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INTRODUCTION

Nigeria’s Energy Transition Plan (2022) champions renewable energy to achieve SDGs 7 &
13. While studies have highlighted its potential (Ekpotu et al., 2024; Emmanuel et al. 2025),
geothermal energy remains a significantly under-explored resource.

METHODS

The estimation of the heat flow was derived from spectral analysis of
magnetic data, following an established geophysical method: <
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1. Data Processing:
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i. The Total Magnetic Intensity (TMI) grid was first processed to isolate
the magnetic signature of deep-seated sources. A regional-residual sep-
aration was performed to remove long-wavelength anomalies, resulting
in a Residual Magnetic Intensity (RMIl) map (Blakely, 1996) .

ii. RMI map was then transformed using Reduction to the Magnetic
Equator (RME), a crucial correction that repositions magnetic anoma- ’ [m,%

n|—/| = B—|K|Z,...[2)
lies directly above their source bodies. (Baranov, 1957; Mendonca and . I
SPECTRAL ANALYSIS
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L REGIONAL-RESIDUAL SEPARATION J

This study presents an assessment of Nigeria's geothermal potential across strategic regions, tafP(K) /2] = A = Ikiz,.. 1)
including the Benue Trough and Younger Granite provinces. Applying spectral inversion on
high-resolution aeromagnetic data and radiogenic heat production (RHP) estimation from high

-resolution aero-radiometric data, we calculated key indicators:

Silva, 1993)

2. Spectral Analysis: The RMI data was partitioned into overlapping
windows for 2D spectral analysis. The depth to the top of the magnetic
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sources and the Centroid depth were calculated from the slope of the DEPTH (CPD)
(] L] M M M dT
.Cu”e POI“t De th CPD ] ] ] ] energy spectrum within each window (Spector and Grant, 1970; Okubo Z,=21,-Z, g = k(—)
pth ( ) Derivatives of Spectral Inversion of aeromagnetic etal., 1985). Ry 4

eGeothermal Gradient 3. Curie Point Depth (CPD) Calculation: The basal depth of the mag- o AT ocsz
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netic source, interpreted as the Curie Point Depth (CPD) where rocks dzZ

geophysical data

eHeat Flow
eRadiogenic Heat Production } Derived from aero-radiometric Geophysical data
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Our findings reveal exceptionally high heat flow and shallow heat sources, far exceeding
typical continental values. This confirms significant potential for both electricity generation
and direct-use applications. This work provides a critical foundation to guide future explora-
tion and investment, accelerating Nigeria's transition to a sustainable energy future.

RESULTS K B O SO .
Table 1. CPD, Geothermal Gradient, Heat Flow, and RHP }\ }N\
Block_ID | Zt_Top_Depth | Zo_Centroid_Depth | Zb_Curie_Depth | Geothermal_ | Heat_Flow_
km _km _km Gradient_ mW/m2 RHP—“{,‘IEAN :
oC/km (WW/m?) ‘
B1 0.223833355 9.098187118 |  17.97254088 | 32.27145254 | 80.6786313 0.00201
B2 0.211051406 0.702488238 |  19.19392507 | 30.21789435 | 75.5447359 0.00214 e
B3 0.20607275 9.54005026 |  18.87402777 | 30.73005969 | 76.8251492 0.00222
B4 0.216120417 9.063609664 |  17.91109891 | 32.38215605 | 80.9553901 0.00221
B5 0.277975121 8.412286668 |  16.54659822 | 35.05252212 | 87.6313053 0.00223
B6 0.206720596 7.715582419 |  15.22444424 | 38.09662874 | 95.2415718 0.00242 ] )
B7 0.231827227 9.269487863 18.3071485 | 31.68161334 | 79.2040333 0.00211 - -
B8 0.19568875 0.83473888 |  19.47378901 | 29.7836235 | 74.4590588 0.00203 it
B9 0.203853285 9.277356154 |  18.35085902 | 31.60614984 | 79.0153746 0.00206 SchLE = Scales 13,050,000 Legend
B10 0.221785568 8.01254698 | 1580330839 | 3670117583 | 91.7529396 |  0.00213 £ . K A nE — )
B11 0.223900938 7.533862584 |  14.84382423 | 39.07348881| 97.683722 0.00222 e, Y 4 | i o ’ i ’
B12 0.210352306 8.446469992 |  16.68258768 | 34.76678865 | 86.9169716 0.00207 et ,_fr_ i) Sl I P/
B13 0.210999789 9103424247 | 17.99584871 | 32.22965527 | 80.5741382 0.00204 — ; & Agency (NGA) JULY 2023 Edion Ee
B14 0.224278427 10.20399852 |  20.18371861 | 28.7360328 | 71.840082 0.00208 JRp— IR i % ol _ ;
B1S 0.110780555 9.570892848 | 19.03100514 | 30.47658259 | 76.1914565 |  0.00226 T T s 1 T G o o 5 € cprsci e |
B16 0.217731914 8.933726924 17.64972193 | 32.86170752 | 82.1542688 0.00197 e 4 J . % RADIOGENIC HEAT PRODUCTION (RHP) MAP OF PARTS OF NIGERIA
B17 0.221001783 9.506908146 |  18.79281451 | 30.86285983 | 77.1571496 0.00162

lose their ferromagnetic properties (~580°C for magnetite), was calcu-
lated from the estimated depth parameters (Tanaka et al., 1999).

4. Geothermal Gradient Derivation: Finally, the geothermal gradient
was calculated by assuming the Curie temperature is isothermal and
using the standard heat flow equation, where Heat Flow is a function of
the thermal gradient and thermal conductivity (Turcotte and Schubert,
2002).

RADIOGENIC HEAT PRODUCTION

The radiogenic heat production (RHP) of rocks was quantitatively esti-
mated using the empirical formula established by Rybach (1976). This
method calculates the amount of heat generated within the crust due
to the natural radioactive decay of specific elements.

Fig. 1: CPD, Geothermal Gradient and Heat Flow Flowchart Methodology

RADIOGENIC HEAT PRODUCTION

RHP (uW/m )= 10% p (9.52 Cy + 2.56 Cr, +3.48 Cy)

Fig. 2: Radiogenic Heat Production Estimation Using Rybach’s Equation

Fig. 3: HEAT FLOW MAP OF THE STUDY AREA Fig. 4: RHP MAP OF THE STUDY AREA

me spatial distribution of heat flow defines a west—east belt of elevated Vb ﬁmoderate positive correlation is observed between heat flow and Radioactive Heh

ues that mirrors the structural grain and magmatic history of the Benue
Trough and adjoining basement. High heat flow blocks in the west (e.g. B5—-
B6) align with the southern Bida Basin and the western termination of the
Middle Benue, while the strongest anomaly in the East (B11) coincides with
the structurally complex Middle-Upper Benue sector. Overall, blocks with ge-
othermal gradients exceeding ~35 °C/km (B5, B6, B10, B11) consistently ex-
hibit heat flow values above ~87 mW/mz, confirming a robust inverse rela-
Qnship between CPD and surface thermal output. /

Production (RHP), with a Pearson correlation coefficient of r=0.42. Although mean
RHP values are generally low (~0.002 uW/m3), blockiZscale variations are meaningful:
B6 records both the highest mean RHP (0.00242 pW/m?®) and one of the highest
heatZflow values (95.24 mW/m?), whereas B17, with the lowest RHP (0.00162 pW/
m®), corresponds to a relatively lower heat flow (77.16 mW/m?). These relationships
suggest that RHP contributes measurably to the heat budget but does not solely con-

Qalthe observed anomalies. /

DISCUSSION

CONCLUSION

elntegrated Exploration Framework: This research demonstrates that combining Curie Point Depth (CPD), ge-
othermal gradient, heat-flow estimates, and Radioactive Heat Production (RHP) creates a powerful framework
for identifying geothermal targets in regions with limited data.

*Shallow CPD, high geothermal gradients and elevated heat flow in the study area point to a predominantly tectono-magmatic control on the
thermal regime, consistent with earlier work in the Benue Trough (Anakwuba et al., 2019; Ofoegbu & Onuoha, 1991; Nwankwo et al., 2011).

*The hottest blocks (B11, B6, B10) coincide with structurally complex segments of the Benue Trough and adjacent basins, previously mapped
as zones of crustal extension, intrusive magmatism and high lineament density, supporting a model of crustal thinning and felsic intrusions
elevating isotherms and enhancing heat transfer (Ofoegbu, 1985; Onwuemesi, 1997; Anakwuba et al., 2019).

*A moderat lation bet RHP and heat flow indicates that radi ic heati dary but -negligibl : di i .gs . . . . .
MOTErate correiation between and heat TIOW Incieates that raclogenie Aeat 15 a secondary but NON-NEE 18IXE SOUTEE: MOre radiopenic eldentification of High-Heat Belt: The analysis reveals a continuous, structurally controlled high-heat-flow belt

across the study area.

dominant contribution from mantle heat input and structurally focused flow (Nyabeze & Gwavava, 2016; Bello et al., 2023; Anakwuba et al.,
2019).

role of crustal structure and thickness, rather than composition alone, in controlling the regional geothermal field (Oladunjoye et al., 2017;
Anakwuba et al., 2019).

ePrimary Prospect Blocks: Blocks B11, B6, and B10 are identified as first-order prospects for high-enthalpy ge-
othermal exploration.

*Exploration results define a clear geothermal hierarchy: B11, B6 and B10, with gradients well above the global continental average of 25-30
°C/km and heat-flow levels comparable to known geothermal provinces, are prime targets for high-enthalpy resource assessment, including
detailed geophysical surveys and temperature-gradient drilling (Pollack et al., 1993; Hurter & Haenel, 2002; Wygrala, 1989; Garg & Combs,
2015).

eGeological Drivers: The coincidence of shallow CPDs and high heat flow with the Benue Trough suggests that
crustal thinning and magmatism are the primary drivers of the thermal regime, with radiogenic heat serving as a

L . . . L . secondary enhancer.
*Central and southern blocks with intermediate heat flow are better suited to direct-use applications such as space heating and

agro-processing, where moderate temperatures are adequate and drilling costs can be minimized (Lund & Freeston, 2001; Bromley et al.,
2010).

eCommercial Viability: Prioritizing exploration in these thermally anomalous blocks provides the best oppor-
tunity to develop commercially viable resources for electricity generation and high-temperature industrial use.

lateral boundaries of the high-potential anomalies, refining the overall exploration strategy (Hurter & Haenel, 2002; Lund & Freeston, 2001).
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