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Abstract

A combined geophysical investigation involving very low frequency electromagnetic (VLF-EM) and electrical
resistivity methods were conducted at ljapo Housing Estate, Akure, southwestern Nigeria, to assess its
foundation integrity for future engineering construction in a bid to stamp out the persisting incidence of collapse
building. VLF-EM profiling was undertaken along 19 traverses, with traverse lengths ranging between 180 and
1,200 m and station interval of 20 m. Thirty vertical electrical sounding (VES) stations were occupied within the
study area. VLF-EM and VES data were quantitatively interpreted. VLF-EM mapped conductive and non-
conductive zones and the result revealed concealed geological structures suspected to be fractures/faults.
Geoelectric method delineated about four major geoelectric layers namely: the top soil, lateritic layer, weathered
basement and the fresh basement and series of bedrock ridges and depressions. Failure of engineering
structure(s) in a typical basement complex may result from sharp variation in lithological characteristic such as
resistivity contrast, moisture content and the presence of linear geological features (faults and/or fractures)
within the subsurface. This is exemplified within the study area characterized by competent and incompetent
zones. Therefore, subsequent construction should be restricted to the competent zone, while building
foundations within the incompetent zone should be anchored on the bedrock without exceeding the load bearing
capacity.
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INTRODUCTION deep weathering (Beeson and Jones, 1988; Hazel et
A combination of Geoelectric and Electromagnetic al., 1988; Bernard and Valla, 1991
survey was carried out to delineate underground

structures in ljapo Housing Estate, Akure, Ondo 5%12.307" 5%13.192'

State, Nigeria, with the aim of determining its 7°16.552"
suitability for future engineering construction
purposes. There are no records of pre-construction
engineering geophysical investigation in the study
area prior to this study, hence the need for this
survey. The study area is characterized by swampy
land, flowing rivers and depressions which
constrained data acquisition by limiting the length of
traverses. Therefore, sitting engineering structures in
this area without proper geophysical and geotechnical
investigations, may leads to failure and eventual
collapse of structures. Foundation study of any site is
necessary so as to provide subsurface and aerial
information that normally assist civil engineers,
builders and town planners in the design and siting of
foundations of civil engineering  structures
(Omoyoloye, et al., 2008). Generally, structural
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failures are often associated with improper design of 5°12.307" 5913.192'

foundations and poor quality of building materials LEGEND
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(Bayode S. et al, 2012). Combination of [ wosmarrom %m e

electromagnetic (EM) profiling and VES has been [ Jrmemcouese
complementarily used in geophysics to delineate Figure 1: Base map of the study area.
basement regolith, fissured media and associated
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GEOGRAPHIC AND GEOLOGICAL
SETTINGS OF THE STUDY AREA

The geology of the study area can be explained
within the context of the geology of the precambrian
basement Complex of southwestern Nigeria which
form a part of the basement complex of Nigeria
(Rahaman, 1976) (Fig. 2). ljapo Estate is situated on
a gently undulating terrain with elevation between
330 and 364 m above mean sea level. The area lies in
the tropical rain forest with mean annual rainfall of
about 1300 mm. The annual mean temperature is
between 18 and 33°C. River Osisi cut across the
estate at the central part and flows south into River
Ala. ljapo Estate as at the time of this study is the
largest residential estate in Ondo State. It is located
northeast of Akure town within longitudes 5°12'54" E
and 5°16'16.4" E and latitudes 7°15%54" N and
7°16'52.6" N. The estate hosts some commercial
centers such as petroleum products sales outlets,
hotels and guest houses and shopping malls.
Residents in the estate, depend largely on hand-dug
wells and motorized boreholes for domestic and
commercial water supply (Fig 1).
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Figure 2: Geological map of Akure showing the study
area.

MATERIALS AND METHODS

Two geophysical methods involving the VLF-EM
and the electrical resistivity methods were adopted
for this survey. The electrical resistivity method
utilized the WVertical Electrical Sounding (VES)
techniques. The geophysical data were acquired with
the E-2 Digit resistivity meter which contains both
the transmitter unit, through which current enters the
ground and the receiver unit, through which the
resultant potential difference is recorded. Other
materials include: two metallic current and two
potential electrodes, two black coloured connecting
cable for current and two red coloured cable for
potential electrodes, two reels of calibrated rope,
hammer for driving the electrodes in the ground,
compass for finding the orientation of the traverses,
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cutlass for cutting traverses and data sheet for
recording the field data. The schlumberger array was
adopted (Fig. 3). The electrode spread of AB/2 was
varied from 1 to a maximum of 150 m. The electrical
resistivity data were processed by plotting the
apparent resistivity values against the electrode
spread (AB/2). This was subsequently interpreted
quantitatively using the partial curve matching
method and computer assisted 1-D forward modeling
with WinResist 1.0 version software (Vander Velpen,
2004).

The very low frequency electromagnetic data were
processed by downloading the raw real and filtered
real components from the Abem Wadi VLF-EM
equipment. The data were presented as profiles
(Figure 4). The AbemWadi measures the field
strength and the phase displacement around the
fracture zone. The EM data was interpreted and
inverted into a 2-D section using the Karous-Hjelt
filtering (Karous and Hjelt, 1983). The anomaly
inflections appear as peak positive anomalies and
false VLF anomaly inflections as negative anomalies
(Reynolds, 1977) on the profiles. The depths to top of
structures on each traverse which was delineated by
the VLF instrument were later used to generate a
structural-depth map for the study area
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Figure 3: Sketch diagram of Schlumberger array.

RESULTS AND DISCUSSIONS

VLF-EM Results

Owo Avenue is about 450 m long, the profile and
pseudo current density cross-section (Fig. 4 and 5)
reveal conductive to highly-conductive features of
length 50, 40, 30 and 50 m around stations at 10, 20,
30 and 40 respectively. It also reveals some near-
surface large resistive to highly-resistive features
around stations 15, 26 and 36, these are suspected to
be boulders or dykes. This profile is rated among
profiles with the most significant anomalies within
the study area. The high positive amplitude of the
filtered real anomaly of VLF data observed on the
profile (Fig. 4) correspond to the observable
conductive anomaly on the pseudo current density
cross-section around stations 20 and 30.The observed
high current density anomaly (steeply-dipping linear
features) at these two points suggests the likelihood
of conductive material at depth, and can be
interpreted as an indication of the presence of
fractures containing groundwater (Fig. b5).
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Figure 4: VLF profile along Owo Avenue
Karous-Hjelt filtering
OWO AVENUE VLF PROFILE

Depth (m)

-20
-40

-60

-10 0
Real component, unnormalized

Figure 5: Pseudo current density cross-section along
Owo Avenue

VLF-EM detect (in %) the ratio of the real
component of the vertical secondary magnetic field to
the horizontal primary magnetic field. This is an
indication of the degree of inhomogeneity of the
subsurface. The real component readings were
plotted as a contour map of the study area (Fig. 6).
The map was characterized with zone of positive and
negative anomaly, the readings range between — 18.6
to + 22.9%. The zones with positive anomaly occur
as patches and are more prominent around the
western to northwestern part, also around the central
region and the northeastern flank. Conductive and
resistive VLF-EM anomalies were delineated at
sixty-nine (69) locations within the study area. The
statistic show fairly-conductive response in twenty-
three (23) locations, conductive anomaly in ten (10)
locations and highly-conductive anomaly response in
five (5) locations. Others include fairly-resistive
response in eight (8) locations, resistive anomaly in
six (6) locations and highly-resistive response in
seven (7) locations.From this, about 55 % of the
entire study area is classified under fairly to highly-
conductive zone and also harbour concealed
geological structures suspected to besteeply-dipping
linear fractures around the western and northwestern
flank of the study area. While the remaining 45 % of
the area represent zone considered to be fairly to
highly resistive and also considered to be stable for
engineering constructions
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Figure 6: Filtered real map of the study area
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This map was obtained by computing the depths and
locations of fractures delineated by VLF-EM
methods across the entire study area. The map (Fig.
7) enabled the classification of the study area into
three based on the depth of the delineated features as:
shallow (12 - 24 m), fairly-deep (24 — 44 m) and
deep-seated features (44 — 68 m). The western and
eastern flanks of the study area are classified as
shallow fracture zone, which represents about 28 %
of the total study area. The major part of the
northern, northeastern, northwestern and the
southeastern region is classified under deep fracture
zone. Around the central part is a trend of
interconnected fractures, which encloses the shallow
fractured zone and flows towards the southern region.
It is prominent at the southern, southwestern and
southeastern flanks. It is oriented W —E. This is
estimated to covers about 22 % of the total study
area. The remaining portion (about 50 % of the land
area) falls within the deep-seated fracture zone,
where fractures are at depth of between 44 — 68 m.
The northern part of the study area falls within this
zone it also coincides with basement ridge structures
but low topsoil resistivity
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Figure 7: Depth structure map of the VLF within the
study area
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RESULTS OF GEOELECTRIC METHOD

The resisitivity of sediments are mostly influenced by
the degree of fluid saturation and the chemistry i.e.
quality of saturating fluid and the silicate framework
of the rock matrix (Ward, 1990). Figure 8 is the
isoresistivity map of the topsoil. The topsoail
comprises of sandy clay/clayey sand formation with
resistivity values ranging from 84.1 to 1,035.5 Q-m.
The area is classified into high, moderate and low-
integrity zones based on the values of the resistivity
of the topsoil. The area classified as high-integrity
zone on this map is around the Western flank of the
study area,which may be suitable for massive
engineering  structuressinceit is underlain by
competent geoelectric layers and shallow bedrock
ridge as seen in the bedrock relief map (Fig. 9). The
moderate-integrity zone is seen around central to
eastern flank and part of the northern area of the
study area., it can also support moderate structures.
The central part of this zone coincides with basement
depression. This zone maypossibly support medium
to moderately large engineering structures when
properly founded and effort is taken to ensure that its
allowable load bearing capacity is not exceeded
(Omoyoloye et al., 2008). The remaining part of the
study area falls under the low-integrity zone, this is
due tolow resistivity values which characterize the
major part of these area which make these region less
suitable for engineering structures except with
specially designed foundations
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Figure 8: Isoresistivity map of the topsoil.

Figures 9 - 11 show three geo-electric sections
generated in the NW - SE, N — S and approximately
W - E directions respectively. The geo-electric
sections show the variations of geo-electric
parameters in the subsurface within the study area
along some designated directions. The geo-electric
sections revealed three to five subsurface
geologic/geoelectric layers consisting of topsail,
clayey  soil/lateritic-clay, weathered layer,
weathered/fractured basement and fresh basement.

866

Figure 9 reveals the geo-electric sequence along SW
— NE within the study area. Four subsurface geologic
layers were delineated along this direction; the top
soil, lateritic soil, weathered basement and fresh
bedrock. The topsoil (resistivity varies from 108.1 to
433.5 Q-m and thickness ranges from 0.6 to 1.1 m),
lateritic soil (resistivity varies from 11.7to 277.1 Q-m
and thickness ranges from 0.4 to 8.6 m), weathered
layer (resistivity varies from 33.2 to 367.7 Q-m and
thickness ranges from 9.7 to 24.6 m), fresh bedrock
(resistivity varies from 1249.9 to 42472.8 Q-m and of
infinite thickness (depth to bedrock 1.4 to 28.9). The
geologic sequence is generally stable, but structure to
be sited around VES 8, 9 and 20 should be properly
founded due to the thick weathered layer and the low-
elevation especially around VES 9 which coincides
with river course.

Figure 10 is a geo-electric section orienting N — S.
Four subsurface geologic layers were also delineated
along this direction. From the geo-electric section,
the top soil, lateritic soil, weathered basement and
fresh bedrock were determined. The topsoil
(resistivity varies from 116.9 to 234.7 Q-m and
thickness ranges from 0.6 to 1.1 m), lateritic layer
(resistivity varies from 78.2 to 551 Q-m and
thickness ranges from 1.4 to 9.2 m), weathered
bedrock (resistivity varies from 19.1 to 200.7 Q-m
and thickness ranges from 17.5 to 35.5 m), bedrock
resistivity ranges from 256 to 6192.9 Q-m and depth
to bedrock ranges from 19.6 to 37.5 m. The
groundwater potential around this region is high, due
to the basement depression (which shows the
direction of groundwater flow which is evident in the
flow direction of River Osisi (Fig. 1), the thick
overburden and weathered layer delineated under
VES 11 and 13.Therefore engineering structures
should be properly founded around this region
because of the hydrogeologic setting.

Figure 11 is the geo-electric section orienting
approximately W — E. Five subsurface geologic
layers were also delineated along this section. From
the geo-electric section, the top soil, clay soil, sandy
soil, ¢ layer (resistivity varies from weathered
basement and fresh bedrock were determined. The
topsoil (resistivity varies from 133.6 to 234.7 Q-m
and thickness ranges from 0.4 to 1.2 m), lateritic-
clayey layer (resistivity varies from 78.2 to 450.1 Q-
m and thickness ranges from 1.0 to 3.2 m), weathered
bedrock (resistivity varies from 19.1 to 367.7 Q-m
and thickness ranges from 9.7 to 25 m) and the
bedrock resistivity ranges from 256 to 12615.6 Q-m
and depth to bedrock ranges from 12.6 to 29.1 m. The
groundwater potential around this region is high due
to the thick overburden and weathered layer
delineated under VES 6, 7 and 3. The high resistivity
of first and second geoelectric units can presumably
support foundations of large engineering structures
especially under VES 7, 6 and 23
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Figure 9: Geo-electric sequence along SW — NE
within the study area.
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Figure 10: Geo-electric section orienting N — S within
the study area.
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Figure 11: Geo-electric section orienting
approximately W — E within the study area.

The bedrock relief map of the study area was
produced by removing the overburden thickness
values from the elevation values (Fig. 12).The map
reflects the topography of the bedrock underlying the
study area. The map shows features of the basement
structures within the study area to include basement
ridges and depressions. Naturally, groundwater flows
from areas of high pressure (such as bedrock ridges)
to area of low pressure (such as bedrock depressions).
The bedrock ridges are oriented approximately
North-south (N — S) with some isolated high-peak
ridges at the western and Northeastern flanks of the
study area. On the other hand, depressions can be

seen around the western, southwestern, northwestern,
southeastern and northeastern region of the study
area. The basement depression constitute water
collection zone and where it is overlain by a highly
conductive layers such as clay, cannot support
massive engineering structures (Ogungbemi, 2013).
The arrow-head line point in the direction of
groundwater flow within the study area (Fig. 12).

Figure 12: Bedrock relief map of the study area

CONCLUSION AND RECOMMENDATIONS
The results of engineering geophysical studies of
ljapo Housing Estate reveal that the estate is
underlain by geological layers with varied
geotechnical competence. The interpretations of VES
and VLF-EM results in the study area enabled the
delineation of competent and incompetent zones in
the study area. The incompetent zones were
characterized by conductive zone (from the VLF-
EM), basement depressions and low resistivity layers
(from the VES) which are inimical to engineering
construction works. On the other hand, the competent
zones were characterized by highly resistive near
surface geoelectric layers, near-surface bedrock and
basement ridges. High resistivity characteristic of
subsurface layers is indicative of high load bearing
capacity while low resistivity is indicative of low
geotechnical competence. In conclusion, subsurface
geologic  setting underlying the estate is
inhomogeneous and structurally deformed. The
identified weak/incompetent zones may expose
buildings to future failure or eventual collapse.
Potential failure may also result from sharp lateral
inhomogeneity of the subsurface layers due to large
changes in resistivity values and the presence of
concealed geological features such as fractures and
faults. Therefore, foundation of any large civil
engineering structure should be anchored in form of
pile on the bedrock at depth around the incompetent
zone.
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