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Abstract

The geophysical
gravitational field of the Earth for a particular location
is carried out through a gravity survey method. These
variations termed anomalies can help investigate the

measurement of variations in

subsurface of interest. An investigation was carried
out using the airborne satellite-based (EGM08) gravity
dataset to reveal the geological information inherent
in a location. Qualitative analysis of the gravity dataset
by filtering techniques of two-dimensional fast Fourier
transform (FFT2D) shows that the area is made up
of basement and sedimentary Formations. Further
enhancements on the residual anomaly after separation
show the sedimentary intrusion into the study area and
zones of possible rock minerals of high and low density
contrasts. Quantitative interpretations of the study area
by 3-D Euler deconvolution depth estimation technique
described the depth and locations of gravity bodies
that yielded the gravity field. The result of the depth
to basement approach was found to be in the depth
range of 930 m to 2,686 m (for Structural Index, SI = 0).
The research location is a probable area for economic
mineral deposits and hydrocarbon exploration.

intrusion,
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Povzetek
Izvedene so bile geofizikalne meritve sprememb
zemeljskega gravitacijskega polja na dolo¢enih lokacijah.
Spremembe gravitacijskega polja, imenovane anomalije,
so lahko v pomoC pri raziskovanju doloc¢enega
podzemnega obmocja. V raziskavi so bili za obravnavano
podatki

zemeljskega modela (EGMO08). Kvalitativna analiza

obmodje uporabljeni gravitacijskega
gravitacijskih podatkov s filtracijskimi tehnikami dvo-
dimenzionalne hitre Fourierjeve transformacije (FFT2D)
prikazuje, da obmocje sestavljajo kamnine podlage in
sedimentne formacije. Nadaljnje analize prikazujejo
sedimentne intruzije v obravnavano obmocje in obmocja
potencialnih kamninskih mineralov z visokim in nizkim
Kvantitativna
tehniko

dekonvolucije razkriva globino in lokacijo gravitacijskih

kontrastom  gostote. interpretacija

obravnavanega obmodja s 3D Eulerjeve
teles, ki vplivajo na spremembo gravitacijskega polja.
Rezultat analize je globina do kamninske podlage, ki se
nahaja v obmoc¢ju od 930 m do 2,686 m (za strukturni
indeks SI =
obmocdje za ekonomi¢no pridobivanje mineralnih

0). Raziskovana lokacija je potencialno

surovin in raziskovanje ogljikovodikov.

Klju¢ne besede: gravitacijsko polje, intruzija,

izboljsave, viri anomalij, kontrast gostote
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Introduction

The inherent physical properties of sub-
surface media such as sediments, rocks, voids,
water, contacts among others are examined
through geophysical survey [1]. Among these
geophysical surveys is the gravity method
which is primarily concerned with measuring
gravitational field as part of potential field
measurement [2-3]. It tries to determine
the nature of the subsurface by relating the
measured gravitational fields to density
contrasts. Gravity survey can be carried out
on the ground and can also be airborne but
the airborne survey helps to cover areas that
cannot be easily accessible, e.g. on waters
[4]. Previous works in the locality have used
magnetic method and rock petrography
to investigate the study area. A number of
techniques can be employed to yield the near
surface spread of parameters describing the
variations which include the 3-D analytic signal
technique [5], Werner deconvolution, [6], 3-D
Euler deconvolution, [7] and Multiple Source
Werner deconvolution [8].

Qualitatively, the gravity data is interpreted in
order to describe and explain some important
features which the results of the survey exposed
with respect to possible geological formations
and structures yielding the anomalies [9].
While the quantitative interpretations involve
numerical estimation of the depths and
dimensions of anomalous sources. The research
is thus, to estimate depths to gravity sources
in the area of Abeokuta and environ using
Bouguer gravity data. Hence, the application
of 3-D Euler deconvolution technique for
computing the burial depths of anomalies.

In 1867, Sir Isaac Newton proposed two laws
upon which the gravity method is based: the
law of universal gravitation that describes
the force of attraction between two separate
bodies of known masses [10-11] and the law of
motion, which relates the applied force to the
rate of change of momentum of a body.
Mathematically:

(1)
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Where:

F = force of attraction between two separate
bodies

G = constant of gravitation (G = 6.67 x 10" Nm?/kg?)
M = mass of the earth

m = mass of the second body

R = separating distance

Also, the second law of motion can be expressed
as:

-
F=- (2)
Thus:

__d(mv) _
F=——=mg (3)
Where:
F = the applied force of attraction
dp = momentum change
dt = time difference
Equations (1) and (3) give:

M

g =G5 (4)

Equation (4) is the gravitational field of the
Earth on any mass.

Description and Geologic Setting of
the study area.

The location of the study area is represented
by Figure 1 within latitude (7°.00'-7°30)
N and longitude (3°.00'-3°.30) E spanning
3,025 km? area. Basement complex (Abeokuta
formation) and sedimentary (Ewekoro
formation) respectively are the predominant
geological nature of the area [12]. While the
older granites which are magmatic in nature
are of Precambarian age to early Palaeozoic
[13]. Gneiss-migmatite complex comprising of
gneisses, calcsilicate, quartzite, amphibolites
and biotite-hornblende schist is the most
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Figure 1: Geological Map of the Study Area.

widely spread rock formation in the area
according to Rahaman [14].

Methodology

The acquired gravity dataset of the study area
through Bureau Gravimetrique Internationale
(BGI) was processed to produce the Bouguer

anomaly map (Figure 2) after being reprojected
from the Universal Transverse Mercator of
Zone 32 Northing (UTM 32N) to that of UTM
31N. A two-dimensional fast Fourier transform
(FFT2D) filter named Magmap, which is an
extension of Oasis Montaj (version 8.4) was
applied on the Bouguer anomaly map to
produce the Radially Average Power Spectrum
(RAPS), presented as Figure 4. The spectrum

Estimation of Depth to Bouguer Anomaly Sources Using Euler Deconvolution Techniques
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Figure 2: Bouguer Gravity Field of Abeokuta.

aided the visualisation of the three demarcation
of deep, intermediate and shallow anomalous
gravity sources. Each of the segment is a
representative of the gravity responses at given
depths. Depth is proportional to the slope of the
line segment [15-16]. This research requires
a Regional-Residual separation technique to
enhance shallower signals. A High-pass filter
was employed to obtain the residual anomaly
map (Figure 5). Subsequently, residual anomaly
map was produced from the Bouguer gravity
field [1, 17] by setting the cut-off wavenumber
at 0.02 cycles/km to process the intermediate
and shallow sources as the residual anomaly.
The resulting residual anomaly was thereafter
processed to produce the derivative of the field
along the X-direction (Figure 6) and the Analytic
signal map, the Analytic signal map (Figure
7) was observed to be a bit noisy and hence,
upward continued at 1 km in order to sharpen
the edges of anomalous sources and geological
boundaries. These were also achieved through
a two-dimensional fast Fourier transform
(FFT2D), to accentuate structures linked with
near surface causes [18].
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The standard 3D Euler-deconvolution method
is based on homogeneity equations that relate
the gradients’ components of the potential
field to the source location. The structural
index (SI), n having values ranging from 0-2
for gravity sources [19]. These sources are
described by different theoretical geometries
with corresponding SI as follows; Sphere - (1
=2), Vertical line end (pipe) - (n =1), Horizontal
line (cylinder) - (n =1), Thin bed fault - (n =1),
and Thin sheet edge - (n =0) respectively [20].
The 3D Standard Euler equation for potential
field according to [20-21] is defined as:

aT 4T , _aT aT aT
XE+YE+ZE+T]T_X°$+YOE+
(5)
aT
Zoa'l'nb

The coordinates of the measuring point are X,
y, and z; b is a base level; the coordinates of the
source location are x, y,, and z; while T is the
total potential field respectively.
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Figure 3: Bouguer Anomaly Map showing some geological features.
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In computing the standard Euler deconvolution
solutions, the recommendations from the
findings of [20] were adopted by using the
different structural indices of 0, 1 and 2 were
tried in solving the solutions but only SI equals
1 gave a geologically meaningful solution, which
reveals that the area is possibly characterized
by structures like faults, contacts and thin
sheet edge (dike), [22]. A square window
size of 3000 by 3000 m containing number of
grid cells in the gridded dataset was used in
order to accommodate the depth of sources,
as investigated by previous researches in the
study area.

Results and Discussions

Qualitative Treatment

The digitized data set of the area produced
the Bouguer gravity map in Figure 2 and the
radially average power spectrum in Figure 3.
The anomaly was filtered to describe features
associated with intermediate and shorter
wavelengths. While Figure 5 shows the residual

map for the separated Bouguer anomaly grid.
Subsequently, the derivative maps of the field
were generated from the high-pass filtered
gravity filed, one of which is the derivative along
X - direction presented as Figure 6 and the
Analytic signal map that Figure 7 represents.

In Figure 2, a gravity value ranging from 10.40
mGal to 26.40 mGal is observed on the Bouguer
anomaly field. The anomaly map reveals high
gravimetric values, towards northeastern zone
of the area, which conforms to the lithological
differences in the subsurface. On the other
hand, within the southern, southwestern and
northwestern regions, the variations in the
lithology of the intra-basement of the area
recorded low gravimetric values. Furthermore,
the dominance of high gravity values around
the Northeastern portion is a representative
of possible undifferentiated gneiss complex
which is mainly schist around ‘Eruwa’ (when
compared with the Geological map of the study
area). The portion marked ‘A-D’ on Figure 3
are alluvial and lagoonal deposits at the Oba
area and the ‘demarcated’ marked region
which is the transition zone that divides the

Estimation of Depth to Bouguer Anomaly Sources Using Euler Deconvolution Techniques
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study location into two distinctive geological
Formations of Basement and Sedimentary
Formations.

The residual anomaly map in Figure 5 (Gravity
field filtered at 50 km) has intermediate and
shortwavelengths with values ranging from-7.3
mGal to 6.4 mGal. In the southern and northern
zones, gravity values are high but varies in
Northwestern and Southeastern regions. In
parts of the study area, there are sedimentary
intrusions into the northern zones with low
gravity values, other low-density areas suggest
possible sedimentation (like Araromi and
Abeokuta Formations).

High pass-filtered residual anomaly grid
gave rise to the derivative grids contained in
Figures 6 and 7 to enhance the visualization
and localization of the anomalous sources. The
anomalies of the first horizontal derivative
along the X-direction are aligned along N-S
trend laterally, the anomalies or structures

that trend in the same direction are from the
same tectonic event, as posited by [23], while
the regional effects of the total field have been
attenuated. The range of anomaly for the
Analytic Signal in Figure 7 is 0.002 mGal to
0.02 mGal with high gravity responses spatially
distributed all over the area.

Depth Estimation and Structural Evaluation
The Figure 8 shows the Euler map with Sl equals
0 having maximum range of 2,350 m to 2,686 m
and average of 2,518 m (deep sources); and a
minimum range of 930 m to 1,260 m with an
average minimum depth of 1,095 m (shallow
sources).

The depth to basement of gravity anomalous
sources evaluated in this research is a true
representation of the sedimentary thickness,
the works of [24] and [25] in and around the
study area are all in agreement with the results
of this research. The depth range obtained

Estimation of Depth to Bouguer Anomaly Sources Using Euler Deconvolution Techniques
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can slightly hold prospect for hydrocarbon
accumulation as posited by [26] that the
minimum sedimentary thickness required for
hydrocarbon exploration is 2,300 m.

Figure 10 represents the lineament map of
inferred structures on the Euler depth solution
map. The elongation of continuous plotted
solutions confirms the presence of geological
structures like faults, dike and/or sill in the
area of investigation.

Conclusion

The qualitative interpretation of the area by the
filtering techniques reveal the distinct features
of basement and sedimentary Formations of
the area. Alluvial deposits zone, sedimentary
intrusions into the area and regions of possible
high and low-density rock minerals have been
mapped.

Conclusively, the depths to basement of
gravity sources in the area show prospects
for hydrocarbon exploration and holds high
potential for economic minerals exploration.
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