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Radioelement exploration has gained economic interest recently due to its usefulness in the detection and 
delineation of  mineral deposits. In this study, the airborne radiometric data were analysed for depth estimation 
of  the radioelement deposit in Ogun state, Nigeria. Three enhancement gradient techniques, namely; Analytical 
Signal Amplitude (ASA), Horizontal Gradient Magnitude (HGM) and Local Wave Number (LWN) were 
employed to estimate the possible depth of  radioelements for mineralization. Geosoft's (Oasis Montaj) software 
and Potential Field's (PF) software were used to conduct the estimations. The result obtained revealed shallow 
sources of  0.584 km (LWN) and 0.387 km (ASA), and deep-seated sources of  5.950 km (ASA) and 5.880 km 
(ASA) for uranium and thorium, respectively. The shallow source and deep source for potassium are 0.259 km 
(ASA) and 2.540 km (ASA), respectively. In this study, the position and depth of  the source were automatically 
estimated using linear equations based on derivatives without the use of  any a priori knowledge. The three 
gradient methods are therefore found suitable in estimating the depth to radioelement anomalous source.
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INTRODUCTION
Numerous derivative-based automatic techniques 
have been created to ascertain the source 
parameters, such as location boundaries and depth 
estimation of  mineral deposits (Blakely, 1995; 
Nabighian et al., 2005). Some of  the techniques 
that are primarily used for potential field issues are 
Wener deconvolution (Ku and Sharp, 1983), Euler 
deconvolution (Paterson et al., 1991; Keating, 
1998; Mushayandebvu et al., 2004), Analytic Signal 
(Keating and Sailhac, 2004), Tilt derivatives 
(Fairhead, 2008; Oruc, 2010), Balanced horizontal 
derivatives (Ma et al., 2014), Enhanced local wave 
(Salako, 2014). 

In order to interpret and estimate the source 
parameters of  either potential or non-potential 
field data, other authors, including Cordell, (1979); 
Thompson (1982); Cordell and Grauch, (1985); 
Reid et al. (1990); Millar and Singh (1994); Verduzo 
et al. (2004); Cooper and Cowan, (2006);  
Abderahman et al. (2007); Salem et al. (2007); Ma 
and Li, (2012); Beamish (2016); Ogunsanwo et al. 
(2022), have used one or more enhancement and 
filtering procedures. Many potential field studies 
have used gradient techniques to determine the 
potential depth of  contrast (Salem et al., 2007; 
Badmus et al., 2013).

Various gradient techniques have been employed 
by many authors to display the depth of  both 
shallow and deep sources Miller and Singh, 1994; 
Rajagopalan and Milligan, 1995; Verduzco et al., 
2004; Wijns et al., 2005; (Cooper and Cowan, 2006; 
Ma and Li, 2012; Ma, 2013a). Edge detection 
filters' maxima automatically delineate the 
sources' edges (Cooper and Cowan, 2008; Ma, 
2013b). The edge of  the zones connected to 
contrast in flux behaviour is primarily estimated 
using the enhancement procedures. 

Some authors (Cordell, 1979; Hood and Taska, 
1989; Thurston and Smith, 1997; Smith et al. 
(1998); Thurston et al., 2002; Smith et al., 2005; 
Salem and Smith, 2005) opined that the maxima 
of  the total horizontal derivatives and the zero of  
the vertical derivatives correspond to the edge of  
the source. It is used to distinguish the source 
detector response due to the action of  the 
metamorphic and secondary geological processes 
like supergene alteration and leaching that may be 
indicated by variation in radioelement 
concentration within the bedrock geological units.

All of  the earlier research relied on automated 
techniques to interpret potential field issues. 
Therefore, this study considers the application of  
derivative techniques to radiometric data (non-
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which is found to be overlaid by the Sedimentary 
terrain. The  identified rock units associated with 
the study area are Granite, Migmatite, 
Undifferent iated Schist ,  Granodior i te,   
Muscovite, Quartzite schist, Coarse Porphyritic 
biotite; Sands, clay and Shale, Sandstone and 
Limestone.  Akinrinde and Obigbesan (2006), 
Badmus and Olatisun (2009) and other authors 
with different geophysical approaches have 
established the presence of  mineral deposits such 
as bitumen, phosphate, limestone, mica and kaolin 
to be dominant in the study area. Generally, 
granitic areas have been found to have great 
emissions of  uranium and thorium which are also 
attributed to the deposition of  mineral deposits.

To determine which of  the bedrock units enhance 
radioelement the most and to what degree, 
geological identification of  the rock units present 
in the study area is of  utmost importance.

potential field data) using the Blakely (1995) 
method. According to Nabighian et al. (2005), the 
processing used on potential field data sets has 
been well-developed and documented in 
numerous literatures. According to Beamish 
(2012) research, non-potential field data can be 
transformed in the same way as a potential field as 
long as the necessary inherent filtering procedures 
are taken into account. Three-stage processes as 
outlined by Blakely (1995) were used to 
successfully complete the transformation. These 
were carried out in an effort to determine the 
depth from the anomalous source of  the 
radioelement in Ogun state, south-western, 
Nigeria.

STUDY AREA
o

The study area is situated between latitudes 6.2  to 
o o o

7.8  and longitude 3.0  to 5.0 , in the tropical 
rainforest, south-western, Nigeria. Its geological 
formation consists of  Precambrian basement 

Figure 1: The rock unit map of  the study area (Adapted from Nigerian Geologic Survey Agency, 2006).
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radiometric field data sets were subjected to HGM 
analysis using the relation proposed by Grauch et 
al. (2001) in Equation (2)

(2)

Local wave number      
The radiometric data sets were analysed using the 
local wave number or source parameter imaging 
method to estimate the anomalous source bodies 
and possible depth to radiometric flux contrast. In 
order to estimate the depth, the local wave 
number, , need to be determine using the 
Thurston and Smith (1997) procedure.  

The local wave number is defined in Equation 
(3) given by Thurston and Smith (1997) as

(3)

Then, the depth (h) is obtained in Equation (4) as

(4)

RESULTS AND DISCUSSION
Distribution of the radioelements
Figures 2, 3 and 4 show the surface map of  the 
potassium, thorium and uranium across the study 
area. The maps depict the trend of  the 
radioelements distribution across the study area. 
Potassium was found in the range of  0.0 – 3.0% 
while thorium was in the range of  0.0 – 150.0 ppm. 
Uranium concentrations exist in the range -1.0 –  
> 13.0 ppm. Three distinct levels were shown by 
the radioelement surface maps; low, moderate and 
high concentration levels. 

Potassium concentrations distribution (Figure 2) 
are presented in the order of  low (< 0.0 – 0.2%), 
moderate (2.1 – 1.3%) and high (1.4 – > 13.0%). 
Moderate potassium concentration (green) is 
shown in the central and North Eastern part of  
the study area being weathered basement terrain. 
High concentrations were found to overlap on the 
moderate concentrations in form of  intrusion. 
The area with low potassium concentrations 
(gray) is that associated with recent alluvium and 
coastal plain region.

Thorium distributions are in the range of  < 0.0 – 
26.9 ppm for low concentration, 27.0 – 120.0 ppm 

k1

k1 

MATERIALS AND METHODS
Airborne radiometric data
The airborne radiometric data for the study area 
(Ogun state) which consists of  uranium, thorium 
and potassium was obtained from the Nigeria 
Geological Survey Agency. The collected 
radiometric data were analysed and interpreted in 
line with the geological map, which gives baseline 
information about the lithological bedrock 
composition and their responses to the 
radiometric parameters. The airborne radiometric 
survey was carried out such that a very high 
resolution gamma spectrometer containing 
Sodium Iodide (NaI) detector was flown across 
the study area at altitude range between 200 and 
500 m with horizontal terrain interval of  120 m. 
The radiometric data were collected, analysed and 
subjected to different corrections in order to 
eliminate and reduce the noise associated with the 

238
radiometric anomalous flux to minimal. U and 
232

Th were then estimated from their decay 
214 206

daughter chain Bi and Tl, respectively, while 
potassium is obtained directly at energy 
1.461MeV. The energy window used for each 
radioelement was in accordance with that of  
IAEA (2003) and Grasty (1991) procedure.

Gradient techniques
In this study three of  the gradient techniques 
namely, Analytical Signal Amplitude (ASA), 
Horizontal Gradient Magnitude (HGM) and 
Local wavenumber (LWN), were put to test for 
radioelements depth estimation.

Analytic signal amplitude
The analytical signal amplitude was applied to the 
gridded observation of  the radiometric field (T) 
using the relation proposed by Roest et al. (1992) as 
defined in Equation (1).

(1)

where,
are the first derivatives of  the  radiometric field T 
in the , and  directions.

Horizontal gradient magnitude
Horizontal gradient magnitude (HGM) has been 
found to produce more accurate and reliable result 
when used for both edge and depth estimation 
(Grauch et al., 2001). In view of  this, the gridded 
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> 13.0 ppm). Moderate uranium concentration 
(green) is found predominantly across the study 
area. Low concentrations are found in trace 
amount especially around the coastal plain region. 
Uranium is mobile in nature and might have been 
depleted as a result of  water bodies, soil moisture 
and vegetation in that region. Highly peak 
uranium concentration was experienced in the NE 
part of  the study area being a basement terrain.

for moderate concentration and > 120.0 for high 
concentration (Figure 3).  The study area is 
predominantly with low thorium concentrations 
except at the central part where moderate and 
relatively high thorium trending NE and SE is 
experienced.

Uranium concentrations distribution (Figure 4) 
are classified in the order of  low (< -1.0 – 1.7 
ppm), moderate (1.8 – 10.5 ppm) and high (10.6 – 

Ogunsanwo et al.: Estimation of  Ground Depth of  Radioelements Sources

Figure 2:   Surface map of  potassium deposition in Ogun State.

Figure 3:   Surface map of  thorium deposition in Ogun State. 
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The result obtained for LWN depth estimate 
accounted for same depth for the three 
radioelements ranging from 0.584 – 2.090 km. 
The result obtained from LWN is questionable 
and may not be reliable as it gives no account of  
disparity in the depth estimate of  the three 
radioelements. Although, the shallow source was 
obtained as 0.584 km and deep seated source was 
found to be 2.090 km for uranium, thorium and 
potassium, respectively in Figure 5. In case of  
ASA and HGM, there exists variation in depth 
obtained for the radioelements deposits (Table 1). 

Depth estimation result
The horizontal gradient method, the analytical 
signal method, and the local wave number method 
are three similar interpretation methods based on 
depth estimation of  radioelement data that are 
compared in this section. The depth of  the 
radioelements deposit were deduced as shown in 
Figures 5, 6 and 7, for the three gradient 
techniques; LWN, HGM and ASA, respectively. 
From the potential field (PF) software; Local wave 
number depth (Loc-dep), Horizontal gradient 
depth (H-dep) and Analytical signal depth (As-
dep) were obtained for the radiometric data set 
fo l lowing  sequent i a l  p rocedures  and  
transformations.

Ogunsanwo et al.: Estimation of  Ground Depth of  Radioelements Sources

Figure 4:   Surface map of  uranium deposition in Ogun State.

Table 1:  Radioelement depth and edge source.

Radioelements

Depth Estimation (km)    Source Edge 

ASA  HGM LWN Minima Maxima 

Min Max  Min Max Min Max   

K 0.259 2.540
  

0.710
 

2.130
 

0.584
 

2.090
 

-0.625
 

0.597
 

Th 0.387 5.880 0.485 2.180 0.584 2.090 -0.057 0.044

U 0.736 5.950 0.804 5.070 0.584 2.090 -0.002 0.002

U (ppm)



324

Uranium mineralization  was found  in the depth 
range of   0.804 – 5.070 km  and 0.736 – 5.950 km  
for  HGM and ASA respectively while  thorium 
were in the depth range of   0.485 – 2.180 km  for 
HGM and 0.387 – 5.880 km for ASA (Table 1).  In 
a similar manner, potassium mineralization depth 
was within the range of  0.710 – 2.130 km and 
0.259 – 2.540 km for HGM and ASA, respectively.  
The result obtained revealed two anomalous 
sources, namely; the shallow source and deep 
seated. For mineral exploration and exploitation, 
depth estimate of  1 km is recommended for 
shallow source while depth above 1 km is deep 
source (Philips, 2000; Salem et al., 2005).  LWN, 
HGM and ASA accounted for uranium shallow 
depth of  0.584, 0.804 and 0.736 km, respectively, 
which are found to be comparable. Thorium 
shallow depth as well gives the values of  0.584, 
0.485 and 0.387 km for LWN, HGM and ASA 
respectively. The result shows proximity in the 
shallow source obtained for thorium. Potassium 
shallow source have the values of    0.584, 0.710 
and 0.259 km for LWN, HGM and ASA 
respectively. Unlike uranium and thorium, 

potassium results revealed a wide range of  
disparity between the value obtained for HGM 
and ASA. 

The apparent contact of  ASA appears to be less 
continuous than the HGM method, making it 
structurally and geologically more noise sensitive.  
The results of  quantitative depth analysis carried 
out were presented in Figures 5–7. The maxima 
are located in the centre of  the circle, while its 
diameters show the estimated depth of  the 
radioelement anomalous source for LWN, HGM 
and ASA gradient techniques for the three 
radioelements.

In the result obtained for LWN, there is an 
overestimation tendency of  anomalous depth 
sources due to perturbations in the data set which 
may be consequence of  near-surface seated 
interference. The result obtained shows that the 
three gradient techniques are good depth 
estimator of  both the shallow and deep seated 
radiometric anomalous sources.

Ogunsanwo et al.: Estimation of  Ground Depth of  Radioelements Sources

Figure 5: LWN Depth and mineral source location for (a) Uranium (b) Thorium (c) Potassium.
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Edge source detector
The horizontal gradient magnitude (HGM) of  the 
observed data was used to improve our capacity to 
resolve the edges of  non-uniform source regions. 
Bi-directional gridding and the minimum 
curvature technique are the two algorithms that 
are most frequently used when mapping 
radioelement data. The minimum curvature 
algorithm was used in this study to produce a 
smooth grid of  data. After obtaining the 
horizontal gradient magnitude (HGM) gridded 
data set, the usual processing step is to extract the 
HGM maxima as described by Blakely and 
Simpson (1986).

The peak or maxima of  HGM of  the radiometric 
field was to locate the causative source bodies 
represented by the edge of  thin horizontal sheet. 

HGM provides causative sources bodies that are 
highly continuous, for this reason, the HGM 
method was applied. Using  potential field (PF) 
software, series of  program codes was developed 
for the radioelements (eU, eTh and K) in line with 
that of  Open- File report (92-18-A-G), which are 
majorly used in geophysical map interpretation of  
potential field, radiometric and remote sensing 
data set (Philip, 1997).

The edges of  the anomalous region could be 
recognized as maxima in the HGM response. The 
Potassium (Figure 8) was found to have maxima 
edge of  0.597 and minima edge of  -0.625. 
Thorium and uranium maxima edge source were 
found (Figures 9 and 10) to be 0.044 and 0.002 
respectively, while the minima values are -0.057 
and -0.002, respectively. 

Ogunsanwo et al.: Estimation of  Ground Depth of  Radioelements Sources

Figure 6: HGM Depth and mineral source location for (a) Uranium (b) Thorium (c) Potassium.

Figure 7: ASA Depth and mineral source location for (a) Uranium (b) Thorium (c) Potassium.
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The method provides improved resolution of  the 
lateral contributions to changes in flux behaviour 
as a result. The radiometric anomalies' steepest 
and flattest portions are where the horizontal 
gradient maxima and minima are found. The 
extent of  small scale contributions to the response 
is revealed by the high resolution HGM analysis, 
and there is a clear correlation between the 
radiometric anomalous response and the major 
bedrock types. These effects are widespread and 
include contributions from bedrock lithologies, 
modifications to soil characteristics, artificial soil 
removal (quarrying), water bodies, and specific 
types of  vegetation.

Thorium and Uranium were observed to be 
discrete while potassium has intruded in the 
lineament edge enhancement which is 

continuously embedded towards the coastal 
region. Potassium has a continous pattern (Figure 
8) due to the fact that it is one of  the radioelement 
found in abundance on and within the earth's 
crust unlike uranium and thorium. The behaviour 
of  the anomalous response characteristics 
suggests that the scale length of  the anomalous 
region controls the lateral scale of  the source 
response. The anomalous sharp decrease in 
radioelement response of  background value, 
which marks the source region's edges, is easy to 
spot. Many of  the localized responses, according 
to Beamish (2015), are probably soil-related which 
depends on factors such as density and wetness. In 
uranium, thorium, and potassium, the HGM edge 
detection filter recognizes edges that are more 
accurate and noise-resistant.

Ogunsanwo et al.: Estimation of  Ground Depth of  Radioelements Sources

Figure 8: Potassium edge source in radian.

K (rad)
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Figure 9: Thorium edge source in radian.

Figure 10: Uranium edge source in radian.

    Th (rad)

U (rad)



CONCLUSION
In this study, HGM, ASA and LWN have been 
used for depth estimation of  the radioelements 
source. The depth estimate of  HGM and ASA are 
found to be more reliable compared to that of  
LWN. In contrast to other edge detection filters 
that produce no results, the HGM filter was able to 
identify the edges more precisely and clearly. The 
edge estimate and depth of  the source in this study 
were obtained without any a priori information 
about the source. Of  the three gradient techniques 
utilized, HGM was therefore found suitable as it 
accounts for both depth and edge estimation of  
the radioelement mineralization of  the study area.  
Conclusively, in this study, the three gradient 
techniques HGM, LWM and ASA have therefore 
been found to be mathematically efficient and 
effectively utilized to estimate the shallow and 
deep seated anomalous source of  the 
radioelement deposit in Ogun state. 
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