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Abstract: Two- dimensional techniques for spectral analysis and Hilbert transformation of aeromagnetic data over Jalingo and
environs were carried out in order to estimate the average depth to magnetic sources. The result from spectral analysis conducted
indicates two source depths. The deeper magnetic source varies between 437 m to 2617 m. While the shallow magnetic source ranges
between 123 m to 436 m. The result of Hilbert transform, which was used to delineate lineaments from analytical signal map are
presented in terms of azimuth from Rose diagram, which trend NE-SW, NNE-SSW, ENE-WSW, NW-SE, NNW-SSE, WNW-ESE, N-S
and E-W. These lineaments are in line with Pan-African and pre-Pan –African deformational episode on North –eastern basement
complex and are potential site for secondary mineralization. This study also involves estimating the Curie point depth and Heat flow.
The Curie point depth obtained varies between 24 to 28km and the geothermal gradient varies between 21 and 23 OCkm-1, while the
heat flow values range between 53 to 61 mWm-2. These results are consistent with the existing geothermal and geotectonic regime in the
area. Spectral analysis of the data in conjunction with heat flow values revealed an almost inverse linear relationship between heat flow
and Curie depths. However, the study has shown possibility for moderate geothermal resources to exist in the study area.
Key words: spectral analysis, lineaments, curie points, heat flow, four pots

1. Introduction
The study area lies between latitudes 7o 00ʹand 9o 00ʹN and
longitudes 10o 00ʹ and 12o 00ʹ E covering an approximate
area of 48,400m2 in North-eastern Nigeria. . The area is
characterised by rugged terrain. It is one of the crystalline
pre-Cambrian basement blocks in Nigeria. The area was
subjected to periods of regional metamorphism, tectonism
and magmatism which led to the development of fractures
and faults as well as the emplacement of intrusive and dyke
like structures [20]
The aeromagnetic data used for this work were originally
acquired as controlled maps of total magnetic intensity on a
scale of 1:100,000 compiled from Geological Survey of
Nigeria [4].The Survey was conducted along series of NWSE profile with a spacing of 2 km, and a nominal tie line
spacing of 20 km and an average flight elevation above
terrain of 150 m. The geomagnetic gradient was removed
from the data using the International Geomagnetic
Reference Field Formula (IGRF) of the 1st January, 1974.
Sixteen complete magnetic contour maps were utilised for
this work. The magnetic field over the study area is a
contribution from short, medium and long wavelength
anomalies
Spectral analysis of magnetic data has been used
extensively to derive the depth to certain geological feature
such as magnetic basement. “Ref. [23]” stated that the
depth factor invariably dominates the shape of the radially
averaged power spectrum of the magnetic data. Depth
estimation from potential field using power spectra
requires a realistic assumption of the statistical properties
of the source distributions [25]. The study entails the
estimation of depth to magnetic sources alongside with
delineating magnetic lineaments, Curie point depth, Heat
flow and geothermal gradient, which has in the past
received limited attention from geologists especially

geophysicists. This may be due to lack of immediate
geologic and economic values, even though it is fast
becoming an important study area for geoscientists. In
view of that fact, there are increased efforts to explore for
new and more energy locations, being part of Cameroon
Volcanic Line in Nigeria. The assessment of variations of
the Curie isotherm of an area can provide valuable
information about the regional temperature distribution at
depth and the concentration of subsurface geothermal
energy [27]. One of the important parameter that
determines the relative depth of the Curie isotherm with
respect to sea level is the local thermal gradient. I.e. heat
flow [8]. Measurements have shown that a region with
significant geothermal energy is characterised by an
anomalous high temperature gradient and heat flow[27 ]. It
is therefore to be expected that geothermically active areas
would be associated with shallow Curie point depth [14]. It
is also a known fact that the temperature inside the earth
directly controls most of the geodynamic processes that are
visible on the surface [15]. In this regard, Heat flow
measurements in several parts of African continent have
revealed that the mechanical structure of the African
lithosphere is variable [11].
Moreover, geophysical study in the area is minimal, with
no records of crustal temperature studies. Curie depth
isotherm in conjunction with heat flow assessment would
significantly compliment the geophysical information of
the area to bridge the gap of lacking crustal temperature
information; these will give a better understanding of
geology of the study area.
1.2 Geology of the Study Area
The geology is made up of the Precambrian basement
complex rocks, which are considered to be undifferentiated
basement mainly gneiss-migmatites complex, remnants of
Meta sediments and Older Granite, Figure1. The basement
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complex rocks mineralogically consist of Quartz, Feldspars
Micas, Hornblende, Diorite and Granodiorite. These rocks
outcrop at Jalingo, Kam, Bakundi, Sarti, Baissa, Bali,
Tissa, Monkin and Tola. The Cretaceous sedimentary
rocks, which include; rocks of Pindiga, Yolde formation
and Bima sandstone outcrops in the North-western part
around Gidan Shanu, Amar, Bangule, Gassol, Bantaji and
Wuriu. The Tertiary–Recent Volcanic rocks, which consist
of Basalts, Trachyte and Rhyolite belonging to Cameroon
volcanic line outcropping around Kiri, Ruru Sama and
Fillinga.

least-square analysis, and expression for the regional
obtained was:
T(x, y) = 7770.55 + 1.742x-0.178y

(1)

Where x and y are unit of spacing of the digitized magnetic
data.
The points sampled on the square grid were contoured
using Computer software (surfer 8.0) and this represents
the total intensity magnetic map (Fig 2)

Bima Sandstone, which overlies the basement complex at
the base of sedimentary succession, was derived from
granitic rocks [16]. The lower beds of the formation are
invariably Felspathic. The Yolde Formation is a variable
sequence of calcareous sandstone and shale, which marks
the transition from continental to marine sedimentation.
Pindiga formation is a sequence of Marine shale with a
number of limestone beds towards the base of the
Formation. The Tertiary- Recent volcanic rocks in the
study area consist of the Basalts, Trachyte, Rhyolite, and
newer basalts of eastern arm of Cameroon volcanic line
(Figure.1).

Figure.2: Total Magnetic Intensity Map (Contour interval
of 50nT).
The regional field were subtracted from the observed data
to obtain the residual field values using a visual basic
program, the residual data were then obtained as the
deviations from the total intensity data. However, the
residual magnetic values obtained from the regionalresidual separation were also contoured using surfer 8.0
(Figure.3). This gives residual magnetic map of the study
area.

Figure.1: Geological Map of Study Area (After GSN,
2006)
1.3. Materials and Methods
The aeromagnetic data used for this research were obtained
as controlled maps of total magnetic intensity on a scale of
1:100,000 compiled by Geological Survey of Nigeria
(GSN). It consists of sheets 213, 214, 215,216, 234, 235,
236, 237, 254, 255, 256, 257, 274, 275, 276 and 277. The
survey was conducted along NW-SE profiles with a
spacing of 2 km. A nominal tie line spacing of 20 km and
an average flight elevation above terrain of 150 m. The
geomagnetic gradient was removed using the International
Geomagnetic Reference Field Formula (IGRF) of the 1st
January, 1974. The magnetic map was digitized at an equal
interval of 2cm x 2 cm in the N-S and E-W grid lines,
which digitally merged sixteen sheets into one giving the
data matrix of (112 x 112). To eliminate regional field, a
plane surface has been fitted to the data by multi-regression

Figure 3: Residual Magnetic Map of the Study Area
(Contour interval of 50 nT)

2. Hilbert Transformation
Hilbert transform has been shown to be useful for
transformation of magnetic anomalies, [11], applied twodimensional Hilbert transformation to compute the vertical
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derivatives of magnetic field from horizontal derivatives
and vice versa. Ofoegbu and Mohan [18], presented more
simplified mathematical expression of 3-D Hilbert
transformation for observed magnetic field over the
anomalies. For this, research two-dimensional Hilbert
transform was carried out using a computer software
Origin Pro version 8.5.1. The mathematical expressions
involve are of the form,

f ' =1/п ∫ ( f ( x ') / (x '− x ))dx …….(2)
Applying this to magnetic anomalies, the Hilbert transform
of the first vertical and horizontal derivatives (Tx (X’),
Tx(x) of the total magnetic field anomaly T(x) are of the
form:
Tz = (x’) = 1/пʃ
Tx = (x) = -1/пʃ

Tx(x)/x-x’)dx
Tz(x’)/(x-x’)dx…(3)

The vertical and horizontal derivatives are Hilbert
transform pairs. The analytical representation is given as;
A(x) = Tx(x) – iTz(x)…………….(4)
The analytical signal or the amplitude is expressed as;
Aʹ(x) = (T2x+T2z)1/2…//.…………(5)
The residual magnetic data were used as input into a 2-D
Hilbert transform program and the amplitude or analytical
signal obtained is shown on figure 4 below.

Figure.5: Azimuth diagram showing the trend and
distribution of major Lineaments/Fractures in the study
area.
The fracture directions above are in line with the PanAfrican and Pre-Pan-African deformational episode in the
area. It could also be related to those developed in the preexisting zones of weakness, which are also in alignment to
the major lineaments of Africa [6] and [3].
Relating the lineaments to the geology, areas of high
density lineaments occur in the South and South-eastern
part in the older granite and gneiss-migmatites complex. It
has also been intruded by igneous rocks and basalts of
Cameroon Volcanic Line (CVL), while fewer lineaments
occurred in the North-western part, which correspond to
the sedimentary section of the study area. Most high
magnitude lineaments could be attributed to deep seated
fractures, while the low magnitude fractures could be
attributed to shallower weathered zones in the study area.

3. Spectral Analysis
Two dimensional techniques for Spectral analysis of
magnetic data have been described by several Authors
[23], [19], [20], [11], [13], [12], [9]. This study utilized the
approach of [10].
Figure.4: Analytical Signal Map over the Study area.
(Contour interval of 50nT
From the analytical signal, lineaments/fractures were
traced parallel to the closures of the magnetic anomalies
Lineaments traced from analytical signal map trend NESW, NNE-SSW, ENE-WSW, NW-SE, NNW-SSE, WNWESE, N-S and E-W and are presented in terms of the
azimuth (Rose diagram Fig 5). The analysis indicated that
53% trend NE-SW; 28% NW-SE; 12% E-W and 7% N-S
direction as illustrated by azimuth diagram showing the
magnitude and direction (Figure 5).

Given a residual magnetic anomaly map of dimension L x
L digitized at equal intervals, the residual magnetic values
are expressed in terms of double Fourier series expansion.
T (x, y) =

N

M

n=0

m= − m

∑ ∑

[(2π/L)(nx + my]

Pmn (C2TYL)(nx + m-p) + Qmn Sin

(6)
n

n

Where L = length of the square side, Pm and Qm =
Fourier amplitudes and N, M = number of grid points along
the X, Y directions.
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The sum

Pmn Cos [( 2π/L)(nx + my)] + Qmn sin [(2π/L)(nx + my)]
(8)

Represents a single partial wave having a particular
direction and wave length for which
n

n

n

( Pm )2 + ( Qm )2 = ( C m )2

C

n
m

(9)

Is the amplitude of the partial wave, while the

frequency of this wave is given as,

f n m = (n 2 + m 2 )1 / 2

(10)

The Fourier transform of magnetic data digitized in a
square grid forms a square matrix which can be reduced to
a set of average amplitudes depending only on the
frequency [7].These average amplitudes fully represent a
spectrum from which the magnetic sources can be
estimated.

the magnetic anomalies and the depth to magnetic sources
by transforming the spatial data into frequency domain. In
this research, the method adopted is the later. To obtain the
depth to Curie point, Spectral analysis of 2-dimensinal
Fourier transform of the aeromagnetic data has to be
performed.
To carry out Spectral analysis, the study area was divided
into sixteen overlapping blocks. Each block covers a
square area of 64 by 64km, which represent a square grid
of 32 by 32 data points except for the red numbered
blocks which were padded and cosine tapered before
Spectral evaluation for Curie and Heat flow assessments.
In doing this, it was ensured that no essential part of the
anomaly was cut-off by the blocks and each block was
continued upward to eliminate shallow source (short
wavelength and enhance the deep seated magnetic
sources). The analysis was carried out using computer
software FOURPOT version 1.0a, [10]. The software is a
program designed for analysis of potential field data and
based on its operations, The first step, is to estimate the
depth to Centroid (Zo) of the magnetic source from the
slope of the longest wavelength part of the spectrum,

In order to carry out Spectral analysis, the residual data of
the study area were divided into forty nine (49) blocks
containing 16 x16 data points. In doing this, it was ensured
that essential parts of each anomaly were not cut by the
blocks. The analysis was carried out using a Fourier based
program Four pot developed and used by [10]. The
software has taken care of some practical problems such as
aliasing, Gibbs phenomenon and those associated with the
odd and even symmetries of the real and imaginary parts of
Fourier transformation, which arises when applying
Discrete Fourier Transformation (DFT). The average depth
to magnetic sources of each of the forty nine (49) blocks,
which made up the study area were computed using the
FORTRAN 99 program in the software. Table I
summarizes the average depth computed from the blocks.

Where P(s) is the radially averaged power spectrum of the
anomaly, /s/ is the wave number, and A is a constant. The
second step is the estimation of the depth to the top
boundary (Zt) of that distribution from the slope of the
second longest wavelength spectral segment [12].

Table 1: Average Depth to Magnetic Sources in the study
area (km)

Then the basal depth (Zb) of the magnetic source was
calculated from the equation below,

 p ( s )1 / 2 
 =lnA2 π /s/Zo……
 /s/ 

ln 

ln

[P(s) ]
1/ 2

(11)

= lnB - 2π /s/Zt….….( 12 )

Where B, is the sum of constants independent of /s/.

Zb = 2Zo – Zt ………………… (13)
The obtained basal depth ( Zb) of magnetic sources in the
study area is assumed to be the Curie point depth [2]
and[12].

4. Curie point Depth Estimation
The methods for estimating the depth extent of magnetic
sources are classified into two categories; those that
examine the shape of isolated anomalies [2] and those that
examine the patterns of the anomalies [23]. However, both
methods provide the relationship between the spectrum of
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Table 2: Calculated Average Curie point depth from
spectral analysis (km)

θ 
q = λ 
 Zb 

(16)

In this equation, the Curie point depth is inversely
proportional to the heat flow, [26]; [24] . In this research,
the Curie point temperature of 580 °C and thermal
conductivity of 2.5Wm-1°C-1 was used [15] in the study
area. In order to compute the thermal gradient and heat
flow of the region, Equation (6) was utilised. See Table 3
below.
Table 3: Calculated Heat flow and geothermal gradient
from Curie depths.

4.3. Relationship between Curie Depth and Heat Flow

4.1. Estimation of Heat Flow and Geothermal Gradient
The heat flow and thermal gradient value was calculated in
the study area, the calculation was expressed by Fourier's
law with the following formula.

q=λ

dT
dZ

(14)

Where q is the heat flow and λ is the coefficient of thermal
conductivity. In this equation, it is assumed that the
direction of the temperature variation is vertical and the
temperature gradient dT/dZ is constant. According to “ref.
[26]”, the Curie temperature (θ) was obtained from the
Curie point depth (Zb) and the thermal gradient dT/dZ
using the following equation;

 dT 

θ =  Z b
 dZ 

To investigate any possible relation between heat flow and
the obtained Curie depths, we present the current results in
Figure 7. Considering Curie depths and heat flow in the
study area, Figure 6 shows that, the heat flow decreases
with increasing Curie depth.

(15)

Provided that there are no heat sources or heat sinks
between the earth’s surface and the Curie – point depth, the
surface temperature is 0°C and dT/dT is constant. The
Curie temperature depends on magnetic mineralogy.
Although the Curie temperature of magnetite (Fe2O4), is
approximately 580°C, in view of that, an increase in
titanium (Ti) content of titanomagnetite (Fe2-x,TixO3)
causes a reduction in Curie temperature [15]

Figure 6: Heat flow versus Curie point depth in the study
area.
However, Spectral analysis of aeromagnetic data in
conjunction with these heat flow information revealed an
almost inverse linear relation between heat flow and Curie
depths. The curie depth obtaine for the study area (Table 1)
was used to construct the Curie isotherms which were
delineated and are presented on Figure 7 below, this gives
the direct nature of heat distribution in subsurface of the
study area.

In addition to that, from Equation (4) and Equation (5) a
relationship was determined between the Curie point depth
(Zb) and the heat flow (q) as follows.
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Figure 9: 2D Curie point depth and heat flow anomaly
section for profile A-A

5. Discussion of Result

Figure 7: Curie isotherm map of the study area (contour
interval of 0.1nT)
The 2D curie depth profile A-A (figure 8) beneath the
study area was determined from a spectral analysis
technique, which showed that the Curie point surface is
undulating and deepens from 24 km in the west to 28 km in
the east (Figure 9)

The mineralization of rocks depends on their chemical
composition and various tectonic episodes that have
affected the rocks. Considering that fact, the total magnetic
intensity (Fig.2) over Jalingo and environs after the
digitization, showed magnetic signature ranging from
7500nT to 8145nT.
The magnetic susceptibility contrasts across fracture zones
are due to oxidation of magnetite to hematite, and /or
infilling of fracture planes by dyke like bodies whose
magnetic susceptibilities are different from those of their
host rocks [1], Such geological features appear as thin
elliptical closures or nosing on the residual magnetic map
(Fig.3). Bearing this in mind, prominent elliptical closures
and nosing were identified on the analytical signal map
from Hilbert transformation; this transformation sharpens
the edges of anomalies and enhances the anomalous
features. The features / lineaments identified are
represented by lines drawn parallel to the closure and /or
elongation of the anomalies. The lineaments map deduced
from analytical signal indicated that 53% trend NE-SW;
28% NW-SE; 12% E-W and 7% N-S direction as
illustrated by azimuth (Rose diagram) Figure 5. These
correspond to Pan-African and Pre-Pan–African
deformational episodes in the study area
Looking at figure 4, the analytical signals concentrated
more in the south and south eastern part of study area. This
may be explained as; the basement complex outcropping
here is not mineralogically homogeneous. The contoured
map (Fig.2) shows the presence of remarkable magnetic
features, which agree quite well when compared with
geologic map of (Fig.1)

Figure 8: Total intensity contour map showing the profile
A-A from which 2-D was plotted. (Contour interval of
50nT).

Magnetic source depth determination through spectral
analysis over Jalingo and environs suggests two main
source depths. The deepest source lies between 437m to
2617m and the shallower source depths obtained range
from 123m to 436m. These could be as a result of intrusive
bodies from Cameroon Volcanic line in the study
area.Table1 shows the computed magnetic source depths in
the area. The areas of thick overburden/weathered
basement are potential site for ground water exploration.
The result is also in line with previous work obtained from
gravity and magnetic analysis by several authors among
which are: [17] estimated the sediment thickness in Upper
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Benue, which range from 500m to 4600 m. “Ref. [22]”
estimated sediment thickness, which ranges from 900 m to
2200 m from gravity data interpretation, and 900 m to
4900m from magnetic data. “Ref.[12]” also estimated the
sediment thickness, which ranges between 1500m to 2219
m for deeper source, and range between 330m to 414m for
shallow source.
Graphs of the logarithms of the spectral energies, from
which Curie isotherm depth was computed, showed that
the depth to the Centroid (Zo) ranges from 12.520 km to
16.100 km. On the other hand, the depth to the top
boundary (Zt) of magnetic sources ranges from 1.030 km to
4.980 km (below sea level) Table 1.
The equivalent curie depth range from 24 km to 28 km
(b.s.l), these values compares well with what was obtained
in Upper Benue Trough by [11]. The obtained Curie point
depth reflects the average local curie depth point values
beneath each block. It is observed that the curie depth in
the North-Western part of the study is moderately
shallower (24-26 km) compared to the other part of the
area, these reflect the thinning of the crust under Benue rift.
It is also observed that, volcanic areas on the geologic map
Fig.1 have moderately shallow Curie point depth of 26km
compared to the other basement areas; this could be as
result of upwelling of magma on Cameroon Volcanic line
(CVL). The deeper Curie point in the centre of the study
area could be as a result of isostatic compensation in the
region. The obtained Curie point was used to construct
curie isotherm map of the study area (Fig 7). These reflect
the various depths to curie points which describe the
thermal nature of the crust. Previous studies by [24]
showed that the Curie point depth is linked to the
geological context of an area Spectral analysis of the data
in conjunction with heat flow values revealed an almost
inverse linear relationship between heat flow and Curie
depths (Fig 6), these were used to construct Curie isotherm
from the existing data. In most part of the study area, heat
flows were found to be less than 60 mWm-2 This implies
that the heat flows in the study area are not uniform, which
possibly indicate that the magma conduits were randomly
distributed.
The average heat flow obtained in the study area is 55.010
mWm-2, this may be considered as typical of continental
crust.
All the current literatures state that the curie point depth
and of course heat flow is greatly dependent upon
geological conditions. Heat flow is the primary observable
parameter in geothermal exploration. Generally, the units
that comprise of high heat flow values correspond to
Volcanic and metamorphic regions since the two rock units
have high heat conductivities [15]. It is In view of this, the
volcanic areas on geologic map of the study area Figure.1,
as well as metamorphic region beneath the Benue rift show
moderate heat flow of the magnitude of 60 mWm-2 above.

6. Conclusion

The analysis of the aeromagnetic data over Jalingo and its
environs indicated the existence of two magnetic source
depths; the deepest source lies between 437m to 2617m

and shallower source depth obtained ranges from 123m to
436m and could be attribute of intrusive bodies.
The structural lineaments/fractures observed from the
analytical signals of Hilbert transformed data of the study
area are dominantly in NE-SW, NW-SE, E-W and N-S
direction and are potential site for secondary mineralization
in the study area. These were presented by azimuth (Rose
diagram) in terms of magnitude and direction which
showed that, 53% trend NE-SW; 28% NW-SE; 12% E-W
and 7% N-S. Most high magnitude lineaments could be
attributed to deep seated fractures, while the low
magnitude could be attributed to shallow weathered zones
in the area. The azimuth magnitudes and the trend of the
fractures are in line with the Pan-African and Pre-PanAfrican deformational episodes in the area. However areas
of thick overburden are potentials site for ground water
exploration.
The Curie point depth for the study area was estimated
using surface magnetic data through spectral analysis. The
inferred Curie point depth which described the thickness of
the crust obtained in the study area ranges from 24 km to
28 km. The result reveals that, the Curie point depth varies
inversely with heat flow; this shows that heat flow in the
study area decreases with increase in Curie depth. 2D Curie
point surface under profile A-A shows that is undulating
and deepens from 24 km to 28 km (Figure 9) In addition to
that, Curie depth in the study area is moderately shallower
under the Benue rift in the North-Western part with an
average heat flow of 55.010mWm-2 . These resulted from
the rifting of Benue Trough and upwelling of the
astenosphere which is responsible for the generation of
thermal dome in volcanic centres. The results compared
favourably with what was obtained by [11]. It confirms that
Curie depths are indirect indicator of the thermal structure
of an area.
The interpretation of aeromagnetic data to estimate the
depth to Curie point isotherm and heat flow over Jalingo
and environs, contributed to the better understanding of
geothermal regime and tectonic activities in this area,
which shows a possibility for geothermal resources
potentials to explore for new and more energy locations in
Nigeria.
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