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Abstract 

Curie point depth, geothermal gradient, and heat flow values of part of the Mid-Niger Basin, Nigeria 
were estimated using high-resolution aeromagnetic data of the study area. Spectral inversion of high-
resolution aeromagnetic data was used to estimate the top and centroid depths of the magnetic sources 

which were further applied to calculate the Curie point depths of the magnetic sources. Top depths to 
the magnetic sources across the area are of the range of 1.865 km to 4.264 km with a mean of 2.723 
km whereas the centroid depths of the magnetic sources are of the range of 13.26 km - 17.12 km with 
a mean value of 14.78 km. The range of values for the Curie point depth values are from 24.21 km to 
32.26 km with an average value of 26.83 km. The geothermal gradient values were estimated to be 
of the range of 17.98 - 23.95o C/km with an average value of 21.62oC/km. Finally, the heat flow values 
range from 44.95 mWm-2 to 59.89 mWm-2 with an average value of 54.04mWm-2. It was observed 

that the range of estimated geothermal conditions in the study area point to the fact that the area is 
not a volcanic or thermally active region and therefore has no potential geothermal energy reservoirs. 
Finally, the estimated geothermal gradient in this study may not be enough to cause thermal 
maturation of the available source rocks in the area. 

Keywords: Aeromagnetic; Curie point depths; Geothermal gradient; Heat flow; Spectral inversion; Hydrocarbon 
prospectivity. 

1. Introduction

The Mid-Niger basin has not been fully studied and explored like other inland basins and its

petroleum potentials are not yet fully known. This is because the potential non-marine source 

rocks of the southern Mid-Niger basin are believed to have not been deeply buried especially 

within the margins and therefore are believed to be thermally immature [1-3]. In addition, 

because of the power challenges of Nigeria and the discovery of several hot springs across 

Nigeria, a lot of interests have been generated towards the possibility of the development of 

geothermal reservoirs. Therefore, exploration activities for the discovery of geothermal reser-

voirs across the country especially using high resolution aeromagnetic data have been inten-

sified [4-5]. Therefore, heat flow and hydrocarbon potential studies in the Mid-Niger Basin are 

still poorly understood, due in part to the dearth and distribution of subsurface data. This 

studies is very important because there is a well-established and defined relationship between 

geothermal gradient, sedimentation, vitrinite reflectance, thermal maturation of organic ma-

terials, and type of hydrocarbon generated [1,3,6-7]. Moreover, because of the intense tectonic 

activities associated with the study area and the high density of faults in the study area, it 

might not be easy to monitor thermal conductivity patterns and heat flow systems associated 

with the lower crustal heat flow. Although heat flow observations can be made from boreholes 

on land and data measured in the deep-sea sediments, the obtained values generally are 

insufficient in determining regional thermal structures [8]. 
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Curie point depth based on spectral inversion of magnetic data has widely been used in the 

estimation of regional thermal structures worldwide [9-10]. At curie temperatures, a magnetic 

a substance loses its magnetic polarization. Consequently, it may be possible to locate a point 

on the isothermal surface by determining the depth to the bottom of a polarized rock mass 
[11]. Curie point depth is the depth at which the rock loses their ferromagnetic properties due 

to increase in the temperature above the curie temperature which is approximately 580oC; in 

other words, it is a depth at which a magnetic material passes from a ferromagnetic state to 

a paramagnetic state under the infuence of increasing temperatures [4,12]. Though the concept 

of Curie point temperature may be controversial, Curie point depth (CPD) has been described 

by many authors [5,9,12-15]. CPD has been applied over the years in the estimation of thermal 

structure in various regions, and is often classified into two categories. They include the de-

termination and examination of the shape of isolated magnetic anomalies [9,16] analysis of the 

statistical properties of the patterns of the magnetic anomalies [10]. The first method provides 

the relationship between the spectral characteristics of the magnetic anomalies and the depth 

of the magnetic sources by carrying out Fourier synthesis of the spatial data. The latter method 

is believed to be more appropriate in the compilation of magnetic anomalies [12,17]. 

Spectral inversion techniques have been very effective in inferring the depths to magnetic 

sources because its operations are done in the frequency domain [10]. The technique has re-

vealed that when a statistical population of a potential field source exists at around a specific 

source depth, then the expression of those sources on a plot of the natural logarithm of energy 

against wavenumber is a straight line having a slope of - 4h [10]. In heat flow estimation from 

aeromagnetic data, spectral inversion is usually carried out on the residual data to infer the 

top depths of magnetic sources (Zt), and the centroid depths of the magnetic source (Zo) for 

the estimation of Curie point depths (CPDs). Several approaches have been used by several 

authors to acquire the depths to magnetic anomalous sources and centroid depths using the 

spectral inversion of high-resolution aeromagnetic (HRAM) data [4,18-22]. The CPD is symboli-

cally represented as Zb; the depth to the bottom of magnetic sources (DBMS). It is described 

as such because at such depth, the dominant magnetic minerals in the crust passes from the 

ferromagnetic state to a paramagnetic state under the influence of increasing temperatures [23].  

The centroid depths are the geometric centres [15] of the vertical rectangular prismatic 

bodies [10]. Bhattacharyya [24] used an expression for the power spectrum of the total mag-

netic field intensity over a single rectangular block, which was generalized by Spector and 

Grant [10]  by assuming that the anomalies on an aeromagnetic map are due to an ensemble 

of vertical prisms. Bhattacharyya and Len [9] and Okubo et al. [15] also described Zb as the 

basal depth of the magnetic sources which is assumed to be the CPD of the area hosting the 

magnetic sources. Several methods exists for the estimation of Curie point depth [25-27]. Spec-

tor and Grant [10] examined the pattern of the anomalies and provided the relationship be-

tween the spectrum of the magnetic anomalies and the depth of a magnetic source by carrying 

out a Fourier transform of the spatial data into the frequency domain. Okubo et al. [25] sum-

marized the methods of estimating the depth extent of magnetic sources. According to Okubo 

et al. [25], the methods can be categorized into two groups: the group that examines the 

shapes of isolated magnetic anomalies [9] and the group that examines statistical properties 

of patterns of magnetic anomalies [10]. Both groups provide the relationship between the 

spectrum of magnetic anomalies and the depth of magnetic source by transforming the spatial 

data into the frequency domain.  

The aeromagnetic data used in this study is composed of four (4) high resolution aeromag-

netic maps of the Nigeria Geological Survey Agency (NGSA) which include Gulu, Koton-Karfi, 

Abaji, and Kuje. The main objective of this study is to evaluate the geothermal conditions of 

the study area through the estimation of the Curie point depths, geothermal gradients, and 

heat flow. These will be used to evaluate the geothermal potentials of the area as well as infer 

the possible influence of the geothermal gradient on hydrocarbon generation.  
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1.1. Geology of the study area  

The study area is located between latitudes 80001 N - 90001 N and longitudes 60301 E - 70301 

E and constitutes part of the southern Mid-Niger Basin. The Mid-Niger Basin is a NW-SE trend-

ing intra-cratonic sedimentary basin extending from Kontagora within the basement complex 

of Northern Nigeria to Lokoja and environs within the Cretaceous sediments of the south. The 

Bida basin, also known as the Mid-Niger or Nupe basin located in north-central Nigeria is one 

of the Cretaceous basins in West Africa whose origin is associated with the opening of the 

South Atlantic. The Southern Mid-Niger basin has an average sedimentary thickness of 3.5 

km thick [1,3]. The study area is surrounded by Precambrian basement rocks which experi-

enced intense tectonism during the Late Pan-african phase (600±150 m.y). These Pan-African 

episodes resulted to the development of shear zones that were subsequently reactivated dur-

ing the Late Campanian-Maestrichtian resulting in wrench faulting which later formed the basin 
[1-3]. Ladipo [28] suggested that the Mid-Niger Basin is a gently down-warped trough whose 

origin is closely connected with the Santonian orogenic movement in south eastern Nigeria 

and the Benue valley, with its sedimentary fill comprising of post-orogenic molasses and thin, 

unfolded marine sediments. The basin trends in the NW-SE direction, a NW extension of the 

Anambra Basin perpendicular to the main axis of the Benue Trough as shown in Figure 1. 

                       

Figure1. Geological map of Nigeria showing the Mid-Niger Basin [29] 

The Mid-Niger Basin and the Anambra Basin were the major depocentres during the third 

transgressive cycle in the late Cretaceous. Notable geologists that have worked in the area 

have divided this basin geographically into the northern and southern Bida Basin, probably 

due to the rapid facies changes across the basin [2-3,29-30]. The northern and southern Bida 

Basins comprise of about 3 km thick Campanian to Maastrichtian continental to shallow marine 

sediments [2,30, 30-31]. The southern Bida Basin comprises the basal Campanian Lokoja For-

mation, followed by the Maastrichtian Patti Formation and then the youngest Agbaja Formation 

which is also Maastrichtian in age [2,28,31]. Their lateral stratigraphic equivalents in the north-

ern Bida Basin consist of the basal Bida Formation as shown in Figures 2&3.  
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Figure 2. Geological map of part of the southern Mid-Niger Basin 

 

Figure 3. Lateral stratigraphic equivalents of the northern Bida Basin, southern Bida Basin and Anam-
bra Basin [2]. 

Gravity studies over the Bida Basin estimated that the sediments which include the Bida , 

Enagi and Batati Formation (ironstone) makes up a maximum sedimentary thickness of  about 

3.5 km in the central axis [32]. However, a recent spectral analysis of the residual total mag-

netic field in different sections of the basin revealed an average sedimentary fill of about 3.4 

km with basement depth of up to 4.7 km estimated in the southern and central parts of the 

basin [35]. In general, the depth to the basement in the basin is believed to decrease  smoothly 

from the central parts to the flanks of the basin [1-3,28,30].   

2. Materials and methods 

2.1. Data 

Digitized high revolution aeromagnetic (HRAM) maps of sheets 206, 207, 227, and 228 at 

a scale of 1:100,000 covering a total area of about 12,000km2 was used in this study. The 

study area as shown in Figure 2 has important towns like Gulu, Koton-Karfi, Abaji, and Kuje. 

The high resolution aeromagnetic data was acquired for the Nigerian Geological Survey Agency 

by Fugro between 2006 and 2009. The aeromagnetic survey was flown along a series of NW-
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SE flight lines with 500m line spacing, 80m terrain clearance and flight line direction of NW-

SE. Data were recorded at very small intervals of 0.1s each with 80 m normal flight height. 

The geomagnetic gradient was removed from the data using January 2005 IGRF model refer-

enced to the World Geodetic System, 1984 ellipsoid.  The aeromagnetic survey was flown 

along with a series of NW-SE flight lines (perpendicular to dominant regional geologic strike) 

spaced at 500 m with 2000 m tie line spacing in the NE – SW direction.  

2.2. Methods 

The regional - residual separation technique using polynomial fitting was carried out in this 

study. This is a purely analytical method in which matching of the regional field by a polynomial 

surface of low order exposes the residual features as random errors. The regional gradients 

were removed by fitting a plane surface to the data by using multi- regression least-squares 

analysis to obtain the residual data. Figures 4 and 5 show the total magnetic field intensity 

(TMI)  and  residual field maps of the study area respectively. These maps revealed magnetic 

highs at the margins while magnetic lows with magnetic intensity values between -920-149 

gammas are concentrated at the central parts of the maps. 

  
Figure 4. First Degree Total Magnetic Field Inten-
sity of the Aeromagnetic data of the study area in 
gamma 

Figure 5. First Degree Residual Map of the Aero-
magnetic Data in gamma 

2.3. Curie Point depth estimation 

Curie point depth (CDP) estimation based on spectral inversion of magnetic data has been 

widely used in the estimation of regional thermal regimes worldwide [10-11,27]. The technique 

is generally similar to that used in earlier studies by Spector & Grant [10]. The depth to the 

top of the magnetic body (top bound) (Zt) and the centroid of the magnetic source (Zo) were 

calculated using the power spectrum of the magnetic anomalies, which was further used in 

the calculation of the depth to the magnetic source (Curie point depth). In using the method 

presented by Tanaka et al. [27], it was assumed that the layer extends in infinitely far distances 

in all horizontal directions. The depth to the top of the magnetic source is therefore seen to 

be very small when compared with the horizontal scale of the magnetic source, and the mag-

netization M(x, y) is a random function of x and y. Blakely [34] introduced the power spectra 

of the total field anomaly Ф∆𝑇given as: 

Ф∆𝑇 (𝑘𝑥, 𝑘𝑦 )  = ФM (𝑘𝑥, 𝑘𝑦 ) ×   𝐹 (𝑘𝑥, 𝑘𝑦 ),            (1) 

𝐹 (𝑘𝑥, 𝑘𝑦 )= 4𝜋2𝐶𝑚
2 |Θ𝑚|2|Θ𝑓|

2
𝑒−2|𝑘|Z𝑡,             (2) 

Where;ФM = the power-density spectra of the magnetization; C𝑚= proportionality constant; 

and,Θ𝑚 and Θ𝑓 = factors of magnetization direction and geomagnetic direction, respectively.  

Equations 1&2 can then further be simplified by noting that all terms except |Θ𝑚|2|Θ𝑓|
2
 are radia-

lly symmetrical, though the radial averages |Θ𝑚|2|Θ𝑓|
2
 are constant. If M(x, y) is completely 
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random and uncorrelated, ФM (𝑘𝑥, 𝑘𝑦 ) is therefore a constant. Hence, the radial average of Ф∆𝑇 

is given as: 

Ф∆𝑇(|𝑘|)= 𝐴𝑒−2|𝑘|Z𝑡(1 − 𝑒−|𝑘|(𝑍𝑏−𝑍𝑡))
2
,             (3) 

where A = constant; and k = wave number 

For wavelengths less than about twice the thickness of the layer, Equation (3) approxi-

mately becomes 

In [Ф∆𝑇(|𝑘|)
1

2⁄ ] = In 𝐵 − |𝑘|𝑍𝑡,                (4) 

where B is a constant. 

The upper bound of the magnetic source 𝑍𝑡can be estimated by fitting a straight line to the 

high-wave number part of a radially averaged power spectrum given as In [Ф∆𝑇(|𝑘|)
1

2⁄ ]. Based 

on the foregoing therefore, and by combining equation 3&4, equation 5 is derived: 

Ф∆𝑇(|𝑘|)
1

2⁄ =  𝐶𝑒−|𝑘|𝑍𝑜(𝑒−|𝑘|(𝑍𝑡−𝑍𝑜) − 𝑒−|𝑘|(𝑍𝑏−𝑍𝑜)),          (5) 

Where C is a constant. At longer wavelengths, equation 5 becomes:  

Ф∆𝑇(|𝑘|)
1

2⁄ =  𝐶𝑒−|𝑘|𝑍𝑜(𝑒−|𝑘|(−𝑑) − 𝑒−|𝑘|(𝑑)) ≈  𝐶𝑒−|𝑘|𝑍𝑜2|𝑘|𝑑,      (6) 

Where 2d is the thickness of the magnetic source. Solving completely from equation 6, equ-

ation 7 shown below is derived: 

In {[Ф∆𝑇(|𝑘|)
1

2⁄ ] / |𝑘|} = In𝐷 − |𝑘|𝑍𝑜              (7) 

The top bound and the centroid of the magnetic source can be estimated by fitting a straight 

line through the high wave number and low wave number parts of the radially averaged spec-

trum of  In [Ф∆𝑇(|𝑘|)
1

2⁄ ] In {[Ф∆𝑇(|𝑘|)
1

2⁄ ] / |𝑘|} . The top-bound and centroid depth of the magnetic 

source is therefore estimated from the slope of the power spectrum as carried out by earlier 

scholars [15,27,35-38].  

To compute the depth to to the Curie Point Depth, the residual magnetic field data of the 

study area was divided into overlapping grids with spectral widths of 135 x135 km. The di-

mensions of the square grids used were based on a minimum ratio of 12:1 of block size to 

prism dimensions (magnetic sources) as demonstrated by Tselentis [39]. Thus assuming a 

minimum anomaly of approximately 4km, this meant a minimum block size of about 55km. 

Upward continuation technique was utilized for each block to get rid of the short-wavelength 

components of the magnetic data with the continuations made at the elevations of 1 to 4km. 

The obtained basal depth (Zb) of magnetic sources is assumed to be the Curie point depth [9].  

In this study, the method adopted is similar to the method of Okubo et al. [15]. The top 

boundary and the centroid of a magnetic source Zt and Zo respectively were calculated from 

the power spectrum of magnetic anomalies, and were used to estimate the basal depth of the 

magnetic sources, Zb, through the equation 1 [15,40]. The depth to the magnetic sources (Curie 

point depth) is thus derived using equation 8:  

𝑍𝑏 =  2𝑍𝑜 − 𝑍𝑡                      (8) 

where 𝑍𝑜= Depth of the centroid of magnetic source, 𝑍𝑡= Top Bound and 𝑍𝑏= Curie point depth. 

2.4. Geothermal gradient and heat flow estimation 

Due to the absence of heat flow data in the study area, a dimensional heat conductive 

transport model was used to estimate the heat flow and geothermal gradient. This model is 

based on Fourier equation. In a one dimensional case, making the assumption that the direc-

tion of temperature is vertical and the temperature gradient 𝑑𝑇
𝑑𝑍⁄  constant, the Fourier law 

takes the form of equation 9: 

𝑞 =  𝜆 𝑑𝑇
𝑑𝑍⁄                       (9) 

Where q = heat Flow and 𝜆 = coefficient of thermal conductivity. According to Tanaka et al., 
[27], the Curie temperature (𝜃𝑐) is defined as  

𝜃 =  [𝑑𝑇
𝑑𝑍⁄ ]𝑍                      (10) 
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Applying equations (9) and (10) in establishing the relationship between Curie point depth 

(𝑍𝑏) and heat flow (q),  𝑞 was therefore estimated using equation 11: 

𝑞 =  𝜆 [𝜃
𝑍𝑏

⁄ ] =  𝜆(580℃/𝑍𝑏)                 (11) 

Equation 11 shows that the CPD is inversely proportional to the heat flow, q. Similarly, the 

geothermal gradient was estimated from equation 10. In both estimations, the Curie point 

temperature of 580oC and thermal conductivity of 2.5 Wm-1oC-1 was assumed [36,43].  

3. Results and discussion 

The sample graphs of the logarithms of the energy spectrum for some of the spectral blocks 

using the FOUR POTTM software are shown in Figure 6. Figure 7 shows the spectral blocks 

showing the estimated CPD, geothermal gradients and heat flow of the study area while the 

summary of the estimated CPD, geothermal gradients and heat flow of the study area are 

shown in Table 1. Similarly, Figure 8 shows the spatial map of the Curie Point Depths while 

Figure 9 is the spatial map of the geothermal gradient estimated from the study area. Figures 

10,11 &12 are the spatial map of the heat flow, the cross plot of Curie point Depth versus 

Geothermal gradient and the Cross plot of Curie point Depth versus Heat Flow respectively.  

 

 
Figure 6. Plots of the logarithms of the spectral energies for some of the spectral blocks: (a) Z0 and (b) Zt 

Table 1. Estimated CPD, geothermal gradients and heat flow of the study area 

Spectral 
blocks 

Longi-
tude 

 Lati-
tude 

 Depth (km) CPD(km) Geothermal 
gradient 

Heat Flow 

 X1 X2 Y1 Y2 Zt Zo Zb (km) 𝑑𝑇 

𝑑𝑧
oC km-1 q (mWm-2) 

A 6.50 6.75 8.75 9.00 2.742 14.250 25.76 22.52 56.29 

B 6.75 7.00 8.75 9.00 2.764 14.940 27.11 21.39 53.49 

C 6.50 6.75 8.50 8.75 2.375 14650 26.93 21.54 53.85 

D 6.75 7.00 8.50 8.75 2.674 13.620 24.57 23.61 59.02 

E 7.00 7.25 8.75 9.00 2.234 14.230 26.23 22.11 55.28 

F 7.25 7.50 8.75 9.00 2.282 13.260 24.24 23.93 59.82 

G 7.00 7.25 8.59 8.75 4.264 14.620 24.98 23.22 58.05 

H 7.25 7.50 8.59 8.75 3.985 15.790 27.60 21.01 52.54 

I 6.50 6.75 8.25 8.50 2.157 16.200 30.24 19.18 47.95 

J 6.75 7.00 8.25 8.50 2.256 15.450 28.64 20.25 50.63 

K 6.50 6.75 8.00 8.25 1.865 14.700 27.54 21.06 52.65 

L 6.75 7.00 8.09 8.25 1.987 17.123 32.36 17.98 44.95 

M 7.00 7.25 8.25 8.50 2.924 14.530 26.14 22.18 59.47 

N 7.25 7.50 8.25 8.50 4.093 14.150 24.21 23.96 59.89 

O 7.00 7.25 8.00 8.25 2.064 14.150 26.34 22.02 55.05 

P 7.25 7.50 8.00 8.25 2.903 14.710 26.52 21.87 54.68 
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Figure 7. Spectral blocks showing Estimated CPD, geothermal gradients and heat flow of the study 
area 

  

Figure 8. Spatial map of the curie point depth of 
the study area 

Figure 9. Spatial map of the geothermal gradient 
estimates of the study area 

Spectral inversion of the residual field of the high resolution aeromagnetic maps over the area 

was carried out for the overlapping blocks using a grid size of 135 x135 km. The results of the 

study revealed a two layer depth model with the top layer representing the depth of magnetic 

sources, Zt, while the centroid depth of magnetic sources, Zo is represented by the bottom 

layer. Zt, varies from 1.865 km to 4.264 km with an average depth of 2.723 km, while Zo 

varies from 13.260 km to 17.123 km with an average depth of 14.78 km as shown in Table 1. 

 

GULU(A) 

Zt = 2.742 

Zo= 14.250 

Zb= 25.76 

dt/dz = 22.52 

q=56.29 

GULU (B) 

Zt = 2.764 

Zo= 14.940 

Zb= 27.11 

dt/dz = 21.39 

q=53.49 

ECUJE (FCT) 

Zt = 2E.234 

Zo= 14.230 

Zb= 26.23 

dt/dz = 22.11 

q=55.28 

KUJE (FCT) 

Zt = 2.F282 

Zo= 13.260 

Zb= 24.24 

dt/dz = 23.93 

q= 59.82 

GULU ( C) 

Zt = 2.375 

Zo= 14.650 

Zb= 26.93 

dt/dz = 21.54 

q=53.85 

GULU (D) 

Zt = 2.674 

Zo= 13.620 

Zb= 24.57 

dt/dz = 23.61 

q=59.02 

KUJE (FCT)G 

Zt = 4.264 

Zo= 14.62 

Zb= 24.98 

dt/dz = 23.22 

q=58.05 

KUJE (FCT)H 

Zt = 3.985 

Zo= 15.790 

Zb= 27.66 

dt/dz =21.01 

q=52.54 

KONTO.KARF1(1

) 

Zt = 2.375 

Zo= 14.650 

Zb= 26.93 

dt/dz = 21.54 

q=53.85 

KONTO. KARFI (J) 

Zt = 2.256 

Zo= 15.450 

Zb= 28.64 

dt/dz = 20.25 

q=50.63 

ABAJI (M) 

Zt = 2.924 

Zo= 14.530 

Zb= 26.14 

dt/dz = 22.18 

q=59.47 

ABAJI (N) 

Zt = 4.093 

Zo= 14.150 

Zb= 24.21 

dt/dz = 23.96 

q=59.89 

KONTO.KARFI(K

) 

Zt = 1.865 

Zo= 14.700 

Zb= 27.54 

dt/dz = 21.06 

q=52.65 

KONTO.KARFI (L) 

Zt = 1.987 

Zo= 17.123 

Zb= 32.36 

dt/dz = 17.98 

q=44.95 

ABAJI (O) 

Zt = 2.064 

Zo= 14.150 

Zb= 26.34 

dt/dz = 22.02 

q=55.05 

ABAJI (P) 

Zt = 2903 

Zo= 14.710 

Zb= 26.52 

dt/dz = 21.87 

q=54.68 
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Estimated values of the curie point 

depth, geothermal gradient, and heat 

flow for the various spectral blocks are 

shown in Table 1. Curie point depth val-

ues range from 24.21 km around the 

northern part of the study area to 32.26 

km within the SSW section of the study 

area with an average depth of 26.83 km. 

The geothermal gradient values were es-

timated to be of the range of 17.98 - 

23.95 0C km-1 with an average value of 

21.62oC km-1. The heat flow values 

ranges from 44.95 mWm-2 to 59.89 

mWm-2 with an average value of 54.04 

mWm-2. 

Figure 10. Spatial map of the heat flow values of the 
study area 

 

The cross plots of CPD versus geothermal gradient and CPD versus heat flow are shown in 

Figures 11 &12 respectively. The coefficient of determination for the two plots revealed R2 

values between 0.9544 and 0.9999 indicating a strong correlation. The relationship between 

CPD and geothermal gradient, and CPD and heat flow revealed an inverse relationship. Two 

empirical power equations were therefore deduced from these relationships in the study area and 

are given as: 

 𝑍𝑏= 590.74 
𝑑𝑇

𝑑𝑍

−1.006
                    (11) 

𝑍𝑏= 1163.5𝑞−0.944                      (12) 

 

  

Figure 11. Cross plot of the Curie point depth 
versus geothermal gradient 

Figure 12. Cross plot of Curie point depth versus 
heat flow 

The thermal structure of the study area is best represented by CPD based on Okubo et al. [36]. 

Okubo et al. [36] maintained that the pattern of the Curie point depth is useful as an index of 

the thermal trend because the Curie point depths estimated from the measured heat flow data 

of an area are very similar to those estimated from the Curie point depths analysis of the 

aeromagnetic data of the area. From the CPD pattern revealed in Figure 8 we can therefore 

infer the thermal trend of the study area. The lowest CDP values are shown at the NW, NE, 

and SE areas while the highest values are revealed at the SSW, and E&W parts of the study 

area. CPD values close to the average value are seen within the central part of the study area. 

The range of the CPD values (≈ 32-24 = 8km) is small and this implies that the study area 

falls within the same geological setting. Since the CPD values are far beyond 10km, it therefore 

                        

884



Petroleum and Coal 

Pet Coal (2020); 62(3): 876-887 
ISSN 1337-7027 an open access journal 

means that the study area is not a volcanic area or a potential geothermal reservoir. Curie 

point depth is greatly dependent upon geological conditions. Curie point depths are shallower 

than 10 km for volcanic and geothermal fields, between 15-25 km for island arcs and ridges, 

and deeper than 20 km in plateaus and trenches [28]. Because the average heat flow in ther-

mally "normal" continental regions is around 60 mW/m2, values above 80 -100 mW/m2 indi-

cate anomalous geothermal conditions [43]. Accordingly, areas with heat flow values greater 

than 60 mW/m2 are usually recommended for further geothermal exploration. Geothermal 

gradients in these areas may provide potential source(s) of geothermal energy, with their 

Curie temperatures greater than 24oC being reached at depths of less than 2 km. 

The result of the geothermal gradient and heat flow regime estimated in this study is of far 

reaching consequences on the hydrocarbon potentials of the study area. The sedimentary 

thickness of the study area indicates that the potential non-marine source rocks in the area 

may not be deeply buried [1-3].Therefore the estimated geothermal gradient of the study area 

which is expected to be lower in the shallower sedimentary parts may therefore not to be 

enough for thermal maturation [1-2].The estimated temperature profile of the study area es-

pecially at the fringes is believed to be lower than the temperature range of the oil kitchen 

necessary for thermal maturation. These findings are in agreement with the results of earlier 

studies in the study area [1-2].  

4. Summary, conclusion and recommendations

The Curie point depth, geothermal gradient, and heat flow values were estimated from the

spectral inversion of the high-resolution aeromagnetic data within southern Mid-Niger Basin, 

Nigeria. Top depths to magnetic sources across the area are of the range of 1.865 km to 4.264 

km with a mean of 2.723 km whereas the centroid depths of magnetic sources are of the 

range of 13.26 km to 17.12 km with a mean of 14.78 km. The range of values for the Curie 

point depth values varied between 24.21 km to 32.26 km with an average value of 26.83 km. 

The geothermal gradient values were estimated to be of the range of 17.98 - 23.95 oCkm-1 

with an average value of 21.62 oCkm-1. Finally, the heat flow values range from 44.95 m Wm-

2 to 59.89 m Wm-2 with an average value of 54.04 m Wm-2. The Curie point depth is very 

useful as an index of the thermal structure of an area. The range of the CPD values is small 

and thus indicates that the area is geologically homogenous. The CPD greater than 10km 

implies that the area is not a volcanic area or a potential geothermal reservoir. From the 

results of this study, the Mid-Niger Basin is not a potential geothermal source or prone to 

volcanism since the CPDs are of the range of 24.24 km and 32.26 km. Finally, the estimated 

geothermal gradient is not enough to lead to the thermal maturation of the the source rocks 

of the study area. 
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