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Background
This research was carried out as part of a program for exploring the geothermal poten-
tial in South Africa. Airborne magnetic data were filtered to determine magnetic and 
heat source depth information of the Soutpansberg Basin in South Africa. The Soutpans-
berg Basin is located in the northeastern part of South Africa and has four recorded hot 
springs, at Dopeni, Mphephu, Sagole, and Siloam (Fig. 1). In the central part of the basin, 
the Soutpansberg Formation reaches a maximum thickness of approximately 3.5  km 
(Barker et  al. 2006). A total thickness of approximately 12  km was reported for the 
Soutpansberg Group volcano-sedimentary formations (Bumby et al. 2001). Khoza et al. 
(2013) described the Soutpansberg Basin as a 40-km-wide, 300-km-long, and 7-km-
thick volcano-sedimentary trough. Deep-seated aquifers in faulted volcanic terrains are 
potential sources of geothermal energy (Banks and Schäffler 2006). The heat source is 
assumed to be the depth at which crustal rocks lose their ferromagnetic properties, the 
curie depth (Nwankwo et al. 2009).

The airborne magnetic data, which were analysed in this study, were flown in 1973 
along 1000-m-separated south-to-north-oriented lines with a mean ground clearance 
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of 150 m (Ledwaba et al. 2009). The magnetic data were recorded using a Geometrics 
Model G803 magnetometer with an accuracy of 1.0 nT (Ledwaba et al. 2009). Pilkington 
et al. (2000) processed magnetic data by elevating the observation datum to reduce the 
effect of the sediment cover. Magnetic source depths have previously been calculated as 
part of geothermal investigations in areas, such as the Nupe Basin in Nigeria (Nwankwo 
et al. 2009) and East Anatolia in Turkey at 20 ± 5 km (Bektas et al. 2007). In their study, 
Salem et al. (2000) computed shallow magnetic sources at depths ranging from 0.76 to 
2.14 km and curie point depths in the 10-km range for the Northern Red Sea area of 
Egypt in the northern part of Africa. Aeromagnetic survey data at various scales and 
sampling intervals were found to exhibit well-defined power-law behaviour (Pilking-
ton and Todoeshuck 1993). The power density spectrum is the Fourier transform of a 
function that is proportional to the radially averaged power spectrum RAPS, (Schlömer 
and Deussen 2010). Maus and Dimri (1996) mentioned that depth often dominates the 
shape of the radially averaged power spectrum of magnetic data. The method derived 
by Spector and Grant (1970) was then used to estimate depths directly from the radi-
ally averaged power spectrum (Maus and Dimri 1996). The radially averaged energy is 
the spectral density (energy), averaged for all grid elements for particular wavenumbers. 
The energy was normalised by subtracting the log of the average spectral density (Oasis 
Geosoft Montaj 2014).

Fig. 1  Location map of the Soutpansberg Basin, showing the Dopeni, Mphephu, Sagole, and Siloam hot 
springs (Shabalala et al. 2015)
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In the computation of spectral energies, the data windows should have dimensions, 
L that ensure that the computed depths are within and more that the value of, L/2π to 
improve the depth resolution from spectral analysis (Nwankwo 2014). Abraham et  al. 
(2014), however, argued that dimensions of L ranging from 40, 41, 130, 150, and 222 km 
have been applied to determine depths of 10, 15, 30, 32, and 46 km, respectively, on sev-
eral case studies. Nwankwo et al. (2009) previously obtained a depth of 30 km from the 
analysis of a data set with an L of 45 km. Nonetheless, deeper magnetic sources affect 
long crustal magnetic field and that the estimation of the depth to the bottom of mag-
netic sources requires magnetic data that cover broader areas with dimensions that are 
longer than ten times the depth extent of magnetic sources to provide accurate estimates 
(Ravat et al. 2007; Bouligand et al. 2009). Therefore, larger data window are applied in 
this work.

Other geophysical methods that have been used to determine depths in the study area 
included the following:

• • Durheim et  al. (1992) processed seismic reflection data and delineated prominent 
reflectors in the 10-km depth range for an area located in the Soutpansberg Basin.

• • De Beer and Stettler (1992) analysed geoelectrical, gravity, and aeromagnetic data for 
the southern margin of the Limpopo Mobile Belt, in the vicinity of the southern part 
of the Soutpansberg Basin and obtained lithological depths in the 10-km range.

• • Gwavava and Ranganai (2009) modelled from gravity data, a top layer 8 km thick, 
consisting of granite, mafic greenstone, and meta-sediments for an area located to 
the north of the study area, in the southern part of the Zimbabwe Craton.

• • Khoza et al. (2013) analysed magneto-telluric data for a profile across the Soutpans-
berg and reported a volcano-sedimentary sequence with a thickness of 7 km.

The analysis of spectra of aeromagnetic data was carried out, because there was no 
evidence of published Curie depth determination for the whole Basin. The analysis of 
depths using the spectral approach was reported to take into consideration the utilisa-
tion of larger aeromagnetic data sets (Nwankwo et al. 2009). A major limitation of spec-
tral analysis is, however, caused by magnetic anomalies that are only partly included in 
the data window that degrade the estimated spectrum (Tanaka et al. 1999). Okubo and 
Matsunaga (1994) compared the forward modelling of single magnetic profiles to spec-
tral analysis of aeromagnetic data for Eastern Japan and concluded that the later was 
not affected by localised magnetic anomalies and that the statistical resolution of spectra 
could be improved by the stacking of multiple magnetic profile data. Okubo and Mat-
sunaga (1994) showed that forward modelling of magnetic profile data does not pro-
duce unique solutions of the basal depth, as at least, three different depth models were 
deduced from the modeling of one profile.

The Centroid method is used for the determination of depths from the low and high 
wavenumber and regions of the azimuthally averaged frequency-scaled Fourier spec-
tra (Ravat et  al. 2007). Guimarães et  al. (2013) deduced that the Centroid method 
was useful for delineating deep sources after computing at depths of ±40  km for the 
Tocantins Province, Brazil. Bansal and Anand (2013) concluded that the Centroid 
method was robust for the determination of depths to the bottom of magnetic sources 



Page 4 of 20Nyabeze and Gwavava ﻿Geotherm Energy  (2016) 4:8 

in their analysis of aeromagnetic data for Central India. Tanaka (2007) used the Centroid 
method to estimate the regional thermal structure beneath the Kamchatka Peninsula 
from only the computed depths to the centroid. The fundamental advantage of the spec-
trum analysis of a magnetic anomaly is that estimates of the top and the centroid of a 
magnetic source can be obtained with simple assumptions of the dimension of magnetic 
anomalies (Tanaka et al. 1999).

Nwankwo et  al. (2009) used the Spectral Peak method to determine source depths 
from the analysis of the spectral peak and the gradient of the low wave number region 
of the power spectrum. The spectral peak method only applies where a peak in the 
power spectrum is identified (Nwankwo et al. 2009). A short coming of the spectral peak 
method is that the peak observed at low wave numbers, which is important in the esti-
mation of the depth to the bottom of magnetic sources, is often not observed or only 
constrained by a few points in the radial power spectrum (Bouligand et al. 2009).

The Euler deconvolution approach is a depth determination technique that assumes 
no specific geological model by applying a structural index (SI) (Dewangan et al. 2007). 
The Euler deconvolution method is frequently used technique for generating the ini-
tial estimates of source locations from potential field data (Cooper 2009). El Dawi et al. 
(2004) concluded that the Euler deconvolution approach was used widely in automatic 
aeromagnetic interpretations, because it did not require any prior knowledge of the 
source magnetization direction and interpretation model. The method was not used as 
a stand-alone technique, because it was reported by Cooper (2009) to produce a large 
variation of solutions.

Methods
The processing of the data involved filtering by reduction to the pole (RTP) (Fig. 2) and 
removal of the geomagnetic gradient using the International Geomagnetic Reference 
Field (IGRF) for June 1973 (Table 1). Prior to the generation of the power spectrum, the 
data were converted from the space to the frequency domain using a Fourier transform 
algorithm.

Ravat et al. (2007) stated conditions that are required to ensure that correct spectral 
depths are determined as follows:

• • Using a large window size of which dimensions are approximately ten times the 
expected depths;

• • Investigating depths using different window size data blocks utilising IGRF-corrected 
magnetic data;

• • Avoiding filtering data as this could lead to the modification of the low wavenumber 
part of the spectra thus altering the bottom depth estimates.

Two approaches were selected and used to determine depth: the Centroid method 
and the Euler deconvolution method. The Euler deconvolution method was used for the 
comparison of estimates of the depth to the basement Zt to results obtained from the 
Centroid method.

The first approach involved the application of the Centroid method (Ravat et al. 2007; 
Nwankwo et  al. 2009). The block sizes were chosen to ensure that spectral signatures 
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across the approximate 7-km basin width were incorporated in the depth determina-
tions. The use of multiple window sizes was to highlight the confidence in larger window 
sizes that would satisfy the condition of a curie point depth (CPD) that approximated 
L/2π (Nwankwo 2014). The 51- and 103-km window sizes were used to generate 36 and 
14 data points, respectively, that enabled the production of depth contour maps. The 
largest window size with L of 129 km and six data points ensured that spectral signatures 
were preserved. The authors, therefore, utilised three window sizes to verify discussions 
on the choice of window sizes that supported the use various and larger window sizes for 
the spectral analyses of data for depth determinations (Nwankwo 2014; Abraham et al. 
2014).

Fig. 2  Reduced-to-pole magnetic data showing the outline of the Soutpansberg Basin and springs as red 
symbols

Table 1  Magnetic field components

Item Magnetic field component Value

1 Survey date 06/1973

2 Declination (decimal degrees) −13.81

3 Inclination (decimal degrees) −60.82

4 Total field (nT) 31,590.81

5 Magnetic model IGRF

6 Latitude (decimal degrees) −22.90

7 Longitude (decimal degrees) 30.19

8 Flight height (m) 150.00
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The radially averaged power spectrum (RAPS) was generated from the transformed 
airborne magnetic data. Graphs of the power spectra versus the reciprocal of the wave-
length were generated, with the wavenumber (1/wavelength) on the horizontal axis and 
the spectral energy on the vertical axis. The parts of the graph that is sub-parallel to 
the horizontal axis represent contributions from shallow and near-surface sources. The 
parts of the graphs that are sub-parallel to the vertical axis represent deeper sources with 
higher wavelength anomalies.

The depth to the magnetic source, Zb, is determined from the estimate of the depths 
to the centroid Zo (Fig. 3) and top Zt (Fig. 4), where the depths are obtained from the 
slope of the RAPS in the low and high wavenumber and regions, respectively (Ravat 
et al. 2007).

The Centroid method is made up of three (3) equations, that is:
The depth to the top, Zt is obtained from fitting a line through the high wavenumber 

part of the RAPS using Eq. (1), where P is the power density spectra, k is wavenumber, 
and B is a constant (Dolmaz et al. 2005; Lin et al. 2005; Bektas et al. 2007; Eletta and 
Udensi 2012)

(1)ln

(

P(k)1/2
)

= B−

∣

∣k
∣

∣Zt.

Fig. 3  Example of spectra for the estimation of the depth of the centroid, Zo, of magnetic sources (Hsieh et al. 
2014)

Fig. 4  Example of spectra for the estimation of the depth to the top of source, Zt (Bektas et al. 2007)
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The depth to the centroid, Zo is obtained by fitting a straight line through the low 
wavenumber part of the frequency scaled, RAPS using Eq. (2), where P is the power den-
sity spectra, k is a wavenumber, and A is a constant (Dolmaz et al. 2005; Lin et al. 2005; 
Bektas et al. 2007; Eletta and Udensi 2012)

The basal depth, CPD, Zb is computed using Eq. (3), where Zo is the depth to the cen-
troid and Zt is the depth to the top of a geological body (Ravat et al. 2007; Eletta and 
Udensi 2012).

The application of Eq.  3 was being carried after making two different spectral plots 
using Eqs. 1 and 2 for the estimation of the depths to the top (Zt) and centroid (Zo) of 
magnetic sources for each block.

The Euler deconvolution approach was applied to an area with dimensions of 80 by 
80 km, located in the central part of the Soutpansberg Basin to compare depth estimates 
to results obtained from the centroid method for the depth to the basement Zt. The area 
included the Siloam hot spring cluster. To prevent the Euler deconvolution process from 
being automatic, a structural index (SI) was applied. Komolafe (2010) provided the fol-
lowing sequence for calculating Euler deconvolution: reduction to pole, calculation of 
horizontal and vertical gradients of magnetic field data, frequency-domain calculation, 
choice of window sizes, and finally, SI calculation. The structural index is a measure 
of the degree of change through the distance of the field (Reid et al. 1990). The SI that 
yields the tightest clusters can be considered the correct one (Dewangan et al. 2007). The 
use of incorrect SI values produces scatter and bias in the calculated depths (Reid et al. 
1990). Mushayandebvu et al. (2001) noted that an SI of 0 is used for geological contacts 
and that an SI of 1 is used for a dyke contact. Reynolds (2011) stated that the SI value for 
vertical geological contacts and sills was 0 and 1, respectively.

The Euler depth solutions are computed from Eq.  4, from the total magnetic field 
strength at any point in terms of the gradient of the total field in terms of the gradient 
of the total field, expressed in Cartesian coordinates and related to different magnetic 
sources in terms of the SI, N (Reynolds 2011)

where Xo, Yo, and Zt are the unknown coordinates of the magnetic source, whose total 
field intensity T and regional field value B are measured at a point (X, Y, Z) and N is the 
SI (Reynolds 2011). The Euler deconvolution process involves the evaluation of Eq. 4 to 
generate seven equations that are solved for the three unknowns using a least squares 
procedure, determining the depth to the magnetic source Zt. Euler deconvolution is an 
automated function for determining the depth to source from profiles. The Euler decon-
volution was computed using an automated Geosoft software module that is based on a 
paper by the Mushayandebvu et al. (2001).

(2)ln

(

P(k)1/2/k

)

= A−

∣

∣k
∣

∣Zo.

(3)Zb = 2Zo − Zt

(4)(X − Xo)
dT

dX
+ (Y − Yo)

dT

dY
− Zt

dT

dZ
− = N (B− T ).
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Results
There is a dense concentration of hot springs in the central part of the Soutpansberg 
basin. The reduced-to-pole (RTP) airborne magnetic data show that the same area has 
a swarm of northeast-trending dykes and east-to-west and northwest-oriented geologi-
cal structures. The major magnetic lineaments in the Soutpansberg Basin are oriented 
north–east and north–south (Fig. 2). The computations of magnetic source depths from 
the radial power spectrum for blocks with square dimensions of 51 by 51 km, 103 by 
103 km, and 129 by 129 km are presented in this section (Figs. 5, 6, 7).  

The RAPS graph, Log (Power) versus Wavenumber, for Block 3, located in the central 
part of the Soutpansberg Basin with a dimension L of 129 km is presented as an exam-
ple (Fig. 8). The part of the power spectra that is parallel to the horizontal axis shows 
the average contribution of shallow sources, used for computing the depth to the top of 
magnetic sources Zt (Fig. 9). The frequency-scaled power spectrum of the deeper mag-
netic sources is parallel to the vertical axis as well as the corresponding depth spectrum 
graph, used for computing the depth to the centroid Zo (Fig. 10).

The depth results obtained from the analysis of the data from 51 by 51-km data sets are 
shown in Table 2. Illustrated are the top of magnetic bodies Zt, centroid of the basement 
Zo, and CPD Zb, with minimum and maximum value ranges of 3.91–5.53, 6.82–8.84, and 
9.28–12.16 km, respectively (Table 2). The average depth values for Zt, Zo, and Zb were 
4.66 ± 0.44, 7.74 ± 0.59, and 10.81 ± 0.76 km, respectively (Table 2).

A west-to-east profile AB, along latitude 23° (South) for blocks with L  =  51  km, 
defined the depths Zt, Zo, and Zb generally getting shallower to the east, with a trough in 
the centre of the Basin at longitude 30.25° (East) (Fig. 11).

Fig. 5  Data points for blocks with L = 51 km, showing the basin outline and location of hot springs
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The results for the analysis of the data from 103 by 103-km blocks are listed in Table 3. 
The minimum and maximum depth ranges for Zt, Zo, and Zb were 4.34–5.18, 7.36–8.56, 
and 10.38–11.94 km, respectively (Table 3). The average depth values for Zt, Zo, and Zb 
were 4.76 ± 0.29, 7.94 ± 0.41, and 11.12 ± 0.53 km, respectively (Table 3).

Fig. 6  Data points for blocks with L = 103 km, showing the basin outline and location of hot springs

Fig. 7  Data points for blocks with L = 129 km, showing the basin outline and location of hot springs
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Fig. 8  Radially averaged power spectrum graph for block 3 with a dimension L of 129 km showing parts that 
are parallel horizontal and vertical axes

Fig. 9  Power spectrum graph for block 3 with a dimension L of 129 km the gradient for determining, Zt, the 
depth to the top of magnetic source

Fig. 10  Frequency-scaled-averaged power spectrum graph for block 3 with a dimension L of 129 km and the 
gradient for determining, Zo, the depth to the centroid
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The plot of depth values along a west-to-east profile AB, along latitude 23° (South) 
south, shows the depths generally getting shallower to the east, with a trough defined in 
the central part of the basin at longitude 30.25 (East) (Fig. 12).

The results for the analysis of the data from 129 by 129-km data sets are in Table 4. The 
depth ranges for Zt, Zo, and Zb were 4.63–4.99, 7.86–8.26, and 11.09–11.53 km, respec-
tively (Table 4). The average values for Zt, Zo, and Zb were 4.83 ± 0.15, 8.08 ± 0.17, and 
11.33 ± 0.19 km, respectively (Table 4).

Table 2  Depths Zt, Zo, and Zb for the 51 by 51-km blocks

Row L (km) Block Longitude Latitude Zt (km) Zo (km) Zb (km)

1 51 1 29.25 −22.50 4.97 8.07 11.18

1 51 2 29.50 −22.50 4.67 7.89 11.10

1 51 3 29.75 −22.50 5.15 8.47 11.79

1 51 4 30.00 −22.50 5.12 8.35 11.59

1 51 5 30.25 −22.50 5.19 8.22 11.25

1 51 6 30.50 −22.50 5.33 8.70 12.06

1 51 7 30.75 −22.50 5.53 8.84 12.15

1 51 8 31.00 −22.50 5.40 8.78 12.16

1 51 9 31.25 −22.50 5.03 8.33 11.64

2 51 10 29.25 −22.75 4.68 7.66 10.64

2 51 11 29.50 −22.75 5.10 8.41 11.73

2 51 12 29.75 −22.75 4.88 8.38 11.89

2 51 13 30.00 −22.75 4.90 8.01 11.11

2 51 14 30.25 −22.75 5.16 8.18 11.20

2 51 15 30.50 −22.75 4.93 7.95 10.96

2 51 16 30.75 −22.75 4.73 7.58 10.43

2 51 17 31.00 −22.75 4.52 7.37 10.22

2 51 18 31.25 −22.75 4.54 6.91 9.28

3 51 19 29.25 −23.00 4.89 7.99 11.09

3 51 20 29.50 −23.00 4.73 7.86 10.99

3 51 21 29.75 −23.00 4.63 7.70 10.78

3 51 22 30.00 −23.00 4.58 7.67 10.76

3 51 23 30.25 −23.00 4.81 7.93 11.05

3 51 24 30.50 −23.00 4.43 7.33 10.24

3 51 25 30.75 −23.00 3.97 6.88 9.79

3 51 26 31.00 −23.00 3.91 6.82 9.74

3 51 27 31.25 −23.00 4.25 7.20 10.15

4 51 28 29.25 −23.25 4.42 7.59 10.77

4 51 29 29.50 −23.25 4.36 7.48 10.59

4 51 30 29.75 −23.25 4.43 7.47 10.52

4 51 31 30.00 −23.25 4.36 7.42 10.47

4 51 32 30.25 −23.25 4.14 7.10 10.07

4 51 33 30.50 −23.25 4.09 7.00 9.91

4 51 34 30.75 −23.25 3.92 6.84 9.75

4 51 35 31.00 −23.25 3.91 6.83 9.74

4 51 36 31.25 −23.25 4.31 7.31 10.30

Minimum depth (km) 3.91 6.82 9.28

Average depth (km) 4.66 7.74 10.81

Maximum depth (km) 5.53 8.84 12.16

Standard deviation of mean (km) 0.44 0.59 0.76

Standard deviation of mean (%) 9.5 7.6 7.0
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The plot of depth values for a west-to-east profile AB, along latitude 22.875° (South) 
south, shows the depths getting shallower to the east with a trough in the central part of 
the Basin at longitude 30.125° (East) (Fig. 13).

The Euler deconvolution depth solutions indicate the presence of magnetic source 
clusters at depths between 2.0 and 3.0 km within the Basin outline (Fig. 14). The deepest 
source depths below 3.0 km are located at the central part of the basin and define anti-
cline or a conical feature below the 2 km depth (Fig. 15).

Fig. 11  Magnetic sources depths across section AB for 51 by 51-km blocks showing the relatively flat varia-
tion of depths Zt, Zo, and Zb from west to east and a trough in the central part of the Basin

Table 3  Depths Zt, Zo, and Zb for the 103 by 103-km blocks

Row L (km) Block Longitude Latitude Zt (km) Zo (km) Zb (km)

1 103 1 29.50 −22.75 5.18 8.56 11.94

1 103 2 29.75 −22.75 5.15 8.41 11.66

1 103 3 30.00 −22.75 5.14 8.46 11.77

1 103 4 30.25 −22.75 5.14 8.48 11.82

1 103 5 30.50 −22.75 4.83 8.09 11.34

1 103 6 30.75 −22.75 4.77 7.92 11.08

1 103 7 31.00 −22.75 4.73 7.94 11.14

2 103 8 29.50 −23.00 4.67 7.86 11.05

2 103 9 29.75 −23.00 4.63 7.82 11.01

2 103 10 30.00 −23.00 4.54 7.65 10.76

2 103 11 30.25 −23.00 4.56 7.71 10.85

2 103 12 30.50 −23.00 4.44 7.48 10.52

2 103 13 30.75 −23.00 4.34 7.36 10.39

2 103 14 31.00 −23.00 4.48 7.43 10.38

Minimum depth (km) 4.34 7.36 10.38

Average depth (km) 4.76 7.94 11.12

Maximum depth (km) 5.18 8.56 11.94

Standard deviation of mean (km) 0.29 0.41 0.53

Standard deviation of mean (%) 6.1 5.1 4.7
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Fig. 12  Magnetic sources depths across section AB for 103 by 103-km blocks, showing a trough in the cen-
tral part of the basin highlighted by the Zo and Zb profiles

Table 4  Depths Zt, Zo, and Zb for the 129 by 129-km blocks

Row L (km) Block Longitude Latitude Zt (km) Zo (km) Zb (km)

1 129 1 29.63 −22.88 4.99 8.26 11.53

1 129 2 29.88 −22.88 4.94 8.20 11.46

1 129 3 30.13 −22.88 4.93 8.21 11.48

1 129 4 30.38 −22.88 4.84 8.09 11.33

1 0 5 30.63 −22.88 4.63 7.86 11.09

1 129 6 30.88 −22.88 4.66 7.89 11.11

Minimum depth (km) 4.63 7.86 11.09

Average depth (km) 4.83 8.08 11.33

Maximum depth (km) 4.99 8.26 11.53

Standard deviation of mean (km) 0.15 0.17 0.19

Standard deviation of mean (%) 3.2 2.1 1.7

Fig. 13  Magnetic sources depths across section AB for 129 by 129-km blocks, showing a trough in the cen-
tral part of the basin highlighted by the Zo and Zb profiles
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Discussion
A large population of short-wavelength features was found at depths from the surface to 
approximately 2 km. There is an anticlinal magnetic source body in the central part of 
the basin at a depth of approximately 3.5 km as defined by results of the Euler deconvo-
lution method.

The power spectra graphs of the aeromagnetic data for the Soutpansberg basin showed 
well-defined contributions from both shallow and deep seated magnetic sources. A 
trough at a depth below 7.5 km was defined by the contour of the depth to the centroid 

Fig. 14  Euler deconvolution depth solutions for the central part of the Basin, showing the existence of mag-
netic sources below the depth range of 2–3.5 km
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of the basement. The relatively deeper CPD occurred below the 11.1-km-depth contour. 
The depth contours were generally oriented southwest to northeast and parallel to the 
Limpopo Mobile Belt.

The research showed that the average depths to the top (Zt), centroid (Zo), and basal (Zb) 
for the three block sizes with L values of 51, 103, and 129 km were in the range 4.75 ± 0.56, 
7.92 ± 0.74, and 11.09 ± 0.96 km, respectively (Table 5). The average depth values for Zt, Zo, 
and Zb were comparable within 11.7, 9.4, and 8.6 %, respectively (Table 5).

The depths Zt, Zo, and Zb for blocks with a dimension L of 129 km were between 4.75–
5.0, 8.0–8.5, and 11.0–11.5  km, respectively, in the central part of the Basin with hot 
spring occurrences (Fig. 13).

The depth contours for blocks with a dimension L of 51 km were generally oriented 
southwest to northeast with hot springs in the central part of the basin occurring 
within a zone with Zt, Zo, and Zb depth ranges of 4.75–5.00 km (Fig. 15), 8.0–8.5 km 
(Fig. 16), and 11.0–11.5 km (Fig. 17), respectively.

Fig. 15  Depth to the top Zt for 51 by 51-km blocks, showing contours oriented southwest to northeast 
within the Basin

Table 5  Comparison of average source depths Zt, Zo, and Zb that for square blocks with the 
L, dimension of 51, 103, and 129 km

Subsurface 
zone (km)

Block, L dimension Mean  
depth (km)

Variation of  
mean (+/− km)

Variation of  
mean (+/− %)

51 km 103 km 129 km

Zt 4.66 4.76 4.83 4.75 0.56 11.7

Zo 7.74 7.94 8.08 7.92 0.74 9.4

Zb 10.81 11.12 11.33 11.09 0.96 8.6
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Fig. 16  Depth to the centroid Zo for 51 by 51-km blocks, showing contours oriented southwest to northeast 
within the Basin

Fig. 17  Depth to the basal Zb for 51 by 51-km blocks, showing contours oriented southwest to northeast
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Fig. 18  Depth to the top Zt for 103 by 103-km blocks, showing contours oriented southwest to northeast 
within the Basin

Fig. 19  Depth to the centroid Zo for 103 by 103-km blocks, showing contours oriented southwest to north-
east within the Basin
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The depth contours for blocks with a dimension L of 103 km were generally oriented 
southwest to northeast with hot springs in the central part of the basin occurring within 
a zone with Zt, Zo, and Zb depth ranges of 4.75–5.00 km (Fig. 18), 8.0–8.5 km (Fig. 19), 
and 11.0–11.5 km (Fig. 20), respectively.

The two independent method results defined the anticline at depths of 3.5–4.5 km in 
the central part of the basin.

The computed depths are comparable to the lithological thickness of 7-km-thick vol-
cano-sedimentary material that was mentioned by Khoza et al. (2013). The research has 
shown that airborne magnetic data sets with larger window sizes are preferred for depth 
computations, as they preserve spectral signatures of deeper sources and reduce the 
contribution of shallower sources.

Conclusions
The magnetic source depths and heat source depths were determined for the Soutpans-
berg Basin from filtering and analysis of airborne magnetic data. The magnetic sources 
at depths of approximately ±2 km can be attributed to shallow volcanic dykes and sills. 
The relatively shallower anticlinal feature in the central part of the Soutpansberg Basin 
at depths of 2–3.5 km is a prime target for geothermal investigation The deeper mag-
netic sources at depths below 4.8  km are present. The relatively shallow CPD at the 
11.1  km within the basin outline makes the study area a potential target for geother-
mal investigations. The size of the magnetic data windows with dimensions of 51 by 
51 km, 103 by 103 km, and 129 by 129 km that were used for the power spectrum analy-
sis did not have a significant effect on the computed depths. Finally, the existence of a 

Fig. 20  Depth to the basal Zb for 103 by 103-km blocks, showing contours oriented southwest to northeast
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Soutpansberg Basin Geothermal Field was inferred from the existence of the hot springs, 
the 2–3.5-km-deep anticlinal feature, the approximate 3.5–12-km-volcano-sedimentary 
pile, magnetic source depths, and the computed depths to the basement.
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