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ABSTRACT

This study presents the analysis and interpretation
of aeromagnetic data over part of Sokoto Basin
with the aim of investigating the hydrocarbon
potentials of the study area. The study area is
located between latitudes 12°00”°N and 13°.50"’N
and longitudes 4°.00"’E and 7°.00"’E. The total
magnetic intensity map was subjected to
regional/residual separation. The spectral analysis
technique was used to estimate the sediment
thickness of the study area. The results of the
analysis of high resolution aeromagnetic data show
that, deeper magnetic sources for the technique are
2.27 km and the shallow magnetic source is 0.4 km
respectively. The results indicate an increase in
sedimentation northwards, with several depressions
on the basement rock. The areas, where higher
sedimentary thicknesses are observed are observed
such as block 26, block.27 and block 28 with 2.26
km, 2.10 km and 2.27 km thickness of sediments
respectively, is the most probable sites for prospect
of hydrocarbon accumulation in the study area of
Sokoto Basin. The maximum sedimentary
thickness of 2.27 km in the study area is not
sufficient for sufficient for hydrocarbon maturation
and accumulation. The implication of these results
is that, even if all other conditions are met, the
possibility of hydrocarbon exploration and
exploitation in the basin may be very marginal.
KEY WORDS: Hydrocarbon Potentials, High
Resolution Aeromagnetic Data, Spectral Analysis,
Sokoto Basin, Nigeria

l. INTRODUCTION
Hydrocarbon resources have always been
important and essential natural resources to the

general economic development of different
countries in the world. There is need to sustain the
production of these resources, so as to maintain and
improve the general standard of living within these
countries. Owning to the fact that, there is high cost
incurred in the exploration of these vital resources.
It is very important to achieve maximum perfection
in its detection and analysis for its quantification.
Since cost effectiveness is one of the major
challenging factors in the oil and gas industry,
hydrocarbon exploration, reservoir interpretation
and analysis should be thoroughly subjected to the
best available technology to achieve the lowest
level of uncertainty in its exploration and
production.

The earth and its contents have long been
of concern to mankind. Man has tried to unravel its
complexity and delve into its origin via various
geophysical methods. The subsurface has been of
particular concern to geoscientists, who seek to
investigate it using diverse means, some for the
purpose of having knowledge, while others do it for
exploration of economic resources such as minerals
and hydrocarbons. Geophysics involves the
application of physical principles and quantitative
physical measurements in order to study the earth’s
interior, its atmosphere, and terrestrial space. The
analysis of these measurements can reveal how the
earth interior varies both vertically and laterally,
and the interpretation of which can reveal
meaningful information on the geological
structures beneath (Dobrin, 1976).

Aeromagnetic survey technique is a
notable geophysical method which has been used
effectively to investigate subsurface geology in
different  capacity such as archeological,
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geothermal, hydrocarbon and mineral studies. causing the observed anomalies) within the study

Studies of aeromagnetic data with interest in
hydrocarbon exploration have been performed in
recent years. The study that employed
aeromagnetic data of Muglad Basin in South Sudan
discovered magnetic anomalies which clustered
along a prospective structure and coincided with
the Jarayan oil field. A major advantage of
aeromagnetic survey is the accessibility to cover
major inaccessible areas that might prove
expensive and slower to map out. For hydrocarbon
resources, the aeromagnetic surveys are used at the
initial stages to map out and evaluate the thickness
of the sedimentary basin. This is achievable by
analyzing and estimating the depths of the
magnetic sources (i.e. the magnetic basement rocks

area. Largely, this is subjected to the fact that
sedimentary rocks are non-magnetic for all intents
and purpose. Therefore, the aeromagnetic anomaly
is attributed to basement rocks.

1.1 Location and the Geological Settings of the
Study Area

The study area falls within Sokoto Basin,
Northwestern Part of Nigeria which comprises of
18 sheets with 50 local governments areas of three
states (Sokoto, Kebbi and Zamfara States) in the
Northwestern Nigeria as shown in Fig 1. They are
bounded by longitudes 4.00°E to 7.00°E and
latitudes 12.00°N to 13.50°N in the Northwestern
Nigeria.
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Fig 1. Location Map of

1.2 Geology of the Study Area

The geology of the Sokoto Basin has been
greatly explained by different scholars, such as
Obaje 2009; Kogbe. 1976; the Sokoto Basin was
extensively explained by Obaje et al 2013. The
sediments of the lullemmeden Basin were
accumulated during four main phases of deposition.

the Study Area

Overlying the Pre-Cambrian Basement
unconformably, the Illo and Gundumi Formations,
made up of grits and clays, constitute the Pre-
Maastrichtian “Continental Intercalaire” of West
Africa. They are overlain unconformably by the
Maastrichtian Rima Group, consisting of
mudstones and friable sandstones (Taloka and
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Wurno Formations), separated by the fossiliferous,
calcareous and shaley Dukamaje Formation. The
Dange and Gamba Formations (mainly shales)
separated by the calcareous Kalambaina Formation
constitute the Paleocene Sokoto Group. The
overlying continental Gwandu Formation forms the
Eocene Continental Terminal. These sediments
dip gently and thicken gradually towards the
northwest with maximum thicknesses attainable
toward the border with Niger Republic.

The  “Continental  Intercalaire”  is
important in Africa. The Karoo Series of South
Africa can be correlated with the upper beds of the
lower portion of the Continental Intercalaire group.
The Continental Intercalaire group corresponds to
the upper part of the Nubian Sandstone, which, in

the Arabo-Nubian shield, begins at the base of the
Palaeozoic. The lullemmeden Basin, as well as
many other parts of North and South Africa,
experienced extensive periods of continental
sedimentation with the accumulation of fluvio-
lacustrine sediments in pre-Cenomanian times. The
northern limits of the continental deposition
coincides with the Algeria- Moroccan Sahara and
extends eastward into Egypt and the Sudan. The
southern limits extend as far as South Africa.
However, the study area has five geological
formations namely; Gwandu formation, Wurno
formation, Dukamaje formation, Taloka formation
and llo/Gundumi formation as shown in the Figure
2.
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Fig 2. The Geological Map of the Study Area.

I1. MATERIALS AND METHOD
2.1 Data acquisition
Eighteen (18) half degree by half degree
airborne radiometric data were acquired from the
Nigerian Geological Survey Agency (NGSA)
Abuja. The sheet numbers with their respective

locations are; Sheet 8(Sakkwabe), Sheet 9(Binji),
sheet 10(Sokoto), Sheet 11(Rabah), sheet 12(Isah),
Sheet 13(Shinkafe), sheet 27(Leman), sheet
28(Arugungu), sheet 29(Dange), sheet 30(Gandi),
sheet 31(Mafara), sheet 32(Kaura), sheet 49(Birnin
Kebbi), sheet 50(Tambuwa), sheet 51(Gunmi),
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sheet 52(Ankah), sheet 53(Maru), and sheet
54(Gusau). The aero-radiometric dataset was
obtained as part of the airborne survey carried out
between 2005 and 2009 by Fugro on behalf of the
Nigerian Geological Survey Agency. The data were
obtained at an altitude of 100 m along with a flight
line spacing of 500 m oriented in NW-SE and a tie
line spacing of 2000 m. The maps are on a scale of
1:100,000 and half-degree sheets.

2.2. Methods
2.2.1 Regional-Residual Separation

The total magnetic field intensity is made
up of two parts: the regional field and the residual
field. Values of the regional fields are always very
high when compared to that of the residual fields
and most often shields or masks the residual fields
thereby making their effects generally unnoticed. In
interpreting aeromagnetic data, an attempt is made
at separating the higher frequency regional fields
from the low frequency residual fields. In doing
this the method used is often by fitting a plane
surface to the total field data. Therefore, generally
speaking, regional — residual separation is carried
out by polynomial fitting using multiple regression
analysis. Subtraction of the calculated (regional)
values from that of the original magnetic field
intensity values gives the residual values.

2.2.2 Production of Regional and Residual Maps

The residual magnetic field of the study
area was produced by subtracting the regional field
from the total magnetic field using the Polynomial
fitting  method. The  computer  program
Aerosupermap was used to generate the
coordinates of the total intensity field data values.
This super data file, for all the magnetic values was
used for production of composite aeromagnetic
map of the study area using Oasis Montaj software
version 8.3. A program was used to derive the
residual magnetic values by subtracting values of
regional field from the total magnetic field values
to produce the residual magnetic map and the
regional map.

2.2.3 Spectral Depth Analysis Method:

It is a depth estimating method used in
geophysics for investigating the thermal frame
work via aeromagnetic studies. Spectral depth
analysis based on statistical models has been

employed in numerous geophysical works, as in the
determination of average depth to the top of
magnetic basement and in the computation of
crustal thickness. The Fourier transform of the
potential filed due to a prismatic body has a broad
spectrum whose peak location is a function of the
depth to the top and bottom surfaces and whose
amplitude is determined by its density or
magnetization (Adetona and Abu, 2013). The
expression below shows the relation of the peak
wavenumber to the geometry body (Spector and
Grant, 1970):

o = I“(hb/ht)

= W ........................ (D

where @ is the peak wave number in radian /
ground — unit, h, the depth to the top and hy, is the
depth to the bottom.

fl@) = e™™ . )

where ® is the angular wave number in
radians/ground-unit and h is the depth to the top of
the prism. For a prism with top and bottom surface,
the spectrum is:

f(@) = e ™M@ —e Mo . (3)

where h, and h,, are the depths to top and bottom

surface respectively.

Log E(k) =

13 PPN (/) |
Where h is the depth in ground — units and

k is the wavenumber in cycles / ground — unit. You

can determine the depth of an “ensemble” source

can be determined by measuring the slope (m) of

the energy (power) spectrum and dividing by 4.

i.e.

A typical energy spectrum for magnetic
data may exhibit three parts—a deep source
component, a shallow source component, and a
noise component. The thickness of sediments of the
study area for hydrocarbon maturation and
accumulation would be estimated from the spectral
analysis of the aeromagnetic data of the study area.
The Fig.3 below is the aeromagnetic sheets which
depict the coordinates, the names and the respective
sheet numbers of the study area of Sokoto basin.
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Fig 3. Aeromagnetic sheets of the study area

I1l. RESULTS AND DISCUSSION

Digitized airborne magnetometer survey
maps of total magnetic field intensity for 18 sheets
of the study area in Sokoto basin were acquired,
assembled and interpreted. The total magnetic field
intensity map derived from the data digitization and
enhancement is presented as total magnetic
intensity map, regional map, residual map, upward
continuation maps of different depths, depth
contour map and 3-D surface map respectively
(Figures 4-9). The resultant total magnetic field
map obtained from the digitized aeromagnetic data
shows a very complex pattern of magnetic
anomalies of both short and long wavelengths. The
total magnetic intensity map of the study area is
shown in Fig. 4; the map can be divided in to three
main sections though there are others minor

depressions scattered all over the area. The low
magnetic intensity value represented by dark green
— blue color is found all around most areas in the
map but concentrated toward the eastern and
southeastern parts of the study area, ranging
between -58.0 to 55.2 nT. The high magnetic
intensity value represented by pink — red color
scattered all over the study area but concentrated in
the southwestern, northwestern and also little
fragments in the northeastern parts of the study
area with values varying between 79.2 to 120.6 nT,
while the two sections are separated by a zone
characterized by medium magnetic intensity value
of (57.5 — 77.1 nT) and it is also represented by
yellow- orange color with concentration towards
central part of the study area.
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Fig 4. The Total Magnetic Intensity Map of the Study Area
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3.1 Regional magnetic intensity map
The regional magnetic values range from
24.2 t0 67.2 nT, and the values increase from south

to north which depicts that there is a fill of
sediments more in the northern part of the basin
than in the southern part of the study area.
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Fig 5. The Regional Magnetic Intensity Map of the Study Area

3.2. Residual Magnetic Intensity Map

Fig.6 is the residual magnetic intensity
map of the study area obtained from the total
magnetic intensity map produced using Oasis
Montaj version 8.3.The residual magnetic map
shows magnetic anomalies with high magnetic
intensity is represented with pink-red colour which
scattered all over the study area but trending to be
more prominent in the northern and western parts
with values ranging from 24.6 nT to 69.5 nT and a

low magnetic intensity is represented with blue-
dark green colour which scattered all over the study
area but more prominent in the south eastern part
of the area with value ranging from -95.7 to 3.2 nT,
while the section separating the two is medium
magnetic intensity which is represented with
yellow-orange colour and also scattered all over the
study area but more prominent in the central part
of the area with value ranging from 4.9 - 22.3 nT.
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Fig 6. The Residual Magnetic Intensity Map of the Study Area

3.3 Results from the Spectral Analysis

This method was used in this present
study to determine the depth to top of magnetic
basement based on a moving data window by
selecting the sharpest and therefore deepest
straight-line segment of the power spectrum. A
depth solution was calculated for the power
spectrum derived from each grid sub-set located at
the centre of the window. Overlapping the
windows creates a regular, comprehensive set of
depth estimates. The residual map (Figure 6) of the
study area was divided into fifty five (55)
overlapping spectral blocks (1-55). Spectral

analysis was performed on each block and a plot of
spectrum energy against wave number was carried
out using a program designed with Matlab
software. The gradients from the plots give two
depths; deeper and shallow depth and the results
depth estimated are displayed on Table 1. The
deeper depth obtained ranges from 0.48 km to 2.27
km with the maximum depth of 2.27 km found at
the north-western part of the study area (Fig. 7a).
While the shallow depth ranges 0.12 km to 0.40 km
and the shallowest depth could be found at the
south-eastern part of the study area (Fig. 7b).
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Fig. 7a & 7b depict the Graphs of spectral plots 28 & 2 showing the deeper and the shallow depths of
the study area

Table 1. Spectral table of deeper and shallow depth (km) of the study area

BLOCKS Long (Deg.) | Lat. (Deg.) | DEEPER DEPTH Z; (km) | SHALLOW
DEPTH Z,
(km)
BLOCK 1 4.50 13.50 175 0.38
BLOCK 2 4.75 13.50 1.78 0.40
BLOCK 3 5.00 13.50 1.97 0.13
BLOCK 4 s5.25 13.50 167 0.18
BLOCK 5 5.50 13.50 173 0.13
BLOCK 6 5.75 13.50 1.65 0.21
BLOCK 7 6.00 13.50 161 0.26
BLOCK 8 6.25 13.50 153 0.21
BLOCK 9 6.50 13.50 176 0.29
BLOCK 10 6.75 13.50 1.66 0.27
BLOCK 11 7.00 13.50 1.89 0.29
BLOCK 12 450 13.25 1.65 0.15
BLOCK 13 4.75 13.25 1.70 0.15
BLOCK 14 5.00 13.25 1.85 0.21
BLOCK 15 5.25 13.25 167 0.22
BLOCK 16 5.50 13.25 197 0.37
BLOCK 17 5.75 13.25 2.05 0.23
BLOCK 18 6.00 13.25 172 0.25
BLOCK 19 6.25 13.25 1.43 0.32
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BLOCK 20 6.50 13.25 1.23 0.23
BLOCK 21 6.75 13.25 0.65 0.34
BLOCK 22 7.00 13.25 0.54 0.32
BLOCK 23 4.50 13.00 1.54 0.19
BLOCK 24 4.75 13.00 1.73 0.18
BLOCK 25 5.00 13.00 1.84 0.18
BLOCK 26 5.25 13.00 2.26 0.29
BLOCK 27 5.50 13.00 2.10 0.19
BLOCK 28 5.75 13.00 2.27 0.19
BLOCK 29 6.00 13.00 1.06 0.22
BLOCK 30 6.25 13.00 1.06 0.24
BLOCK 31 6.50 13.00 0.99 0.35
BLOCK 32 6.75 13.00 0.60 0.36
BLOCK 33 7.00 13.00 0.50 0.37
BLOCK 34 4.50 12.75 1.71 0.24
BLOCK 35 4.75 12.75 1.35 0.19
BLOCK 36 5.00 12.75 1.41 0.16
BLOCK 37 5.25 12.75 1.14 0.31
BLOCK 38 5.50 12.75 1.40 0.28
BLOCK 39 5.75 12.75 1.22 0.35
BLOCK 40 6.00 12.75 1.16 0.33
BLOCK 41 6.25 12.75 0.77 0.34
BLOCK 42 6.50 12.75 0.56 0.38
BLOCK 43 6.75 12.75 0.58 0.38
BLOCK 44 7.00 12.75 0.57 0.38
BLOCK 45 4.50 12.25 1.28 0.21
BLOCK 46 4.75 12.25 0.91 0.19
BLOCK 47 5.00 12.25 0.55 0.33
BLOCK 48 5.25 12.25 0.50 0.12
BLOCK 49 5.50 12.25 0.72 0.32
BLOCK 50 5.75 12.25 0.56 0.39
BLOCK 51 6.00 12.25 0.52 0.34
BLOCK 52 6.25 12.25 0.53 0.37
BLOCK 53 6.50 12.25 0.48 0.39
BLOCK 54 6.75 12.25 0.48 0.35
BLOCK 55 7.00 12.25 0.71 0.38

3.3.1 The contour map of the depth to magnetic
basement Z; of the study area (contour in km)
The contour of basement depth (Z,) of the
study area is as shown in Figure 8. The depth
contour map depicts a number of basement
depressions over the entire study area. The depth
values suggest that the magnetic basement surface
beneath the Sokoto sedimentary basin is generally
shallow and of low relief. Depths to magnetic
basement range from 0.48 km in the southern and

southeastern parts to 2.27 km at the northwestern
and a small portion in the northeastern part of the
study area, bordering with Niger republic. A closer
observation indicates a general increase in
thickness from the southern part to northern part,
more especially the northwestern part bordering
with Niger republic. This general trend in
sedimentation implies that the lullemmenden basin
is thickest at the centre, which is at Niger republic.
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Fig 8. The deeper depth contour map of the study area
Figure 9, is the deeper depth 3D surface relatively higher. Two prominent sedimentary
map of the study area. The surface shows the reservoirs are observed in north east and north
variation in depth of the magnetic source rocks. central part of the map.

The sink shows areas where sedimentation is
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Fig 9. The deeper depth 3D surface map of the study area
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IV. CONCLUSIONS

The high-resolution aeromagnetic data of
Sokoto basin has been analyzed and interpreted
quantitatively using spectral analysis as depth
estimating technique to estimate the thickness of
sedimentation for hydrocarbon maturation and
accumulation for petroleum exploration in the
study area. The following conclusions can be
drawn from this study:
1. Spectral analysis indicates that the basin is
characterized by shallow and deeper sediments
thickness. It is observed that the deeper depth
ranges between 0.4 - 2.27km while the shallow
depth ranges between 0.12 - 0.4km of the study
area respectively.
2. The depth estimating technique used in this
study has revealed a sedimentary pile of less than
3.0 km, which might not be sufficient for
hydrocarbon maturation and accumulation in the
study area. Area with shallow thickness of
sediments, could not allow thermal maturation of
the sediments, since temperature increase with
depth. Depth of 3 km and above has a temperature
range of 60°C and above. According to Nwako L.I
(2007), oil window varies between 60°C and
120°C, above the temperature of 120°C the oil may
be thermally cracked to gas, and bellow 60°C, it
will form kerogen. Therefore areas with sediment
thickness from 3 km and above could be good
potential sites for hydrocarbon exploration.
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