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Abstract: Structural analysis of aeromagnetic data of Igarra and environs, southwestern
Nigeria has been carried out. The digitized data of the study area was subjected to various
processing and interpretation techniques. Data enhancement was carried out to delineate
residual features relative to the strong regional gradients and the more intense anomalies due to
basement features, igneous intrusive. Regional residual separation and correction were
computed, low- pass faltering was used to reduce the noise level of the data enhancing the
shallow seated anomalies. Interpretation of first and second vertical derivative, horizontal
derivative, downward continuation was done to delineate the basement and sedimentary contact,
Euler deconvolution was used to analyze the lineament trends which is revealed in the rose
diagram as NE-SW, NW-SE and EW. The amplitude of both total horizontal derivative and
analytic signal is high around 7°36ˈ52ˈˈ N,6°19ˈ07ˈˈ E which corresponds to the Itakpe
mineralized hill location. This could be attributed to the presence of Hematite and Magnetite in
the area. The directions of these linear features correlate with the geological inferred fault
trends, a high magnetic amplitude in the Basement Complex and also around Itakpe hill and the
Ferruginous sandstone region which is believed to be due to presence of hematite and magnetite
in the sandstone. The study area is found to be characterized more of contact solution to that of
dyke. The region along Itakpe hill and the ferruginous sandstone may be a fractured zone. The
contact solution of the Euler deconvolution cluster around the geologically mapped fault and
depth extent of the contact solution is found to be 5km.
Keywords: Aeromagnetic, Magnetic sources, Analytic signal, Basement Complex, Sedimentary
basin.
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1.0 Introduction
The receding GDP resulting from the fall in oil prices highlights the need to diversify the
Nigerian economy away from heavy reliance on one commodity. The government has voiced its
readiness to diversify the economy away from oil. The major alternative is mineral. Hence, there
is need to investigate for mineral deposits.
The exploration of mineral resources has been described as a four-step operation involving
regional reconnaissance, surface and subsurface mapping, ground geophysical surveys and actual
drilling (Hunt et al., 1974). A mineral indicator has further been defined as a physical or
chemical phenomenon which has been found to correlate with known mineral occurrence
(Rubin, 1979). Some indicators that have been found useful in the exploration of minerals
include faults, fractures, arched or domed strata and oxidized and hydrothermally altered area
(Peterson, 1976). Proven relationships do exist between known mineral deposits and certainty
types and directions of lineament (Lattman, 1973; Offield et al., 1977; O’Leary and Simpson,
1977).
Aeromagnetic data have been used in a wide variety of geological studies and they play an
important role in tracing lithological contacts and in mapping structures like faults, lineaments,
dykes and layered complexes. Aeromagnetic surveys reveal the distribution of magnetic minerals
in bedrock, and have been used along with conventional geological maps for various earth
resource evaluation applications (Reeves, 1990).
The interpretation of aeromagnetic data has served as basis for revealing the structural pattern of
the Basement Complex, and the shallower structures (El-awady et al., 1984). The regional
aeromagnetic study of anomaly map brings out the regional geological pattern and structural
features and provides an exceptional background for interpretation of specific purposes (Sharma,
1998). Linear aeromagnetic anomalies and gradient score responding to thrust and faults are
associated with fault scarp on the ground. The scarps are otherwise difficult to identify in the
highly populated areas and under wide spread, dense vegetative cover (Grauch and Ruleman,
2013).
Grauch et al. (2001) have noted earlier that the past two decades have seen a revolution in
application of aeromagnetic surveys, from interpretation of solely basement structure to detailed
examination of structure and lithologic variations in the sedimentary section as well (Millegan,
1998). Several recent collections of papers attest to this growing revolution (Gibson and
Millegan, 1998; Peirce et al., 1998a; Society of Exploration Geophysicists, 1998). These authors
illustrate the range in types of sedimentary sources that can be inferred from aeromagnetic data,
from intra sedimentary structures to Paleo channels. Yet, our understanding of the speciﬁc
sources of these anomalies is still rudimentary.
Two critical issues concerning magnetic anomalies interpreted as faults are (1) distinguishing
anomalies related to faults from those associated with a paleochannel ﬁlled with detritral
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magnetite, and (2) distinguishing anomalies produced by the juxtaposition of sediments having
different magnetic properties at faults from anomalies related to secondary geochemical
processes that have either destroyed or introduced magnetic minerals along the fault zone. Many
studies have addressed the ﬁrst issue by providing independent evidence for faulting in another
data set, such as seismic-reﬂection proﬁles (Gunn, 1997; Spaid-Reitz and Eick, 1998; Peirce et
al., 1998b). The second issue is commonly difﬁcult to address because the interpreted faults are
buried. One study from northern Alberta (Peirceetal., 1998b) concluded from magnetic
modeling, depth analysis, and comparison to seismic reﬂection data that intra sedimentary faults
are commonly magnetized along fault planes. The authors further proposed a geochemical
process related to vertical ﬂuidﬂow that can explain the deposition of magnetic minerals along
fault planes.
1.1

Location of Study Area

The study area lie within latitude 70 N and 80 N, and longitude 60 E and 70 E. It is in the northen
part of Edo state in the southwestern part of Nigeria. The major highway in the area runs from
Auchi through Sobe, Ogbe, Ikpeshi, Igarra to Ibillo. The main occupation of the people in the
area includes farming, fishing and trading etc. The mean annual humidity of the area is about
70% (Meteorological Department, Federal Ministry of Aviation, 2007).
2.0
Geology of the Study Area
Available literature reveals that Igarra area is underlain in the north by Precambrian Basement
Complex and south by Cretaceous and Tertiary sediments which unconformable overlie the
Basement Complex as seen in the geological map of the study area.
The sedimentary environment comprises three lithostratigraphic formations; the Lokoja /
Basenge Formation with conglomerates, Siliceuous Facies, Arkose subfacies, that are underlain
by the Mamu Formation.
Some sub-geologic units within the study area includes biotite gneiss, migmatites, shale and
mudstone, ferrugenious sandstone, granite gneiss, fine grained flaggy quartz and quartz shists,
ironstone and limestone, undefferentiated Older Granite mainly porphyritic granite gneiss
including migmatite gneiss and schists.
Three important Formations outcrop in the area constituting the stratigraphy of the area:

The Lokoja/ Baseange Formation – South of Ikpeshi along Auchi- Igarra Road.

The Mamu Foration; observed along the Auchi Road before the Water Works).

The Ajali (Sandstone) Formation outcropping along FugorAgenebode Road.
2.1
Precambrian Basement Complex
Migmatite cover more than half of the study area, outcropping mainly at the northern and south
eastern parts of the area. The south and the southwestern parts of the area are underlain by
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undifferentiated older granite, mainly porphyroblastic granite, granite gneiss with
porphyroblastic gneiss, fine grained biotite granite, fine grained flaggy quartz and quartz schists.
Also present are silicified sheared rocks.
The crystalline Basement complex contain economic minerals deposits such as Iron-ore, gemstones, quartz, feldspar and other associated minerals, while the Pan Africa Younger Granite
contain cassiterite, tantalite, columbite, gemstones and other associate minerals (Kogi, 2005).
According to Caen-Vachette Ekwueme (1988), the migmatite and gneiss in the Lokoja – Okene
area are Eburnean (+2500 ma) and Kibaran (+1000 ma), while the granite, pegmatite and quartz
veins are Pan African (550+ 100 Ma) in age.
2.2
Cretaceous Sediments
The eastern flank of the area is situated on alluvium and other sedimentary rocks, which form
part of Cretaceous to Recent sediments of Nigeria while a small portion of the Cretaceous
Sediments within the area is a member of the Middle Niger Basin, which lies within latitude
6°12ˈ00ˈˈN and 7°30ˈ00ˈˈN, and longitude 4°12ˈ00ˈˈ E and 7°12ˈ00ˈˈ E. The Middle Niger
Basin is a gentle down-warped trough and the sedimentary formations are more than 300 m
thick. The epeirogenesis responsible for the basin genesis seems closely connected with the
crustal movements of the Santonianorogeny of Southwestern Nigeria and nearby Benue Valley.
The basin is filled with post-orogenic molasses facies and a new thin marine strata, which are
unfolded (Adeleye, 1975). The original geometry of the basin may have been by Tertiary uplifts
which seem to have affected the northern areas more than the southern half. Both the regional
dips of the Campanian-Maetrichtian beds and their overall vertical grain size distribution suggest
that the original detrital grains were derived from the Basement Complex of Southwestern
Nigeria. Cases of small scale faults are locally known.
About 80 percent of the cretaceous sediments at the western end within the study area is a
member of the Anambra Basin. The thickness of the sediment is about 1000 – 1300.
2.3
Mineralization
The crystalline Basement complex contain economic minerals deposits such as Iron-ore, gemstones, quartz, feldspar and other associated minerals, while the Pan Africa Younger Granite
contain cassiterite, tantalite, columbite, gemstones and other associate minerals (Kogi, 2005).
Immediately around the belt by Lokoja and in the Okene-Auchi areas are some rich deposits of
calcitic marble. Two of the three primary minerals necessary for iron smelting are therefore
readily available in and around the Middle Niger Basin. Hematitic ironstones somewhat similar
to the Precambrian banded ironstones have also been reported around Okene and Osokosoko
(Adeleye, 1975).
Olade (1978) discussed the geology of the Itakpe iron-ore deposit, which is localized within the
gneiss-migmatite-quartzite unit of the Nigeria Basement Complex – and identified two types of
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quartzites in the area: the ferruginous and non-ferruginous. The ferruginous quatzites occur as
magnetite-rich and hematite-rich bands and lenses about 10 – 60 m wide in alternation with
gneisses. The non-ferruginous quartzites are rare on Itakpe, but constitute the bulk of the rock on
its southern edge.

Figure 1: Geological map of the study area ( amigun et al., 2012 )
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3.0

Materials and Methods

Four High Resolution Aeromagnetic Map (HRAM) data sheets of the study area at a flight
altitude of 80 m, along NE-SW flight lines, spaced at 500 m were sourced from the Nigerian
Geological Survey Agency (NGSA). The data sheets covered latitude 8°0ˈ00ˈˈ N and 7°0ˈ00ˈˈ
N, and longitude 6°0ˈ00ˈˈE and 7°0ˈ00ˈˈ E. The total magnetic field intensity ranged between
33179 and 32879 nT.
The digitized map were then contoured using a set of computer software programs - A2XYZ,
P2GRD, DETOUR, and CONTOUR and the Total Magnetic Field Intensity Map of the area
containing both the Regional Field, attributed to deep-seated magnetic bodies, and Residual Field
attributed to shallow-seated magnetic bodies was thus generated. The values of Total Magnetic
Intensity as obtained from digitizing the Aeromagnetic data, ranges from -2414 to 1102 nT.
To minimize the effects of deep seated sources and noise in grids and improve resolution of
surficial geologic features, the resulting data was subjected to Downward Continuation at1 km
and then to 4 km.
A number of filters were applied to the aeromagnetic data to enhance the effect of the desired
underlying features. These include: High Pass, Analytic Signal, Horizontal Derivatives, First and
second Vertical Derivatives, and 3D Euler Deconvolution. These filtering were done with a
software – Oasis-Mondaj.
4.0
Results and Discussion
The major trend pattern of the anomalies is NE-SW especially visible within Cretaceous
Sedimets and NW-SE visible in the Basement Complex areas. Few of the anomalies trend E-W
direction.
Figure 3 shows the Total Magnetic Intensity Map of the Study Area. A Visual inspection of the
map shows that the Basement complex region is characterized by high magnetic intensity. These
areas correspond to the south-western region composed of Ferrugenous Sandstones on the
geologic map. The major river channels within the study area are mostly characterized by low
magnetic intensity. The high magnetic intensity is believed to be due to increased presence of
haematite and magnetite in the sandstone.
The zero value of the second vertical derivative map shown in Figure 12 clearly defined the
edges of the anomalies and indicate the presence of a boundary within the anomalies in the
Basement.
The qualitative interpretation of the area shows that the horizontal gradient maxima and minima
in the form of hills and valleys are scattered all through the map. The values of the second
horizontal derivatives of the study are shown in figure 12. They vary from -0.00006 to 0.00006
nT while the First Horizontal Derivative values ranged from -0.041 to 0.044 nT. Areas with high
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HDR fields are followed by areas having Intermediate values and areas with lowest value of the
HDR fields. The ridges of high HDR field are noticed around the northern part and mostly within
the central part of the map cutting across geological Formations such as Migmatite Gneiss,
Undifferentiated Older Granite, Biotite Gneiss between Igarra to Lokoja. The intermediate
values of the HDR field are basically domiciled around the South, Southeast, and Northeastern
part of the areas comprising of Auchi, Ida and Eastern part of Lokoja. The geological formations
within these areas include the Metasedients, Shale, Mudstones and the Ferrugenous Sandstone,
the lowest value of the HDR field can be seen all over the map in tiny portions.
The amplitudes of both Total horizontal derivative map in figure 12 and the Analytic Signal map
in figure 2 are high around Itakpe mineralized hill, located on 7°36ˈ52ˈˈ N,6°19ˈ07ˈˈ E. The
region along Itakpe hill and the Ferrugenous sandstone suggests a fractured zone. The direction
of the trend pattern around Ibilo, 7°25ˈ N and 6°0ˈ00ˈˈ E, correlates with the direction of the
outcrop fault on the geologic map. Similarly, the trend pattern correlates well around Auchi
(7°0ˈ00ˈˈ − 7°16ˈ00ˈˈ N, 6°7ˈ00ˈˈ − 6°12ˈ00ˈˈ E), Ageva (7°30ˈ00ˈˈ N, 6°13ˈ00ˈˈ −
6°15ˈ07ˈˈ E) and East of Lokoja (7°45ˈ07ˈˈ N, 6°0ˈ00ˈˈ − 6°20ˈ07ˈˈ E).
The solution of Euler deconvolution technique applied on the filtered aeromagnetic data of the
study area to delineate contact (with S.I. = 0.0), produced clusters at regions of the inferred fault
zones and the depth extent of contacts is about 5 km. it can be inferred from figure 14 below that
Itakpe iron ore occupies a wider area than that of its outcrop.
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Figure 2: Analytic Signal Map of the Study area
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Figure 3. Total Magnetic Intensity Map of the Study Area

Figure 4: 3D Surface map of the TMI of the Study Area

.
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Figure 5. Downward Continuation map at 1 Km

Figure 7. Residual Magnetic Map of the study area.
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Figure 6. Downward Continuation Map at 4 Km
of the study area
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Figure 8: Energy Spectrum of the Study Area and the Depth Estimate.

Fig 10: Second Horizontal Derivative map of
the study area

Figure 9: First Horizontal Derivative map of
the study area.
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Figure 12. Second Vertical Derivative map of the study area.

Figure 11. First Vertical Derivative map of study area.
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Figure 13: Depth to Basement map of the study area
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Figure 14: Euler Deconvolution map of the study area

Figure 15: Inferred Magnetic Mineral Positions in the study area
5.0
Conclusion
The results of the qualitative techniques yielded a high magnetic amplitude in the Basement
Complex and around Itakpe hill and the Ferruginous sandstone region. These regions may be
explained as a fractured zone. The high magnetic intensity is believed to be due to increased
presence of hematite and magnetite in the sandstone. The NE-SW, NW-SE and EW direction of
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linear features delineated in this study area correlates with the geologically inferred fault within
the area.
The study area is found to be characterized more of contact solution to that of dyke. The contact
solution of the Euler deconvolution cluster around the geologically mapped faults and depth
extent of the contact solution is about 5 km.
Recommendation
Based on the results obtained from this research, the following is recommended:
 Another imaging technique like seismic method should be employed to strengthen the
observations made in this research.
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