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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.  

This study presents an assessment of Nigeria's geothermal potential across strategic regions, 
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: 

•Curie Point Depth (CPD) 
•Geothermal Gradient 
•Heat Flow 
•Radiogenic Heat Production 
 

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. 

METHODS  
 
 
 
 
 
 
 
 
 
 

 CONCLUSION  
•Integrated 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. 

·  

•Identification of High-Heat Belt: The analysis reveals a continuous, structurally controlled high-heat-flow belt 
across the study area. 

·  

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

·  

•Geological 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 
secondary enhancer. 

·  

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

The estimation of the heat flow was derived from spectral analysis of 
magnetic data, following an established geophysical method: 
1. Data Processing:  
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 (RMI) map (Blakely, 1996) .  
ii. RMI map was then transformed using Reduction to the Magnetic 
Equator (RME), a crucial correction that repositions magnetic anoma-
lies directly above their source bodies. (Baranov, 1957; Mendonça and 
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 
sources and the Centroid depth were calculated from the slope of the 
energy spectrum within each window (Spector and Grant, 1970; Okubo 
et al., 1985) . 
3.  Curie Point Depth (CPD) Calculation: The basal depth of the mag-
netic source, interpreted as the Curie Point Depth (CPD) where rocks 
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  
 
 

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

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.  

Table 1. CPD, Geothermal Gradient, Heat Flow, and RHP  

Fig. 3: HEAT FLOW MAP OF THE STUDY AREA Fig. 4: RHP MAP OF THE STUDY AREA 
Analysis of the 17 blocks reveals a distinctly heterogeneous thermal regime, 
with heat‑flow values ranging from approximately 71 to 98 mW/m² and geo-
thermal gradients from about 28 to 39 °C/km. Blocks B11, B6 and B10 stand 
out as the most thermally anomalous areas, combining the highest geothermal 
gradients (>36 °C/km), highest heat‑flow values (>91 mW/m²) and the shallow-
est Curie Point Depths (CPD ≈ 14.8–15.8 km). In contrast, blocks such as B14 
and B8 show lower geothermal gradients (<30 °C/km), comparatively deep 
CPDs (>19 km) and reduced heat flow (~72–75 mW/m²), indicating a cooler, 
less prospective crust.  

The spatial distribution of heat flow defines a west–east belt of elevated val-
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/m², confirming a robust inverse rela-
tionship between CPD and surface thermal output.  

A moderate positive correlation is observed between heat flow and Radioactive Heat 

Production (RHP), with a Pearson correlation coefficient of  r=0.42. Although mean 
RHP values are generally low (~0.002 µW/m³), block‑scale variations are meaningful: 
B6 records both the highest mean RHP (0.00242 µW/m³) and one of the highest 
heat‑flow values (95.24 mW/m²), whereas B17, with the lowest RHP (0.00162 µW/
m³), corresponds to a relatively lower heat flow (77.16 mW/m²). These relationships 
suggest that RHP contributes measurably to the heat budget but does not solely con-
trol the observed anomalies.  

DISCUSSION  
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