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Abstract 

We have examined the thermal structure of the crust across the Congo Craton in South-
East Cameroon using the Curie point depth (CPD) estimates and compared these results with 
the thickness of crust in the study area. The CPD estimates from four overlapping area vary 
from 20.0 to 25.0 km. The deeper CPDs are found corresponding to the Precambrian (Congo 
Craton) in the basement having lower heat flow and the shallow CPDs correspond to the meta-
morphic (Pan-African or mobile belt). The geothermal gradient varies between 23 and 
29 °C.km-1, while the few low heat flow values range from 57 to 72 mWm-2. Thermal conductivi-
ty values in the region vary between 2.1 and 2.7 Wm-1°C-1 based on the constant temperature at 
the CPD. These results are consistent with the existing geothermal and geotectonic regime in 
the area. Spectral analysis of the aeromagnetic data in conjunction with heat flow values re-
veals an almost inverse linear relationship between the heat flow and CPD. The study has 
shown possible geothermal resources in the study area. In view of that, the results obtained 
from this study could be very important for geothermal exploration. 

Keywords: Aeromagnetic data, Spectral analysis, Curie point depth, geothermal heat flow, geothermal 
gradients 

1 Introduction 

The study area, which lies in the Congo Craton between latitudes 2° to 3° N and 
longitudes 13° to 15° E, is one of the areas of the world that has preserved the earliest 
formed crust. Active deformation of this area is well controlled by the Eburnean oroge-
ny (Feumoe et al., 2012). The evolution is constrained by the continental collision be-
tween the Congo Craton and the mobile belt (Poidevin, 1983; Nzenti et al., 1984; Pe-
naye et al., 1993; Trompette, 1994; Castaing et al., 1994; Abdelsalam et al., 2002; 
Basseka, 2002). This active collision marks the subduction of the Congo Craton under 
the Pan-African belt and the over thrusting of the Pan-African units onto the Craton of 
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about 50 to 150 km (Manguelle-Dicoum et al., 1992; Tadjou et al., 2009; Shandini et 
al., 2010). This event can reveal the presence of geothermal environment via faulted 
structures. Curie point depth (CPD) is used in this research to analyse transition depth of 
magnetite. Generally, rocks are non-magnetite at a temperature greater than the temper-
ature at the CPD of magnetite Stampolidis and Tsokas (2005). One of the tools of inves-
tigating the thermal framework via aeromagnetic studies is spectral analysis. This tech-
nique was adopted to analyze the CPD around Congo Craton in south-eastern Came-
roon. 

Thermal structure of the crust determines the modes of deformation, depths of 
brittle and ductile deformation zones. In the study area, the dense vegetation cover 
complicates direct geological and geophysical studies. The determination of the thermal 
structure of this region can be done without in-situ measurements for example with the 
regional aeromagnetic data and the estimation of the CPD. The CPD is the depth at 
which the dominant magnetic mineral in the crust passes from a ferromagnetic state to a 
paramagnetic state under the effect of increasing temperature (Nagata, 1961). Thermal 
structure of the crust involving CPD estimations have been published for various tecton-
ic settings (Vacquier and Affleck, 1941; Smith et al., 1974, 1977; Bhattacharyya and 
Leu, 1975; Byerly and Stolt, 1977; Shuey et al., 1977; Blakely and Hassanzadeh, 1981; 
Connard et al., 1983; Okubo et al., 1985, 1989; Blakely, 1988; Okubo and Matsunaga, 
1994; Hisarli, 1996; Banerjee et al., 1998; Tanaka et al., 1999; Badalyan, 2000; Dol-
maz et al., 2005; Bansal et al., 2010). 

Surface lineaments around the study area and their influence on the hot springs 
manifestations along its margins have not been previously investigated. The depth to the 
heat sources which could provide information on the thermal structure has not been in-
vestigated either. In this research, the thermal structure around Congo Craton, in south-
eastern Cameroon was investigated in order to explore the geothermal potential using 
aeromagnetic data. 

2 Geological and tectonic setting 

The area under study lies in the South-East Cameroon and is made up of two geo-
tectonic units: the Neoproterozoic mobile belt in the northern part that is represented by 
the Yaoundé domain and the Ntem Complex in the southern part, which is the north-
western corner of the Congo Craton (Fig. 1). 



 Curie point depth variations derived from aeromagnetic data and the thermal structure… 33 

 

Fig. 1. Geological sketch map of the study area (modified after Feybesse et al., 1987; Ndougsa et al., 
2012). Legend: 1. Mouloundou tillite, 2. Ntem unit, 3. Lower Dja series, 4. Mbalam series, 5. Upper Dja 
series, 6. Yokadouma series, 7. Mbalmayo-Bengbis series, 8. Major faults (F1-F27). 

The Yaoundé domain is a huge allochtonous nappe unit that is trusted southward 
onto the Congo Craton. This domain belongs to the Pan-African belt in the north and 
includes the Mbalmayo-Bengbis and Yokadouma series. It comprises low-to-high-grade 
garnet-bearing schists, gneisses and orthogenesis metamorphosed under a medium to 
high pressure metamorphism reaching the granulite facies. 

The Ntem Complex represents the north-western part of the Congo Craton in Cen-
tral Africa and is very well exposed in southern Cameroon (Maurizot et al., 1985; 
Basseka, 2002). The Ntem complex is made up dominantly of Archean rocks with some 
reworked material that formed in Early Proterozoic times (Tchameni, 2000; Tchameni et 
al., 2001). It is divided into two main structural units: the Mbalam Unit to the central 
part and the Ntem Unit in the south-western area. The Ntem Unit is dominated by mas-
sive and banded plutonic rocks of the charnockite suite and by intrusive tonalites, 
trondhjemites and granodiorites. Some of these geological units have been dated at ca. 
2.9 Ga (Delhal and Ledent, 1975; Lasserre and Soba, 1976; Toteu et al., 1994). The 
Pan-African units rest directly on the Ntem complex basement and constitute the second 
cover of the Congo Craton. The first Craton cover (Proterozoic) is constituted by the 
Dja series and the tillitic complexes. It is discordant with the Mbalam belt and covered 
partially in the north by the Yaoundé nappe (Mvondo et al., 2003; Caron et al., 2010). 

The major tectonic feature of the region is constituted by the extension of the 
Congo Craton under the Pan-African units. This event marks the subduction of the 
Congo Craton under the Pan-African belt. According to the hypothesis of subduction of 
the southern plate Craton, it must have provoked deep fractures in covers. However, the 
knowledge about the geodynamic and thermal structures in the area is limited and the 
geologic and tectonic data available are focused in the Mintom area, where a limestone 
deposit has been found by the mining inventory (Vanhoutte and Salley, 1986; 
Vanhoutte, 1989; Caron et al., 2010). The present study deals with the application of 
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aeromagnetic data analysis to provide clues for productive zones of geothermal exploi-
tation. 

3 Previous geophysical studies 

The most relevant geophysical studies were recently carried out in south-eastern 
Cameroon to delineate the major lineaments and the regional trends of structures affect-
ing the area (Feumoe et al., 2012), and to locate the buried faults in the basement and 
their depths (Ndougsa et al., 2012). The depth of the faults range from 1 500 to 4 000 m 
and the shallower structures have a WSW-ENE trend. The main results improve our 
knowledge on the geological structures and geodynamic evolution of the South-East 
Cameroon. Spatial analysis of the lineaments map by Feumoe et al., 2012, helped de-
tecting morphological differences in the lineaments patterns. The southern sector of the 
map shows lineaments toward WNW-ESE trend. The northern and central sectors of the 
map show lineaments toward ENE-WSW (Fig. 2). According to Feumoe et al., 2012, 
this configuration of aeromagnetic lineaments confirms the tectonic subdivision into the 
Congo Craton in the south and Pan-African or mobile belt in the north and helps identi-
fying the deep tectonic boundary between them assigned to the major normal faults at 
the centre, indicating that it is a product of an active continental collision in the study 
area. 

 

Fig. 2. Simplified tectonic map of the study area, showing regional features of the sub-surface (after Feu-
moe et al., 2012). 

According to Tokam et al. (2010), the joint inversion of Rayleigh wave group ve-
locities and receiver functions suggest that: the Congo Craton is characterized by a crus-
tal thickness of 43–48 km with an average crustal shear wave velocity of 3.9 kms-1. The 
Congo Craton is underlain by the upper most mantle with an average shear wave veloci-
ty of 4.6 kms-1. Beneath the CVL (Cameroon Volcanic Line) and the Neoproterozoic 



 Curie point depth variations derived from aeromagnetic data and the thermal structure… 35 

mobile belt the results show similar crustal thickness of 35–39 km and velocity struc-
ture. 

4 Data and processing methods 

4.1 Aeromagnetic data   

The aeromagnetic data were collected by the company SURVAIR (contractor) for 
the CIDA (client) in 1970. Aeromagnetic surveys were flown with a flight height of 
235m and a nominal flight line spacing of 750 m in the direction N135°. After correct-
ing the measurements for the temporal variations of the magnetic field, the total magnet-
ic intensity (TMI) anomaly was obtained by subtracting the theoretical geomagnetic 
field or IGRF (International Geomagnetic Reference Field) at each station. The TMI 
anomaly data were then upward continued to a height of a mean altitude of 1 km before 
they were merged into a unified digital grid, which has a cell size of 0.01 degree (c. 1.1 
km). This data grid was put at our disposal by the UK Geophysical Society GETECH 
Group Plc. The data are shown as a magnetic anomaly map for the South-East Came-
roon in (Fig. 3). Subsequently, the total field aeromagnetic data were reduced to the east 
magnetic equator using FFTFIL (Fast Fourier Transform Filtering) program (Geosoft 
Oasis Montaj 6.4). The map of total magnetic field reduced to equator (Fig. 4) contains 
both long wavelength and small wavelength anomalies. 

 

Fig. 3. Total magnetic intensity (TMI) anomaly map of the study area. 

TMI (nT)



36 Alain Narcisse S. Feumoe and Théophile Ndougsa-Mbarga 

 

Fig. 4. Map of total magnetic intensity reduced to the equator (TMI-RTE). 

4.2 Processing methods 

The Fourier transform converts spatial data (magnetic grid) in to wave or frequen-
cy domain. The magnetic spectrum gives information on the depth of magnetic sources. 
Statistical estimation of depth to magnetic sources in the crust was described by Spector 
and Grant (1970). Their model assumed that magnetic sources are made up of inde-
pendent ensembles of rectangular prisms which are characterized by frequency distribu-
tion of depth, width and length extent. Their assumption expects the value of the spec-
trum of the ensemble of sources to be the same as that of a single prism. The radial 
power spectrum is used to estimate the depth to the bottom (Zb) of the magnetized bod-
ies. This depth represents the CPD which is the transition depth of magnetic material to 
non-magnetic due to increased temperature. 

( ) kZAkP 0
1/2 2)log(k)(log ⋅−= π  (1) 

Where P(k) is the radially averaged power spectrum of the anomaly, |k| is the spatial 
wave number and A is a constant. 

The second step is the estimation of the depth to the top boundary (Zt) of the mag-
netic source from the slope of the line with the second longest wavelength (Okubo et al., 
1985), 

( )( ) kZBkP t⋅−= π2)log(log 2
1

   (2) 

Where B is a sum of constants independent of |k|. The basal depth (Zb) of the magnetic 
source is then calculated from the equation: 

tZZ −= 0b 2Z  (3) 

TMI (nT)
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Bottom depth (Zb) can be estimated only if the centroid (Z0) depth can be accurately de-
termined. The obtained bottom depth of a magnetic source is assumed to be equal to the 
CPD. 

Analysis of the CPD is one methods used to estimate the temperature gradients 
and the heat flow in the crust. Heat flow can be defined with the Fourier's law: 

dz

dT
KQ =  (4) 

Where Q is the heat flow and K is the coefficient of thermal conductivity.  In this equa-
tion, it is assumed that the direction of the temperature variation is vertical and the tem-
perature gradient dT/dz is constant. According to Tanaka et al. (1999), the Curie tem-
perature (Tc) can be obtained from the Curie point depth (Zb) and the thermal gradient 
dT/dz using the following equation: 

dz

dT
ZT bc =  (5) 

Eqs. (4) and (5) give a relationship between the CPD (Zb) and the heat flow (Q) as: 

b

c

Z

T
K=Q   (6) 

 

Fig. 5. Map showing the four overlapping blocks used for power spectral analysis. Each 89 km by 89 km 
block is denoted by a number at its centre. 

Block 1
Block 2

Block 3
Block 4
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5 Results 

5.1 Estimation of the CPD 

The methods for estimating the depth extent of magnetic sources are classified in-
to two categories: those that examine the shape of isolated anomalies (Bhattacharyya 
and Leu, 1975) and those that examine the patterns of the anomalies (Spector and 
Grant, 1970). However, both methods provide the relationship between the spectrum of 
the magnetic anomalies and the depth to magnetic sources by transforming the spatial 
data into frequency domain. In this research, the later method was adopted. To obtain 
the CPD, spectral analysis of two-dimensional Fourier transform of the aeromagnetic 
data was made. 

The spectral analysis was made using interactive FOURPOT program, (Pirttijarvi. 
2014) which enables two-dimensional frequency domain processing of potential field 
data. The results of the analysis are plotted on a logarithmic scale against the radial 
wave number. On such a plot, if a group of sources has a same depth, they will fall onto 
a line of constant slope (tangent of the line fitted to the power spectra). Thus if there are 
sources at different depths, such as a shallow plutonic formation over a deep basement, 
the plot will be separated into two or more sections with different slope. The inverse of 
the angle of the slope is a measure of the depth of the source. This process was carried 
out to obtain the depth to the shallow (Zt) and deep (Z0) sources for the four sub-block 
(Fig. 6a-6d). The vertical dotted line represents the lower limit of the low-pass filter. 
This would hint that the spectrum values beyond the dotted line have been affected by 
the LP filter. The CPD for each block was then obtained using the Eq. (3). The results 
combined in Table 1 shows that the depth to the centroid (Z0) ranges from 11.4 km to 
13.8 km. The depth to the top boundary (Zt) of magnetic sources ranges from 2.1 km to 
3.0 km. The CPD varies between 20.0 and 25.0 km in the study area. 
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Fig. 6. Graphs of the logarithm of the radial power spectrum for the four blocks. The tangents of the lines 
fitted to the power spectra using FOURPOT software are related to the depth to the sources Z0 and Zt. 
The vertical dotted line shows the lower limit of low pass filter. 

5.2 Heat flow and thermal gradient estimates from CPD 

CPD is inversely proportional to the heat flow as shown in Eq.(6) (Tanaka et al., 
1999; Stampolidis et al., 2005). In this research, we used the Curie point temperature of 
580 °C and the thermal conductivity of 2.5 Wm-1°C-1 as an average value for the igne-
ous rocks over the basement. Derived heat flow and thermal gradient values are shown 
in Table 1. The heat flow varies from 57 and 72 mWm-2 and the thermal gradient ranges 
between 23 and 29 °C/km. Considering an average value of 27°C/km for the study area, 
Eq. (4) suggests that the thermal conductivity values in the region vary between 2.1 and 
2.7 W.m-1.°C-1 . Table 1 shows that the heat flow decreases with increasing CPD. This 
almost linearly inverse relationship has been expressed in Fig. 7. 
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Table 1. Results of the spectral analysis, calculated average Curie point depth and estimates of the heat 
flow. 

 
 

 

Fig. 7. Heat flow versus Curie point depth (CPD) in the study area. 

6 Discussion of results 

The magnetic anomalies reflect the episodic tectonics occurring in the study area 
and the changes in direction of anomalies are due to the variation in the direction and 
style of tectonics stress. 

The CPD is greatly dependent upon geological conditions. CPDs are shallower 
than 10km for volcanic and geothermal fields, between 15-25 km for island arcs and 
ridges, deeper than 20 km in plateaus and trenches (Tanaka et al., 1999). Generally, the 
units that comprise high heat flow values correspond to volcanic and metamorphic re-
gions since these have high thermal conductivities. Additionally, tectonically active re-
gions affect the Curie depth and the heat flow. In the study area, the obtained Curie 
depths and heat flows are consistent with the young metamorphic rocks. 

6.1 CPD, heat flow and Moho 

The investigation of the CPD isotherms and heat flow of the study area reveals 
that the CPD varies between 20.0 and 25.0 km and the heat flow is low being between 
57 and 72 mWm-2. The results are consistent with the active continental collision nature 
of the region marked by the subduction of the southern plate Craton and generally the 

Blocks Z0  (km) Zt  (km) CPD (km)
Heat flow 

(mW/m2)

1 11.5 3.0 20.0 72

2 11.4 2.1 20.7 70

3 12.3 2.3 22.3 65

4 13.8 2.7 25.0 57

Geothermal gradient   
(°C/km)

29

26

28

23
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structural features that are considered to occur due to ENE-WSW extension in associa-
tion with the Pan-African process.   

The calculated CPD are further compared to the seismic Moho depth. The average 
Moho depth over the northern mobile belt (metamorphic formations in the study area) is 
37 km whereas within the southern Craton (Precambrian formations in the study area) it 
is 46 km (Tokam et al., 2010). Thus, this result shows that the CPDs are much lower 
than Moho depth values in the study area. The result obtained is similar to those derived 
from Poudjom et al., (2013) study in the Adamawa area, using gravity investigation, 
where gravity model shows low thickness of the crust. 

6.2 CPD and tectonic stability 

Craton is a part of the lithosphere which has preserved the oldest formed crust. A 
thick magnetic crust is consistent with stable continental regions (e.g. craton and shield) 
while thin magnetic crust may conform to tectonically active region often associated 
with higher heat flow. From the estimated CPD we find that the magnetic crust is thick-
est in the East suggesting that this region is relatively more stable. Thus, it can be in-
ferred that the south-eastern Cameroon is a region with low heat flow and forms stable 
continental shield region of the sub-continent.   

7 Conclusion 

The aeromagnetic anomaly of south-eastern Cameroon is mainly ENE-WSW and 
near E-W striking, with the dominant direction of ENE. The ENE-WSW trending 
anomaly represents the influence of the plate subduction which mainly reflects the colli-
sion between the southern plate Craton and the northern Pan-African mobile belt plate. 

The CPDs are estimated by spectral analysis of magnetic anomaly data of south-
eastern Cameroon. The results of the present investigation reveal that the Curie depth 
surface varies considerably beneath  the area, reaching a value of  20.0 km  in the  west  
and  a  value  of about  25.0 km in the  east. The heat flow varies from 57 to 72 mWm-2 
and the thermal gradient ranges between 23 and 29 °C/km. The CPD is consistent with 
the prevailing geotectonic regime in the region, which is dominated by the subduction 
of the Congo Craton under the Pan-African plate in a roughly ENE-WSW direction. 
This study can be considered as a preliminary research aiming to improve our 
knowledge of the thermal regime of this complicated region as this area requires sub-
stantially more thermal data. On the other hand, despite its qualitative character, the 
positive correlation between CPDs, tectonic regime and surface heat flow supports the 
validity of analyzing regional aeromagnetic data to map CPDs on a regional scale. 
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