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Abstract This paper presents a detailed geological interpretation of the aeromagnetic data over Naraguta and
environs using 2-D spectral inversion and 3-D Euler deconvolution techniques. The objectives of the study are to re-
evaluate the depth to the magnetic basement and to delineate associated structural features in the study area. Data
enhancement was carried out to separate residual features relative to the strong regional gradients and the more
intense anomalies due to basement features and igneous intrusives. Results of the 2-D spectral analysis revealed a
two layer depth source model. The deeper magnetic source bodies (d,) varies from 1.672km to 2.3km with an
average depth of 1.999km while the depth to the shallower magnetic source bodies (d;) ranges from 0.55km to
0.897km with an average depth of 0.711km. The shallower magnetic anomalies are believed to be as the result of
basement rocks which intruded into the sedimentary rocks while the deeper layer may be attributed to magnetic
basement surface and intra-basement discontinuities like faults, fractures and lineations. Structural analysis of these
shallow anomalies using 3-D Euler deconvolution with structural index values ranging from 0-3, revealed three main
structural models which include spheres, horizontal pipes/cylinders and sills/ dikes. Similarly, magnetic basement
depth estimates using 3-D Euler deconvolution revealed a magnetic basement depth range of 0.5 - 2.5km. Finally,
the average sedimentary thickness of 1.999km estimated from the study area is unfavorable for hydrocarbon
generation and accumulation. However, the area is more viable for solid mineral exploitation based on the presence
of several intrusive and linear features which may have acted as conduits for mineralization.
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1. Introduction

The importance of airborne survey in the delineation of
structural discontinuities within sedimentary basins and
the underlying basement has been tremendous over the
past few decades. This past decade has seen a departure
from the usual interpretation of basement structures only
to detailed studies with respect to both lithologic and
morphologic variations [6]. Basement structures and
depths can be accurately delineated and mapped using
magnetic data. Definition of various basin and sub-basin
geometries can enable the mapping of the regional
hydrocarbon and mineral fetch areas. Trends in magnetic
features often have related trend in the overlying
sediments: systematic offset of magnetic anomalies may

indicate strike-slip faults which may have displaced
basement rocks and possibly affect the sediment section.
Infact magnetic basement interpretation can to a certain
extent lead to a better understanding of the structures of
the overlying sedimentary rocks.

A typical contoured aeromagnetic map presents several
anomalies whose sources are traceable to the basement. It
now becomes imperative that depth estimation from those
anomalies provide useful clues to approximate estimation
of sedimentary thickness. Aeromagnetic survey data are
routinely interpreted by estimating source depths or
locations; consequently, many processing algorithms have
been proposed to assist the estimation [14]. The
application of 2-D spectral inversion to the interpretation
of potential field data is one method that has been used to
determine the basement depth, and is now sufficiently
well established [18]. Several authors have applied
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spectral inversion techniques in the determination of
sedimentary thickness in various basins of the world
[8,10,12,13,15,22] The magnetic anomaly signature
characteristics are results of one or more physical
parameters such as the configuration of the anomalous
zone, magnetic susceptibility contrasts, as well as the
depth to the anomalous body. Similarly, airborne magnetic
survey data in grid form may be interpreted rapidly for
source positions and depths by deconvolution using
Euler’s homogeneity relationships [14]. The method
employs gradients, either measured or calculated with the
details of this method sufficiently discussed by previous
scholars [14]. A robust magnetic data set is likely to
contain anomalies from sources with various structural
indices. It is, therefore, necessary to solve for a range of
indices (say 0.0, 0.5, and 1.0) and to plot the results for
each index. The maps are then examined feature by
feature and the index which gives the best solution
clustering is chosen for each feature. This procedure

American Journal of Mining and Metallurgy

which was adopted for this study also gives some clue as
to the nature of the feature. Thus, a sill edge, dike, or fault
with limited throw is best displayed at an index of 1.0,
while a fault with large throw may be best displayed at a
zero index. Intermediate cases are best shown by an index
of 0.5 [14]. However, it should be noted that field data
need not be pole-reduced, so that remanence is not an
interfering factor. Geologic constraints are imposed by the
use of a structural index with the method known to locate
or outline confined sources, vertical pipes, dikes, and
contacts with remarkable accuracy [14].

This study, therefore attempts to estimate depth to
anomalous magnetic sources within the study area using
2-D spectral analysis and 3-D Euler deconvolution
techniques. Structural interpretation was also carried out
on the contoured aeromagnetic data with a view of
locating structures that may possibly accommodate
minerals.
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Figure 1. Geological map of Naraguta and environs

1.1. Background Geology

The area studied is Naraguta and environs which is
located within the Jos-Bukuru Younger Granite Ring
Complex of North Central Nigeria in the mining district of
Jos. It is located at about latitudes 930" — 10°00'N and
longitudes 830" — 9'00'E (Figure 1). The Nigerian
Younger Granite Ring complexes are a series of
petrologically distinctive crystalline igneous rocks of
granitic composition [11]. Several individual complexes

have been identified with varying sizes and named after
their localities with individual massifs ranging from
640km? to less than 1.68km? [11]. The Younger Granites
are believed to be discordant high level intrusions
emplaced by means of piecemeal stopping through the
collapsed central block [11]. Their outlines are either
circular or elliptical. Several cycles of intrusions occur
within one complex. The sizes of many of the structures
are due to overlapping and superposition of separate
intrusive cycles [2,4,17,19]. The Younger Granites were
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preceded by extensive acid volcanism and emplaced by
ring faulting and block subsidence. Granites and rhyolites
underlay more than 90 percent of the total area of the
Younger Granite province. Intermediate and basic rocks
occur in many complexes. Their emplacement is
completely unrelated to orogenic activity associated with
the study area [2,20]. Their age is Jurassic, around 160 to
170 million vyears; the Older Granites and the
accompanying metamorphism of the basement are dated at
about 500 to 600 million years, and represent the Pan
African Orogeny in Nigeria [2,4]. However, it seem likely
that emplacement of the Younger Granites was associated
with epeirogenic uplift [20]. Indirect evidence for this is
lack of sediments associated with the volcanic rocks of the
younger granite age, which are apparently erupted on to a
land surface undergoing erosion, not deposition [20]. The
major components of most complexes are granitic ring
dykes that range from 5km or less to over 30 km in
diameter.

Generally, the Younger Granites are characterized as
anorogenic, peralkaline rocks that intruded the basement
discordantly to form highly steeped hills. They occur
generally as ring dykes and cone sheets. The province
contains approximately 50 Jurassic Ring Complexes
(165MA), which intruded into the Precambrian basement
complex (600MA) within the Central Plateau Region of
the Jos Plateau of Nigeria [9]. The geology map (Figure 1)
of the study area revealed that the area is underlain by the
Precambrian crystalline basement of migmatite-gneiss
complex which is directly overlain by the older granites,
subsequently by younger granites and then the newer
basalts of quaternary-tertiary age that occurs as lava flows
and volcanic cone.

2. Theory and Method

The data used in this study are part of the airborne
aeromagnetic map project of Nigeria obtained from the
Geological Survey Agency of Nigeria and was subjected
to low pass filtering operation. The generated filtered total
field magnetic intensity values are presented in Figure 2 as
a contour map. The nature of filtering applied in this study
in the fourier domain was chosen to eliminate certain
wavelengths and to pass longer wavelengths. Regional -
residual separation was also carried out using polynomial
fitting. This is a purely analytical method in which
matching of the regional by a polynomial surface of low
order exposes the residual features as random errors. For
the magnetic data, the regional gradients were removed by
fitting a plane surface to the data by using multi-
regression least squares analysis. The expression obtained
for the regional field T(R) is given as:

T(R) = 7612.158 +0.371x - 0.248y @

Furthermore, estimation of the source depths for the
various anomaly depths were carried out using slope
methods which includes Peter’s, Half width and Thannel’s
analytical rules. The original aeromagnetic field maps
over the study area are characterized by a series of local
anomalies which are not apparent on the residual maps
due to the digital filtering and convolution algorithm used.
These local anomalies were modeled in terms of intrusions
which are known to occur in the area using non linear

optimization techniques. In summary, the method seek to
minimize a non linear objective function which represents
the difference between the observed and calculated fields
through an iterative change of the non linear parameters
(location, thickness and depth) by non-linear optimization
while at the same time obtaining optimum values for the
linear parameters (magnetization components, quadratic
regional and composite magnetization angle) by least-
square analysis [12]. Many of these prominent local
anomalies are associated with intrusive igneous bodies
and mineral veins found in the area. Detailed
Interpretations of these anomalies in the study area are
also presented in this study in Table 2.

In addition, 2-D spectral analysis which allows an
estimate of the depth of an ensemble of magnetized blocks
of varying depth, width, thickness and magnetization was
also carried out in this study. The digitized aeromagnetic
data was transformed in the fourier domain to compute the
energy (or amplitude) spectrum. This was then plotted on
a logarithmic scale against frequency. The slopes of the
segments yielded estimates of average depths to magnetic
sources of anomalies in the study area [7,12,18]. Given a
residual magnetic anomaly map of dimensions | x I,
digitized at equal intervals, the residual total intensity
anomaly values can be expressed in terms of a double
fourier series expression given as [7,18]:

g )

T(xy)= nZ::an:‘i Ol sin {[ZI_”j(nx - my)}

where, | = dimensions of the block, and is the Fourier
amplitude and N and M are the number of grid points
along the x and y directions respectively. Similarly, using
the complex form, the two dimensional Fourier transform
pair may be written as [7,18]:

(2)

G(uv)= ”jo g(x, y)e_j(uX+Vy)dxdy (3)

and

g(x,y):”iG(u,v)e_j(uxwy)dudv (4)

where, u and v are the angular frequencies in the x and y
directions respectively.

The use of this method involves some practical
problems, most of which are inherent in the application of
the discrete fourier transform (DFT). They include the
problems of aliasing, truncation effect or Gibb’s
phenomenon, and the problems associated with even and
odd symmetries of the real and imaginary parts of the
fourier transform [12]. However, in this study, these
problems were taken care of by the softwares used in the
analysis.

Finally, the objective of the 3-D Euler deconvolution
process was to produce maps showing the locations and
the corresponding depth estimates of geologic sources of
magnetic anomalies in a two-dimensional grid [14,23].
The Standard 3-D Euler method is based on Euler's
homogeneity equation, which relates the potential Field
(magnetic) and its gradient components to the location of
the sources, by the degree of homogeneity N, which can
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be interpreted as a structural index [19,23]. The method
makes use of a structural index in addition to producing
depth estimates. In combination, the structural index and
the depth estimates have the potentials to identify and
calculate depth estimates for a variety of geologic
structures such as faults, magnetic contacts, dykes, sills,
etc. The algorithm uses a least squares method to solve
Euler's equation simultaneously for each grid position
within a sub-grid (window). A square window of pre-
defined dimensions (number of grid cells) is moved over
the grid along each row. At each grid point, a system of
equations is solved from which the four unknowns (X, y as
location in the grid, z as depth estimation and the
background value) and their uncertainties (standard
deviation) are obtained for a given structural index. A
solution is only recorded if the depth uncertainty of the
calculated depth estimate is less than a specified threshold
and the location of the solution is within a limiting
distance from the center of the data window [14,23].
Thompson [19] showed that for any homogenous, three-
dimensional function f(x; y; z) of degree n:

f(tty;tz) =t"f(x;y;2) (5

It can be shown that, the following equation, which is
known as Euler's homogeneity relation can be satisfied
[23]:

xﬁ: yﬁ_i_zﬁ:nf (6)
OX oy oz
In geophysics, the function f(x,y,z) can have the general
functional form [14,19,23]:

G
f(x.y,z)zr—N (7)
Where 1> = (X - Xo)® + (Y - Yo)* + (z - z0)%, N is a real
number (1,2,3...) and G a constant (independent of x,y,z).
Many simple point magnetic sources can be described by
equation 7 above, with (Xo; Yo; Zo) the position of the
source whose field F is measured. The parameter N is
dependent on the source geometry, a measure of the fall-
off rate of the field and may be interpreted as the
structural index (SI). Considering potential field data,
Euler's equation can be written as [19,23]:
oT oT oT

(x x0)5X+(y y0)5y+(z 20)52 =N(B-T) (8
With B the regional value of the total magnetic field and
(Xo; Yo; Zo) the position of the magnetic source, which
produces the total field T measured at (X; y; z).

Thompson [19] showed that simple magnetic models
are consistent with Euler's homogeneity equation. Thus
Euler deconvolution provides an excellent tool for
providing good depth estimations and locations of various
sources in a given area, assuming that appropriate
parameter selections are made. Applied to aeromagnetic
surveys, the 3-D Euler process is a fast method for
obtaining depth and boundary solutions of magnetic
sources for large areas. Though it is a general advantage
of the Euler deconvolution method, that it is applicable to
all geologic models and that it is insensitive to magnetic
remanence and geomagnetic inclination and declination,
an initial assumption of the source type has to be made.

Dependent upon the potential source type, a structural
index is chosen. Table 1 summarizes the structural indices
(SI) for given geologic models. The number of infinite
dimensions describes the extension of the geologic model
in space.

Table 1. Structural Indices for Simple Magnetic Models Used For
Depth Estimations by 3-D Euler Deconvolution [14,19,23]

Geologio Model | MEIGT™ | stnucural index
Sphere 0 3
Pipe 1(2) 2
Horizontal cylinder 1 (x-y) 2
dyke 2 (z and x-y) 1
sill 2 (xandy) 1
contact 3 (x,y,2) 0

The results of the Euler method are displayed in
ordinary maps as point solutions combining the location
(position of solution) and the depth (colour range). Given
the choice of an appropriate structural index, 3-D Euler
deconvolution will lead to a clustering of solutions, which
can be interpreted. A vertical pipe structure will for
example be shown as a cluster of solutions around a
specific point, whereas an elongated dyke structure will be
recognized as a linear trend of solutions.

3. Results and Interpretation

The aeromagnetic data used in this work was obtained
from the Geological Survey Agency of Nigeria. It was part
of the nationwide survey completed in 1976 by Fairey
Survey Ltd. Flight line direction was NNW-SSE at station
spacing of 2km with flight line spacing of 20km.It was
flown at an altitude of about 150m with tie lines in an
ENE-WSN direction. Regional correction of the magnetic
data was based on the IGRF (epoch datel of January,
1974). For this study, aeromagnetic sheet 168 (Naraguta
sheet) was used.

The total magnetic field intensity map derived from the
digitization is presented as a total field intensity map and
3-D map respectively (Figure 2 & Figure 3). The total
field of the aeromagnetic data revealed that the underlying
basement within Bukuru, Kuru and Jos have an estimated
magnetic intensity range of 7740 to 7780 gammas. This
area has a broad relief with low intensity surrounded by
fairly high to high intensity area which may be interpreted
as trough. The 3-D map revealed two distinctive relief
patterns: low and high relief. Areas with low relief are
observed in the central part of the study area: Bukuru,
Kuru and Jos whereas, the northern and southern fringes
of the study area around Tsofo and Makasuwa showed a
relatively high relief (Figure 3). On the northern fringe,
from Tsofo, an extensive linear anomaly trending in the E-
W direction was observed. Along this linear anomaly,
there exists a chain of circular magnetic closures
suspected to be granitic intrusions which is believed to be
part of the volcanic ring complex. The high relief areas are
also believed to be more tectonically active than the low
relief area owing to the presence of chains of granitic
intrusive surfaces present in the area. Another linear
anomaly was observed in the southeastern portion of the
study area. This anomaly with a sharp gradient was
believed to be a linear feature of regional extent. Other
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magnetic closures suspected to be intrusions were

observed around Makasuwa and environs.
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Figure 2. Total Magnetic Field Intensity Contour Map of the Study area
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Figure 3. 3-D Surface map of the magnetic basement surface of the study area

The Structural trends interpreted from the total field
intensity map, polynomial surfaces (Figure 4) and the
residual field map (Figure 5) reveled trend directions of
NW-SE,N-S, E-W and NE-SW. The NW-SE trend is the
dominant trend orientation in the study area and thus
reflects the trend of the youngest tectonic episode, the Post
pan African orogenic activities in the study area which
nearly obliterated the older E-W and NE-SW tectonic

trends of Pan African orogenic phase. The regional fields
established the major tectonic elements of the deeper and
regional field which affected the structural framework of
the study area. These structural trends are correlatable
with paleo-structures in the study area which are believed
to have affected major geologic events in the study area.
Buser [5] suggested the existence of these paleo-structures
within the study area and its surroundings.
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Figure 4. First to fourth degree(polynomial) surfaces of the regional fields of the aeromagnetic data

The residual magnetic intensity values (Figure 5) of the
study area was discovered to range from -89.9 to 91.9
gammas. The extensive linear feature earlier interpreted
from the total field intensity map around Tsofo has a
positive residual value of 80 gammas. Other areas with
positive residual values are Makasuwa on the central
portion and Dorowa on the southern extreme of the study
area. Similarly, Bukuru and Kuru on the central portion of
the study area was observed to be dominated by low
residual magnetic intensity. The residual intensity range in
these areas was shown to be between -89.9 to -85.2. The
areas with negative magnetic values reflects a typical zone
of low magnetization while the positive residual
anomalous areas are indicative of an area of high
magnetization. This implies that there is an existence of
shallow to near surface magnetized bodies in areas having
positive residual values. It also indicated that the linear
anomalous body seen at Tsofo could be interpreted as a
near surface magnetized body. It further implies that
Bukuru and Kuru with negative residual values is

underlain by deep seated magnetized bodies. Another
probable reason for the predominance of negative residual
anomaly signatures in this area may be due to its nearness
to the magnetic equator. Apart from the linear anomalies,
there are circular closures seen on the extreme
northwestern and southern portions of the map. These
circular anomaly patterns were interpreted as the Younger
Granite Ring Complexes which are believed to be
associated with the presence of ore bodies; granitic as well
as basic ore bodies.

The local anomalies in the original aeromagnetic field
map were modeled in terms of intrusions using non linear
optimization techniques. The method seek to minimize a
non linear objective function which represents the
difference between the observed and calculated fields
through an iterative change of the non linear parameters
(location, thickness and depth) by non-linear optimization
while at the same time obtaining optimum values for the
linear parameters (magnetization components, quadratic
regional and composite magnetization angle) by least-



square analysis. The analytical slope methods mainly
Peter’s, slope, Thannel and Half-width graphical methods
were also used in calculating depth estimates to the
anomalous bodies (Figure 6). The estimated depths and
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linear parameters are presented in Table 2 and Figure 6.
The depth to the anomalous magnetic features from the
three depth slope methods varies from 0.1601km to
2.478km.
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Table 2. Calculated Depth to the Magnetic Source of the aeromagnetic map of Naraguta Area

SHEET | | seaTion DEPTH ESTIMATION WIDTH | AMPLITUDE | MAGNETIZATION 1% TYPE OF
168 IN KM (KM) | INGAMMA (AIM) RADIANCE | ANOMALY
) | HALF
PROFILE | TOowns | PETER'S | THANNEL'S |\ hr,
SLOPE RULE
RULE
AAL TkmNWof | 1706 1.5976 08476 | 4.02 7808 0.90 115 LOW
Manchox
9km East of
BB! Barkin 1.0976 1.5976 18476 | 80 7900 055 138 HIGH
Darowa
7.5km North
cct of 0.1601 1.6476 05476 | 375 7645 165 146 LOW
Damakasuwa
ppt | SKMNWof | 165 2.6476 16476 | 46 7650 185 123 Low
Bukuru
EE! TkmNEof | 7076 2.2976 03476 | 62 7859 2.09 1.75 LOW
Miango
FF 1ka\(’)\/§“ of | 03476 1.2476 0.4476 4.0 7854 152 1.83 HIGH
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Figure 6.
Manchox;
Miango; Profile [F], 1Km West of Jos

Similarly, the second vertical derivative contour map of
the study area is presented in Figure 7a below. The zero
contours of the second vertical derivative map indicated
the lithologic boundaries between the the different
lithologies (Figure 7a). A good correlation was also
established between the second vertical derivative map
and the mineral map of the study area as shown in Figure
7b. In addition, the distribution of mafic and felsic rock

distance (km)

distance (km)

Interpretation of some linear magnetic anomalies from Naraguta Sheet. Profiles A—F were taken as follows: Profile[A], 7Km NW of
Profile[B], 9Km East of Barkin Dorowa; Profile[C], 7.5Km North of Damakasuwa; Profile [D], 8Km NW of Bukuru; Profile [E], 7Km NE of

forming minerals were correlated to the positive and
negative second vertical derivative anomalies around the
study area close to Ifinkpa, Agoi Ibani and Iko Ikperem
areas (Figure 7a). The mafic and felsic rock minerals are
believed to be the by-product of the re-activation of the
trans-oceanic fracture zones that also acted as conduits for
primary mineralization. In the study area around Ifinkpa,
Agoi.

100

a8

ay

a5

Tt
it it PP P L D
Fou LT CRO0 LD — L L OOl Db —

—atod
000 == O i) — =] G0 00 L3
0 DL 0 0 o b e T e b~ Oed D)

e e OO =00 e OO 00 O —00 (0000 —4Ce 00 ) b2 e O B0 e o 00 O =0 — 0 ) i —

133

.

-134

- BGE

L3

e 100 RN 3103 o 08 L WD = i e 1 00 0NN 0 0 D00 3 o 100 20 e ot =

OO0 LT Lo P o) s i 1

83 g5 a1

a b &
o ———
e

g0

Second vertica derivative map of Naraguta and Environs —H-

g3 a0

Figure 7a. Contour map of Second vertical derivatives of the aeromagnetic map of the study area



American Journal of Mining and Metallurgy 37

450000 460000 470000 480000 430000 500000
1100000 1100000
1090000 1090000
1080000 ] 1080000
|
|
1070000 | 1070000
|
1060000 1060000
1060000 — 1050000
450000 450000 470000 480000 490000 500000
1: 420000
[ I I E— maaeas |
0 25 km
3 Biotit 1_grained) I kassa_biotite_granite

Bl biotite_granite

I Biotite_microgranite

EJ Granite-gneiss

1 Late_rhyolite

B8 Laterite{covering_older_basalt}

] Ameﬂﬁcmgranite

=3 ar sonite-granite

Bl Biotitegranite{coarse__grained}

I Biotite-muscovite-granite

= bukuru_biotite_granite
Daw_biotite_granite

E= delimi_biotite_granite

= gul:owa_albite-viebecki‘le-granﬂe

e

== E!rly rhyolites
hornblend-biotite-granite

I Hornblend-biotite-porphries
Hornblend-fayalite_granite

EJ Miango-biotite-granite

Bl Newer_basalt

B Older_basalt

L Porphyritic_biotite_and_biotite-hornblend-granite

Bl Quartz=diorite

Bl Rafin_Jaki_granite_porphyry
rayfield_biotite_granite

EH Riebeckite-aegirine-granite

E3 Riebeckite-biotite-granite

3 undiffrentiated_migmatite

g ;J‘osJBxiotite Granite

‘o N
Bl Hornblend Biotite Porphyries (Neils valle:
Bl Sabon Gida South Biotite Granite y type
1 sabon Gida North Biotite Granite

Bl Honblend Fayalite Porphyrie {Shen type)

Bl Biotite Granite (N'gell type)

Figure 7b. Geology map of the study area showing mineral distribution (NGSA)

The spectral analysis plot of the power spectrum of the
residual field of the study area was used to estimate the
average depth to buried magnetic rocks and is presented as
Figure 8 below. The spectral analysis presents a two layer
(D, and D,) depth source model. These depths were
established from the slope of the log- power spectrum at

the lower end of the total wave number or spatial
frequency band. The method allows an estimate of the
depth of an ensemble of magnetized blocks of varying
depth, width, thickness and magnetization. The estimated
depths to magnetic basement are shown as D; and D,
(Table 3).

Table 3. Location and magnitude of first and second layer spectral depths

SPECTRAL BLOCK LONGITUDE LATITUDE DEPTH (KM)
X1 X Y, Y2 D D,
A 8.5 8.75 9.75 10 0.55 1.672
B 8.75 9 9.75 10 0.63 2.3
C 8.5 8.75 9.5 9.75 0.765 1.863
D 8.75 9 9.5 9.75 0.897 2.161
The first layer depth (D,), is the depth to the shallower  this layer are the lateral variations in basement

source represented by the second segment of the spectrum
(Figure 8). This layer (D,) varies from 0.55km to 0.897km,
with an average of 0.711km. The second layer depth (D)
varies from 1.672km to 2.3km, with an average of
1.999km (Table 3). This layer may be attributed to
magnetized rocks of the basement surface. Another
probable origin of the magnetic anomalies contributing to

susceptibilities, and intra-basement features like faults and
fractures [8,12]. It can be deduced from the spectral plots
that the D, values obtained from the spectral plots
represent the average depths to the basement complex in
the blocks considered. The depth of the shallower
magnetic source and that of the magnetic basement
increases from west to east (Figure 9). This revealed that
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the basement outcropped around Makasuwa suggesting believed to be more within Kuru, Bukuru and Jos areas
epirogenic uplift. Similarly, the sediment thickness is indicating a thicker overburden.
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Figure 8. Energy Spectra for Blocks A, B, C, and D for the determination of basement depths
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Figure 9. Depth to basement map estimated from spectral inversion contoured in metres
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3-D Standard Euler deconvolution of the aeromagnetic
data of the study area using different geological scenarios
based on several vintages of structural indices (structural
index O for contacts, structural index 1 for sills and dikes,
structural index 2 for horizontal cylinders and pipes, and
structural index 3 for spheres), revealed standard Euler
solution clusters as shown in Figure 10a — Figure 10d. For
a better comparison of the obtained solutions, only
solutions in the depth range between Om to 3000 m were
used, which entailed an elimination of a few spurious
solutions. The Euler solutions used for the plots were
gotten under the assumption of a wide range of geologic
models determined represented by contacts, dike/ sill,
horizontal cylinder/pipes and spheres; thus structural
indices of 0 to 3 were used. While solutions were gotten
for the standard Euler deconvolution, using the different
structural indices, there is however a similarity in all the
solutions. The Standard Euler solutions for four geological
models are presented in this model. Figure 10a is the
Standard Euler solution for contacts (structural index =0).
This figure revealed a depth range of 250 — 3000m with
isolated cluster of solutions around Makusuwa, Jos and
Vwang areas. This indicates that magnetic contacts are not
a dominant geological feature of the study area. Figure
10b on the other hand represents the Standard Euler

Solutions for sills/dikes. The depth estimate of this
geological model in the study area ranges from Om to a
little above 3000m. It is therefore revealed that sills/dikes
are dominant geological features in the study area as the
cluster of solutions all over the map. However, there is a
complete absence of this geological structure around
Tsofo. Similarly, for structural index 2(horizontal
cylinders/pipes), the estimated depth ranges from 1000 to
3000m as shown in Figure 10c. Several clusters of
solutions were observed all over the map of the study area
with Jos however having no noticeable cluster of solution.
Horizontal cylinders/pipes are therefore observed to be
dominant structural/geological feature in the study area.
Finally, Figure 10d (spheres) revealed a concentration of
clusters of solution at the central and southern parts. There
is also a concentration of the cluster of solutions
representing spheres around Tsofo area in the northern
part. The depth of the interpreted cluster of solutions
varies between 1000- 3000m. Generally, the Euler
deconvolution suggests a depth to the magnetic source of
between Om to a little above 3000m. Comparing these
depth estimates with the information gotten from the
spectral analysis, there is a positive correlation between
the results from both depth estimation methods.
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Figure 10a. Standard Euler Deconvolution Depth Solution Plot Draped on the Colour Shaded Grid of the Total Magnetic Intensity of the Study area

(Structural Index=0)
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4. Discussion and Conclusion

A detailed structural interpretation and re-evaluation of
the magnetic basement depth in the study area was carried
out using 3-D Standard Euler deconvolution and spectral
inversion techniques. The presence of intrusive bodies in
some parts of the study area suggests that some parts of
the area are more tectonically active than others. The
extensive linear anomaly observed at Tsofo is suspected to
be part of the ring faulting prevalent in the Younger
Granite Complex. Structural analysis of the interpreted
anomalies(intrusive bodies) using 3-D Standard Euler
deconvolution with structural index values ranging from
0-3 revealed the dominant presence of three geological
structural features which include spheres, horizontal
pipes/cylinders and sills/ dikes. Results of the 2-D spectral
analysis revealed a two layer depth source model. The
spectral depths obtained in this study revealed the depth to
the shallow magnetic layer to be in the range of 0.55km to
0.897km with an average depth of 0.711km, while the
depth to the magnetic basement varies from 1.672km to
2.3km with an average depth of 1.999km.It can be
deduced that the D, values obtained from the spectral
depth represent the average depth to the magnetic
basement in the blocks considered. The shallower
magnetic anomalies are however believed to be as the
result of basement rocks which intruded into the
sedimentary rocks while the deeper layer may be

attributed to magnetic basement surface and intra-
basement discontinuities like faults. Similarly, the depth to
the anomalous magnetic features from the three depth
slope methods revealed depth values that range from
0.1601km to 2.478km.Finally, magnetic basement depth
estimates using 3-D Euler deconvolution revealed a
magnetic basement depth range of 0.5 - 3.0km. This
average depth of 1.999km from this study is fairly close to
that of the neighbouring Nupe Basin which has a
basement depth of 3.3km [1,21]. Elsewhere in the Benue
Trough, a sedimentary thickness of 3.3km was estimated
[9]. Depth to source interpretation of aeromagnetic field
data provides important information on basin architecture
for mapping areas where the basement is shallow enough
for mineral exploration.

Economically, the area has low hydrocarbon
exploration potential owing to the shallow sedimentary
thickness and numerous tectonic activities that affected
the study area which are seen on the aeromagnetic map as
lineations (fractures, joints, faults, etc). The average
sedimentary thickness of 1.999km estimated from this
study may be unfavorable for hydrocarbon generation and
accumulation. Another reason that may have affected the
hydrocarbon bearing potentials of the area are the high
thermal gradients associated with igneous activities
believed to have taken place in the region. However, the
area is more viable for solid mineral exploitation based on
the presence of linear features which may have acted as
conduits for mineralization. Finally, the NE-SW trend of
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the study area suggests a relationship between the
Younger Granite Complex of Jos and the Benue Trough.
This trend suggests that the tectonic events that took place
in the Benue trough may have extended to the Younger
Granite Complex of Jos.
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