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Abstract

Fourier analysis of High Resolution Aeromagnetic Magnetic (HRAM) data was carried out to

evaluate depth to the magnetic basement of the entire Sokoto Basin in northwestern Nigeria to

infer hydrocarbon potential for sustainable economy. The area covered is approximately 111,925

km® and is bounded by Latitudes 10.00°N and 14.00°N Longitudes 3.50°E and 7.00°E. It is

covered by 38 Sheets of aeromagnetic data joined to produce composite TMI map. The

composite data was then divided into thirty seven sections of half degree by half degree for the
purpose of two-dimensional spectral analysis in order to estimate sedimentary depth underlain by
the magnetic basement rock in the area. Results of the spectral analysis suggested the existence
of two clear layers of magnetic sources which account for deeper and shallower magnetic
sources. Linear segment from the low frequency portion of the spectral plot is due to deeper
source effects. The deeper sources vary between 0.47+0.04 km - 3.08+0.05 km with an average
of 1.94+0.07 km and these deeper sources represented by the low frequency component of the
spectrum are considered to be the thickness of the sedimentary formation. The sedimentary
thickness increases from the south to north. The shallow layer depths vary from 0.12+0.03 km —
1.09+0.07 km with an average of 0.47+0.03 km represent the near surface sources. Lema with
sedimentary thickness up to 3.0 km is a probable area for hydrocarbon generation and is
recommended for detailed seismic survey and soil sample tests. These results agree with earlier

geophysical works done in parts of the area.

Keywords: Basement depth, HRAM (high resolution aeromagnetic data), Magnetic sources
Hydrocarbon and Sokoto basin.

Introduction
The Sokoto Basin in Northwestern Nigeria consists predominantly of a gentle undulating plain, °
unconformably underlain by basement rocks consisting of igneous and metamorphic rocks. This
sedimentary basin like other sedimentary basins in Nigeria could serve as primary host for
hydrocarbon if properly explore for economic reasons. This work aimed at exploring for
hydrocarbon potential in the entire Sokoto basin is in line with government effort to diversify
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Location and Geology of the Study Area

Th; f:lg())t? Basin locate.d in the northwestern part of Nigeria is bounded by latitudes 10.00° N
@ : fI and longltuczles 3..50° E and 7.00° E (Figure 1). It has a total surface area of
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Kebbi. Ni N
seji):;nlt\hgelr), $okoto and' Zamfara, and it is one of the inland basins in Nigeria. It is a
ary basin and consists of gentle undulating plain, underlain bybasement rocks consisting

of igneous and metamorphic rocks.

The Sahel cli i . bl
) bmtlate or tropical dry climate which is the predominant climate type in the i
0] ing ai : o area
i o vzlet " dolljlposmg air masses, tropical maritime and tropical continental. The tropi :
n ; ; 4 .
ows from the Atlantic ocean while the tropical continental air, whi :')pl:;:]
9 1CNn 1S y

blows from the Sahara desert.

Previous works have sh £
scale economic develop;‘;’::tﬂzesg)koto Basin is a region with great potential for future large-
WA i bt sorces cl(;scd : thWarm and bountiful mineral resources, geothermal g
the Sokoto Basin are the in d 0. € la'nd surface. The most important economi a. er?fng‘y
phosphate others include ironst o @nerals consisting of clays, lim tinera!
ones, laterites, gravel and lignite. I oo o

S()k()[o Bas- .
Adt j este ioer :
Basin, which extends from M ;n Nigeria constitutes the southeastern porti
al an 0 lon o 164
d the western boundary of Niger Bb O;the lullemeden
ublic through norther®

Benin Re :
public and N
ab , orthwest T
out 800,000 kmn? ern Nigeria into Eastern Niger Republ;
ic and it covers an area 0!

.....
.......
.......
-----
---------
........
.......
--------
--------
------
------
-------
----------
.....
--------
------
------
...........
------
.........
.....
weus

'
..............
.............



a Journal of Geosciences (MJG) Vol 1 No. 1 (65 - 76)
NIGER

4 -r
A AH o7
ipnrss.

. CHAD (Bomu) BASIN

Study Area

- Tertiary volcanics

- Cretaceous

Jurassic Younger Granites
L.\ \| Precambrian basement
@ Major (reference)town

| J

oA
[ERA

Figure 1: Geological map of Nigeria showing Sokoto Basin (Modified after Obaje et al., 2004).

The rock units are predominantly clay alternating with gritty sand unit, they are ill- sorted,
poorly consolidated with gravel overlying the Precambrian basement uncomfortably, consist of a
gentle undulating plain with an average elevation varying from 250 to 400m above sea- level this
plain is occasionally interrupted by low mesas, a low escarpment, known as the Dange scarp; is
the most prominent feature in the basin and it is closely related to the geology, the Nigerian
Sector of the lullemeden Basin is underlain by basement rock consisting of igneous and

metamorphic rocks. The basement is directly overlain by Cambrian beds to the north in the
As one traverses the basin from the north towards the
r in age and rest directly on the Precambrian basement.
vely younger beds rest upon the older

Tassaili and the Hoggar mountains.
southwest the formations become younge
This situation is referred to as an overlap where progressi

series (Kogbe, 1979). The sediments of the Sokoto b
arine events. The sedimentary rocks in

g the Precambrian basement

asin were deposited under varied

Ehvironmental situations ranging from continental to m

the basin have been classified under four major categories. Overlyin

unconfornmhl_\‘ is the first category 18 known as the Illo and Gundumi Formations, made up of
&nits and clays. They are overlain uncomfortably by the second category known as Maastrichtian
Rima Group, consisting of mudstone and friable sandstone (Taloka and Wurno Formations)
The Dange and Gam

Sparated by the fossiliferous, Shelly Dukamaje Formati ba Formations
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\{aterials and Met hodology
vaterials

Thirty eight (38) digital half degree HRAM ma

104.97,116-119 and 138- ps (sheet number 1-5, 8-13,26-31,48-53, 7.

139) on a scale of 1 | :

used in this study. rThe whole data, which wer::' L(:L(:r)?e:iv }ir;ritt(::l;i,;:f?iléeaz;;rt; v
Agency (NGSA), Oasis Motaj Software was used to assemble data into composite total maur:fiy
field intensity (TMI) map (2), it ranges between 32,487.96 and 33,423.06 nT with an aveffn e 0‘;
33,060.70 nT and a standard deviation of 38.314. Regional corre;:tior; which was based Og the
International Geomagnetic Reference Field (IGRF model 11 of 2015) was made as well as
subtraction of a constant TMI value of 33,000 nT by the NGSA before the eventual publication
as HRAM Maps. No further processing was made for the reason that Ravat et al. (2007), after
comparing different spectral methods of estimating depth to the magnetic sources from high

resolution magnetic anomaly data, strongly recommended that filtering to remove arbitrary
regional fields should be avoided. ,

Methodology

The Magnetic sheets were joined together to form composite TMI data (2) which was divided
into thirty eight (38) blocks for the purpose of 2D spectral analysis while ensuring that essential
parts of the anomaly were not cut out by the blocks. Each block covers a square area of 55 km x
55 km. If the source bodies have bases deeper than L/2m, they may not be appropriately
resolved by spectral method (Shuey et al., 1977). Therefore, data window of 50 x 50 kmwill
satisfactorily resolve depth information to a depth of 7.96 km. This window size was selected on
the basis of previous studies (Bonde ef al., 2014) and Nwankwo and Shehu (2015). Howc\.rer,
sheet number 53 (Maru) with insufficient data was omitted. He.nce, data in each of the thirty
seven (37) blocks was Fast Fourier Transformed (FFT ) and radially averaged power spectrum
oft Oasis montaj. This produced column for logs of energy and the
ectrum plots were plotted for each of the thirty seven

ged energy spectra for blocks 14, 19, 30 and 37.

ic field
B 9 n spectrum expresses the total magnetic
hattacharyya and Leu (1 76) showed that energy ; : ;
intensity over a single rectangular block whose depth, width and thickness of the magnetic
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o be used for locating major

fill on Wﬁf& basement, this estimates could als

sedimentary : |
structures in basement rocks. ; ?
Theory of Spectral Analysis i
. tic data.
Spectral Fourier analysis was applied out on the high resolution aeromagne
ssented mathematically as shown below:
Transform is represente u

lpy=a +> " (a,cdstit+ b sinnt)
()

a,= ;1[ fodt
1 )

a . f i f(t) cosntdt
n P
- 4
g ik [* F@sinntdt )
ﬂ' -3

wherea,, a, and b, are Fourier coefficients and their estimations is referred to as Fourier

analysis. n=0,1,2,3,..
This geophysical analys1s is commonly applied on regularly spaced data such as aeromagnetlc

data using Discrete Fourier Transforms (Spector and Grant, 1970; Hahn, 1976; Murthy and
Mishra, 1980): :

—1(
@) =FE@e"™ — Z Fae
where the given time series are f(1),f(2),...,f(N) for N data points, at equal spacing.
In magnetic analysis, it is useful to have proposed models, such as sphere, cylinders and faults
which cause the anomaly at the surface. For this reason, the total magnetic field anomaly AT,
measured in the direction of geomagnetic field is given by (Spector and Grant, 1970; Hahn,

1976; Murthy and Mishra, 1980):

Zmlrn u (5)

(x—tcotd)® + (h+t)? - (ETEaL ) I
Al M AR et V1Y o
[ o P e 6)

where A = 2kH (1-cos? i cos? hA)sind cos(d —2) and
" .
2kH (1-cos® i cos h/l)smdsm(d 2f), I = magnetic inclination, d dip of the step, t =

thickn
COmblesz of the step, k = susceptibility constant, Hy= geomagnetic field and the angle I and h ar®
ned into a single variable defined by tan B =tan i/sin A |
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oune!l transform and modified v

S I AT E | . . -
the | wtorm of equation (8) is given respectively as:

.

¢ L8N
o) =€ [(A = Acos(twcotd)e ™ - R g ‘ 4
R sinitweotd)e ™ - jeon(tweotdye™ ~ Asin(twcotd ye™ — B)
- : (7)
r@)=%Xe 1A— Acos(twcotd)e™™ — Bsi ; i
' sin(twcotd)e ™+ jcos(twcot dye™ — Asin(t weotd)e™ — B]
(8)

The modified Amplitude Spectrum is consequently given by

2 =C o . 1+ _‘2!‘—2 ~t@ 1
A@=Ce Ute cos(t@cotd)e )5 ©)

where C = 27KH (1 - cos®icos? A)sind

Taking the logarithm of equation (9):
1 —ai@)
n A(@) = InC—ma +51D[1+ e —2cos(twcotd)e™] (10)

For sufficiently larger value of @ , equation (10) reduces to:
In A(@) = nC—m®@ (11)

Where In A(w) is energy spectrum and wis frequency (cycle/km).

The depth h to the causative bodies can subsequently be calculated using the relation (Spector

and Grant, 1970):

b= (12)
4r :

In this work, the graph of In A(w) against frequency (@) Was plotted and the gradient (m;) for

the deeper source and gradient (m;) for shallow source were deduced. The depths  and h, are

] i i f low and high frequency
herefore gi respective slopes of straight line segments O .
90!13(::; :x:'gl;y :;um (Sped“o:; Grant, 1970; Hahn, 1976; Murthy and Mishra, 1980):

(13)
P 1 =Dap =22 |
| Az & 4

Results and Discussion
g xpressed in the graph of log of

. 81 s €
The exponential rate of decay o{::f;‘w Pow“pw‘n:l“ the thirty seven blocks were plotted

pectral energy against frequencys depth (H)) and deeper sources depth
#d these forms the bases for evaluation of |w,|gckl are shown in Figure 3. F

{H. .. . or SO
Hy) using equation 13, plots f
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Figure 6: Basement topographic map of the second layer layer (H2) depth.

Conclusions

The result of the spectral analysis of the high resolution regional aeromagnetic dataover the
entire Sokoto Basin suggested the existence of two clearlayers of magnetic source. The deeper
sources vary between 0.47+0.04 km - 3.08+0.05 km with an average of 1.94+0.07 km, these
deeper sources effect represented by the low frequency component of the energy spectrum are
considered to be the thickness of the sedimentary formation. The shallow layer depth varies
between 0.12+0.03 km — 1.09+0.07 km with an average of 0.47+0.03 km and these shallow
sources effect represented by the high frequency component of the energy spectrum represents

the near surface contribution.

It has been shown in previous works that minimum sedimentary thickness of 3.00 km with a
threshold depth temperature of 115°C is required for oil accumulation provided all other
hydrocarbon generation conditions are favorable for oil formation. Base on this likely condition,
Probable area for fossil fuel energy (oil and/or gas) is block 13 (Lemu) which correspond to a
sink as can be inferred in basement topographic map (Figure 6). However, it is commonly known
that high geothermal gradient enhances early formation of gas or oil. Consequently it can be
concluded that Lemu is the only probable area for oil and gas exploration while most northern
parts of the study -area with sedimentary fill not up to 3.0 km but correspond to high geothermal
gradient is immature for oil due to shallow crustal thickness, but mature for gas owing to
established high geothermal gradient in the area. This work on evaluation of magnetic bas‘emcnt
depth revealed that energy options exist in Sokoto Basin that could be explorf:d for sustainable
€Conomy. The observed probable area, Lema, is recommended for detailed hydrocarbon

®Xploration using seismic geophysical method.

....................................... 75
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