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Abstract

Electrical Resistivity Tomography (ERT) is a significant geophysical imaging technique for delineating
the presence of fissures in bedrock necessary for evaluating the integrity of engineering structures with
a view to examining the trend of suspected bedrock fissures and assessing the vulnerability of
structures in the vicinity to potential failure. A total of ten (10) 2-D Electrical Resistivity Tomography
(ERT) profile lines were carried out on a length of 115 m using Wenner electrode configuration with
Allied Ohmega System Resistivity meter with an initial electrode spacing of 5m and expansion factor n
varying between 1 to 5 along each profile, ensuring the surveys were repeatedly done to make up a
five level survey. The acquired 2-D data were processed using the ZONDRes2D resistivity package to
generate 2D resistivity sections beneath the traverses. The pseudo-section of the inversion results
delineated 4 to 11m thick overburden, typically clay and clay-sand, weathered horizons, clay/sandy-
clay layers, highly and partially weathered rocks, and fresh bedrock with corresponding resistivity
signatures ranging from 20 to 138 Qm, 25 to 342 Qm, 327 to 834 Qm, and 1004 to 1499 Qm. The
regions exhibiting very low resistivity values (< 200 @m) were inferred to be zones of suspected
fissures. The width of the delineated features ranged from 5 to 30m wide and occurred at depths
ranging from 6m to>25m beneath the traverses. Therefore, risks associated with construction on this
terrain can be minimized and the long-term stability and ultimate safety of lives and structures can be
ensured by adhering to the outputs and recommendations.
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1. Introduction

Over the years, there have been reported increases in the integration of geophysical tech-
niques to investigate different types of construction works and civil engineering-related prob-
lems in different parts of the world [1-8], Some of the problems arising from civil engineering
projects include the collapse of buildings and bridges due to distress in their foundations,
persistent failures of road pavement sections, and anomalous seepage from engineering struc-
tures. Poor engineering designs that are more often than not precipitated by underlying sub-
surface geological structures, principally fissures [°-11], Fissures in bedrock are cracks or frac-
tures that occur in solid rock formations. These fissures can significantly impact engineering
structures by compromising their stability, causing damage, and potentially leading to cata-
strophic failure [12-15], Fissures in bedrock are essentially breaks in the continuity of the bed-
rock, ranging in size and depth. They can be caused by various geological processes through
tectonic activities that create fissures by earthquake and fault movement as the earth shifts
and fractures; groundwater depletion through its excessive pumping can cause the land above
to compact and settle leading to fissures [16-181: underground mining activities can voids and
instability in the surrounding bedrock, leading to surface subsidence and fissuring [*71; over
time, natural processes like erosion and weathering can weaken the bedrock and cause fis-
sures to develop [15-161, Fissures in bedrock can pose serious threats and destructive implica-
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tions to engineering structures in several ways; fissures can undermine the stability of foun-
dations leading to settlement, tilting, and even collapse of buildings, bridges and other engi-
neering structures [19-201 fissures can enhance the risk of slope failure by acting as pathways
for water infiltration, weakening of the soil and rock masses thereby increasing the risk of
landslides and slope failures [21], fissures can cause ruptures in underground utilities leading
to leaks of water, gas or other materials as well as damage to pipelines, electrical and com-
munication lines [16:20-211 fissures can reduce the bearing capacity of the soil and rock mass,
making it difficult to support heavy structures [22-23]1 fissures have been found to amplify
seismic waves during earthquakes thereby increasing the risk of damage to structures built
on or near them [24-26] fissures can provide pathways for contaminants to enter groundwater
potentially affecting the quality of drinking water supplies [27-281, The resultant effects of these
implications can cause roads to buckle and crack, and bridges to become misaligned or dam-
aged; buildings can experience foundation problems, including settlement, cracking, and even
collapse due to fissures in the underlying bedrock; fissures can compromise the structural
integrity of dams and reservoirs, potentially leading to catastrophic failures [29-41],

The presence of fissures in bedrock has long been recognised to underplay the integrity of
engineering structures 42451, They function as a conduit through which groundwater seeps
into bedrock and partly consolidated deposits. Waterlogged marshy environments have most
times been discovered to be underlain by fissured bedrock [46-481, The destructive implications
of the presence of fissures to civil engineering structures cannot be overlooked.

The electrical resistivity method has been utilised to delineate bedrock fissures with record-
able success in the past years due to its cost-effectiveness and time-saving considerations [49-511,
Sangodiji et al. 1521 undertook a geophysical investigation of foundation failure of the dis-
tressed former building of Ogbomoso North Local Government Secretariat using Electrical Re-
sistivity method involving Vertical Electrical Sounding (VES) and Electrical Resistivity Tomog-
raphy (ERT) techniques. A 20-30cm wide fracture zone trending in the NE-SW direction was
consequently delineated around the distressed building. Though the failure of the building
foundation was suspected to have been precipitated by differential settlement within the sus-
pected faulted zone, the lateral extent and complete orientation of the delineated fault zone
could not be ascertained by the study due to the insufficient number of traverses established
around the area. Akinlabi et al. 1] |ater conducted 2D-ERT surveys around the site of the
failed Ogbomoso North Local Government Secretariat building to examine trends in suspected
bedrock features and assess the vulnerability of nearby structures to potential failure. 5 to
20cm wide bedrock fissures at depths ranging from 5m to >25m were delineated; the inces-
sant road failures and groundwater seepages observed within the study area were attributed
to the presence of network of bedrock fissures. Also, a geophysical survey comprising the
electrical resistivity method utilising VES and ERT was undertaken around southern Ilesa,
southwestern Nigeria by [53] with the aim of studying the structural defects which may be
responsible for future problems. The results of the study revealed that the causes of the ob-
served cracks and distress on the walls within the site might have been influenced by the
differential settlement resulting from the incompetent subsoil materials and the fractured bed-
rock on which the foundation of the building was laid.

The increase in varying categories of residents in Oru and its environs most notably stu-
dents, staffs, artisans in the study area as a result of proximity to Olabisi Onabanjo University,
Ago-Iwoye Permanent sites and the mini-campuses has led to increase in populations and
activities like trading to meet the daily needs of the people, construction of residential build-
ings to provide shelter for the teeming populations, drilling of humerous boreholes to meet
the water demands of the people and the need to construct more feeder roads to link other
neigbouring towns like around Oru, Awa, Ilaporu, Ijebu-Ode, Ijebu-Igbo, Omu, Ilishan among
others. The increase in disposed water and poor drainage systems in Oru and adjoining areas
make the area waterlogged, particularly during the rainy season. Water erodes pavement
edges, which, if left unchecked, will result in the underscoring of the pavement, ultimately
leading to the collapse of the surface structure. Water seeps into cracks of the asphalt surface
of the existing road and slowly erodes the subsurface which ultimately creates subterranean
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crates that eventually lead to potholes and to a more extreme extent; sinkholes. When the
cracks and potholes are not properly addressed, sinkholes would open up, but if the subsurface
is well designed where water is allowed to properly drain off the sides, even in the torrential
downpour, the section of the road would be found dry. In the past, roads in Oru and its envi-
rons have been occupied with only bicycles, light cars, light pick-ups trucks and motorcycles
and tricycles but today due to the increased economic, social, and educational activities, these
areas are now fully occupied with full size 18 wheelers trucks and trailers alongside the afore-
mentioned lighter vehicles. The difference here is about weight, and vehicles plying local roads
that exceed the weight limits of the roads may gradually lead to road failure. Artificial materials
beneath the subsurface, like drainage structures, pipes, manholes, cables, can result in the
emergence of asphalt patches, asphalt humps across the constructed road, which may inevi-
tably lead to that section of road being crumbled into pieces, leading to potholes, standing
water and eventually a collapse of million-dollar projects. The growing demand for new feeder
roads and site development necessitates more site investigations to identify potential subsur-
face defects and avoid the unpleasant experience of road and building failures. Geophysical
investigations are very significant in evaluating the physical properties of the subsurface in
terms of its soil type, soil competence, soil corrosivity, depth to bedrock and lithological se-
quence. Site engineers sometimes fail to incorporate pre-construction investigations into their
job schedules due to cost and other considerations, such as assumptions in structural design.
A geophysical investigation is therefore necessary at the site to identify potential future sub-
surface issues and propose solutions before the erection of a building or the construction of
roads. Therefore, this study shall go a long way as means of delineating the potential fissures
as well as for mitigation and prevention of fissures in the study area through which a thorough
site investigations including geological, geophysical and geotechnical surveys, potential fissure
hazards can be identified before construction [4154-561: engineering should be designed to
withstand the potential impacts of fissures using appropriate foundation systems and con-
struction techniques; management of groundwater levels can assist in preventing land sub-
sidence and fissure formation in areas prone to these issues [1215]; slope stabilization
measures such as retaining walls and drainage systems can be adopted in mitigating the risk
of landslides and slope failures in fissure prone areas [12:15571; regular monitoring and mainte-
nance of structures built on or near fissures can help identify and address potential problems
early on [57-601,

2. Study area
2.1. Physiography and accessibility

The study area lies within Oru-Ijebu. It is located between latitude 6°57'19"N and longitude
3°56'31"E. The area is accessible through major and minor roads, linking Oru-Ijebu with sev-
eral towns and localities including Ago-Iwoye, Awa, Ilaporu, Imope and Ijebu Igbo and it lies
within the basement complex of Southwestern Nigeria [61-621, The relief is moderately low
forming ridges in some places an undulated plain dotted with small isolated hills or hilly rocks
are noticed generally within Ago—Iwoye with the coverage extent of 10.5km?2. The highest
elevation is 200m with most of the outcrops being moderately high and some relatively flat.
The general level of surface rises Northwards from about 0-500ft above the coast northward
to the area of the crystalline rocks. Drainage pattern is predominantly dendritic. The study
area falls within the equatorial belt giving the area two major seasons namely, the wet and
dry seasons. The climate is characterized by annual average minimum and maximum temper-
atures of 23°C and 35°C respectively, and it experiences double maximal rainfall, with the
peak between June and September [63-64]1 The months of December and January are relatively
dry in the Oru community. Before the first rain in late March or early April, the weather is
humid, with humidity around 50% year-round [65-661, The dry season is rather short with very
hot days. In a year, the maximum rain is recorded between June and October in this area.
The vegetation of the mapped area indicates that it lies within the tropical rainforest of Nigeria,
with many light forests, scattered cultivations, and scrub [661,
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2.2. Geological setting

The study area, Oru and its environs, lies within the Basement Complex of south western
Nigeria. It forms part of the Pan African mobile belt which lies to the east of West African
Craton. Hence, several authors have worked on and classified the basement rocks based on
their association and geochronology. Some of the classifications were carried out by [67-68],
[69] classified the basement complex rock units into 5 different groups viz: the migmatite-
gheiss-quartzite complex, the newer metasediments, Chanockite, diorite and gabbro, older
granite, Unmetamorphosed acid and basic intrusive and hyperbyssal rocks. The major rock
types in the area of study include granite gneiss, granite, banded gneiss, pegmatite and un-
differentiated migmatite and these have been intruded by quartz veins and pegmatite veins.
(Figure 1). Granite gneiss is the major rock that dominated the study area. It belongs to the
gneiss group. There is a considerable variation in the amount of mafic and felsic minerals.
They are typically medium grained in texture and the minerals present include quartz, biotite,
plagioclase, orthoclase and other mineral accessories. Granite gneiss stretches from the east-
ern part to the north-west of the area. Generally, it is grey in colour and texturally medium-
grained. Mineralogically, it consists of quartz, plagioclase, feldspar, biotite and hornblende.
Granite is the second most abundant rock type in the area covering the entire eastern and
northwestern region. The colour is grey, and the texture is medium-grained. Banded Gneiss
is foliated, and the rocks consist of alternating bands of light and dark minerals. The light band
is composed of felsic minerals, mainly quartz and feldspar, while the dark band consists of
mafic minerals. Mineralogically, banded gneiss contains both felsic and mafic minerals [7°],
Pegmatite is located in the western part of the study area. The entire Oru Township is under-
lain by pink pegmatite. Pegmatite is a very coarse-grained minor igneous rock; it is formed
from the residual magma that is rich in volatile and fugitive elements. They occur as a massive
intrusion in Oru. Texturally, it ranges from medium to coarse-grained. Mineralogically, feld-
spar, mica (muscovite dominating over biotite) and quartz are the most abundant minerals,
while muscovite and tourmaline occur as accessory minerals. Muscovite flakes from the weath-
ered pegmatite litter the immediate (Figure 1).
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Figure 1. Geological map of the study area (modified after [711),

These types of aquifers are superimposed or isolated. In a crystalline medium, capacitive
and conductive functions both exist within each aquifer. The potentials of these aquifers de-
pend on hydrological balance parameters and their configurations. Water-bearing fissures and
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fractures; tectonics is the major factor governing water flow in the study area. Figure 1 shows
the geological map of the study area [71]; Figure 2 shows the physiography and accessibility
map of the study area, and Figure 3 shows the data Acquisition map of the study area, with
points of 2D profiles along each traverse line, and Figure 4 is the image map showing points

of 2D profiles on Google Earth satellite imagery.

PR *

muoruTA 3—_"*\/—\~,
R
—

6045 695 695 6O 65

694

6935

%9 580

4689

=

|
4
GEY  G89

L1

o89

G ha

T T
3 95 3 a55

LEGEND
— Main road

- == Secondary road

Minor roads <> Profile points

——— Main paths

PDORUTS Profile No.

Figure 2. Location and accessibility map of the study area (modified after [661),
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Figure 3. Data acquisition map showing points of 2D profiles along each traverse line.
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Figure 4. Image map showing 2D profiles of the study area in Google Earth satellite imagery.
3. Materials and methods

2-D Electrical Resistivity Imaging Techniques were employed in this study to measure
changes in Earth’s resistivity both vertically and horizontally due to the complex geology of
the study area. Electrical resistivity is a function of porosity, fluid saturation, resistivity of the
pore fluid and the solid, and the material texture, among others. A conductive body concen-
trates electric current flow lines towards itself, while a resistive body causes the current to
flow around itself. Electrical resistivity imaging is a survey technique developed for investigating
areas of complex geology where resistivity sounding and other techniques are unsuitable [72]1,
In this study, a preliminary survey was conducted at the investigated locations, which involved
reviewing previous work and acquiring topographic and geologic maps of the area. The terrain
was examined for topographic effects, specifically sharp elevation contrasts along a chosen
profile. 2-D electrical resistivity imaging data were acquired along ten (10) parallel traverses
using Allied Ohmega system resistivity meter. The Wenner electrode configuration was
adopted, with the current and potential electrodes spaced 5 m apart, given the available space.
The profile length on each profile were 115 m long, with an initial electrode spacing of 5m, 10 m,
15 m, 20 m and final spacing of 25 m along each profile ensuring the surveys were repeatedly
done to make up a five level survey (n =1, 2, 3...5) and (na = 5, 10, 15,...25 m) (Figure 3).
All stations were georeferenced using the Geographic Positioning System (GPS) for accuracy.
The resulting resistance values were multiplied by each array geometric factor to obtain ap-
parent resistivity values, which were then processed in ZONDRES 2D software to generate 2D
resistivity inversion sections along the traverses. The inversion was consequently performed
to generate the electric resistivity structure of the subsurface and qualitatively interpreted to
reveal possible bedrock fissures in the area.

4. Results and discussion

The 2D resistivity reveals the vertical and lateral subsurface resistivity distribution beneath
the study area, displayed as inverted sections, which depict overburden rock materials, typi-
cally clay, underlain by fresh bedrock. Within the context of this study, overburden refers to
formation materials overlying the fresh bedrock, which comprises the topsoil, weathered layer,
and presumably the partly weathered bedrock. Apparently, there is no clear demarcation or
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boundary line between the topsoil and the weathered layer. The bedrock is inundated with
weak zones and characterized by low resistivity suspected to be fissures which must have been
precipitated by intense tectonic activities in the area [1%73], Detailed descriptive analyses of resisti
vity sections for each 2D profile beneath the traverses are hereby presented (Figures 5 to 14).

Image Traverse Line 1: The 2D resistivity sections beneath traverse 1 reveal overburden
with resistivity ranging from 20 to 76.6 Qm and thickness varying from 3 m to 7 m. The
exhibited low resistivity values represent the bedrock underlying the extreme southwest por-
tion of the traverse, which appears to be partly weathered with resistivity of 220 Qm at a
lateral distance of 50 to 102 m. The low resistivity zone of 20 Qm observed at a lateral distance
of 20 to 42m are suspected to be bedrock fissures found beneath 4m and extended to 25m in
depth (Figure 5).

PROFILE 1 (2-D Resistivity Structure)
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Figure 5. Oru 2-D profile 1 showing the 2D resistivity section beneath traverse 1.

Image Traverse Line 2: The 2D resistivity section beneath traverse 2 is underlain by a thick
overburden that ranged from 4 m to 15 m with resistivity ranging from 20 to 135 Qm. The
exhibited very low resistivity zone was delineated at a lateral distance of 0 to 63m from the
surface to a depth of 9 m, representing clay and clayey sand. Underlying the extreme south-
west portion of the traverse is a relatively resistive overburden of about 15m thick with resis-
tivity of 84 to 345 Qm, which appears to be partly weathered at a lateral distance of 48 to
115 m. The low resistivity zone around 20Qm observed at a lateral distance of 65 to 95 m are
suspected to be bedrock fissures found beneath 10m and extended to 25 m in depth (Figure 6).
The resistivity of the fresh bedrock ranged from 1001 to 1499 Qm. The more resistive over-
burden must have been propelled by the suspected fissures of bedrock occurring within the
delineated interval [74-75],

PROFILE 2 (2-D Resistivity Structure)
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Figure 6. Oru 2-D profile 2 showing the 2D resistivity section beneath traverse 1.
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Image Traverse Line 3: The 2D resistivity sections beneath traverse 3 possess an overbur-
den of resistivity value range of 23 to 341 Qm and thickness varying from 2 m to 10 m
suggestive of clayey sand mixtures. The bedrocks underlying this layer were partly weathered
with resistivity of 135 to 625 @m at lateral distances of 0 to 25m, 43 to 68 m and 78 to 92 m
at corresponding depths of 25, 25 and 6 m, respectively. Two lower-resistivity zones were
observed at lateral distances of 30 to 40 m and 70 to 85 m, and were delineated as weak
zones. These weak zones were suspected to be of bedrock fissures beneath 10m and extended
to the end of the section (Figure 7).

PROFILE 3 (2-D Resistivity Structure)
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Figure 7. Oru 2-D profile 3.

Image Traverse Line 4: The 2D resistivity section beneath traverse 4 is underlain by a thick
overburden of about 6 m with resistivity ranging from 50 to 84 Qm consisting of clayey sand
at a varying lateral distance of 11 to 45 m, 50 to 60 m, 75 to 80 m, and 85 to 90 m. This was
underlain by a partially weathered zone of 136 to 420 Qm at a lateral distance of 50 to 70 m,
82 to 115 m to a depth of 27 m with a thickness of 12 m. The exhibited very low resistivity
zone was delineated at a lateral distance of 45 m to 115 m from the depth of 45 m to 70 m,
suspected be fissures of bedrock occurring within the delineated intervals [4875],

PROFILE 4 (2-D Resistivity Structure)
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Figure 8. Oru 2-D profile 4.

Image Traverse Line 5: The 2D resistivity section was very similar to traverse 4; underlain
by an overburden of about 4 m with resistivity ranging from 38 to 93 Qm consisting of a clayey
sand mixture at a varying lateral distance of 11 to 44 m, 50 to 57 m, 73 to 80 m, and 85 to
88 m. This was also underlain by a partially weathered zone of 136 to 356 Qm at a lateral
distance of 50 to 70 m, 82 to 115 m to the depth of 10 m with a maximum thickness of 7 m.
The exhibited very low resistivity zone was delineated at a lateral distance of 45 m to 115 m
from a depth of 13 m to 25 m, which is suspected to be characterised by a bedrock fissure
within the delineation interval in Figure 9.
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PROFILE § (2-D Resistivity Structure)
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Figure 9. Oru 2-D profile 5.

Image Traverse Line 6: The 2D resistivity section beneath traverse 6 at the northeast of
the study area underlain by overburden varying from 3 m to 7 m with observed low resistivity
20 to 84 Q@ m consisting of clayey-sand mixture varying lateral distance of 45 to 50 m, 85 to
90 m with the clay exhibiting a lower resistivity of 32 @m with a very thin bed of 1.5 m. This
was also underlain by a partially weathered zone with resistivity values of 220 to 575 Qm at
a lateral distance of 25 to 50 m, while the highly weathered zone exhibited resistivity values
of 84 to 136 Qm with a maximum thickness of 17 m. The weathered horizon extended to a
total depth of 20m. Two separate zones of significantly low resistivity values (< 20 @m) were
observed between the partly weathered horizons and were consequently delineated as sus-
pected fissures (Figure 10).

PROFILE 6 (2-D Resistivity Structure)
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Figure 10. Oru 2-D profile 6.

Image Traverse Line 7: The 2D resistivity section beneath traverse 7 was underlain by an
overburden of resistivity values ranging from 52 to 84 Qm at varying depths of 2 to 8 m.

Clay-sand was found at a near-surface at lateral intervals of 30 to 45 m on a thin overbur-
den around 1.5 m. A partially weathered zone was also delineated within a lateral distance of
65 m to 95 m with a thickness of about 5 m, while a highly weathered zone at a lateral interval
of 45 to 60 m was also delineated with continuous extension from the depth of 4 m to 25 m
(Figure 11). Between the highly weathered zone and beneath the partly weathered zone, two
anomalous zones observable at lateral intervals of 10 to 15 m and 70 to 80 m within the
bedrock are suspected to be weak or distressed zones occasioned by fissuring. Also, the more
resistive overburden observed as overlying formation rock materials must have been propelled
by the suspected fissures of bedrock occurring within the delineated interval [11:48],
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PROFILE 7 (2-D Resistivity Structure)
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Figure 11. Oru 2-D profile 7.

Image Traverse Line 8: The 2D resistivity section beneath traverse 8 was underlain by
overburden of resistivity values ranging from 52 to 84 Qm at varying depths of 2 to 9 m.
Small portion of clay-sand materials were found at a near-surface at lateral intervals of 0 to
20m on a relatively thin overburden up to the depth of 3 m. Highly weathered zones were
delineated within a lateral distance of 37 m with continuous extension throughout the entire
length of the section, with accompanied varying thickness of 5 m (depth of 5 m to 10 m),
while the extension of the highly weathered zone continuously runs to merge with the fresh
bedrock. The delineated low resistivity zone between the distances of 25 m to 66 m was
suspected to be weak zones cutting deep into the basement (Figure 12).

PROFILE 8 (2-D Resistivity Structure)
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Figure 12. Oru 2-D profile 8.

Image Traverse Line 9: The 2D resistivity section beneath traverse 9 was underlain by
overburden of resistivity values ranging from 38 to 52 @Qm at varying depths of 5 to 12 m.
Small portion of Clay-sand materials were found at a near-surface at lateral intervals of 20 to
35 m on a relatively thin overburden up to the depth of 3 m. Partially weathered zone was
delineated at a lateral distance of 55 m to 115 m with continuous extension to the end of the
section, with a thickness greater than 15 m as the extension of depth of the highly weathered
zone merges with the fresh bedrock of the area. The delineated low resistivity zone observed
between the lateral distances of 30 m to 47 m was suspected to be a weak zone that emerged
from a depth of 5 m and continuously moved into the basement depth into the basement
(Figure 13).
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PROFILE 9 (2-D Resistivity Structure)
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Figure 13. Oru 2-D profile 9.

Image Traverse Line 10: The 2D resistivity section beneath traverse 10 was underlain by
an overburden of resistivity value range of 52 to 84 Qm at varying depths, with minimum and
maximum thickness of 2 and 11 m, respectively. Partially weathered zone was delineated at
a lateral distance of 60 m to 115 m with continuous extension to the end of the section, with
a thickness greater than 17 m as the extension of depth of the highly weathered zone merges
with the fresh bedrock of the area. The delineated low resistivity zone observed between the
lateral distances of 30 m to 50 m was suspected to be a weak zone that emerged from the
depth of 5 m and continued deeply into the fresh bedrock (Figure 14).

PROFILE 10 (2-D Resistivity Structure)
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Figure 14. Oru 2-D profile 10.

The lateral and vertical variation of resistivity signatures established in the study area generally
reveals overburden with corresponding resistivity outputs less than 100 Qm characterized of
clay and partly clay-sand materials, which were sometimes less than 25m but progressively
became thinner. Highly weathered rocks generally have a lower resistivity compared to partially
weathered rocks because weathering reduces the resistivity of rock owing to increased porosity
and the presence of conductive materials like water and clay minerals [68 73-761  \Weathering pro-
cesses (like chemical alteration, fracturing and increased porosity) break down solid rock ma-
terials into smaller particles and consequently create voids; these voids can be filled with
water, which is a good conductor of electricity, thus lowering the overall resistivity of weath-
ered materials [73.76-78]1 Highly weathered rock has undergone more extensive alteration and
has a higher degree of fracturing and porosity than partially weathered rock. This degree of
fracturing and porosity is greater than that of partly weathered rock, which leads to a greater
abundance of water and conductive materials, resulting in lower resistivity [77-811, Resistivity
values for highly weathered rocks can range from 22 to 345 Qm while partially weathered rocks
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can have resistivity values between 324 to 926 Qm. Areas of low resistivity signatures sus-
pected to be characterized by features of fissures were delineated. In all the investigated
profiles along each traverse, there was no anomalous location with extremely low resistivity
(< 100m) resulting from possible water saturation that could have been attributed to a sus-
pected buried channel from which groundwater could accidentally spring up. At present, there
is no reported circumstantial field evidence that the bedrock fissures have any noticeable
impacts on the foundation of buildings in the existing residential environment in this area, as
there are no cracks precipitated by probable settlement.

5. Conclusion

The 2D resistivity section beneath the study area was produced revealing the observed
variation of overburden of resistivity values ranging from 20 to 84 Qm at traverse line 6 to 23
to 341 @m at traverse line 3 at varying depths with minimum and maximum thickness of 4 m
in traverse line 1, 5, 6 and 11 m in traverse line 2. Locations where the overburdens were
characterized by typical clay-sand were fully competent for road construction in their natural
state due to the extensive presence of weak layers. Engineering modifications such as soil
stabilization, excavation and replacement would be necessary for safe and durable road de-
velopment. The weathered horizons and fissures delineated in the subsurface geological for-
mations of the study area can significantly affect the stability and longevity of buildings and
roads constructed on them, and the network of bedrock fissures can induce groundwater seep-
ages and persistent road failures. Partially and highly weathered zones, along with fissures,
can reduce soil strength, increase water absorption and swelling, and cause differential set-
tlement and foundation instability, potentially leading to highway pavement failure and struc-
tural damage. These can have huge structural implications on buildings, resulting in cracks in
walls and foundations, tilting or sinking of structures and potential collapse. While pavement
cracking, potholes, heaving and overall instability of the surface can become common occur-
rences on roads. Mitigation measures like detailed geophysical investigations by integrating
3D electrical resistivity tomography with seismic refraction surveys, detailed geotechnical
analysis using shear strength, compressibility and water absorption, foundation designs with
ground improvements, implementations of effective drainage designs, ground improvement
methods like compaction, grouting or stabilization and selection of appropriate materials that
are resistant to weathering and suitable for the broadened the bearing capacity of the overall
site conditions are hereby recommended for the study area if engineering structures are to be
erected. Therefore, the outcomes of this study have enhanced understanding of subsurface
geologic conditions and the possible impacts of weathering and fissures on the subsurface
earth materials in the study area, using 2D electrical resistivity imaging, and have recom-
mended appropriate mitigation measures. Site engineers can minimize the risks associated
with construction on this terrain and ensure the long-term stability and sustainability of pro-
posed engineering structures.
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