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Abstract

Enhancement and filtering primarily design for potential field problem have gained more importance in the recent
time since it can now be successfully applied to non-potential field data. They are found mostly applicable for
smoothing, noise reduction and in source edge detection. In this study, these techniques were applied to airborne
radiometric data (non-potential field) of Ogun State, in order to identify some areas which are subtle for radioelement
deposition and possible geomorphic activities attached. Three enhancement techniques, namely; Analytical Signal
Amplitude (ASA), Horizontal Gradient Magnitude (HGM) and Tilt Derivatives (TDR) were used. Filtering
techniques such as Upward Continuation, Low Pass and High Pass Filter were as well employed. The result obtained
shows variation in the responses of radiometric flux for different enhancement techniques with respect to the
geological and bedrock composition. ASA and HGM revealed unique similar trend in the radioelement distribution
compared to TDR. Upward continuation distance at 100 and 1000m was demonstrated to investigate the magnitude of
enhancement or attenuation of the radioelements and their total count. Low pass (regional) filter results revealed the
amplitude of radioelement to approach the original value while that of high pass (residual) filter approaches zero.
High pass (residual) filter result therefore shows anomalous feature similar to HGM. In this study, ASA and HGM
were found most suitable and appropriate in enhancing the trend/ pattern of distribution of radioelements and their
total count. Hence, the enhancement and filtering techniques should not be limited to only potential field but to other
non-potential, in particular, radiometric field data.
Keywords: Radiometric; Techniques; Filtering; Airborne; Ogun State.

reduction to pole, reduction to equator, band pass filter,
matched filter, low pass filter and high pass filter. The
wavelength, azimuth (angle of declination or
inclination) and frequency at which the geophysical
data are filter are of great importance.

Introduction
Enhancement and filtering techniques have been well
utilized and have become an essential tools in
interpretation of potential field (magnetic and gravity
data). Enhancement technique when applied to
geophysical data tends to improve the data quality on the
basis of mathematical principle (Telford et al 1990).
Analytical Signal (Nabighan,1972;1974; Roest et al,
1992), Tilt derivative (Millar and Singh, 1994; Salem et
al, 2007, Fairhead et al, 1997; Hinze et al 2005), Local
Wave Number (Thurston et al 1999; Nabigian 1972; ),
Werner deconvolution (Hartman et al, 1971; Hassen and
Simmond 1993), Horizontal gradient magnitude
(Grauch et al., 2001, Beamish 2012), Euler
deconvolution (Mushayandebvu et al., 2001; Nabighian
and Hansen, 2001; Thompson, 1982) are some of the
enhancement techniques which had been widely used in
interpretation of geophysical data set. Filtering
techniques are majorly used for removal of noise in data
set. This noise is what brings about anomaly in the
interpretation, which must be filtered before any
analysis can be done. The commonly used filtering
techniques are upward/ downward continuation,

Several authors have used different enhancement and
filtering techniques in the interpretation of both
potential and non potential field data. Guoquing et al.,
(2014) used the balanced horizontal derivatives to
recognize the edge of the source parameter. Beamish
(2016) utilized the horizontal gradient techniques to
enhance airborne gamma ray data. Beamish (2012)
applied analytical signal, upward continuation, shaded
relief and tilt derivatives to a non potential field data.
In the present study, the extension of these techniques,
primarily design for potential field data, were
considered for interpretation of airborne spectrometric
data (a non-potential field).The main objective of this
work is to examine the performance of the
radioelements and their total count when subjected to
different enhancement and filtering techniques across
the study area.
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Study Area
The study area is situated on latitudes 6.2o to 7.8o and
Longitude 3.0o to 5.0o, in the tropical rainforest,
southwestern, Nigeria. Its geological formation consist
of Precambarian basement which is found to be overlay
by the Sedimentary terrain. The possible identify rock
unit associated with the study area are Granite,
Migmatite, Undifferenciated Schist, Granodorite,
Muscovite, Quartzite schist, Coarse Porphyritic biotite;
Sands, clay and Shale, Sandstone and Limestone. The
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study area, in the work of Akinrinde and Obigbesan
(2006); Badmus and Olatisun (2009) had been found to
associated with some mineral deposit such as bitumen,
Phosphate, Limestone, kaolin. Generally, granitic area
have been found to have great emission of Uranium and
Thorium which also attributed to the deposition of
mineral deposit. Geological identification of the rock
unit present in the area understudy is of great significant
in order to ascertain which of the bedrock unit enhance
radioelement the most and to what extent.

Fig. 1: The rock unit map of the study area (Adapted from Nigerian Geologic Agency, 2006).

Material and method
Airborne Radiometric Data
The data used in this study were collected from
Aeroradiometric Department of Nigerian Geological

Survey Agency (NGSA) for the entire Ogun State. This
serves as the primary data needed alongside the
geological map and mineral map of Ogun State for the
lithological mapping. The radiometric data sets used
were obtained at a flight line separation of 200–500 m
flown at a planned terrain clearance of 120 m. The
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radiometric data were obtained with the aid a high
resolution airborne gamma ray spectrometer (AGRS)
system comprising 32 l of downward-looking NaI (Tl)
(sodium iodide crystals treated with thallium) detector
and 8 l of upward-looking detector. Uranium (238U) is
estimated through the radon daughter 214Bi in its decay
chain, while thorium (232Th) is estimated through 208Tl in
its decay chain. Potassium is measured directly at 1.461
MeV. The energy window used for each radioelement
was in accordance with that of IAEA (2003) and Grasty
(1991) procedure. The radiometric data are obtained in
the form of gridded maps separately for the four
variables; uranium (238U), thorium (232Th) and potassium
(40K) as well as the total count (TC).
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which are suitable for any geophysical data set
utilised. The relative radiometric flux behavior,
attenuation or enhancement, could be identified
the amplitudes of the radiometric data obtained
any of the techniques used.

were
be it
from
from

Analytic Signal Amplitude
In this study, 3D analytic signal amplitude (ASA) is
calculated from the radiometric gridded data. The
analytic signal amplitude (ASA) was applied to the
gridded radiometric data field data (T) as given by Roest
et al (1992) in Eq.(1) as

Theoretical Background
In this study, we considered the radiometric airborne
data set as a quantity (a physical property), but not a
field, being a scalar non-potential field data. In
principle, the application of enhancement and filtering
techniques (mostly regarded as data transformation) are
mainly utilized for potential field as described by
Blakely (1995). Nabighian et al (2005) reported that the
procedure utilize in the processing of potential field data
sets have been developed and well established in many
literatures. Although, there exist varieties of potential
field processing procedures which could be employed
for non-potential field data to be transformed. Beamish
(2012) in his work suggested that non potential field
data can be treated the same way as potential field, if
there exist an inherent filtering aspect in the
transformation. For the transformation to be
successfully carried out, a three stage procedure as
described by Blakely (1995) must be done. These
procedures were carried out in this work as done by
Beamish (2012) on airborne radiometric data set.
Enhancement and Filtering Techniques
A variety of enhancement techniques when applied to
geophysical data tends to improve the data quality on the
basis of mathematical principles and is extremely
helpful in developing near surface geological features
except that their restrictions are based on the value of the
data and extra other reasons. Although there exist many
enhancement and filtering techniques utilized in
airborne geophysical survey for data interpretation
(Cooper, 1999). In this study three of the enhancement
techniques namely, Analytical Signal Amplitude
(ASA), Horizontal Gradient Magnitude (HGM) and Tilt
Derivative (TDR), alongside three filtering techniques;
upward continuation, low pass and high pass filters,

.....................(1)

where,
T / x, T / y, T/ z are the first derivatives of the field T
in the x, y and z directions.
VDR is first vertical derivatives, THDR is the total
horizontal derivatives.
The analytic signal amplitude (ASA) has been found to
be sensitive to high order wavelength data (peak point)
and this can only be actualized by defining its
derivatives in all three dimensions as described in
eq.(1).
Horizontal Gradient Magnitude
Horizontal gradient magnitude (HGM) may be applied
to profile data or to gridded data sets. It is found
appropriate and widely used in interpretation of any
geophysical data set (Grauch et al, 2001).
HGM is always subjected to x-derivatives (dx) and yderivatives (dx) responses as given by Beamish (2016)
in Eq. (2) which is define for only positive response.
............................................(2)
Tilt Derivatives
The tilt angle or derivatives (TDR) according to Millar
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and Singh (1994) is define as the arctangent of the ratio
of a vertical to combined horizontal derivatives. The Tilt
derivative as expressed in Eq. (3) was then applied in
this study to the gridded observation of the radiometric
flux T is defined as:
...................................(3)

to remain in the data. The major field effect which is
eliminated is the measure regional, and the minor
deviation of the observed data from this regional is the
residual anomaly (Coons et al., 1967; Abdelrahman et
al., 1985). The residual anomaly may therefore be
defined as the deviation from the mean or regional field
surface. Using Eq.(6), the high pass filter map was
obtained as given by Agocs (1951).
R = T – L ....................................................................(6)

where,
∂
T/ x, T/ y, T/ z are the first derivatives of the field T
in the x, yand z directions.
VDR is the vertical derivative, and THDR is the total
horizontal derivatives.
Upward Continuation
Upward continuation has the effect of smoothing
geophysical data set. In this study, upward continuation
is applied to the gridded radiometric data set using the
Eq.(4) as given by Gunn, 1975:
......................................(4)
where
x and y are orthogonal frequencies present in the map,
A(x, y) is the amplitude present at those frequencies, and
z is the vertical distance that the data are to be continued.
Low Pass Filter
Low-pass (regional) filters are used to smooth noisy
datasets. The low-pass map option is the difference
between the original map and the high-pass map.
There are two techniques offered for low-pass: moving
average and Laplacian. The moving average option
replaces each grid point of the map with the average of
itself and its eight neighbouring grid cells in order to
give low pass filter which remove the high-frequency
anomalies by eliminating anomaly wavelengths shorter
than a specified value.
The Laplacian operator as shown in Eq.(5) was used to
produces a low- pass map of gridded radiometric data as
given by Hord (1982)
.................................................(5)
High Pass Filter
High-pass (residual) allows short wavelength features

where
R is the High pass (residual) field effect, T is the Total
observed field value, and L is the Low pass (regional)
field effect.
Note that both low pass and high pass filter for
geophysical applications operate on the wavelength
called cut - off wavelength, or spatial size of anomalies
which was estimated from spectral analysis of gridded
radiometric data using average radial power spectrum.
Results and Discussion
Radiometric Enhancement
Figure 2, 3 and 4 depicts the enhancement results
obtained for uranium, thorium potassium and their total
count using ASA, HGM and TDR respectively. Distinct
features were show case by the enhancement procedures
across different geological composition and formations.
From the result obtained for Analytic Signal Amplitude
(ASA), potassium was found to have more
enhancements along the basement terrain (Fig. 2c)
while uranium and thorium are observed to have high
enhancement at NW region of the study area (Fig. 2a and
2b). Less intrusion was experience in uranium and
thorium unlike potassium (Fig. 2c) which intrude from
the basement terrain into the coastal plain region which
may arise as a result of hydrothermal alteration.
In Fig. (2), Analytic Signal Amplitude (ASA) was found
to range from 0.000088 %/m to 0.003450 %/m for
potassium, 0.001589 ppm/m to 0.046471 ppm/m for
thorium, 0.000647 ppm/m to 0.008453 ppm/m for
uranium and 0.137660 Ur/m to 3.67144 Ur/m for the
total count.
From the result of Horizontal Gradient Magnitude
(HGM), Figure (3), the amplitude was obtained in the
limit of -0.001131 %/m to 0.00120 %/m for potassium, 0.01363 ppm/m to 0.013590 ppm/m for thorium, 0.002812 ppm/m to 0.002813 ppm/m for Uranium and 1.225744 Ur/m to 1.240235 Ur/m for the total count.
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(a)

(b)

U (ppm/m)

(c)

Th (ppm/m)

(d)

K (% / m)

TC (Ur / m)

Fig. 2: Map of Analytic Signal Amplitude (ASA) Enhancement for (a) Uranium (b) Thorium (c) Potassium (d) Total count

(a)

(b)

U (ppm/m)

(c)

Th (ppm/m)

(d)

K (% / m)

Fig. 3: Map of Horizontal Gradient Magnitude (HGM) Enhancement for (a) Uranium (b) Thorium (c) Potassium (d) Total count

TC (Ur / m)
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Fig. (4) shows the enhancement result for Tilt
Derivatives (TDR) with amplitude of potassium
concentration ranging from -1.406747 %/m to 1.348189
%/m, -1.407510 ppm/m to 1.359920 ppm/m for
thorium, -1.379622 ppm/m to 1.354259 ppm/m for
uranium and -1.404963 Ur/m to 1.359638 Ur/m for total
count.
All the enhancement results shown by ASA revealed
that all the radioelements are detected at few meter
above the ground surface. However, the analytical
signal flux contrasts are less continuous and their
directions can be influenced by the flight line and the
other noises in the data.
The amplitude of radioelement obtained for ASA, HGM

(a)

and TDR are found to be comparable for potassium,
Thorium, Uranium and Total count respectively. Out of
the three enhancement techniques used, ASA was
observed to give a precise and specific trend of
radioelement distributions over the study area.
Although, the enhancement result obtain by ASA is
similar to that of HGM (Fig 2 and 3) unlike that of TDR
which is superposed (Fig.4). The amplitude obtained for
ASA, HGM and TDR showed that the radioelement are
not from subsurface but are majorly found on the
lithological surface. All the enhancement results shown
by ASA revealed that all the radioelements are detected
at few meter above the ground surface. However, the
analytical signal flux contrasts are less continuous and
their directions can be influenced by the flight line and
the other noises in the data.

(b)

U (ppm/m)

(c)

Th (ppm/m)

(d)

K (% / m)

TC (Ur / m)

Fig. 4: Map of Tilt Derivative (TDR) Enhancement for (a) Uranium (b)Thorium (c) Potassium (d) Total count

According to Beamish (2013) who reported that the
amplitude of the radiometric response observed on or
above the lithological surface are the consequence of the
conceptual two upper layers above bedrock. The two
upper layers would be defined by soil and superficial
deposits whose radiogenic content is assumed to be
derived from the parent bedrock. The observed response
derived from a given radiometric source concentration

depend on whatever the near surface material is
composed of (i.e. the presence/absence and thicknesses
of the 2 layers which is assumed vertically uniform) and
is primarily obtained from a shallow subsurface zone
(often < 0.5 m).
The analytical signal (ASA) method is insensitive to the
noises in the data and to the interference effects between
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the nearby sources as it gives a clear picture of the
radioelement trend across the study area. The horizontal
gradient (HGM) method is relatively sensitive to the
ambient noises in the data and to the interference effects
between the nearby sources. The horizontal gradient
method provides response that are highly continuous
and generally parallel to the contours of the radiometric
field. For this reason, the horizontal gradient method
was used by Beamish (2016) to estimate the edge or
boundary of radiometric flux contrast.

which reduces the high wavenumber content of the data
set and also reduces spatial resolution. The results
obtained revealed that uranium upward continuation
were found to attenuate from 6.530 to 5.7238 ppm/m
(Fig.5) and that of thorium also reduce from 36.143 to
33.66488 ppm/m (Fig.6) at 1000 and 1000 m
respectively. Potassium values of upward continued
data are considerably reduced from 2.1930 to 1.8812
%/m (Fig.7) for 100 and 1000m.The peak amplitude of
upward continuation for total count (Fig.8) at was found
to be 3604.987 and 3341.3349 Ur/m at 100 and 1000 m
respectively. From the result obtained, 12.3% reduction
in uranium filtering, 6.85% reduction thorium filtering,
14.2% potassium filtering and 7.31% reduction in total
count were accounted for when upward continued at
distance 100 to 1000m.

The total derivatives (TDR) methods is as well sensitive
to noise and this elevate the amplitude of the
radioelement contrast across the study area. TDR
although gives best boundary estimation for potential
field like gravity and magnetic, but for radiometric the
response was found to be superimposed which may
result into complex interpretation.

At 1000m, for all the four radiometric parameters
assessed, relative sharp picture of deposition trend was
observed unlike that at 100m. This implies that at higher
upward continued distance, the smoother the result and
the possible features associated with each radioelement
can be easily identified.

Comparing Fig (2 and 3) it is evident that, at the large
scale, the bedrock formations control the anomalous
response of the radiometric data. Basically, the
radiometric response from the near-surface sedimentary
geologic units and cultural (man-made) features will
have much lower amplitudes and much shorter
wavelengths than that from the deeply buried crystalline
geologic units within the bedrock.

The result obtained shows that there exist perturbations
in uranium and potassium data which introduces noise
into the data set. The amount of upward continuation is
governed by the wavenumber content of the data set and
the desired outcome in terms of attenuation of high
wavenumber components. The broad effect of the
upward continuation can be seen to be a either a removal
or significant attenuation of the high wavenumber
gradients in the original data. Such gradients may be
either geological or cultural.

Upward Continuation
The three radioelements (U, Th and K) and their total
count were upward continued at height 100 and 1000m
as shown in Figs (5-8). Upward continuation is achieved
by a simple exponential transform (Blakely 1995),

(a)

(b)

U (ppm/m)

U (ppm/m)

Fig. 5: Map of Upward Continuation for Uranium at (a) 100m (b) 1000m

Low and High Pass Filter Result
In the processing of low pass and high pass filter, there is
need for cut –off wavelength. The cut- off wavelength

was obtained from the spectral analysis of gridded
radiometric data using average radial power spectrum.
The cut-off wavelengths used are 0.6, 0.6, 0.8 and 0.6
km for U, Th, K and TC respectively. This is carried out

Journal of Mining and Geology Vol. 58(1) 2022.

70

(a)

(b)

Th(ppm/m)

Th(ppm/m)

Fig. 6: Map of Upward Continuation for Thorium at (a) 100m (b) 1000m

(a)

(b)

K (% / m)

K (% / m)

Fig. 7: Map of Upward Continuation for Potassium at (a) 100m (b) 1000m

(a)

(b)

TC (Ur / m)

TC (Ur / m)

Fig. 8: Map of Upward Continuation for Total Count at (a) 100m (b) 1000m

in order to see the region of shallow source feature
(highs pass) and that with deeper seated feature (low
pass). The methods of determining the regional for an
area from which the residual is determined are
numerous such as arithmetic mean approach, contour
smoothing, profile techniques, average profile method
and least square technique. The value of residual map is
dependent on the procedure used in estimation on the
regional effect (Grant, 1957). Although there exist

various method, but for any method used the
interdependency between the chosen aerial distribution
of control and the residual deviations must be
considered. If the area of control point chosen is small,
the regional value approaches the observed value and
the residual anomaly approaches zero and if the area of
control used is extremely large, the regional approaches
zero and the residual values approaches the observed
anomaly value (Agocs, 1951).
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In this study, the results obtained for low pass filter
(regional) for total count, potassium, thorium and
uranium as shown in Figs. 9(a-d), revealed that the
regional value approaches that of total observed field
radiometric value for all radiometric parameters, while
that of high pass (residual) in Figs. 10 (a-d) showed that
residual values approaches zero. The resulting residual
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obtained are found to be analogous to the random error
found in data set, which are interpreted to be nearsurface effect. The produced high-pass filtered map Fig.
10 reveals, more or less, the same shallow-seated
anomalies (i.e. short wavelength and high frequency) in
the spot like shapes.

(a)

(b)

(c)

(d)

Fig. 9: Low pass (Regional) filter for (a) Total Count (b) Potassium (c) Thorium (d) Uranium

(a)

(b)

(c)

(d)

Fig. 10: High pass (Residual) filter for (a) Total Count (b) Potassium (c) Thorium (d) Uranium

Journal of Mining and Geology Vol. 58(1) 2022.

72

Conclusion
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