic technique used in geophysical survey to understand any relatively 
inaccessible/unexplored zones. The method can give information on the structural trends and volcanic rocks 
occurrence within sedimentary basins. Advance techniques made recently in acquisition of high resolution aero-
radiometric data, emphasizing on exploration of minerals, where the minerals of interest revealed considerably 
radiometric anomalies [5]. 
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Radiometric investigations reveal natural radiometric anomalies/emanations known as gamma rays from soils and 
rocks. At least twenty (20) elements which occurred naturally are said to be radioactive elements [6]. Gamma radiation 
are detected from earth materials which comes from natural decay product of elements such as potassium, uranium 
and thorium. Many other natural occurring elements have radioactive isotopes but it is only uranium, thorium and 
potassium decay series that have radioactive isotopes that produces gamma rays of sufficient intensities and energies 
to be recorded by gamma ray spectrometer. The reason is because the three (3) elements (potassium, uranium and 
thorium) are relatively abundance in the natural environment.  

 Average crustal abundances of these elements quoted are in the range 2-2.5% of K, 2-3 ppm of U and 8-12 ppm of Th. 
Air-borne radiometric survey, when used in appropriate areas as a reconnaissance method for geologic mapping and 
prospecting, the benefit and cost ratio is nearly as good as aeromagnetic surveying using magnetometer [5]. Analysis of 
radiometric data will help to determine the relative abundance of natural radioactive elements (K, U, Th) in the rock 
types. 

The nuclear intensities of radiations in any given terrestrial environment are related generally to the abundances of 
radioactive minerals in the basement rocks and soils of that area. [5][7][8][9]. It is also used in estimation of radioactive 
minerals in sedimentary and basement rocks. Radiometric method has been used extensively for geologic mapping of 
an area for rock formations associated with radioactive minerals. Results obtained from the aero-radiometric 
measurements can be considered to be a representative of radiometric characteristics of basement rocks under the soil 
cover because soil cover were generally derived from basement rock weathering secondly, there are some degrees of 
mixing over lengthen geologic period of time between soil and subsurface soil layers.  

Spectrometer gamma ray techniques have been used widely in obtaining measurements of radioactive elements (K, U 
and Th) in soils and rocks (as seen in Adams & Gasparini [10], Iyengar et al., [11], Mohanty et al., [12]). It has been also 
used to map area extent of rock formations in association with radioactive minerals. Examples of such studies carried 
out in Brazil include the works of Blum et al., [13], [12]. For ground measurements of spectrometer gamma radiation, 
the data obtained gives information on the relative abundances of radioactive minerals in the surface (top soil) layers 
with thicknesses of less than 40cm. Nevertheless, the results obtained from aero-radiometric measurements are 
representing radiometric characteristics of the basement rock. The application of radioactivity in geosciences is based 
on knowledge of the physical properties of radiation sources and the ability to detect these sources through the analysis 
of remotely sensed data. Few benefits that can expect from the interpretation of radiometric surveys include: i) In 
geologic reconnaissance survey, changes in lithology of the rock samples are mostly accompanied with changes in the 
concentration of the three radioactive minerals uranium, potassium and thorium. ii) Radioactive elements 
concentration variations may possibly indicate primary geologic processes like mineralization solutions or 
metamorphic process. iii) These variations may also be characterized as secondary geologic processes such as leaching 
and supergene alteration. iv) Radiometric investigations have the ability to directly detect the presence of uranium 
deposit. v) Radiometric surveys can also help in the location of some intrusive relating mineral deposits.  

Uranium concentration is estimated as “equivalent uranium” (eU), this is based on the assumption of equilibrium 
condition. Thorium concentration is also estimated as “equivalent thorium” (eTh), this is based on the account that 
thorium decay series mostly always in equilibrium. A ternary radiometric data map is a composite colour image gotten 
by regulating the blue, green and red colors of the display device or magenta, yellow and cyan dyes of the printer in 
agreement to the radiometric elements concentration values of the U, Th, K and TC grids. The three colours blue, green 
and red are representing uranium, thorium and potassium respectively, it is standard colours for displaying gamma ray 
spectrometric information. U-channel is the noisiest channel and blue color is normally used in displaying the U-channel, 
the human eye is not too sensitive to the disparities in the blue intensity. Areas of low radioactivity and consequently 
low signal to noise ratios, can be masked by setting a threshold on the total count grid. This set aside more color space 
and guarantees a good color intensification for the other radioelements. 

According to Wilford et al., [9]; [5] Sum-normalization can be used to compute relative concentrations of K, Th and U 
prior to imaging as follows: 

Kn = K/ K+U+Th …………………………1 

UN = U/ K+U+Th ………………………… 2 

Thn = Th/ K+U+Th …………………………..3 
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This converts the radioelement concentrations to relative abundance. Sum-normalization can be useful to reduce the 
effects of the attenuation of gamma rays by vegetation or soil moisture.  

Continental heat flow mostly originated from the disintegration of radioactive isotopes in the earth’s crust, areas with 
high heat flow are attributed to area with high radioactive isotope concentration [14].  

Radiogenic Heat Production (RHP), H(μW/m3) is related to the decay of primary radioactive isotopes 232Th, 238U and 40K 
and can be estimated based on the rate of concentration of the elements respectively [14] [15] through Equation 4: 

H = ρ(9.52CU + 2.56CTh + 3.48CK ) 10-5 ……………………………………………………. 4 

Where ρ is the density of the rock, CU is the concentrations in uranium, CTh is the concentration in thorium and CK is the 
concentration in potassium. They are given in weight/parts per million and weight percent for potassium (CK) 
respectively. 

Heat flow lies analytically on radioactive heat generation in the earth’s crust. The two primary effects are; that 
continental heat flow is proportional to the earth’s crustal surface radioactivity in a given region and decreases with 
time after the preceding great tectonic event. Heat flow is considered as a continuous function inside the earth; 
particularly, it will be the same on both sides of the boundary separating the crust from the mantle [16]. Plot of heat 
flow and heat generation rate from radioactive rocks produces a linear distribution segments which may be fitted in a 
linear equation of the form: 

qs = qm + qr ……………………………………………………………. 5 

Where qs = crustal surface heat flow, qm = mantle heat flow (heat flow into the base of the crust). The total contribution 
of heat production in the crust to the surface heat flow qr is therefore, 

qr = ρHszr …………………………………………………………………………………………… 6 

Where  

ρ = density of the crust 

Hs = heat production measured in rocks collected at the surface 

zr can be explained as the ‘equivalent depth expanse of heat production,’ That is, the degree to which the heat production 
sustained at the earth’s surface (Hs)increases to depth, if distribution models are considered for radioactivity in the 
earth’s crust and proportion of heat production [5]. Master & Constable [16] have presumed Zr to be much less than the 
thickness of the continental earth’s crust. Naturally, it is clear that radioactivity isn’t constant in the earth’s crust down 
to Zr and below, but the model has shown a fair indication of the degree of heat flow at the surface to be due to 
radioactivity. 

2. Methodology 

Airborne radiometric data sets were acquired including measurement of the Degree of gamma radiation emitted by 
radioelements; Thorium, Uranium and Potassium. Ternary diagram and ratio maps were obtained. The values of 
primary radiometric data of airborne surveys were in the units of part per million (ppm). These were transformed into 
values of relative abundances of U, Th and K using conversion factors specific to instrumentation. Sixteen sheets were 
used in the analysis. Radiometric data obtained were all analyzed to produce and correlate the results with geologic 
attributes of the study area. The results of the gamma ray spectrometric techniques have been used widely as 
supplementary tools in geological mapping. 

The potassium image was developed to identify regions of strong potassium concentration. Thorium is usually 
considered as a stable element which does not move easily. However, several deposits of gold depict increases in 
potassium and thorium which suggest that thorium was moved during hydrothermal activities [9] [17]. 

Reduction in thorium and increase in potassium shows a signs of alteration for most deposits of ore. This discovery and 
other reasons led in the development of the thorium (Th) image map. The uranium image especially ratio map of 
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uranium and potassium (U/K) shows good definition in mapping the granitoid rocks which show low uranium but high 
potassium concentration. 

The composite image map of the radioelements was presented in a single map, showing the concentration of the three 
radioelements Th, U and K. This image map indicates the extent of the concentration of the radioelements based on 
color variations which is attributed to the lithological differences. The radioactive element maps helped to map out 
zones where a particular radioelement has a higher concentration and also the trend [12] [17]. 

Uranium, potassium and thorium were represented with blue, red and green respectively in generating the ternary map. 
In order to minimize the poor signal-to-noise ratio especially in the uranium concentration the blue color was used. The 
maps discussed in the study were generated with the relative intensities of color to represent slight differences caused 
by the rock types. To enhance the contrast of the histogram of thorium, potassium and uranium, a histogram was used 
to present the finest color differences prior to generating the ternary map. 

Nevertheless, for this research work, the ternary image generated demonstrated a better outcome. 

In order to get rid of lithological differences and variations caused due to soil moisture, non-planar nature of the host 
rock and errors related with altitude correction, ratio images were as well produced. According to [12], lithological 
variations have a tendency to be removed because radioelement amounts normal change as lithology change. For 
example, eU/eTh and K/eTh ratios were created for locating the areas where relative amount of uranium and potassium 
are strong. 

3. Results and Interpretation 

The radiometric data were gridded and analyzed to develop the Total Count, Uranium, Thorium and Potassium maps 
respectively, in order to reveal the surface distribution and delineate surface lineaments of these radioelements. Also, 
the radiometric data was used to produce K/Th ratio map and U/Th ratio map and these help to map geothermal 
alteration zones. A ternary map was created by combining the three (3) radioelements concentration in the Red-Green-
Blue (RGB) colours. 

 

Figure 3 map of pottassium K(%) concentration of the study 
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The Potassium K (%) contour map fig. 3 revealed lowest concentration of K(%) in the potential study area as -
0.577935% which is represented with blue colour. This is seen at the northern region and scanty at the northwestern 
zones of the potential study area. The moderate level of concentration is revealed at the northeastern, western and 
scanty at the south and southwestern parts of the area as represented with yellow colour. The highest concentration 
(7.34347%) was revealed at the south and southeastern regions of the potential study area, represented with pink and 
red colours. The average value is 3.3827%. 

The thorium concentration contour map (fig.4) revealed lowest concentration level as -3.81541ppm with blue colour 
and very scanty in the study area. Moderately concentration was seen in major parts of the study area with green and 
yellow colours. The highest concentration was seen at the southeastern part of the study area with value of 91.9404ppm 
represented with pink and red colours. The average value is 44.0624ppm. 

 

Figure 4 Map Of Thorium Concentration Of The Study Area 

The Uranium concentration contour map (fig.5) revealed high value of 46.1767 with red and pink colours, this is seen 
at the northwestern and southeastern parts of the study area. The lowest concentration represented with blue colour 
is seen very scanty in the study area. The study area is dominantly concentrated with moderate uranium concentration 
as represented with yellow and green colours. The average value is 20.86572ppm. 
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Figure 5 Map Of Uranium Concentration Of The Study Area 

From the contour map of Potassium and Thorium concentration ratio (fig. 6), Potassium K (%) was seen to more mobile 
than Thorium. The highest value is 39.507%/ppm, represented with pink colour and the lowest value is -
8.69847%/ppm represented with blue colour. The high concentration (anomaly) was revealed at the southeastern parts 
through south parts of the study area and were distinguished to areas of geothermal alteration which can be 
characterized by Potassium enrichment. Moreover, relying on the assumption that K/Th is rather constant in most 
rocks, the values ranging from -8.69847 to 39,507%/ppm. Rocks having values varying outside this range for K/Th 
ratios have been considered K or Th specialized [18]. The zones characterized with high value of K/eTh ratio are strong 
indicators of geothermal alteration while the zones with low values of K/eTh ratio are strong indicators of low 
geothermal activities. 

The contour map of eU/eTh ratio (fig. 7) revealed that the radioactive level of eTh was higher than that of eU. eU/eTh 
ratio dominates the western and northwestern parts of the study area with the highest value at the western part of the 
study area as represented with pink colour. Majority of the study area is dominated with moderate concentration of 
eU/eTh ratio as represented with yellow colour. The lowest concentration is seen at the eastern part of the study area 
with the value -412.181ppm and is represented with blue colour. 

The ternary map (fig. 8) was produced by modulating three colours red, green and blue for the intensities of Potassium, 
Thorium and Uranium respectively. The radiometric response in the ternary map to some extent corresponded with 
the surface rock units’ values of the potential study area and showed a closed spatial correlation with the litho-units. 
The visual inspection of the radiometric maps showed high concentration of Potassium K (%), Thorium (eTh) and 
Uranium (eU) radioactive elements in a lighter colours and were distinguished by their strong radiometric response 
and which can be easily differentiated from the low radioactive rocks. The low concentration of K, eTh and eU 
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radioactive elements were represented by dark colours. From the ternary map, the blue colour represents high eU 
content but low K and eTh. The green colour represents high eTh with low K and eU. The red colour corresponds to high 
K with low eU and eTh. 

 

Figure 6 Map Of K/Th Concentration Of The 

Airborne radiometric data covering the study area was used to show the distribution and intensities of K(%), eTh and 
eU. The Thorium-232, Uranium-238 decay series as well as Potassium-40 were the natural radionuclides that were used 
for estimation of equivalent Thorium (eTh), equivalent Uranium (eU) and Potassium K(%) in the airborne radiometric 
study. The south and southeastern parts of the study area have high concentration of Potassium, Thorium and Uranium 
radioactive elements and this is attributed to high heat flow and high geothermal gradient of the basin which affects 
hydrocarbon accumulation in the Sokoto basin [19] [20] [21].  

The average value of eU in the potential study area is 20.86573ppm ranging from -4.44524 to 46.1767ppm and the 
average value of eU in a natural environment is between 2-3ppm [5]. The average value of K(%) in the potential study 
is found to be 3.3827 having a minimum value of -0.579935% and a maximum value of 7.343407% and the average 
value of K(%) in a natural environment is between 2-2.5% [5]. The equivalent Thorium concentration (eTh) has an 
average value of 44.0624ppm with minimum value of -3.81541ppm and maximum value of 91.9404ppm and the 
average value of eTh in a natural environment is between 8-12ppm [5]. Thorium had the highest radioactive content, 
followed by Uranium and the lowest content is Potassium. 
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Figure 7 Map Of U/Th Concentration Of The Study Area 

 

Figure 8 Ternary Diagram of Radioactive Elements 
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The Precambrian basement complex is enriched in Thorium and Uranium concentration due to Shale content, organic 
and Phosphatic materials and little Potassium. Low percentage of Potassium and Thorium were recorded in Gwadu 
Formation (fig. 8). The radioactive isotopes as a sources of geothermal energy have played a role in the high heat flow 
of the basin which is one of the reasons the basin has not produced hydrocarbon.  

4. Conclusion 

The radiometric analysis has revealed the existence of high concentration of K (%), eTh and eU in the study area with 
thorium having the highest concentration. The average crustal abundance of radioactive isotopes has shown that the 
potential study area has high average crustal abundance above normal environment and has contributed to the high 
heat flow and geothermal gradient since radioactive isotopes are one of the geothermal energy sources.  
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