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1. INTRODUCTION  
An adequate ground investigation is an essential 

preliminary to the execution of a civil engineering project [1], 
[2], [3], [4]. Sufficient information must be obtained to enable 
a safe and economic design to be made and to avoid any 
difficulty during construction. The principal objects of the 
investigation are: to determine the sequence, thicknesses and 
lateral extent of the soil strata and, where possible, the depth 
to bedrock; to obtain representative samples of the soils (and 

rock) for identification and classification, and if necessary, for 
use in laboratory tests to determine relevant soil parameters; 
and to identify groundwater conditions [5], [6], [7], [8]. The 
investigation may also include the performance of in-situ test 
to assess appropriate soil characteristics. Additional 
considerations arise if it is suspected that the ground may be 
contaminated. The results of a ground investigation should 
provide adequate information, so that most suitable type of 
foundation for the proposed structure can be selected and to 

This study deals with development of engineering geo-data and modelling, as an essential 
tool for design, construction, and management of civil engineering structures in Ondo 
metropolis, Southwestern Nigeria. Findings revealed the soils are predominantly of sandy 
silt to clayey silt, silty sand to sandy silt, and sandy clay, with %fines of 48.25, and 51.75 
% sand. The depth to basement rock was 22.2 m (avg.), and evidenced of fractured rock at 
depth range of 9.9 ï 26 m. The average static water levels 2.5 m (in well) ï 26 m (in 
borehole). The average values of plasticity index, soaked CBR, group index, unconfined 
compressive strength, and permeability are 23.9%,  7%, 6, 186.8 KN/m2, and 1.68E-05 
cm/s respectively. The recommended minimum thickness of 79 ï 140 mm (avg. 109 mm) 
obtained from design curves will be sufficient for flexible pavement. The average 
allowable bearing capacity of the soil for square and round foundations varied from 234 ï 
297 KN/m2 (avg. 268 KN/m2) and 232 ï 298 KN/m2 (avg. 268 KN/m2) with estimated 
total settlement of 17.69 ï 18.88 mm (avg. 18.28 mm) for structural pressure of 100 
KN/m2. For embankment, the suitability index of the soil suggests a fair/expanding not 
collapsible construction material. Rocks of igneous and metamorphic rock of high 
compressive/shear strength, modulus of elasticity, high crushing strength, low 
deformability, and presumable bearing capacity of 8, 000 ï 10, 000 KPa when fresh, and 
between 5000 ï 7000 KPa when slightly weathered. Therefore are valuable as foundation 
constructions, aggregate in pavement, building stone, and armourstones. The correlation 
coefficients give between MDD/PI vs. CBR (0.1113), LL vs. coefficient of consolidation 
(0.0018), PI vs. undrained shear strength/effective overburden (0.0332), PI vs. angle of 
shearing (0.013), dry density vs. angle of shearing (0.2131), suitability index vs. CBRs 
(0.3494), clay contents vs. PI (0.422).  
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indicate if special problems are likely to arise during 
excavation [9], [10], [11]. 

One of the main cause of civil engineering structural 
failure is inadequate soil analysis and modelling resulting in 
poor foundation design and construction [12], [13]. 
Geophysics as well known, is the application of the principle 
of physics to the study of the earth [14], [15]. They are very 
good for engineering site investigation especially at 
reconnaissance stage [16], [17]. However, the methods are not 
suitable for all ground conditions. It can help to locate strata 
boundaries only if the physical properties of the adjacent 
materials are significantly different [18], [19]. The result of 
the geophysical survey can be cross checked against data 
obtained by direct methods such as boring. The method can 
provide rapid and economic results, especially where filling-in 
of details is required for widely spaced sample locations. It is 
also useful in estimating the overburden thickness or depth to 
bedrock. Geophysical methods are based on distinct physical 
properties of rocks [16]. The radiometric method measures 
variations in rock radioactivity. The magnetic method 
measures variations in magnetic susceptibility; the gravity 
method measures variation in variations in earthôs density. The 
electrical methods measure change in the conductivity of 
rocks; seismic method is based on acoustic impedance 
contrast. The direct current resistivity method is particularly 
very useful as a rapid means of rock identification and site 
selection in foundation design and construction [20]. The 
electromagnetic method is useful as a reconnaissance tool in 
groundwater investigation for borehole drilling and 
installation; but it is however not as reliable as the resistivity 
method in terms of its sounding capacity and depth of 
penetration [15], [21].  

The electrical resistivity of a formation is directly related 
to the nature, quality and quantity, and distribution of the 
formation water [21], [22], [23]. The resistivity surveying 
involves the passage of current into the ground by means of 
two electrodes (current electrodes) while the potential drop is 
measured between a second electrodes (potential electrodes). 
The two frequently used electrode configurations in 
engineering site investigation studies are the Wenner and 
Schlumberger [24] (figures 1 and 2 respectively). In wenner 
array, four electrodes are positioned in such a way that, 
potential electrode are in between the current electrodes, and 
the spacing between two adjacent electrodes is one third [15], 
[24]. But in Schlumberger configuration, the spacing between 
the potential electrodes must not exceed 40% of the half the 
distance of the spacing (AB) of the current electrodes [24]. For 
the Schlumberger VES array, the apparent resistivity is 
obtained from the equation 1: 

”  “Ὑὒ ςὒ 
(1) 

   

 

 

Fig. 1. The Wenner Electrode Configuration 

C1 and C2 are current electrodes while P1 and P2 are 
potential electrodes, ñAò is inter electrode spacing (AB/3). 

 

 

Fig. 2. The Schlumberger Electrode Configuration  

Where ɟs is the apparent resistivity (ohm-m), L = AB/2 
i.e. half current-current electrode spacing, l is half potential ï 
potential electrode spacing (m), while ˊ is a constant 

In field survey, the distance MN is kept constant while 
AB is expanded resulting in a rapidly decreasing potential 
difference across MN that ultimately exceeds the measuring 
capabilities of the instrument [24]. The VES could be used to 
investigate the subsoil in terms of water table, soil 
characteristics, the extent, depth and spread of each type of 
soil and delineation of the quality and depth of the competent 
soil type in civil engineering works. The resistivity method is 
also very useful in groundwater investigation, engineering site 
investigation, environmental impact assessment, mineral 
exploration, geothermal exploration, and geological mapping 
[24]. The magnetic method measures differences in magnetic 
susceptibility of rocks. All rocks, mineral and ore deposits are 
magnetized to a lesser or greater extent by the earthôs 
magnetic field. As a consequence, in magnetic surveying, 
accurate measurements are made of the anomalies produced in 
the local geomagnetic field by this magnetization [21]. The 
intensity of magnetization and hence the amount of by which 
the earthôs magnetic field is changed locally depend on the 
magnetic susceptibility of the material concerned. In addition 
to the magnetism induced by the earthôs field, rocks possess a 
permanent magnetism that depends on their history. The 
strength of the magnetic field is measured in nanoTesla. The 
measured magnetic susceptibility are presented as isomagnetic 
contour maps of anomalies or as profiles across trend of linear 
anomalies with stations, at interval of as little as 1 m. A base 
station is set up beyond the anomaly where the geomagnetic 
field is uniform. The reading at the base station is taken as 
zero, and all subsequent readings are expressed as plus-or-
minus differences. In CPT test the 10 cm2 probe with a 60° tip 
attached to a series of rods is continually pushed into the 
ground. Typically the equipment consisting of a thrust 
mechanism, reaction frame and push rods are used to 
continually advance the cone into the ground at a rate of 
20mm/s. A friction sleeve with a surface area of 1500mm2 is 
located behind the conical tip. But in load cells are to 
continually measure the cone tip resistance QC and the sleeve 
friction resistance FS [25], [26] 

 

2. DESCRIPTION OF THE STUDY AREA 

Ondo metropolis is within the Ondo State, southwestern 
Nigeria, lies between the geographic coordinates of Eastings 
754900 and 756500 mE and Nothings 859700 and 860900 mN 
of Zone 31N (Minna datum) in the Universal Traverse 
Mercator (UTM) coordinate system (figure 3). The climate is 
tropical, characterized by dry and wet seasons. The dry season 
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lasts from November to March, while the wettest months are 
August and September, with a mean annual rainfall of 180 cm 
[27]. The relative humidity of the area drops from 85% to 95% 
between June and October to about 25% to 35% between 
November and December; the annual temperature ranges from 
25°C to 31°C, and mean temperature of 24 °C [28].  The study 
area covers part of Ondo East and Ondo west as the area is 
accessible through asphaltic roads connecting Akure ï Ondo - 
Ore highway, Ipetu ï Ijesa ï Ile oluji highway, and Ife ï 
Okeigbo ï Ondo highway. The study area is generally 
characterized by flat and gently undulating topography.  

The area is situated in the deciduous rain forest area 
within south-western Nigeria. It has evergreen vegetation and 
urban settlement. The vegetation of the area is the rain forest 
type with dense evergreen forest of tall trees with thick 
vegetation (which may reach a height of 15 m and even more),  
and of different plants. They consist of light forests, shrubs, 
scattered cultivation, trees and plants like timber, oil palm, 
kolanut, rubber, cocoa and citrus are very prominent in the 
area. Topographic elevations vary from about 2 to 10 m above 
sea level. The study area is situated within the Precambrian 
Basement Complex with the outcrops which are Granite, 
gneiss and migmatite (figures 4 and 5). The rocks in the study 
environment is predominantly migmatitic, with the most 
predominant components being the granite-gneiss and grey 
gneiss. These rocks are covered by regoliths with thickness 
variation across the area. Topographically, the area is 
relatively rugged and undulating, with elevation of 300 -800 m 
above sea level. 

 

3. MATERIAL AND METHODS 

The general objectives of a site investigation is to assess 
the suitability of a site for the proposed purpose. As such, it 
involves exploring the ground conditions at or below the 
surface [21], [30], [31], [32].  It is a prerequisite for the 
successful and economic design of engineering structures and 
earthworks [10][33]. Accordingly a site investigation also 
should attempt to foresee and provide against difficulties that 
may arise during construction because of ground and/or other 
local conditions [34]. 

The method of study adopted for this research started with 
desk study, to preliminary investigation, main field survey, 
and laboratory studies [35].  The desk study was undertaken in 
order to make an initial assessment of the ground conditions 
and to identify any potential geotechnical problems. Also 
examination of literature maps, imagery and photographs 
relevant to the area. The study of geological map help to give 
an indication of the probable soil conditions of the area, since 
soils are product of weathering of rocks. Before the start of the 
field work an inspection of the site and the surrounding area 
was made on foot. River, existing excavation, road cutting, 
quarry site, Existing structures were also examined for signs 
of settlement damage. All these yielded pertinent information 
regarding the nature of the strata and groundwater conditions. 
A preliminary investigation on a modest scale may be carried 
out to obtain the general characteristics of the strata, followed 
by a more extensive and carefully planned investigation 
including sampling and in-situ testing. It was essential that the 
investigation was taken to adequate depth, so as to capture all 
strata liable to be significantly affected by any proposed 

structures [36], [37], since the soil is being investigated for 
different construction/structural purposes. The data acquisition 
map of the study is shown in figure 6. 

The trial pits is a simple and reliable method of 
investigation, from which representative samples can be taken, 
and geologic strata can be examined [39], [40]. For this study, 
20 trial pits were dug by means of hand-digger to a depth 
between 1 ï 3 m. The excavated soil was placed about 1.0 m 
away from the edge of the pits [41]. No groundwater table was 
observed during the exercise. The samples were collected 
from the pits from its sides/bottom (for disturbed sample), 
while tube samples were collected below the bottom of the pit 
(for undisturbed). The disturbed samples were collected for 
shear strength parameters determination and consolidation 
test. Immediately, the pits were examined and samples 
collected, they were sand filled after use. The use of trial pits 
enables the in-situ soil to be examined visually, and thus the 
boundaries between strata and the nature of any macro-fabric 
can be accurately determined.  

The GPS was used to take the coordinates of all sampling 
locations for all field surveys. The GPS is cost effective and 
time saving to traditional use of theodolites and levels. The 
geotechnical parameters were analyzed using America 
Standard for Testing and Material [42] and British Standard 
[43] procedures, with the following tests: natural moisture 
content (D2216), grain size distribution (D422; D1140), 
specific gravity (D854; D5550), consistency limit and linear 
shrinkage (D4318), density (BS 1377), triaxial (D4767; 
D2850), unconfined compressive strength (D2166), 
permeability (D2434), compaction (D1557; D698), California 
Bearing Ratio,  one dimensional consolidation (D4186; 
D4546). The in-situ CPT test was done following ASTM-
D3441-94 procedures.  

The CPT equipment utilized the Dutch cone penetrometer 
with an anvil, driving rod, and other accessories. The machine 
nominal capacity was 10-tonnes and was operated by using 
hydraulically operated driving mechanism. The cone tip angle 
of the penetrometer used was 60° and rods of 100 cm long. In 
order to obtain the cone resistance value, the cone was pushed 
vertically at a rate of 2cm/s a depth of 0.25 m each time. 
Penetration resistance (qc), sleeve friction (fs) and the depth of 
penetration were recorded at each station and processed into 
plots. All the test reached refusal before the anchors pulled out 
of the subsurface [44], [45], [46]. The layer sequences were 
interpreted using the friction ratio (figure 7), while cone 
resistance contrast between the various layers, inflection 
points of the penetrometer curves were interpreted as the 
interface between the different lithologies [44], [45]. Both 
qualitative and quantitative interpretation of the CPT readings 
in this study followed the guidelines of ASTM D 5778. The 
CPT data was normalized to standard overburden pressure 
(qcn) of 100 KN/m2 [46]. Hence from the result of the CPT, 
unconfined compressive strength (equation 2), ultimate 
bearing capacity [47] was derived (equations 3 and 4), 
ultimate capacity (Qult) and elastic modulus for strip and 
square using equations 5, 6 and 7 respectively, SPT - Ncor 

(equation 8) and Modulus number (equation 9). 
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Fig. 3. Location map of the Study Area on map of Nigeria 

 

 

 

Fig. 4. Geological map of Nigeria showing the study area within the Southwestern Basement Complex  

(Modified after NGSA [29]) 

 

  

                               cu =  qcn/Nk             (2) 

where Cu is unconfined compressive strength, Nk is equal 
to 17 to 18 for normally consolidated clays or 20 for over 
consolidated clay. The bearing capacity using normalized cone 
resistance values was determined for D/B Ò 1.5 (in kg/cm2): 

                          Strip: Qult = 2 + 0.28qc              (3) 

                         Square: Qult = 5 + 0.34q                                      (4) 

                  1  1 τπ ϳ  (in kg/cm2)           (5) 

                       % σȢυ 1            (6) 

                        % ςȢυ 1            (7) 

                                  .                           (8) 

                Modulus Number = 22.4#"2Ȣ          (9) 
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Fig. 5. Geological Map of Ondo State, showing the local rock units which included Migmatite and Coarse ï Porphyritic 
Biotite Granite (modified after NGSA [38]) 

 

 

Fig. 6. Data Acquisition map for the study showing sample locations for geotechnical/geochemical and Field Survey 
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Fig. 7. Robertson Chart for Soil Classification using Cone 
Resistance Value and Friction Ratio [45] 

 

From the analysis, the followings were derived: 
settlement (both elastic and consolidation), activity (equation 
10), Group Index (GI), AASHTO and USCS classifications, 
suitability index (equation 11), bearing pressure models were 
developed from CPT results using Hatanaka and Uchida [48], 
Meyerhof [49], and Schmertmann [50] equations; with 
corresponding stresses (mean, +ve, and ïve stresses) using 
Burland and Burbidge [51] model. Correlations were made 
between parameters: MDD/PI vs. CBR, LL vs. coefficient of 
consolidation, PI vs. undrained shear strength/effective 
overburden, PI vs. angle of shearing, dry density vs. angle of 
shearing, suitability index vs. CBR, clay contents vs. PI. 
Mineralogy and micro fabric of the clay structure are studied 
using X-ray diffraction, differential thermal analysis and 
scanning electron microscope. In this study, the geochemical 
analysis was done using X-ray diffraction. 

                          ὃ  
Ϸ   Ȣ 

         (10) 

                          ὛὭ  
Ϸ   Ȣ 

                       (11) 

 

The acquisition of VES data was done using the field 
procedures of Falowo and Dahunsi [52] and Falowo and 
Olabisi [53] using Schlumberger array with maximum current 
ï current spread of 130 m, and potential ï potential distance of 
5m. A total of fifty VES was acquired. The quantitative 
interpretation of the VES curves involved partial curve 
matching and computer iteration technique. This technique 
assumes that the earth is made up of horizontal layers with 
differing resistivities. Any significant deviation (in dip angle 
greater than 10%) from this planar assumption in the 
stratigraphy will slightly distort the VES curve and introduce 
error in the VES interpretation results. Other sources of error 
are lateral inhomogeneity, suppression and equivalence. All 
these were taken care of during data analysis and 
interpretation. The depth sounding interpretation are presented 
as geoelectric section, which showed horizontal to near 
horizontal stratification of the subsurface geologic layers. 
Magnetic method was also used, with measurements taken at 1 
m interval along a traverse with GSN 8 Proton Precision 

Magnetometer. The field procedures was in line with Falowo 
et al. [54]. The distance covered for the survey was 500 m, the 
same traverse established for the VES. Two sets of data were 
collected at each location and average determined, with sensor 
height at 1.5 m. The base station readings were taken before 
and after the data acquisition. The base station reading was 
used to correct the data for diurnal and offset corrections. 

An important part of any ground investigation is the 
determination of water table level and any artesian pressure 
and its chemistry. The variation of level or pressure over a 
given period of time may also require determination. 
Groundwater observations are of particular importance if deep 
excavation are to be carried out. Water table level can be 
determined by measuring the depth to the water table in a 
borehole after stabilization, and it depends on the formation 
permeability [55]. Measurement therefore must be taken at 
regular intervals until the water level becomes constant. In 
addition to determination of the chemical elements in the soil 
samples, which is the product of rock dissolution or rock-
water interaction. The chemical elements present in 
groundwater was not determined, even though is one of 
important aspect of engineering site investigation, particularly 
where salinity or the presence of corrosive effluents is 
suspected that can have deleterious effect on concrete such as 
sulphates and acidic waters, acid, bacteria, and oxidizing 
agents will affect steel foundation structures. These features 
were not reported in the water samples from desk 
study/literature review. In addition, personal interview with 
had with inhabitants of the town responded negatively to 
aforementioned elements. Consequently, no water quality test 
was carried. However, the static water level, hydraulic head 
determination, and hydraulic conductivity was determined 
from fifty five open wells and six boreholes. 

 

4. RESULTS AND DISCUSSIONS 

  
4.1 Vertical Electrical Sounding 

The summary of the VES is presented in Table 1, while a 
typical geologic section prepared for VESs 4, 12, 13, 14, 15, 
and 17, in NW ï SE trend, is shown in figure 8. The curve 
types obtained from the study area varied from three layer 
curves (H), four layer curves (KH, HK, and QH), and five 
layer curves (HKH and KHK). The H curve type is the most 
preponderant (42 %) followed by KH (30 %), KHK (12 %), 
HKH (8 %), QH and HK (4 %). This implies that the area is 
generally made of high resistive topsoil, underlain by high 
conductive weathered layer, and basement rock. From the 
Table 1, topsoil has resistivity ranging from 25 ï 490 ohm-m 
(avg. 196 ohm-m) and thickness varying from 0.5 ï 2.4 m 
(avg. 1.20 m) and composed of clay, sandy clay and clayey 
sand. The subsoil is characterized with resistivity ranging from 
44 ï 649 ohm-m (avg. 326 ohm-m) and have same 
composition as the topsoil, with thickness ranging from 2.4 to 
14.9 m (avg. 5.80 m). The weathered layer has resistivity 
ranging between 18 ohm-m and 732 ohm-m (avg. 148 ohm-
m), indicating clayey weathered layer; the thickness ranged 
from 6.6 m and 24.1 m (avg. 15.1 m). The fractured basement 
has resistivity of 89 ï 689 ohm-m (avg. 388 ohm-m), with 
thickness of 25.0 to 38.5 m (avg. 29.8 m (VES 45). The depth 
to this layer is between 9.9 m and 26.0 m (avg. 14.0). The 
depths to basement rock (113 ï 3650 ohm-m (avg. 1085 ohm-
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m) varied from 10.8 ï 35.1 m (avg. 22.2 m), indicating 
moderate/thick weathering profile. Consequently, the topsoil, 
subsoil, and weathered layer are generally composed of sandy 
clay material, which can be regarded fairly competent soil 
material to support the civil engineering structures. Typical 
section shown in figure 7 are characterized by topsoil (65 ï 
305 ohm-m), subsoil (44 ï 602 ohm-m), weathered layer (18 ï 
455 ohm-m), fractured basement (89 ï 528 ohm-m) and 
basement rock (389 ï 2330 ohm-m). The relief of the 
basement is uneven. 

4.2  Magnetic method 

The relative magnetic field intensity along the profile 
(figure 9) established for the VESs 4, 12, 13, 14, 15, and 17, in 
NW ï SE trend showed amplitude variation of -479 nT to 
151.70 nT (avg. -14.30 nT). This range of value is not unusual 
in basement complex, as similar values of -284 to 228 nT, -
391 to 114 nT, -199 to 856 nT had been reported by Falowo et 
al. [54]. The profile showed relatively flat anomaly, which can 
be considered as magnetically homogeneous environment. 
However low magnetic anomalies observed as distances 420 ï 
444 m are indication of structural features such as fracture, 
lineation, fault or joint system. This feature reflected on the 
geoelectric profile as fractured zone. Consequently there is 
high degree of agreement between the magnetic and VES 
profiles. 

4.3 Borehole Sections 

The geologic section observed from six borehole cuttings 
is shown in figure 10.  The cuttings were visually inspected in 
their natural state or condition. The geologic units observed 
from the sites investigated comprised sandy clay, clay, clayey 
sand, sand-clay mixture, fractured rock, and basement rock. 
The depth to the basement ranged from 19.5 m for borehole 04 
(gneiss) ï 49.0 m for borehole 06 (migmatite). The static 
water level ranged between 15.5 ï 26.6 m. Consequently the 
SWL is deep in the study area. However, the upper 15 m 
composed of sandy clay, clay sand and clay, although clayey 
sand is the most preponderant. The structural features possibly 
fractures observed on the magnetic profile, and on geoelectric 
section agreed with the fractured zone delineated on the 
borehole sections. This zone is the main water bearing zone in 
the area, and the weathered layer. 

4.4 Hydrogeological Study 

The hydrogeological investigation enables the prediction 
about the influence of groundwater system in civil engineering 
works. This can be carried out to assess location and thickness 
of water zone, their confinement, and hydrogeological 
margins; the levels of water and their variations with seasons 
(time); their storage potential and transmissivity; and their 
quality. The data acquired from fifty across different rocks is 
presented in Table 2. The total depth of well investigated 
ranged from 5.6 ï 13.5 m (avg. 8.9 m), even though the depth 
of the wells is at ownerôs discretion and availability of funds, 
but useful data were able to acquired. The water column which 
is storage/reservoir potential of the wells ranged from 1.5 ï 
7.5 m (avg. 4.50 m). The SWL varied from 2.5 m to 7.1 m 
(4.47 m), with corresponding hydraulic head of 240.5 ï 277 m 
above the seal level (avg. 258.3 m). The information from the 
boreholes in Table 3, with total depth ranging from 35 (gneiss) 
ï 51 m (granite) and an average of 44 m, showed SWL 
ranging from 18 ï 26 m (avg. 22.2 m).  

4.5 Geochemical Analysis 

The stability and serviceability performance of soil for 
construction works is contingent upon the mineralogical 
make-up of the soil [30], [39]. The result of chemical analysis 
of selected mineral oxides contained in the soil samples, and 
silica-sesquioxide (S-S) ratio is presented in Table 4. They 
ranged from: MgO (0.19- 0.75 %, avg. 0.378), Al2O3 (15.16 ï 
24.5 %, avg. 18.45 %), SiO2 (51.42 ï 69.87 %, avg. 61.78), 
P2O5 (0 ï 0.1 %, avg. 0.02 %), Na2O (0.98 ï 3.9 %, avg. 2.01 
%), K2O (0.23 ï 4.52 %, avg. 2.45 %), CaO (0.82 ï 0.27 %, 
avg. 0.07 %), TiO2 (0.98 ï 1.66 %, avg. 1.21 %), V2O5 (0.01 ï 
0.08 %, avg. 0.023 %), Cr2O3 (0 ï 0.03 %, avg. 0.012 %), 
MnO (0.01 ï 0.15 %, avg. 0.06 %), Fe2O3 (17.65 ï 20.25 %, 
avg. 18.98 %), and CuO (0.01 ï 0.03 %, avg. 0.02 %).  

Consequently the soil is abundantly rich in SiO2, Fe2O3, 
and Al2O3, with the concentration of SiO2 more than 
combined concentrations of other mineral oxides. This 
indicates that parent rock material in the study is silica-rich 
igneous rock, suggestive of granite, gneiss, rhyolite, dacite, 
granodiorite, diorite, andesite, quartz, and orthoclase 
porphyries. However, the geological observation showed 
granite, gneiss, migmatite gneiss dominated the environment. 
The S-S ratio varied between 1.39 ï 1.97 (avg. 1.66). 
Accordingly, the soilsô S-S ratio is within lateritic type range 
of 1.33 ï 2.0 [56]. 

4.6 Geotechnical Analysis 

Tables 4-6 present the summary of the geotechnical 
results. The natural moisture content varied from 9.3 to 16.2 % 
(avg. 12.93 %), this range is within the 5 ï 15 % acceptable 
range favourable for civil engineering uses. Grain size analysis 
can be used to characterize the subsoil material for 
engineering works, which can serve as a guide to the 
engineering performance of the soil type and also provides a 
means by which soils can be identified quickly. The sand 
content ranged from 36.5 ï 69.3 % (avg. 51.75 %), % silt and 
clay contents ranged from 6.3 to 25.0 % (avg. 14.36 %) and 
14.4 to 53.9 % (avg. 33.85 %). 

The %fines ranged from 30.6 to 63.5 (avg. 48.3). The 
composition of the soil is dominated (in order of magnitude) 
by sand, clay, and silt (SC-SM). The amount of %fines 
recorded is more than 35 % specification of Nigerian federal 
ministry of works and housing [57]. The plasticity chart 
(figure 11a) shows that the fines in the samples is dominated 
by clay of low plasticity/compressibility with LL less than 50 
%. All the soil samples plotted above the A-line. In terms of 
clay mineralogy, the soil samples are plotted within the range 
of illite and illite/montmorillonite clay mineralogy group 
(figure 11b). Montmorillonite is made up of two silica sheets 
and one gibbsite sheet and bonded by Vander wall forces 
between the tops of silica sheets is weak and thereôs negative 
charge deficiency, water and exchangeable ions can enter and 
separate the layers. Hence montmorillonite has a very strong 
attraction for water and swells on absorption of water. Illite 
has a similar structure similar to montmorillonite, however in 
illite the interlayers are bonded together with a potassium ion 
linkage, making it to have relatively less attraction for water. 
The activity ranged from 0.35 to 0.79 (avg. 0.53) signifying 
inactive clay type. 
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Table 1. Interpreted VES Results 

East North Elevation    

(m) 

VES 

 NO. 

Resistivity (Ohmns-meter) Thickness (m) Depth (m) Curve Type 

” ” ” ” ” Ὤ Ὤ Ὤ Ὤ Ὠ Ὠ Ὠ Ὠ 

700461 786330 249 1 222 36 559   1.2 16.5   1.2 17.7   H 

700025 786507 249 2 438 59 989   1.1 13.3   0.9 14.4   H 

700525 785830 248 3 25 323 98 1023  0.5 6.5 15.2  1.8 7 22.2  KH 

699735 785087 249 4 65 256 96 991  0.9 3.4 10.4  1.1 4.3 14.7  KH 

701736 785813 259 5 71 203 39 1362  1.2 9.1 12.8  1.1 10.3 23.1  KH 

702381 786104 269 6 104 447 82 2025  1.1 3.6 9.7  1.9 4.7 14.4  KH 

702446 786120 271 7 411 129 512 231 992 0.8 4.1 7.4 17.7 2.3 4.9 12.3 30 HKH 

702914 786233 280 8 118 52 745   0.9 22.2   0.9 23.1   H 

704673 786766 271 9 408 69 658   1.0 9.8   1.6 10.8   H 

703398 786023 267 10 68 425 165 1471  1.2 8.2 15.5  2.5 9.4 24.9  KH 

701090 784974 248 11 399 101 732 545  2.2 6.4 9.9  4.6 8.6 18.5  HK 

700429 784393 251 12 305 89 447 113  1.1 4.8 12.4  4.9 5.9 18.3  HK 

700203 784474 251 13 225 50 1656   0.8 18.2   1.2 19   H 

700864 784184 254 14 142 18 2330   0.5 22.9   1.9 23.4   H 

701155 783893 252 15 169 44 455 89 806 0.9 5.3 6.6 14.7 1.1 6.2 12.8 27.5 HKH 

701510 784393 260 16 166 525 69 1121  0.8 7.8 16.6  1.2 8.6 25.2  KH 

701591 783635 253 17 228 602 107 523 389 0.9 5.7 10.5 11.3 1.1 6.6 17.1 28.4 KHK 

700187 782328 240 18 148 558 92 620 274 1.1 3.3 6.8 14.1 0.9 4.4 11.2 25.3 KHK 

699815 782069 231 19 311 649 155 1222  1.2 5.6 17.9  1.6 6.8 24.7  KH 

699493 782279 232 20 123 28 473   0.7 22.6   0.8 23.3   H 

699170 782102 231 21 490 123 650   0.9 19.9   0.7 20.8   H 

701558 782699 254 22 358 119 3650   1.5 20.2   0.8 21.7   H 

701800 782489 247 23 145 99 52 696  2.1 4.4 12.3  1.2 6.5 18.8  QH 

702301 781198 280 24 322 85 28 888  2.3 8.5 16.8  1.9 10.8 27.6  QH 

701752 780714 256 25 176 88 2820   1.2 23.5   0.9 24.7   H 

703334 780520 257 26 403 615 231 1999  1.2 6.6 18.2  1.9 7.8 26  KH 

703963 780456 256 27 51 379 225 1500  0.9 3.3 21.7  1.5 4.2 25.9  KH 

703430 781650 267 28 69 290 147 1203  1.3 7.2 24.1  1.1 8.5 32.6  KH 

703237 782699 259 29 145 55 552   0.8 16.6   0.8 17.4   H 

703253 782957 258 30 362 48 989   0.9 13.4   0.9 14.3   H 

703075 783619 268 31 358 80 1208   0.9 22.8   0.9 23.7   H 

703204 783812 273 32 154 42 909   1.4 14.4   1.4 15.8   H 

703608 783974 278 33 89 522 252 1420  1.5 5.9 17.8  1.5 7.4 25.2  KH 

703027 783893 273 34 149 86 441 101 778 0.9 2.4 6.6 15.1 0.9 3.3 9.9 25 HKH 

703108 783925 273 35 154 525 237 1116  1.0 7.7 10.1  1.0 8.7 18.8  KH 

703124 783958 274 36 236 72 573   1.2 18.6   1.2 19.8   H 

703027 784087 273 37 458 98 1428   0.9 16.3   0.9 17.2   H 

703108 784119 274 38 87 173 52 1330  1.6 3.4 18.8  1.6 5 23.8  KH 

703156 784135 274 39 212 81 518 222 980 1.1 6.9 7.8 14.2 1.1 8 15.8 30 HKH 

702285 784248 268 40 86 56 1901   2.4 16.7   2.4 19.1   H 

702107 784071 264 41 109 362 38 655 221 0.8 2.6 7.6 23.2 0.8 3.4 11 34.2 KHK 

704044 784797 280 42 147 625 332 689 554 1.2 4.5 9.3 20.1 1.2 5.7 15 35.1 KHK 

703979 784845 278 43 120 55 989   1.4 14.7   1.4 16.1   H 

702736 785120 273 44 111 90 1470   1.6 18.3   1.6 19.9   H 

702736 785152 273 45 78 411 105 555 322 1.9 14.9 9.2 12.5 1.9 16.8 26 38.5 KHK 

704689 786378 278 46 222 87 1121   2.2 20.8   2.2 23   H 

704350 785878 269 47 92 369 108 497 358 0.9 4.6 7.1 16.4 0.9 5.5 12.6 29 KHK 

699509 786895 255 48 58 258 100 902  0.9 5.3 16.4  0.9 6.2 22.6  KH 

705496 786911 254 49 99 229 82 1018  1.2 6.3 18.5  1.2 7.5 26  KH 

702397 783038 252 50 96 55 945   1.5 17.8   1.5 19.3   H 

 

 

Fig. 8. Geologic Section/Profile along the selected VES point established in the study area 
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            Fig. 9. Magnetic Profile along the selected VES points 

 

 

   

Fig. 10. Borehole sections showing the various geologic units observed from borehole cuttings 

 

The specific gravity (SG) is closely related with soilôs 
mineralogy and/or chemical contents; the higher SG, the 
higher the degree of laterization. In addition, the larger the 
clay fraction and alumina contents, the lower is the SG [58]. 
The values of specific gravity of the samples ranged between 
2.65 ï 2.69 (avg. 2.67). The standard range of value of 
specific gravity of soils lies between 2.60 and 2.80, these 
values are considered normal for construction works. The 
liquid limit (LL) values ranged between 31.1 to 49.1 % (avg. 
40.6 %), plastic limits (PL) ranged between 16.8 to 39.0 % 
(avg. 23.9 %) and plasticity index (PI) is between 8.1 to 24.9 

% (avg. 16.6 %). Soil with high LL, PL, and PI are usually 
characterized with low bearing pressure. The result indicated   
medium expansive soil with marginal degree of severity (IS: 
1494). Hence the soils do not satisfied this requirements as 
subgrade material. The linear shrinkage ranged between 7.4 to 
12.0 % (avg. 10 %), signifying a medium swelling potential. 
The group index (GI) values obtained ranged from 1 to 11 
(avg. 6) corresponding to fair subgrade soil.  
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