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Abstract: Structural analysis of aeromagnetic and Land-
sat data over Ankpa area, Benue state was carried out
to delineate the basement topography, hydrocarbon po-
tentials, groundwater availability and the structures that
control basin formation. The Landsat imagery generated
from this study was further processed using Geomatica
software (version 9.0). The results obtained revealed that
the drainage pattern is dendritic which could be associ-
ated to the lithological, structural and topographic dif-
ferences. Also, this may indicate the presence of alluvial
rocks, typically of the same geology, mainly of sedimen-
tary rocks. This present study is in good agreement with
the areas in the lineament map of high-density structures.
The observation showed that the study area constitutes
densely lineaments that cut across each other, which may
be attributed to groundwater availability and upward mi-
gration of hydrocarbon-bearing formation. The structural
trend is predominantly in the NE-SW direction and agrees
with the Landsat data structural trends. Significantly, this
NE-SW trend is in agreement with the trend of Benue
Trough (NE -SW) and could be that they have the same
structural control.
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1 Introduction

The source and transformation of the Benue Trough are ad-
equately reported [5, 6, 8, 19, 21, 27]. They include the inter-
section of major lineaments or combination of both minor
and major, local lineaments and tracing of extensive geo-
graphical lineaments. Features that are linear are clearly
observable on aeromagnetic maps, which often-times sig-
nify the position and form of joints, lithologic, faults and
distinct geologic attribute leading to the mineral deposits
location [2], The use of remotely-sense data for hydroge-
ological studies is becoming well known most especially
area where traditional method such as electrical resistivity
technique is inadequate. The past application includes the
work of [4, 9, 11, 16]. Recently, there has been a successful
joint application of remotely sensed data as a complemen-
tary technique with other conventional methods for hydro-
geophysical studies [1, 12]. There is still no single method
of giving a unique solution for estimating the depth pa-
rameter because of the inherent ambiguity due to differ-
ent subsurface sources. In this paper, we study the vari-
ation in depth estimation due to a single known source
from two different measured components of the geomag-
netic field. At some time-independent magnetic variations
are established; which has been well known from adjoin-
ing effects, and this appearance may be a single magne-
tised body. The size and shape of this magnetic formation
can be detected most effectively using quantitative meth-
ods. The depth framework, which is the most significant
use of magnetic data [23] permits mapping of the topogra-
phy and surface of basement rocks, likewise the sedimen-
tary cover thickness [7]. This study aimed at integrating
the aeromagnetic method and Landsat imagery to iden-
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Figure 1: Geological map of the study area

tify the subsurface structure that controls the groundwa-
ter system as well as the features that could be trapped for
hydrocarbon-bearing formation.

2 Geology of the Study Area

The study area is located within the Lower Benue Trough
and lies within latitudes 7°10’ N - 7°32N’ and longitudes
7°24 E - 7°46 E (Figure 1). The geology of Ankpa is the geol-
ogy of the Lower Benue Trough. The Benue Trough in Nige-
ria is a NE-SW trending sedimentary basin portioned geo-
graphically into Lower, Middle, and Upper Benue Trough
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Figure 2: Showing a one-dimensional output of a power spectrum
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Figure 3: Contour map of the total magnetic intensity

that extends for about 1000km in length with width rang-

ing from 180km to 250 [26].

3 Theory and Methods

Both Landsat and magnetic data share common features

which serve as an interface for interpreting geological at-
tribute which can be noted in between the features. Exten-

sively, Landsat and magnetic data have been used as tools
for reconnaissance survey in minerals and oil probe. In a

similar vein, both have discontinuities at the surface no-

ticed by the resemblance of the linear anomalies to surface
faulting as evidence across the area.
Polynomial fitting is an entirely analytical technique

that involves conjoins of the regional by a polynomial sur-

face of low order which exposes the residual attribute as
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random errors. The system is based on statistical theory. In
practice, the polynomial is rarely extended beyond the sec-
ond order. An unswerving line usually typifies the regional
field or generally, by a smooth polynomial curve. The least
square technique is always used for the polynomial fitting.
But, it should be well noted that this method has its inher-
ent drawbacks which are:

1. Better fitting observations require a higher order of
polynomials.

2. The unreasonable order of the polynomial is less
than the number of the observations through which
the curve passes wholly through all the data points
but geologically has no meaning.

Other analytical methods used include 2-D spectral
analysis. The use of spectral analysis in interpreting po-
tential field data is one of the techniques that can be used
to estimate the depth to the magnetic source which has
been effectively well established [22]. Various researchers
have used the method in the evaluation of the sedimentary
thickness of basins around the world [18, 20, 24].

The derivation of power spectrum from the 2-
dimensional set of data namely Bouguer gravity data has
a 2-dimensional form. For easy interpretation, the mean
of azimuthal of the 2-dimensional power spectrum is esti-
mated to generate a simple 1-dimensional output as rep-
resented in Figure 2. Occasionally the power spectrum
may be grouped into 2 or more unswerving line segments.
The inclination of each segment can be interconnected to
the depth of group of anomalous origins which are in the
range of spatial frequencies as defined by the segment.

3.1 Materials and Methods

The aeromagnetic map of Ankpa was obtained from
the Nigerian Geological Survey Agency (NGSA). The half-
degree sheet data (7°00 — 7°30 N and 7°30 — 8°00 E) and
in the scale of 1:100000, were acquired at a flight altitude of
80 m, along NE-SW flight lines that were spaced at 500 m.
The spatial variation effect in the geomagnetic field caused
by the geomagnetic field derived from the outer core of the
earth was removed [16]. The total magnetic field intensity
range between 32350 and 66900 nT (see Figure 3). Most of
the anomalies trend NE-SW, but some most especially at
the southern segment of the map, trend E-W. A very high
magnetic intensity was observed between latitude 7°00 -
7°2.4N, and longitude 7°30’ - 7°36E (Figure 3).

The data obtained from the digitised aeromagnetic to-
tal intensity field map are run on the 2xyz program of the
United States Geological Service (USGS) Potential Field



DE GRUYTER

method (Version 2.2 software) to convert the binary num-
bers to post files called PST files. The maps used were com-
puted on a mesh of 1km imposing a Nyquist Frequency of
15 km™! so that magnetic attribute that is restricted may
be clarified by the computed data which has a thickness
of 2 km. The anomalies are broad above 2 km and lie in
a range of frequency from aliasing, which does not exist
with a 1 km computerising grid. Consequentially, the aero-
magnetic map was computed in such a way that the infor-
mation was saved in 55 x 55 sheets that were coded. Each
of the records consists of boundary latitudes and longi-
tudes, the number of maps and the town’s name of over-
flow. The data were recorded inside a computer file; sub-
sequently, turn to be the input file for a computer pro-
gram. The data points were picked row by row, their lon-
gitude and latitude were calculated and the coordinates
for magnetic value respectively. The output file for each of
this performance was named for easy recognition. The 3-
dimensional coordinates which are x, v, z, is allowed to
be convenient for a contouring package “Detour program,
a Fortran 77 program." A total of 75 lineaments were digi-
tised on screen and displayed on the lineament map of the
study area. Visualising the interpretation of the distribu-
tion of lineament reveal that the eastward of the map fell
within the lower Benue Trough and was observed in the
Landsat — TM data. The analysis was done in such a way
that would enhance the trends and smoothen the comput-
ing of depths to basement rocks and locations.

4 Results and Discussion

4.1 Magnetic Interpretation of the Study
Area

The magnetic anomalies fields merge the effect of horizon-
tal variation of magnetic polarization inside the earth, and
consequently, the anomalies of portion in a precise geo-
logic approach are normally contorted by anomalies over-
lapping. The geomagnetic anomaly fields include effects of
deeper, wider pedigrees (sources) called regional anoma-
lies: local sources which are considered noise as well as
the anomalies of interest — the so-called residual anoma-
lies. The separation of residual anomaly from the geopo-
tential field is a critical problem which may control the ac-
curacy of the interpretational process [15].

The least square method was adopted in this work out
of several techniques like geologic method, profile method
etc. The least squares criterion regional-residual separa-
tion is such that the residual is the square of the deviation
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Figure 4: First degree regional magnetic intensity map of study area
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Figure 5: First degree residual magnetic intensity map of study area

of the regional from the observed (measured). The regional
usually a polynomial surface exposes the residual features
as the deviation from the observed field. The separation
of a data into two component is done by fitting a trend
(plane) surface, which may be defined as a linear func-
tion of the geographic coordinates of a set of observations
(in this case, total magnetic field data) so constructed that
the squared deviations from the trend are minimised. Fig-
ures 4 and 5 showed respectively the regional and residual
fields after the least-square operation has been performed
on the aeromagnetic data. The value of the regional field
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Figure 6: Power spectrum plot of aeromagnetic data of blocks 1-9
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Depth (k)

Figure 7: 3-D map of the depth to shallow magnetic sources in the
study area

Depih (k)

Figure 8: A 3-D map of the depth to deeper magnetic sources in the
study area

(Figure 4) increases gradually from the SE section to the
NW of the study area, and the trend pattern in the regional

field shows an NW-SE trend which conforms to major tec-

tonic structures.

4.2 Depth estimation method

The depths to both shallow and deep magnetic sources
were investigated using the spectral technique. This was
achieved by splitting the whole data into nine blocks using
window size by subjecting them into the spectral analysis
as shown in Figures 6 (a — i) below.

The depths are indicated in the Table 1, and the depth
distributions for both shallow and deep sources are shown
in Figures 7 and 8 respectively. Bodies in the north-eastern

region are deeper (see Figure 8) while those of the south-

western region of the study area is shallower as shown in
Figure 7.
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Table 1: The depths to magnetic source

Spectral  Longitude Latitude Depth (km)
blocks
X1 X, Y1 Y, D1 D,
A 7.500 7.667 7.500 7.337 -1.100 0.323
B 7.667 7.834 7.500 7.337 5.5 0.180
C 7.834 8.000 7.500 7.337 4.000 0.040
D 7.834 8.000 7.337 7.167 0.000 0.000
E 7.667 7.834 7.337 7.167 0.100 -0.100
F 7.500 7.667 7.337 7.167 0.000 0.000
G 7.500 7.667 7.167 7.000 -4.000 0.000
H 7.667 7.834 7.167 7.000 -5.000 0.000
| 7.834 8.000 7.167 7.000 -8.000 0.000

The resulting analysis of the Landsat Imagery for the
lineament extraction revealed several lineaments ranging
in length from 1 km to 6 km with a predominant trend in
the NE - SW, and some secondary trends in the NW — SE,
E - Wand N - S directions. Surface trend analysis of the
tectonic and structural features of the area shows that the
drainage pattern is structurally controlled due to its den-
dritic pattern and its direction of flow which corresponds
to the trend of the lineaments. The area has rugged geo-
morphology as shown in the Shaded Relief Map. The lin-
eament trends correspond to faults, geologic boundaries,
folds and tectonically related joints in the area causing the
ruggedness of the topography. Also, a lineament density
map was generated to highlight areas with a high preva-
lence of the structures and overlaid on the image. For the
Structural Lineament Map, it could be seen that most of
the structures are situated around the drainage system of
the area, which is a contributing factor to its dendritic na-
ture.

Figure 9 presents the lineament map of the study area.
It indicates several densely populated lineament trends
with most of them interconnecting each other. The trend-
ing is more of NE-SW and NW-SE respectively. These high-
density fractures or lineaments could be a groundwater
channel in the study area. Other minerals could still be
identified with these intense fractures joining from one
end to the other. Linking this lineament with the resid-
ual field map in Figure 5, the locations with high residual
magnetic anomaly which indicates high magnetic suscep-
tibility of magnetic features was noted with high fractural
trends which could be a potential zone for groundwater re-
sources in the study area.

Figure 10 presents the shaded relief image map of the
region showing how the subsurface features control the re-
gional field. It can be observed that this effect was much
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Structural Lineament Map of the Study Area
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Figure 9: Structural Lineament Map of the study area
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Figure 11: Rose Diagram

on the NE-SE region of the study area (Figure 11). This re-
gion may have been affected by the deep-seated features
from the basement and shave off the NW-SW region (Fig-
ure 11). The NE-SE of the major effect could be potentials
for mineral deposits and other intrusive materials of eco-
nomic importance in the study area. These effects masked
of the sedimentary which is confirmed in 3D residual fields
found in Figures 7 and 8 respectively.

The 3D depth to the magnetic sources indicates high
and low zones which could be basements and sedimentary
features in the study area. The truncation from the North
to the South, deep towards the South could be the effect of
the upper Benue valley as an indication of river channels
implications in the region. The sedimentary region may
have been affected by the gulley erosions and could be a
source of a contaminant if groundwater is tapped in that
direction. The effect of the shallow sources as indicated in
the 3D map above could be a magnetic intrusion. It can be
observed that a deep intrusion with a high-density mark is
noted in the western part of the study area. This deep gul-
ley nature of intrusion may be attributed to basaltic intru-
sion. The effect is noticed from SW through the SE region
of the study area.

Mapping of Lineament Structures from Aeromagnetic and Landsat Data Over Ankpa Area —— 685

Rose Diagram

Statistical Summary
Calculation Method Frequency
Class Interval 10.0 Degrees
Azimuth Filtering: Deactivated
Data Type: Bidirectional
Rotation Amount: 0.0 Degrees
Population 366
Total Length of All Lineations 7320
Maximum Bin Population 320
Mean Bin Population: 2033
Standard Deviation of Bin Population: 6.55
-a0 Maximum Bin Population (%): 437
Mean Bin Population (%) 278
Standard Deviation of Bin Population (%): 0.89
Maximum Bin Length: 320
Mean Bin Length 2033
Standard Deviation of Bin Lengths: 6.55
Maximum Bin Length (%) 4.37
Mean Bin Length (%): 278
Standard Deviation of Bin Lengths (%) 0.89
Vector Mean 66.0 Degrees
245 96 Degrees
Confidence Interval 21.9 Degrees
(95 Percent )
R-mag: 0.19

5 Conclusion

The results obtained from this study revealed the orien-
tation of the lineaments to be NE-SW trending and in
agreement with the trend of the Benue Trough. It could
be that they have control of the same structure. It was
noted that the depth variation of the study area; the west-
ern part through the eastern region is deeper whereas the
south-western region is shallower which could be the fea-
tures of basaltic intrusions. The dense interconnectivity
of fractures noted in the lineament map could be a po-
tential for groundwater aquiferous zone. The deep gully
point in shallow source map could be a potential trap
for the hydrocarbon-bearing formation and groundwater
channels.
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