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ABSTRACT
Integrated geophysical investigation involving Ground Magnetic, Electromagnetic (EM), and Electrical
Resistivity Method using dipole- dipole array for combined VES & HP, Horizontal Profiling (HP) using
Wenner, Vertical Electrical Sounding (VES) technique using Schlumberger array was adopted around Igarra
area, Akoko in Edo State in order to delineate geologic boundary between Syenite and Biotite Schist within the
area. Four (4) traverses were established in the NW-SE direction. Each traverse was about 150m long with an
inter- station spacing of 5m on which EM, Ground Magnetic, and dipole-dipole measurements were carried
out. Sixteen (16) VES stations were occupied within the study area with an electrode spacing of 1- 100m. The
EM data were plotted as profiles and maps. Qualitative and quantitative interpretation was made. The VES
data were quantitatively interpreted using the partial curve matching technique and 1-D forward modelling
using the WinResist 1.0 version software. The dipole-dipole data were inverted into the 2-D resistivity images
using the DIPPRO 4.0 inversion software. Four (4) geoelectric sections were generated along the four traverses
from the VES data which delineated four geoelectric layers within the study area namely the topsoil, weathered
layer, partially weathered/fractured basement and fresh basement. The Top soil have resistivity values ranging
from 135-829Ωm and thickness ranging from 0.1- 1.9m ; Weathered layer have resistivity values ranging from
11-734Ωm and thickness ranging from 0.6 - 17.4m ; Weathered/Fractured Basement have resistivity values
ranging from 107 - 2072Ωm and thickness ranging from 0.5 -6.2; Fresh basement have resistivity values
ranging from 1744 - 10981 Ωm. The Magnetic Intensity map was able to delineate a possible contact between
the Schist and Syenite along traverse 1 at about 15m due to its strong magnetic intensity closely spaced
contours) which correlated with the surface visible geological mapping. It can be concluded from this study
that the use of integrated geophysical investigation can be used to delineate geologic boundaries.
Keywords: Magnetic Intensity,
1.
INTRODUCTION
Detailed geological field mapping is an indispensable exercise in geology as a result of the fact that geology as
a discipline is a field oriented discipline. It is the aspect that completes and gives life to the study of geology.
Hence after careful geologic mapping of the study area, geophysics was employed to delineate in details the
observed geological features like faults, fractures, joints, rock contacts and the hydrogeology of the area.
Geophysics is a subject of natural science concerned with the physical processes and physical properties of the
earth and its surrounding space environment, and the use of quantitative methods for their analysis. The use of
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geophysics to compliment geological investigations cannot be overemphasized because the latter probe deeper,
several kilometers, thousands of meters into the earth surface.
The degree of success in the application of geophysical method depends on so many factors, the most
important is the existence of a significant and detectable contrast in the earth’s physical properties such as;
acoustic impedance, ground electrical resistivity, conductivity, density and magnetic susceptibility of the earth
materials.
It has been established that using integrated methods (combine geophysical methods) in surveys will give near
to accurate results and will give assurance of accuracy during data collection and interpretation. The survey
techniques include Magnetic prospecting method using Geotron-Proton-Magnetometer, Spontaneous potential
method, Electrical Resistivity method combining Vertical Electrical Sounding and Horizontal Profiling (HP &
VES).
This is a report from a field work aimed at delineating lithologic boundary/contact and subsurface geological
features in the environment. While the objectives of the field work are as
to recognize the structural, textural and other geological features existing in rock which serves as a background
to geophysical data acquisition and to generate geological maps, base map.
2
SITE DESCRIPTION AND GEOLOGICAL SETTING
Igarra area is located along Auchi-Ibilo road at a Latitude of 7.33784 North and Longitude of 6.13970 East. It
is a town located in the Northern part of Edo-state, Nigeria (Fig.1). Its topography is mountainous and situated
in the lee-wind side of the kukuruku-hill having an approximate extent of 3000km2 underlain by the basement
complex that lies within the pan African mobile belt (Odeyemi 1976).
Igarra area, lies within the southwestern Nigerian basement which itself is a part of the Nigerian Basement
Complex
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Figure 1. Accessibility map of the study Area
The Nigerian Basement Complex is also a part of the Pan African mobile belt that lies between the West
African craton to the east and the Congo craton to the southwest within the African continent. Most parts of the
study area is underlain by the metasediments, referred to as the Igarra Schist Belt, which presumably overlies
an older gneiss-migmatite basement, possibly of Liberian age (Odeyemi 1976). The metasedimentary
succession in Igarra area consists predominantly of pelitic to semi-pelitic rocks of low to medium grade
metamorphism. Major rock types exposed in the area include (i) semi-pelitic phyllites; (ii) quartzbiotite schist;
(iii) mica schist; (iv) calc-silicate gneiss and marble; and (v) meta-conglomerate; all of which have been
deformed in at least two episodes (Odeyemi 1988). These supracrustal rocks and the underlying basement were
subsequently intruded by Pan African granites such as the Igarra batholiths and other minor intrusive including
pegmatite, aplite, dolerite, lamprophyre and syenite. Small bands of green amphibolitic rocks have been
observed to be interbanded with some of the aforementioned main rock units that constitute the schist belt.
There are sulphide mineralization hosted by the pelitic to semi-pelitic rocks. The metasedimentary suite has
been intruded by igneous rocks of Pan African age in the study area. Igarra/Semorika pluton is the largest body
along the southern margin of the belt. Large bodies of the pluton have roof pendants and xenoliths of
metasedimentary rocks. Metasedimentary xenoliths are rotated and abundant in the western margin of the
pluton. Dykes of granite, syenite, lamprophyre are observed in several parts of the schist belt. The contacts
between some of them and the metasedimentary country rocks have undergone contact metamorphism (i.e.
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granite dyke western part of Igarra). The metasedimentary suite of the Igarra schist belt has been subjected to
Greenschist (Barrovian-type) metamorphism, reaching lower Amphibolites facies in some places.
3
METHODOLOGY
An integrated geophysical prospecting method was used during the field work with reference to existing
literatures. This enabled a review of the work of other scientist in the study area. A reconnaissance survey of
the study area was carried out through accurate geologic mapping of the area and complimented using
following geophysical methods: Magnetic method and Electrical method on a total of four traverses. The
GARMIN’S GPS 12Personal navigator (12-channel model) was used to record the geographic coordinates of
data points. Profiles, geo-electric sections and maps from which geophysical and geological information were
deduced in line with the objectives of the study were generated.
A deeper probe of the subsurface was done using Electrical Resistivity method, where four Horizontal
Profiling (HP) using Wenner array was conducted, 12 Vertical Electric Sounding (VES) was conducted using
Schlumberger and half Schlumberger array and combined VES & HP was conducted using dipole-dipole
configuration to have a 2-D (two-dimension) imagery of the study area. Also Spontaneous Potential method
was carried out on two traverse. The data was processed by: Generating Wenner profiles, VES sounding
curves and accurately performing partial curve matching to aid computer iteration. Performing a data reduction
on magnetic data and producing a magnetic profile, generating base map of the study area and ground natural
potential from the Spontaneous Potential data. Also generating pseudo-section of the study area and using
survey parameters to construct simplified geological maps.
4
RESULTS AND DISCUSSIONS
4.1
Horizontal Profiling
The plots of apparent resisitivity versus distance across the four traverses has been shown in (Figures 4.1a-e).
The four profiles have been qualitatively interpreted based on the fact that basement structures are weak zones
which are expected to reflect relatively low resistivity zones marked by steep gradients on the HP resistivity
curves (Sharma, 1997). In HP, areas of very low resistivity are diagnostic of saline water intruded areas or
conductive mineralized zones, saline water based hydrocarbon impacted areas or corrosive areas while regions
of high resistivity value is diagnostic of hydrocarbon or refined oil impacted zones, areas polluted by organic
compounds, areas with shallow basement rocks or sand/gravel deposit in clay host rock.
In traverse 1, (figure 4.1a) shows the apparent ground resistivity trend against distance where the resistivity
values range between 67 Ω-m to 367 Ω-m. From the distance of 18m to 25m, there exists a low resistivity
values ranges from 60 Ω-m to 160 Ω-m which depict the probable presence of fault. From 25m to 115m the
resistivity values is high and is an indicative of high resistive rock. From 115m to 180m the resistivity values
ranges from 100 Ω-m to 110 Ω-m, indicative of a conductive layer or probable lithologic contact.
In traverse 2, (figure 4.1b) shows the apparent ground resistivity trend against distance where the resistivity
values ranges 31 and 364 Ω-m. A negative anomaly was observed from distance 5 to 65m and 45 to 55m
indicative of a suspected weathered/fractured layer. A positive anomaly was observed between distance 20m
and 70m which is indicative of highly resistive basement. From the distance of 75m to 85m, a negative
anomaly of resistivity values ranging from 30 Ω-m to 100 Ω-m was observed which is indicative of the
probable presence of lithological contact.
In traverse 3, (figure 4.1c) shows the apparent ground resistivity trend against distance where the resistivity
values ranges from 124 to 294 Ω-m. From a distance of 15m to 75m an alternation of positive and negative
anomalies which occur in a sinosoidal form are observed. This is an indicative of an extensive fractured zone.
From 75m to 90m, a negative anomaly is observed, resistivity value ranging from 124 Ω-m to 170 Ω-m, this is
an indicative of the presence of lithological contact.
In traverse D, (figure 4.1d) shows the apparent ground resistivity trend against distance where the resistivity
values ranges 45 and 248 Ω-m. A positive anomaly was observed from 10m to 75m indicative of highly
resistive rocks. A negative anomaly was observed between distance 75 and 85m indicative of a suspected
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weathered/fractured layer or a lithological contact. Beyond 85m is a positive anomaly, indicative of high
resistive rock.

Figure 4.1a: Horizontal Resistivity Profile along Traverse 1.

Figure 4.1b: Horizontal Resistivity Profile along Traverse 2
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Figure 4.1c: Horizontal Resistivity Profile along Traverse 3

Figure 4.1d: Horizontal Resistivity Profile along Traverse 4
4.2
Magnetics
Along traverse 1, the magnetic intensity ranges between 33184nT and 33231.1nT. At a distance of 20 to 35m
a positive anomaly is observed which is indicative of rock type of highly magnetic intensity, which is observed
geologically as Schist, while at a distance of 35 to 80m, a negative anomaly of a low magnetic intensity is
observed, which is indicative of probable fracture zones. From 80m to 125m, a high positive anomaly is
observed, which is indicative of the extension of the Schist. At distance between 125 and 143m, a negative
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magnetic anomaly is observed with a magnetic intensity ranging from 33184nT to 33210.9nT, this is indicative
of a probable lithologic contact between the visible syenite outcrop and Schist (Figure 4.2a).
Along traverse B, (figure 4.2b) shows magnetic intensity ranging between 33140nT and 33233nT. From
distance 0 to 30m, a negative magnetic anomaly is observed which is indicative of weathered/fractured layer
(boulders of rock quartz). At distance of 42-65m and distance of 85 to 115m, positive magnetic anomalies are
observed which indicate the presence of unfractured Schist; while in-between the two positive anomalies is a
negative anomaly which can be indicative of fractured or weathered zone. From a distance of 115m to 140m is
the presence of low magnetic intensity values showing a negative anomaly and can be indicative of lithologic
contact between the visible syenite outcrop and Schist.
Along traverse 3 (Figure 4.2c) shows a magnetic intensity contrast which was observed between 33193nT and
33237nT at a distance of 10 to 50m, this is an indicative of probable presence of fracture or weathered rock.
Magnetic intensity contrast was observed between 33198nT to 33222nT at a distance 50 and 80m indicative of
a lithologic contact between the visible syenite outcrop and Schist.
Along traverse 4(Figure 4.2d), magnetic intensity contrast was observed between 33207nT to 33499nT at a of
distance 5 to 100m indicative of a highly resistive rock while a lithological contact is observed at distance
100m between the Schist and Syenite.

Figure 4.2a: Magnetic Profile along Traverse 1
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Figure 4.2b: Magnetic Profile along Traverse 2

Figure 4.2c: Magnetic Profile along Traverse 3
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Figure 4.2d: Magnetic Profile along Traverse 4

Figure 4.3: Magnetic Intensity Map
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4.3
Dipole-Dipole Pseudosection
The 2-D Pseudo-section was produced from the dipole- dipole data taken from North West to South East
direction. The observed dipole-dipole pseudosections generated along the study area shows both lateral and
vertical variations in the apparent resistivity values. The 2- D resistivity structures are the subsurface images
inverted from the apparent resistivity values. The 2-D images delineate three major subsurface layers topsoil
(blue color band), the weathered layer (green color band) and the basement bedrock (yellowish/reddish/purple
color band), the yellowish color band is a transition zone between the fractured basement and the weathered
layer.
The 2-D pseudosections along Traverse 1 (Figure 4.3a) delineated four geologic layers which are topsoil,
weathered layer, fractured basement and the fresh basement rock. The model shows that the subsurface is
characterized by four regions of resistivity distribution which are equally distinguished by colour codes
ranging between blue (90 - 124 Ωm), green (134 – 727 Ωm), yellow (805 - 1799 Ωm) an-08d purple-red (2213
– 17168 Ωm). The topsoil and weathered layer beneath the traverse is characterized by the relatively low
resistivity (blue and green) regions. From the dipole-dipole pseudosection highly resistive zone was from 30 to
70m, while a suspected fractured zone or lithologic contact was seen between distance 75m and 105m which is
characterized by resistivity values ranging from 1216 to 3537 Ωm.
The 2-D pseudosections along Traverse 2 (Figure 4.3b) delineated four main geologic layers which are
topsoil, weathered layer, fractured basement and the fresh basement rock. The model shows that the basement
is closer to the surface by depicting an overburden thickness of about 5m. From a lateral distance of 20m to
50m and at a depth of 5m to 15m, the 2-D subsurface structure depicts the presence of highly resistive rock,
with resistivity values ranging from 1450 Ωm to 10894Ωm. The same is observed at a lateral distance of 70m
to 95m where the resistivity ranges from 871Ωm to 2718Ωm while at a lateral distance of 100m to 125m the
basement shows an evidence of fracturing which is revealed by the resistivity values that are comparably low
to the fresh basement that has been observed. From a lateral distance of 50m to 70m, low resistivity values are
observed which ranges from 17.7Ωm to 245Ωm which depicts a highly conductive zone and a probable contact
zone between the Syenite and Schist.
The 2-D pseudosections along Traverse 3 (Figure 4.3c) delineated four main geologic layers which are
topsoil, weathered layer, fractured basement and the fresh basement rock. The model shows that the basement
is closer to the surface with the presence of thin overburden. The model does not reveal the presence of any
distinct geological structure such as lithological contact.
The 2-D pseudosections along Traverse 4 (Figure 4.4d) delineated four main geologic layers which are
topsoil, weathered layer, fractured basement and the fresh basement rock. The model shows an undulating
basement which is closer to the surface. The model reveals the presence of lithological contact at distance of
80m with the drop in the resistivity values.
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Figure 4.3a: 2-D Resistivity Structure along Traverse 1

Figure 4.3b: 2-D Resistivity Structure along Traverse 2
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Figure 4.3c: 2-D Resistivity Structure along Traverse 3

Figure 4.3d: 2-D Resistivity Structure along Traverse 4
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4.4
Spontaneous Potential
Fig 4.4a and Fig 4.4b shows the SP profiles for traverse 3 and 4.
In traverse 3, (figure 4.4a) shows the spontaneous potential of the area ranging from -17.5 to 183.7 nmv. The
area shows a uniform spontaneous potential except for the distance of 35 to 45m which shows a spike from a
spontaneous potential value of 183.7mv. This can actually result from outliers or probable presence of fracture
/ contact zone.
In traverse 4, the profile shows a spontaneous potential ranging from 10mv to 100mv. From a distance of 0 to
70m, the profile shows a high positive anomaly which is indicative of Schist but in-between this extensive
positive anomaly is negative anomaly at a distance of 25m to 40m which may be indicative of fracture. From a
distance of 75m to 120m, the profile shows a negative anomaly showing a different rock type entirely. From
this, we can infer that the lithologic contact exists at a distance of 7m.

Figure 4.4a: SP Profile along Traverse 3
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Figure 4.4b: SP Profile along Traverse 4
4.5
Geo-electric Section
A sum of sixteen VES (12) stations were occupied along four traverse line. The VES survey identified one
characteristic sounding type curve, namely H (Table 4.1). The 2-D geoelectric sections (Figures 4.5a – 4.5d)
were classified using (Olorunfemi 2009) classification of geoelectric parameters in a typical basement complex
terrain (Table 4.2), which showed three subsurface geologic units which comprise the topsoil, weathered layer,
and fresh basement. Table 4.3 shows the type of soil and the mean value of resistivity.
In Traverse 1 (figure 4.5a), the topsoil has resistivity values that vary from 555 to 1765 ohm-m and thickness
values ranging from 0.5 to 1.6m. The top soil is composed sand. The second layer is the weathered layer,
composed of clay and clayey sand. It has resistivity value ranging from 38 to 100 ohm-m and thickness
varying between 3.1 to 6.1m. The third layer is the fresh basement with resistivity values ranging from 2384 to
100000ohm-m. Hydrogeologically, none of the VES points in traverse one is suitable for groundwater
exploration due to the absence of thick overburden not a fracture zone that could serve as an aquifer.
In Traverse 2 (figure 4.5b), the topsoil has resistivity values that vary from 637 to 1356 ohm-m and thickness
values ranging from 0.6 to 1.6m. The second layer is the weathered layer, it has resistivity values ranging from
59 to 139 ohm-m and thickness varying between 2.9 to 8.3m. The third layer is the fresh basement with
resistivity values ranging from 4111 to 8101 ohm-m. From the VES points on traverse 2, none is suitable for
groundwater exploration due to the absence of thick overburden and fracture zone that could serve as an
aquifer.
In Traverse 3 (figure 4.5c), the topsoil has resistivity values that vary from 917 to 1788 ohm-m and thickness
values ranging from 0.5 to 1.2m. The second layer is the weathered layer; it has resistivity values ranging from
98 to 218 ohm-m and thickness varying between 6.1 to 10.3m. The third layer is the fresh basement with
resistivity values ranging from 2384 to 100000ohm-m. From the VES points on traverse 3, none is suitable for
groundwater exploration due to the absence of thick overburden and fracture zone that could serve as an
aquifer.
In Traverse 4 (figure 4.5d), the topsoil has resistivity values that vary from 261 to 1126 ohm-m and thickness
values ranging from 1.2 to 1.6m. The second layer is the weathered layer; it has resistivity values ranging from
46 to 209ohm-m and thickness varying between 4.1 to 7.9m. The third layer is the fresh basement with
resistivity value of 100000ohm-m. From the VES points on traverse 4, none is suitable for groundwater
exploration due to the absence of thick overburden and fracture zone that could serve as an aquifer.
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Table 4.1: VES Interpretation Results
VES Stations
(m)

Traverse 1

Curve Types

0

1

H

60

1

H

125

1

H

0

2

H

60

2

H

125

2

H

0

3

H

60

3

H

VES Stations

Traverse

Curve Types

125

3

H

0

4

H

60

4

H

125

4

H

Resistivity
Value(Ωm)
555
38
100000
1765
101
3319
916.8
99.7
2384
637
59
100000
1356
68.5
4110.9
1023.3
139.1
8101.2
481.6
112.5
6914.2

Depth(m)

Lithology Description

1.6
3.1

Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fractured basement
Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fresh basement

1195
128
5177

1.2
8.1

Topsoil
Weathered layer
Fresh basement

Resistivity
Value(Ωm)
1787.1
211.7
100000
260.5
47
100000

Depth(m)

Lithology Description

0.6
10.3

Topsoil
Weathered layer
Fresh basement
Topsoil
Weathered layer
Fresh basement

1126
76
100000
1018.5
209
100000

1.6
4.6

1.0
4.1
0.5
6.1
1.3
3.5
1.6
2.9
0.7
8.3
0.9
8.2

1.5
4.1

1.2
7.9
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Figure: 4.5a: Geoelectric Section along Traverse 1

Figure 4.5b: Geoelectric Section along Traverse 2
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Figure 4.5c: Geoelectric Section along Traverse 3

Figure 4.5d: Geoelectric Section along Traverse 4
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5.0 CORRELATION OF RESULTS
The result gotten from the magnetic, horizontal resistivity profile or EM ground conductivity profile and
dipole-dipole pseudosection shows that the suspected lithologic contact exist.
Table 4.2: Geoelectric Parameters of a Typical Basement Complex Area. (After Olorunfemi 2009)
Subsurface Layer

Resistivity (ohm-m)

Thickness (m)

Topsoil/laterite

Very variable 1-10,000

Generally <1.0m but could be as
thick as 5.0m in places.

Weathered Basement layer

Generally <100 but could be Generally <30m but could be as
as high as 500.
thick as 60m in schist.

Partly Weathered/
Basement

Fractured Generally <1000
Generally >1000-∞

Generally <20m but could be as
thick as 40m
Not determined.

Fresh Basement
Table 4.3: Soil Types and Resistivity Value.
Soil Type
Resistivity Value
Clay compacted

100-200

Clay Soft

50

Clayey Sand

10-50

Granite

1,500-10,000

Granite Modified

100-600

Mica Schist

800

Siliceous Sand

200-300

Schist Shale

50-300

Traverse 1: The HP profile shows a probable lithologic contact at 110 to 120m and this correlate with the
observation made on Magnetic profile at distance of 120m. On the dipole dipole pseudosection similar thing is
seen at distance of 80m but quite different from the distance of observation in both the HP profile and the
Magnetic profile (figure 4.6a). It is observed from the three profiles, two main rock types which is also
established geologically as Schist and Syenite.
Traverse 2: The HP profile on traverse 2 shows the presence of probable lithologic contact at a distance of
65m, the same is observed on a magnetic profile at a distance of 60m while on the dipole dipole pseudosection
it can be observed at a distance of 55m (figure 4.6b). Since this geological feature can be seen at almost the
same or nearly equal distance on the three profiles, it establishes the existence of this geological feature which
is indicative of a lithologic contact.
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Traverse 3: The profiles in traverse three do not show much correlation regarding the establishment of a
lithologic contact but both the HP and Magnetic profiles reveals a probable lithologic contact at distance of
75m (figure 4.6c).
Traverse 4: From the HP Profiles a probable lithologic contact is observed at a distance of 75m, this is
observed at the same distance on the Magnetic Profile and Sp profile. The lithologic contact is observed at a
distance of 78 m on the Dipole Dipole pseudosection. This establish the existence of lithologic contact on this
traverse (Figure 4.6d).

Figure 4.6a: Correlation of HP, Pseudosection and Magnetic Intensity in Traverse 1.
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Figure 4.6b: Correlation of HP, Pseudosection and Magnetic Intensity in Traverse B
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Figure 4.6c: Correlation of HP, Magnetic Intensity, Pseudosection and SP in Traverse 3
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Figure 4.6d: Correlation of HP, Magnetic Intensity, Pseudosection and SP in Traverse 4
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5.1
CONCLUSION
Geophysical investigations integrating the Vertical Electrical Sounding (VES) and the horizontal profiling
techniques, magnetic prospecting method, Spontaneous Potential method were carried out over two rock unit
(syenite and biotite schist) along Ibillo road in Igarra, South Western Nigeria. The essence of the field work
has been successfully satisfied by acquainting students with basics of geological/geophysical field mapping.
Geologic base map of the study area was successfully generated and traverses well established.
The interpretation of VES, dipole-dipole Pseudosection, Spontaneous Potential, magnetic intensity profile, HP
profile in the study area have allowed the delineation of fractured zones and areas of geologic boundary in the
study area. Four surfaces were delineated; top soil, weathered layer, partly weathered/ fractured layer, fresh
basement. The major rock unit in the study area Meta-conglomerate, biotite schist, rock quartz, syenite.
Syenite and biotite schist and their possible contact point were delineated.
5.2
RECOMMENDATION
From the result obtained from the dipole-dipole reading, some vital information was lost, in the next field
work, more detailed and extensive data acquisition should be done so little or no information will be lost. More
geophysical methods such as Gravity method, Seismic Refraction method and Ground Penetrating Radar
(GPR) could be involved in the study to further enhance the result of the study.
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