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Abstract

The study area is part of the Southern Benue Trough and lies within Latitudes 5° 30" - 6° 30' N and Longitudes 8°
00" - 8° 30" E. Structural interpretation of Abakaliki-Ugep area using aeromagnetic and Landsat data was carried
out to determine the depth to the magnetic basement, delineate the basement morphology, relief, and the
structural features associated with the basin uplift, (Abakaliki Uplift) as well as their trends/patterns.
Aeromagnetic and Landsat data were subjected to various image and data enhancement and transformation
routines. Results of the 2-D spectral analysis revealed a two depth models: the shallower magnetic source bodies
range in depth (D1) from 0.035km to 1.285km with an average of 0.656km while the deeper magnetic source
bodies range in depth (D2) from 1.585km to 4.136km with an average depth of 3.096km.The shallower magnetic
anomalies resulted due to basement rocks which intruded into the sedimentary rocks while the deeper magnetic
anomalies are associated with intra-basement discontinuities associated with faults. The average sedimentary
thickness of 3.096km estimated in the study area may favor hydrocarbon generation. The drainage pattern is
dendritic which is indicative of lithological, structural and topographic differences and also indicative of alluvial
rocks, which is typical of the geology of the area that consists mainly of sedimentary rocks. Also, results from
the study revealed lincaments with trend directions in the N-S, NE-SW, NW-SE and E-W directions, with the
NE-SW trends being dominant. The dominant trend of the magnetic data is the NE-SW which agrees with the
fault orientation within the Benue Trough.
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1. Introduction

The interpretation of aeromagnetic maps in the past decade has moved from the interpretation of basement
structures to detailed examination of structures and lithological variations in the sedimentary section. Magnetic
basement is an assemblage of rocks that underlies sedimentary basins and may also outcrop in places. If the
magnetic units in the basement occur at the basement surface, then depth determinations for these will map the
basin floor morphology and its structure, Onyedim and Awoyemi, (2006). In many sedimentary basins, magnetic
anomalies arise from secondary mineralization along fault planes, which are often revealed on aeromagnetic
maps as surface linear features. Some lineament patterns have been defined to be the most favorable structural
conditions in control of various mineral deposits. They include the traces of major regional lineaments, the
intersection of major lineaments or both major (regional) and local lineaments, lineaments of tensional nature,
local highest concentration (or density) of lineament, between echelon lineaments, and lineaments associated
with circular features. Linear features are clearly discernible on aecromagnetic maps and often indicate the form
and position of individual folds, faults, joints, veins, lithological contacts, and other geologic features that may
lead to the location of individual mineral deposits. They often indicate the general geometry of subsurface
structures of an area thereby providing a regional structural pattern. Since the primary objective of this study is
to identify structures and geomorphic features expressed as lineaments and classify them according to their
spatial and directional attributes, it would be necessary to process the acromagnetic and Landsat -TM data in a
manner that would both enhance trends and facilitate the computation of locations and depths to magnetic
sources. Drainage pattern, termination of potential field (gravity or magnetic) map, anomalies on a linear trend,
termination of drainage line on linear trends and straight stream segments were the basic hypothetical models
used to map fractures. Ajayi, et al (1991) believes that lineaments can also be revealed on acromagnetic maps by
breaks in anomaly trends (lengthwise) and prominently narrow magnetic lows (broad wise) and sharp gradients
of anomaly.

The purpose of this study therefore is to investigate the basement topography, identify and delineate the
structures associated with the basin, identify the trends and patterns of such structures, and to make inferences
about their relationship with basin formation and dynamics.
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The study area is located within latitudes 5°30' and 6°30'N and longitudes 8°00' and 8°30'E (Fig. 1).The Benue
Trough was formed as a result of series of tectonics and repetitive sedimentation in the Cretaceous time when
South American continent separated from Africa and the opening of the South Atlantic Ocean.The depositional
history of the Benue Trough is characterized by phases of marine regression and transgression (Murat, 1972;
Reyment, 1965; Short and Stauble, 1967). These sedimentary sequences were n

Fig. 1: Geological map of the Study Area (Adapted from the Nigerian Geological Survey Agency (NGSA) map,
sheets 303 & 314) showing areas with sedimentary formations, igneous intrusions and metamorphic terrain.
Interrupted by large scale tectonics which occurred in two phases: the Cenomanian and the Santonian
deformations (Nwachukwu, 1972; Olade, 1975). The Santonian deformation was characterized by compressive
folding, generally along a NE-SW direction, parallel to the Trough margin. The folding episode which took place
during the Santonian strongly affected the development of the Abakaliki Anticlinorium. A predominantly
compressional nature of the folds that developed during this period is revealed by their asymmetry and the
reversed faults associated with them. Benkhelil (1988), in a detailed report on the geology of Abakaliki domain,
likened its development to that which occurs in a complete orogenic cycle including sedimentation, magmatism,
metamorphism and compressive tectonism. He suggested that the compression responsible for the large scale
folding and cleavage was directed N155°E. The magmatism that occurred resulted in the injection of numerous
intrusive bodies into the shale of the Eze Aku and Asu River Group. Okereke and Ananaba (2006) et al generated
a regional magnetic field intensity map from aeromagnetic data of the Southern Benue Trough and Niger Delta.
The produced regional map showed prominent features and major tectonic trends in the NE-SW direction which
when compared with those indicated on the tectonic map of Africa, suggested a linear extension of the Chain
and Charcot fracture zones into the continental part of Nigeria

3. Methodology

For this study, the contoured aeromagnetic data used (sheets 303 and 314, published on a scale of 1:100,000)
were obtained from the Nigeria Geological Survey Agency (NGSA). The maps were digitized in order to get the
longitude and latitude positions of towns with respect to susceptibility which is a physical quantity in
aeromagnetic survey. The digitized data were filtered using a low pass Fourier domain sub routine filter of
MatLab 7.5 to eliminate unwanted wavelengths and to pass longer wavelengths. Several potential field software
with different analytical modules were used in the interpretations of the aeromagnetic maps. These include
Geosoft Oasis Montaj 6.4.2.HJ version, U.S. Geological Survey Potential-Field geophysical software Version
2.0, Surfer 10 and Matlab 7.5 Regional - residual separation was carried out using polynomial fitting. This is a
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purely analytical method in which matching of the regionals 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

The regional trend is represented by a straight line, or more generally by a smooth polynomial curve. The fitting
of polynomials to observed geophysical data is used to compute the mathematical surface giving the closest fit to
the data that can be obtained within a specified degree of details. This surface is considered to approximate the
effect of deep seated or regional structures if it is of low degree. Other analytical methods used include
Reduction-to-pole, Second vertical derivatives and trend surface analysis 2-D spectral analysis.

Reduction-to-pole (RTP) transformation was applied to the aeromagnetic data to minimize polarity
effects (Blakely, 1995). These effects are manifested as a shift of the main anomaly from the center of the
magnetic source and are due to the vector nature of the measured magnetic field. The RTP transformation
usually involves an assumption that the total magnetizations of most rocks align parallel or anti-parallel to the
Earth's main field. Similarly, second vertical derivative filters were used to enhance subtle anomalies while
reducing regional trends. These filters are considered most useful for defining the edges of bodies and for
amplifying fault trends.
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Fig 2 shows shaded relief map with amplified structural trends.

In mathematical terms, a vertical derivative can be shown to be a measure of the curvature of the
potential field, while zero second vertical derivative contours defines the edge of the causative body. Thus, the
second vertical derivative is in effect a measure of the curvature, i.e., the rate of change of non- linear magnetic
gradients. The zero magnetic contours of the second vertical derivative often coincide with the lithologic
boundaries while positive and negative anomalies often match surface exposures of the mafic and felsic rocks
respectively.

Average depth values to buried magnetic rocks using the power spectrum of total intensity field were
achieved using spectral analysis. 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 application of spectral analysis to the
interpretation of potential field data is therefore sufficiently well established (Spector and Grant, 1970). The
method allows an estimate of the depth of an ensemble of magnetized blocks of varying depth, width, thickness
and magnetization. Most of the approaches used involve Fourier transformation of the digitized aeromagnetic
data to compute the energy (or amplitude) spectrum. This is plotted on a logarithmic scale against frequency.
The slopes of the segments yield estimates of average depths to magnetic sources of anomalies.
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The Landsat Thematic Mapper (Landsat-TM) imagery acquired on 17/02/2001 from National Space
Research and Development Agency (NASRDA), Nigeria, was used to map linear structures in the study area.
The raw data was geo-referenced using the coordinates of the topographic sheets in the study area. The geo-
reference projection was carried out using the Universal Traverse Mercator (UTM). Image processing,
enhancement and analysis were carried out using ILWIS 3.1 Academic software. Image enhancement operations
carried out include contrast stretching, spatial filtering and edge detection, which were done to enhance
sharpness of the satellite image for better visual interpretation, reduce noise in the image and to aid structural
interpretation. The image was obtained using landsat ETM sensor with band combinations 2, 3 and 4 with a
resolution of 30m. However, Arc View 3.2 software was used to extract the lineaments and carry out statistical
analysis of the interpreted lineaments in the area. The lineament trend directions were summarized by using a
Rose diagram (Azimuth Distribution Diagram) as shown in Figure 13.

4 Results and Interpretation

Fig.2 is a shaded relief map derived from the total magnetic field intensity. Towards the north it shows an
enhancement of linear structural features with a dominant NW-SE lineation being superimposed on the NE-SW
carlier lineation. The total field of the acromagnetic data also revealed that the underlying basement around Ugep
has magnetic intensity estimated at 7900 gammas while that of Abakaliki has 7860 gammas. The wire-frame
revealed high basement relief in places indicating folded topography, which may be interpreted as part of the
Abakaliki folded belt. Magnetic anomalies both short and long wavelengths were interpreted within the study
area. These are represented by magnetic highs and lows. Areas with high magnetic intensity anomalies are seen
around the northern, central and south-western parts of the study area. At Ugep, the intensity ranges from 7900y
to 7910y while at Abakakili, it ranges from 7840y to 7860y.

Fig 3 shows a wireframe 3-D map of the total

magnetic field with indications of folded basement
First to fourth degree regional magnetic fields tend to support the deductions of NE-SW earlier structural trend
Fig 4a-d while the residual fields presented in Figures 5a-d emphasized the later NW-SE structural trend. It was
also discovered that first degree residual magnetic intensity of the study area ranges between -48 to 52.9 gammas,
second degree residual varies from -47.6 to 52.8, third degree residual varies from -47.7 to 51.5, and fourth
degree residual varies from -52 to 51.0. The figure above portrays the study area as area of negative residual
anomalies flanked by positive residual anomalies. The negative residuals area reflects zone of low magnetization
while the positive residual anomalies reflect area of high magnetization. These negative anomalies surrounded
by the elongated positive anomaly reflect high magnetization zone engulfed by the lower magnetization zone.
The first, second, third and fourth residuals show that Abakaliki — Ugep area has positive residual anomalies.
This implies that shallow to near surface magnetized bodies exist in the area.
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Fig. 4a-d shows first to fourth degree regional magnetic fields depicting NE_SW structural trend
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Fig5a-d Shows first to fourth degree residual fields which emphasizes the NW-SE linear structural trends

The regional fields establish the major tectonic elements of deeper and regional extent which affect and control
the structural framework of the study area (Fig 4a-d). First to fourth degree regional anomalies of the
aeromagnetic data reveal a dominant regional trend NE-SW trends and some N-W, S-W and S-E trends. This
trend was also evident on the lineament map and Rose diagram of the study area.
The Reduction-to-Pole acromagnetic data, computed from the grid of total-field magnetic data is shown in Fig.6.
There is an enhancement of the linear structural trends suggested by the residual maps fig 5a-d in arrears with
sharp contrast in values. These areas are same in positions on both maps. This enhancement is not so obvious in
second derivative map fig 7. Rather the zero contours of the second vertical derivatives indicated the lithologic
boundaries between the different formations, while the distribution of mafic and felsic rock forming minerals
were correlated to the positive and negative second vertical derivative anomalies around the study area.
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For the spectral determination of depths to layers of magnetization, the study area was divided into eight (8)
blocks containing 28 km X% 28 km. In doing this, adequate care was taken so that essential parts of each anomaly
were not cut by the blocks. In order to achieve this, the blocks were made to overlap each other. Graphs of the
logarithms of the spectral energies against frequencies obtained for various blocks are shown in Fig. 8. From the
gradients of the segments, the average depths to the causative layers were determined as Dland D2. The
estimated depths to magnetic basement are shown as D1 and D2 (Table 1). The first layer depth (D1), is the
depth to the shallower source represented by the second segment of the spectrum. This layer (D1) varies from
0.035km to 1.285km with an average of 0.656km. The second layer depth (D2) i.e. depth to the basement
represented by the first segment of the spectrum, varies from 1.585km to 4.136km, with an average of 3.096 km.
The basement depth (sedimentary thickness) contour map of the study area is shown in Fig. 9. The map reveals
the sedimentary thickness, as thinning towards the Southern direction and it ranges from 1.6km to 4.0km. The
colour codes show the depth in km.

Fig 8 shows Spectral inversion plots of 28X28km blocks defining slopes for the determination of depths to
causative sources.
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Table 1. Shows estimates of basement depths from spectral analysis.
TOWN LONGITUDE LONGITUDE LATITUDE LATITUDE | ESTIMATED
DEPTHS
(KM)
X1 X2 Y1 Y2 D1 D2
ABAKILIKI 8.00 8.25 6.00 6.25 0.723 3.064
8.00 8.25 6.25 6.50 0.348 2.790
8.25 8.50 6.00 6.25 0.348 2.461
8.25 8.50 6.25 6.50 0.843 3.299
UGEP 8.00 8.25 5.50 5.75 1.035 4.136
8.00 8.25 5.75 6.00 1.285 4.136
8.25 8.50 5.50 5.75 0.035 1.585
8.25 8.50 5.75 6.00 0.629 3.299

The Digital Elevation Model is employed for structural, geologic and tectonic interpretations such as locating
faults, drainage pattern, geomorphology, plate positions, slope, lineaments and the boundary between geologic
units. It shows the elevation differences and a quick estimation of the morphology of the area.

The DEM of the study area is shows in Fig 10. that the difference in elevation of the area is not consistent. The
highest elevations are represented by light green colour patches and as yellow contours on the DEM and contour
maps respectively. This feature is interpreted as sandstone ridge, with its slope identified where light green,
yellow and red colours are closely packed together; representing a sudden change in topography from 757 to 219
meters. The northern and central portions of the Digital Elevation Map is dominated by dark blue to black
coloured features, sandwiching a red coloured patch. These portions correspond to low elevation of 4 to 112
meters above sea level and it is observed to be trending NE - SW. The elevation of the study area increases as
you move from the north towards the south and it is characterized by low hills with steep slopes. However, it
may be correct to interpret the topographic high areas as characterized by sandstone and the low areas as shale
and mudrock. This is justified by the dendritic drainage pattern expressed in the low lying area, which points to
an underlying clayey lithology. Geologically, the area with dendritic pattern correlates to the Ezeaku formation.
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Fig 9. Shows sediment thickness being thickest in Fig 10. Shows digital Elevation Model
the north and south east. DEM) with prominent drainage

Result of the lineament analysis of the Landsat Imagery revealed a number of lineaments and mega
lineaments over 3km in size trending in the NE — SW, NW — SE, E — W and N — S directions. Surface trend
analysis of the tectonic and structural features of the area show from rose diagram study, structural trends of
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NE - SW, NW — SE, N — S and E — W directions with dominant structural trends being in the NE — SW,

NW — SE and E-W (Fig 11 and 12). These show that the area has a rugged topography and it is partly deformed
by tectonic activities. The lineament trends correspond to faults, geologic boundaries, folds and tectonically-
related joints in the area causing the ruggedness of the topography which the southeastern Nigeria which had
been interpreted to be a basin associated with two major fault lines trending NE — SW and NW — SE (Ehirim,
and Ebeniro, 20006).

Lineaments having longer lateral extension show trends in the N-S and E-W, which indicate the
direction of the last regional tectonic structures. There is dense concentration of lineaments north and east of
Abakaliki and east and south of Ugep. Thus, the study area has NNW-SSE and NE-SW trending lineaments.
These suggest that these areas are strongly deformed.

40 o o 28 Fw
£ —-—. 1
Fig 11 Shows Lineaments drapped on Edge enhanced Fig 12 shows rose diagram of axial
Band 5 image. (non polar ) data. Note dominant N-S ,NE-SW

And E-W trends.

The Rose diagram Fig 12. explains the frequency of lineation in a given orientation. Lineaments
quantification and statistical analysis were done using orientation frequency of these lineaments to construct a
rose diagram. The important structural trends are NE-SW, N-S and E-W. The rose diagram (Fig. 12) shows four
peaks of preferential direction. E-W, NW-SE, N-S and NE-SW are the magnetic trends. The E-W, NE-SW, ENE
—WSW and N-S directions reflect the older and deeper tectonic trends. However, the NW-SE trend reflects the
younger tectonic events, because the younger events are more pronounced and tend to obliterate the older events.

5. Conclusion

The results of the spectral analysis of the aeromagnetic data of the study area indicated a two-depth
source model. The first layer brought out by the above analysis can be attributed mostly to magnetic rocks
intruded into the sedimentary formations, together with few that are extruded onto the surface. The second layer
may be attributed to magnetic rocks intruded onto the basement surface. Another probable origin of the magnetic
anomalies contributing to this layer is lateral variations in basement susceptibilities, and intra-basement features
like faults and fractures. It can be deduced that the D2 values obtained from the spectral plots represent the
average depths to the basement complex in the blocks considered. However, the average depth to the basement
rock is 3.096km which seems reasonable and agrees with those from previous workers. Ofoegbu and Onuoha
(1991) using spectral analysis of aeromagnetic data obtained a depth-to-basement range of 2km to 3km. Kogbe
(1989) speculated that the total thickness of Cretaceous sediments in Nigeria is about 3.3km. Since sedimentary
thicknesses are expected to increase as we move southwards towards the Atlantic and decrease eastwards
towards Bamenda Massif, the depth values obtained from this study is quite logical. The interpretation of
Landsat imagery and aeromagnetic data of study reveal that Abakaliki - Ugep Area has a dominant NE-SW trend
which reflects that of the basin. The shallower magnetic layer represented by the second segment of the spectrum
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is thought to reflect sources shallower than the Precambrian basement.

Structural trends suggested by the Rose diagram and polynomial surfaces have directions: NE-SW, E-
W and N-S. The NE-SW trend is the dominant orientation in the Rose diagram and First order regional
polynomial surface. This present research is therefore in agreement with previous studies which suggested that
Nigeria has a complex network of fractures and lineaments with dominant trends of NW-SE, NE-SW, N-S and
E-W directions. These linear structures running NE-SW observed from the study are suggested as the continental
extension of the known Pre-Cretaceous oceanic fracture zones viz. Charcot and Chain fracture zones which run
along the trough axis beneath the sedimentary cover (Ananaba, 1991; Burke et al 1971; 1972)

From the economic point of view, it can be noted that the sedimentary thicknesses obtained in this
analysis are rather small to allow for the accumulation and maturation of hydrocarbon. More so, the widespread
occurrence of intrusive rocks into the region indicates excessive high temperatures which may have over cooked
the hydrocarbon in many parts of this area. Many of the sediments especially The Ezeaku Formations are
mineralized by hydrothermal fluids.
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