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Abstract

Aeroradiometric data covering parts of the Upper Benue Trough, Nigeria, were processed and interpreted to
evaluate the geostatistical characteristics of radioelements and their associated radiogenic heat production for
geothermal energy assessment. The study area, encompassing Yuli, Futuk, Kaltungo, Guyok, Shellen, Bashar,
Muri, Lau, Dong, and Numan, lies between latitudes 9.0°~10.0°N and longitudes 10.0°-12.5°E, covering
approximately 30,250 km? High-resolution airborne radiometric datasets were processed using Oasis Montaj 8.4
software, and Total Count (T'C), Uranium (U), Thorium (Th), Potassium (K), and ternary maps were generated
through minimum curvature gridding. Geostatistical analysis was applied to quantify the spatial distribution of
radioelements using statistical parameters such as mean, standard deviation, mode, median, skewness, kurtosis,
and threshold values. The computed threshold values are 4.286 ppm (U), 21.987 ppm (Th), 3.254% (K), and
3187.5 cpt (TC). Areas exceeding these thresholds were considered anomalous and indicative of enhanced
radiogenic contributions. Radiogenic heat production was estimated from U, Th, and K concentrations, yielding
values ranging from 1.234 to 2.318 uWm™, with the highest values concentrated around the Dong and Lau
areas. Ternary analysis further reveals high concentrations of the three radioelements (HC3R) predominantly
within Dong and Kaltungo regions, suggesting the influence of acidic igneous intrusions. The coincidence of
high radiogenic heat values with geostatistically anomalous zones highlights Dong and Lau as prospective
geothermal hotspots. These findings demonstrate that the integration of geostatistical analysis and radiogenic
heat evaluation provides a robust framework for geothermal resource assessment and sustainable power
generation planning in the Upper Benue Trough.
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Introduction . . _ . .
th’s internal heat, which originates mainly from primor-

The increasing demand for sustainable and environ- dial heat retained since Earth’s formation and radioge-
mentally friendly energy sources has intensified global ~ nic heat produced by the decay of naturally occurring
interest in geothermal energy as a reliable alternative to radioelements, particularly Uranium (U), Thotium (Th),
fossil fuels. Geothermal energy is derived from the Ear-  and Potassium (K). In continental crustal settings, ra-
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diogenic heat production constitutes a significant com-
ponent of the terrestrial heat budget, making the spatial
distribution of heat-producing elements a critical factor
in geothermal resource assessment. Geothermal power
has been successfully utilized to supplement electricity
generation, demonstrating its viability as an alternative
to conventional energy sources (Othieno and Awange,
2016; Macharia et al, 2018; Omenge et al, 2022;
Nnaemeka et al., 2025). Aeroradiometric surveys offer
an effective means of assessing the distribution of
naturally occurring radioelements, specifically uranium,
thotium, and potassium on the Earth's surface (Telford
et al, 1990; IAEA, 2013). These elements are key
indicators of radiogenic heat production, a crucial
factor in geothermal energy potential. By using air-
borne spectrometric instruments to collect data across
large and often inaccessible areas, acroradiometric sut-
veys provide valuable insights into subsurface charac-
teristics that may indicate the presence of geothermal
resources (Telford et al, 1990). However, interpreta-
tion of aeroradiometric data based solely on visual
inspection of radiometric maps may be subjective and
insufficient for robust geothermal assessment. Geosta-
tistical analysis provides a quantitative framework for
evaluating the spatial distribution, variability, and
anomaly thresholds of radioelement concentrations.
Statistical parameters such as mean, standard deviation,
skewness, and kurtosis help to distinguish background
values from anomalous zones that may reflect specific
lithological units or geological processes. Integrating
geostatistical analysis with radiogenic heat evaluation
enhances the reliability of anomaly delineation and
reduces interpretational uncertainty. The Upper Benue
Trough of Nigeria is a major NE-SW trending
intracontinental rift basin formed during the Eatly
Cretaceous opening of the South Atlantic. It is charac-
terized by complex geological evolution involving
sedimentation, magmatism, and tectonic deformation.
Several studies have demonstrated that parts of the
Benue Trough are enriched in heat-producing elements
and exhibit elevated geothermal gradients and heat
flow values, suggesting significant geothermal potential.
Despite these findings, detailed integration of geosta-
tistical analysis and radiogenic heat production using
high-resolution aeroradiometric data remains limited
for many parts of the Upper Benue Trough. This study
focuses on parts of the Upper Benue Trough covering
Yuli, Futuk, Kaltungo, Guyok, Shellen, Bashar, Muri,
Lau, Dong, and Numan. The objective is to integrate
aeroradiometric mapping, geostatistical analysis, and
radiogenic heat evaluation to identify zones of enhan-

ced geothermal potential. By statistically characterizing
the distribution of U, Th, K, and Total Count and
relating these to radiogenic heat production, the study
aims to delineate geothermal hotspot zones and provi-
de a scientific basis for sustainable power generation
planning in the region. The novelty of this work lies in
the combined application of geostatistical techniques
and radiogenic heat modeling to high-resolution aeto-
radiometric data for geothermal assessment in the Up-
per Benue Trough. This integrated approach not only
improves anomaly detection and interpretation but also
contributes to the growing body of knowledge on
geothermal resoutrce evaluation in sedimentary—base-
ment transition zones of West Africa.

Materials and Methods

Geology and location of the research area

The Upper Benue Trough is an intercontinental Creta-
ceous basin which has a length of about 1000 km,
stretching in a NE-SW direction (Carter et al., 1963;
Obaje, 2009). The stratigraphic divisions of the upper
Benue Trough are characterized by rocks consisting of
igneous and metamorphic materials which make up the
Precambrian Basement. The Bima sandstone is the ol-
dest sedimentary succession which is overlain by the
Yolde formation (sandstone, shale and siltstone) which
mark the transition from continental to marine
sedimentation (Carter et al., 1963; Obaje, 2009). The
research area is within latitude 9.0 to 10.0 °N and
longitude 10.0 to 12.5°FE with landmass of 30,250 km?.
Figure 1 is the geology map of the research area.

Materials

Ten high resolution aeroradiometric data sheets
number 171, 172, 173, 174, 175, 192, 193, 194, 195 and
196, corresponding to Yuli, Futuk, Kaltungo, Guyok,
Shellen, Bashar, Muri, Lau, Dong, and Numan, were
obtained from the Nigerian Geological Survey Agency
(NGSA) respectively. The survey was conducted by
Fugro Airborne Surveys at a flight elevation of 80 m,
with flight lines spaced 500 m apart. The flight line and
tie line directions were 135° and 225°, respectively. The
software applications employed in the analysis include
Oasis Montaj 8.4, Golden Surfer.

Method

The analysis of the aeroradiometric data involves the
merging and gridding of the data sheets to produce the
Potassium, Uranium, Thorium, Total count maps using
oasis montaj program. The quantitative interpretation
of the data involved the geostatistical analysis, radioge-

50



JU. Abangwn et al.

DOI: 10.60923/issn.2281-4485/24210

EQA 73 (2026): 49 - 58

Figure 1. Geology map
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nic heat analysis and Ternary analysis.

Geostatistical analysis

The geostatistical technique employs the histogram
analysis tool and kriging model to assess the statistical
properties of geophysical data. Some of the geosta-
tistical parameters are the mean, standard deviation
(SD), kurtosis, mode, median. Equation [1] calculates
the threshold value statistically as the sum of the mean
and standard deviation; any result above the threshold
is deemed anomalous (Mammoth Geophysical Inc.,
2007; Yusuf, 2016; Adonu et al., 2022).

The threshold value = mean + Standard deviation [1]

Radiogenic heat production analysis

The radiogenic heat output of rocks is measured in
uW/m? and is defined as the energy released in a unit
of time from the breakdown of radionuclides present in
a unit volume of rock (Sedara and Asere, 2020).
Although rock contains a variety of radionuclides, the
most intense heat in the crust is only produced by
radioactive decay of the unstable isotopes of U, Th,
and K (Ehinola et al., 2005; Bubu and Ononugbo,
2017). Equation [2] represents the radiogenic heat (H)

(Rybach, 1988; Holmberg et al., 2012; Eluwa et al,
2021).

H@W/m3) = 0(9.52C;+2.56C,+3.48C)107 (2]

where @ is the area's rock density (kg/m?), C; Cy, and
Cy are the concentrations in U, Th and K respectively.

Ternary Analysis

A single representation of each of the three radioele-
ment concentrations is displayed in the ternary image.
Zones with significant amounts of U, K, and Th acti-
vity can be found using the map (Elawadi et al., 2004).
High concentrations of the three radioelements appear
white, while low levels look black in a typical ternary
image, which is typically shown in blue, red, and green
to represent uranium, potassium, and thorium anoma-
lies, respectively (Yusuf et al., 2014).

Results and Discussion

Total count (T'C) anomaly results

Figure 2 is the total count map ranging from 650.0 to
4317.5 cpt. The map shows high concentrations of TC
values mostly around Dong, Lau, Shellen, Kaltungo
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Figure 2. Total count anomaly map
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and Northwestern part of the Yuli area. There is low
concentration of T'C values around Futuk and Yuli area.

Uranium (U) anomaly results

Figure 3 is the map of U anomaly concentrations in the
study area. Uranium abundances are in the range of 1.1
to 5.0 ppm (part per million). The discrete zones with
relatively high levels (4.4 to 5.0 ppm) of uranium con-
centrations are distributed around Dong, Lau, Kaltun-
go and Northwestern part of Yuli and Bashar area. The

and Northwestern part of the Yuli area. There is low
concentration of TC values around Futuk and Yuli
area. map revealed high relative Uranium abundance
(pink colour) in Dong, Lau, Kaltungo, Northwestern
part of Yuli and Bashar area which are probably due to
the presence of acidic igneous rocks such as granite
while the intermediate values (2.1 - 3.3 ppm) of Ura-
nium abundances are likely proportional to the presen-
ce of sedimentary rock such as limestone and sand-
stone (Galbraith and Saunders, 1983).
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Figure 3. Uraniun anomaly map
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Thorium (Th) anomaly results

The map of Th concentration is shown in Figure 4.
The map revealed wide range of anomalies in the area.
The Th abundances are in the range of 4.5 to 27.9
ppm. The low thorium values of 4.5 to 6.5 ppm ob-
served around Futuk, Yuli and Muri areas are possible
attributes of sedimentary deposits such as sandstone
while the intermediate thorium abundance values of 8.2
to 11.7 ppm are likely as a result of shale deposit in the

area (Galbraith and Saunders, 1983).
Potassium (K) anomaly results

Figure 5 is the map of K anomaly concentrations. The
map revealed varied degrees of K concentrations,
which range from -0.18 to 4.99 % representing the
area's various lithological units. The intermediate va-
lues of 0.29 to 0.80 % (green colour) in the area are
possibly carbonate sedimentary deposits (Galbraith
and Saunders, 1983).
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Figure 5. Potassium anomaly map
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Geostatistical analysis results

Geostatistical analysis of the aeroradiometric data (Fig.
6(a-d)) reveals that the radioelement distributions are
positively skewed, with mean values of 2.986 ppm (U),
13.980 ppm (Th), 1.578% (K), and 2051.462 cpt (TC).
The calculated threshold values effectively discriminate
background levels from anomalous concentrations. In

particular, the threshold value of 3187.462 cpt for the
Total Count, in agreement with Uwah (1984) and
Nwobodo et al. (2020), delineates anomalous zones
that are predominantly concentrated around Dong,
Lau, Shellen, Kaltungo, and the northwestern part of
Yuli. These anomalies are considered significant and
may be associated with radioelement mineralization
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Figure 6. (a) Potassium geostatistical histogram plot
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and enhanced geothermal prospects (Levinson, 1974).
Table 1 is the summary of the geostatistical analysis
results. From Table 1, the threshold value of U con-
centrations was found to be 4.286 ppm. Those areas
(pink colours) where U concentrations exceeded 4.286
ppm mostly Dong, Lau, Kaltungo, Northwestern part
of Yuli and Bashar area were considered anomalous in

Figure 3. From the geostatistical analysis the threshold
value of Th radiometric data was found to be 21.987
ppm (Table 1). Those areas (Dong, Lau, Kaltungo,
Shellen and northwestern part of Yuli area) where Th
concentration exceeded 21.987 ppm were considered
anomalous in Figure 4. From Table 1, the threshold va-
lue for the K concentration was found to be 3.254 %.
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Figure 6. (c) Uranium geostatistical histogram plot
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S/N Parameters U Th K Total Count Iable 1 , N
(ppm) (ppm) (%) (cpt) umm.ag/ of the geostatistical
1 Min 3,970 8,902 4279 650779 nabsis resulls
2 Max 12.160 92.388 7.907 9422.450
3 Mean 2,986 13.980 1578 2051.462
4 Mode 1.880 5.824 0.158 648.775
5 StdDev 1.300 8.007 1.676 1136.000
6 StdBirr 0.007 0.046 0.010 6.545
7 Median 2.865 12.664 0.943 1802.523
8 Skewness 0.767 1.784 0.963 1.332
9 Kurtosis 2.469 5.913 0.009 2192
10 Threshold value 4286 21.987 3.254 3187.462

In Figure 5, those areas (especially Dong, Lau, Kal-
tungo, Shellen, Numan and northwestern part of Yuli
area) where K % concentrations exceeded the thre-
shold value of 3.254 % were considered anomalous.

Radiogenic heat production results

Table 2 summarizes the results of the radiogenic heat
analysis. The radiogenic heat values range from 1.234
to 2.318 uWm™3 with a mean value of 1.731 uWm™3.

The minimum value of 1.234 uWm™3 is seen at Futuk
area while the maximum value of 2.318 uWm™3 is at
Dong area (Fig. 7). Radiogenic heat production values
exceeding approximately 2.25 pyW m™ are regarded as
anomalous and indicative of favorable geothermal con-
ditions (Rybach, 1976; Yakubu et al., 2022; Nnaemeka
et al., 2025). Consequently, the Dong area, with a maxi-
mum RHP of 2.318 pWm™, is identified as a significant
geothermal hotspot within the Upper Benue Trough.

. Long Lat Lithology K mean Th v Radiogenic
Locations mean mean Heat
@) @) () (ppm)  (ppm)  @Wm~?)
Yuli 10.253  9.754 Granite 1291 13.791 2.920 1.724
Futuk 10.756  9.754 SS, shale 0.349  10.520 2.558 1.234
Kaltungo 11.255  9.754 Granite 1.543  15.384 3.236 1.965
Guyok 11.753  9.754 SS, LS 0.842  11.408 2.654 1.326
Shellen 12252 9.754  Shale, LS, SS 3113 14799 2.750 1.723
Bashar 10.253  9.255 Granite 1.043  15.079 3.334 1.886
Muri 10.756  9.255 Shale 0.634  10.901 2.795 1.435 Table 2
Law 11255  9.255 Granite 1947  16.045 3422 2.091 wes
i Results of radiogenic
Dong 11.753  9.255 Granite 2754 18.162 3.331 2.318 J .
eat analysis
Numan 12252 9.255 Shale 2237 13774 2.809 1.605 (SS=Sandstone;
Average 1.575  13.986 2.981 1.731 LS=L imestone)
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Ternary anomaly results

The ternaty map presented in Figure 8 depicts the re-
lative abundance distributions of the three radioele-
ments. The U, Th and K ate represented in blue, green
and red colour respectively. Low concentrations of the
three radioelement concentrations mainly at northwe-
stern Futuk and Northeastern Yuli area are displayed
inblack colour (indicated by LC3R) which may be attri-

buted to sedimentary deposits such as sandstone, lime-
stone and shales, while the white colour mainly at
Dong and Kaltungo area denotes high concentrations
of the three radioelements (HC3R) and these areas are
possibly as a result of acidic igneous intrusions (Gal-
braith and Saunders, 1983), which are generally enri-
ched in heat-producing elements (Yusuf et al., 2014).

Figure 8. Ternary anomaly map
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Conclusion References

The integration of geostatistical analysis and radiogenic
heat evaluation of aeroradiometric data has provided a
comprehensive assessment of geothermal potential in
parts of the Upper Benue Trough, Nigeria. Statistically
significant anomalies in Uranium, Thorium, Potassium,
and Total Count correspond spatially with elevated
radiogenic heat production values ranging from 1.234
to 2.318 uWm™. The Dong and Lau areas exhibit the
highest radiogenic heat values which spatially coincide
with the Total count anomaly threshold and HC3R
zones on the ternary map, suggesting strong radiogenic
contributions from acidic igneous rocks. These areas
are therefore identified as viable geothermal hotspots
with potential for sustainable electricity generation.
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