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ABSTRACT
Hydromorphic soils have potential for sustainable agricultural production due to shallow water 
deposition, accumulation of organic matter and residual available moisture for farming during 
dry season. Integrated geophysical investigations comprising Ground Penetrating Radar (GPR) 
and Vertical Electrical Sounding (VES) were conducted on a valley bottom soil at Ilora, 
Southwestern Nigeria to determine subsurface geometry, lithology and water table in relation 
to its agricultural significance. Seventeen GPR profiles were established while twenty eight VES 
were conducted using Schlumberger array. Three test pits were excavated to a depth of 1 m for 
ground truth. Horizons revealed on the GPR are; sub-parallel reflections assumed to be fine 
muddy sand rich in organic matter, low amplitude and weak reflections indicating attenuated 
signal because of high moisture content and mutiple chaotic, non-parallel reflectors. The VES 
results show system of two to four geo-electric layers with average overburden thickness of 
about 7 m. The excavated pits show intercalation of clayey and loamy soil and revealed water 
level to be 0.8 m. The integrated geophysical approach applied has successfully identified the 
spatial pattern of clayey soil, overburden thickness and water level of the valley bottom soil 
which help retention of water during dry season.
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1. Introduction

Recently, an increase in agricultural activities led to 
the use of valley bottom otherwise known as wetlands/ 
hydromorphic soils for agricultural purposes espe
cially during the dry season. The valley bottom is 
very abundant in Nigeria but they are being under
utilised because of poor understanding of the nature 
and properties of these soils. It is beneficial to humans’ 
socio-economic activities, environments and also 
plays significant role in natural ecosystems (Roggeri 
1995; Silvius et al. 2000; Stuip et al. 2002). Valley 
bottom is characterised by water saturation and is 
regularly flooded during rainy season. Water in the 
valley bottom is supplied by rain, run-off and base flow 
from the uplands and fringes, and also drainage from 
inland valleys further upstream. The hydromorphic 
fringes, the density and type of vegetation in the 
upland area, the types of soil found in the watershed, 
the shape of the inland-valley and the intensity and 
frequency of rainfall determine the period of flooding 
(Wopereis et al. 2009). The soil morphological and 
chemical properties are been affected by persistent 
water saturation and seasonal alternation between 
water logging and water draining. The brownish, grey
ish, bluish, blackish and yellowish mottle colouration 
often displays by hydromorphic soil during the wet 
period is as a result of oxidation of iron, manganese 
and sulphur. Valley bottom is characterised with thick 

vegetation and relatively flat lands and heavy soils 
which make it function as sponges that accumulate 
water and nutrients during rainy season and maintain 
subsurface flow during dry season (Dugan 1990; 
Roggeri 1995). The soils found within valley bottom 
are very rich in soil nutrients and have high water- 
holding capacity which makes it good for agricultural 
purpose (Fagbami and Ajayi 1990). Andriesse (1985) 
grouped the valley bottom or hydromorphic soils of 
the basement complex of Sub-Sahara African into 
narrow headwater inland valleys.

The image of the subsurface stratigraphy can be 
spatially obtained with diverse geophysical methods 
like seismic, electrical resistivity, electromagnetics and 
ground-penetrating radar. Electrical resistivity, elec
tromagnetic and GPR are the common geophysical 
methods used for river sediment studies because they 
give significant magnitude of disparity in their physi
cal property contrast than other methods such as 
seismic velocity and density (Reynolds 1997).

Electrical resistivity and GPR methods present have 
numerous gains over orthodox soil and sediment 
investigation methods such as pittings, coring, or 
trenches. GPR provides high resolution and continu
ous traverses of the subsurface when properly used in 
the right environments while resistivity gives detailed 
information about the earth stratification. This yields 
a much greater amount of information than discrete 
sampling by coring or digging (Mokma et al. 1990; 
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Poole et al. 1997; Conyers and Goodman 1997). Even 
when excavation is necessary in some manner, GPR 
and electrical resistivity can aid in the selection of 
coring sites, maximising effort in areas of interest or 
uncertainty (Mellet 1995; Augustinus and Nichol 
1999). For its non-destructive nature, GPR is valuable 
in sensitive research settings, such as archaeological 
sites or protected ecological areas. Also, electrical 
resistivity method has been found useful in ground
water exploration, mineral exploration, archaeological 
sites and geo-techniques. In general, GPR and electri
cal resistivity are efficient tools that give researchers 
the ability to “see” underground (Harry 2009).

Electrical resistivity method has been widely 
applied in investigating sub-surface condition by 
measuring soil or rock electrical properties. 
Electrolytes or metals conduct electrical resistivity 
more than insulating material such as air, plastic 
and deadwood because of their ability to allow the 
passage of flux of electrical charges. The soil material 
has intermediate electrical properties but it can be 
influenced by its physical such as texture, grain size 
and chemical properties like salinity or water content, 
(Samouëlian et al. 2005). Electrical resistivity has 
found various applications in the field of engineering 
and science. It has been used in delineating the stra
tigraphy of soil and rock (Ikah et al. 2009), in map
ping bedrock and groundwater aquifer (Oladunjoye 
et al. 2019), in estimating soil and rock permeability 
(Scott and Emily 2009). Various researchers have 
used geophysical techniques to delineate diverse sub- 
surface geometry and conditions. The ground elec
trical resistivity, electromagnetic, GPR and magnetic 
methods are very useful in agricultural research 
(Allred 2011). The variations in dielectric properties 
of the near surface lithology can easily be identified 
by GPR with the use of high frequency electromag
netic (EM) wave ranges between 10 and 1000 MHz 
(Neal 2004). The GPR is often used to map hydro
facies because; at higher frequencies of measurement, 
the spatial resolution is better, better boundaries 
detection and rapid measurement time (Topp et al. 
1980; Van Dam and Schlager 2000). However, it is 
generally accepted that low conductive layers can 
extremely diminish GPR reflections, and thereby 
reduce the depth of penetration (Bristow and Jol, 
2003; Heteren et al. 1998; Theimer et al. 1994). This 
circumstances offer an advantage to easily identify 
alluvial fill thickness (Leclerc and Hickin 1997). 
Consequently, GPR offers pluses as a result of its 
relative non-sensitive to changes in pore water chem
istry, and its provision of high-resolution images that 
enable a better interpretation of GPR results (Binley 
et al. 2001). The GPR has been used in investigating 
soil depth limited by bedrock (Davis and Annan 
1992), hard pan thickness, shallow water table and 
mapping shallow sub-surface soil features such as 

estimation of moisture contents in vadose zone, deli
neating coarse layer in sandy soil zone and evaluating 
nitrogen loss through the subsurface pathway as it 
affects agricultural production (Doolittle and Collins 
1995; Minet et al. 2011). The electrical resistivity 
method have been used in mapping internal geome
try of river flood plain (Adabanija and Oladunjoye 
2014), and used in delineating peat thickness in peat 
soil of tropical region where traditional coring meth
ods resolution is not feasible (Comas et al. 2015). 
Also, (Gourry et al. 2003) used integrated geophysical 
methods of EM profiling, electrical resistivity sound
ing, electrical resistivity tomography in investigating 
alluvial bodies and mapping of the presence of 
clayey-peaty paleochannels.

The present investigation expects to determine geo- 
electrical parameters and degree of saturation of 
a typical valley bottom soils using vertical electrical 
sounding, discriminating between different types of 
soil horizon by contrasts in their dielectric permittivity 
and also to relate the geo-electrical parameters and the 
dielectric contrast between various layers with 
groundwater level.

2. Site description and geological setting

The study was carried out in Ilora near Oyo town, 
Southwestern Nigeria. It lies between Longitudes 7º 
48ʹ 45”N and 7º 48ʹ 55”N and Latitudes 3º 52ʹ 55” 
E and 3º 53ʹ 05”E (Figure 1) with an estimated area of 
81,888.4 m2. The southern part of the area was used 
for fish farming with several fish ponds, with an esti
mated area of 55,380.1 m2 covering two-third of the 
total area, while the north-western part is a vegetable 
farm with an estimated area of 26,507.5 m2. The study 
area is surrounded by poultry farms. Accessibility of 
the study area is through a lateritic road that links 
Ilora and Obanako.

(NIMET 2008) observed from the rainfall and tem
perature data collected from 1941 to 2000 that there 
has been shift from “early to normal” the commence
ment and early cessation of rainy (wet) season in 
Nigeria. The report established the decline in the per
iod of rainy season in Nigeria while the annual total 
rainfall is practically unchanged, thereby resulting in 
floods and drought incidences. The study location falls 
within the tropics and thus characterise with rainy 
(wet) and dry seasons. The annual rainfall of about 
1420.06 mm is being experienced in the area while 
26.46°C was reported as the mean annual temperature 
with 74.55% as the relative humidity (NIMET, 2011). 
The rainy season is experienced from March – mid 
July and late August to late October. Between mid-July 
to early August there exist short dry season while 
prolonged dry season is experienced from November 
to March (Akinseye, 2010). The late commencement 
and early cessation of rainy season around the study 
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location makes the valley bottom to be of high agri
cultural value.

The study area topography is generally rough and 
near flat with no visible rock exposures. The drainage 
pattern is typically dendritic, characterised by irregular 
branching of the tributaries and flow direction is typi
cally towards the north. Most of the streams have dried 
up during the research work with mud cracks indicat
ing evaporation of water from clay materials derived 
from the weathered rocks around the study area.

2.1. Geology of the study area

The rock type underlying the study area is gneiss 
which occurs massively with medium to coarse grain 
texture. The rock is marked with alternating mela
nocratic and leucocratic minerals aligned in defined 
foliation plane. Most of the outcrops observed were 
migmatite gneiss (Figure 1) and granite gneiss hav
ing quartz veins of varying widths. Pegmatite is 
common as intrusive rock which occurs as dyke or 
vein filling the joints and sheared zones. They 
weathered easily to clay and sand size particles, 
which has low permeability and serve as water 
retention zone (Palacky et al. 1981). The area inves
tigated is underlain by banded gneiss which was part 
of the area classified as undifferentiated gneiss 

complex (Jones and Hockey 1964). The banded 
gneiss around this area is marked by alternating 
hornblende-biotite rich bands and quartz-oligoclase 
rich bands (Burke et al. 1976). The banded gneiss 
which derived its origin from sedimentary 
sequences, contain large lenses of granite gneiss 
and thin-intercalated layers of quartzite and amphi
bolite (Burke et al. 1976).

3. Materials and methods

Reconnaissance survey was done to determine the 
area extent of the valley bottom with the aid of 
GPS and also to map its accessibility for the 
deployment of geophysical equipment for data 
acquisition. The reconnaissance survey also helped 
to ascertain the state of saturation of the study 
area so as to plan for the operation of geophysical 
equipment. The vertical electrical sounding points 
and the GPR profiles were spatially distributed as 
space permits (Figure 1). The GPR was only car
ried out in areas where fish ponds were not cited 
for easy accessibilty of equipment while the verti
cal electrical sounding was done across the study 
area. Three trial pits were established on selected 
GPR profiles to ground truth the geophysical 
results.

Figure 1. Geological and location maps of the study area and its environs (Source: NGSA, 2009).
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3.1. Electrical resistivity method

Generally, electrical resistivity method is being 
deployed with two pairs of electrode, the current 
which is the outer electrode and the potential 
which is inner electrodes. Electric current was 
injected to the subsurface via the outer electrodes 
and potential difference was passed across the inner 
electrodes and the resultant electrical resistance was 
then recorded from the resistivity metre. The depth 
of penetration of the electric current in homoge
neous subsurface is directly proportional to the 
spacing that exist between the pair of current elec
trodes. The subsurface information of the point 
being investigated is revealed by varying the spa
cing between the pair of current electrodes, 
(Koefoed 1979). The VES data were acquired by 
means of Schlumberger electrode array. Twenty 
eight VES data were spatially acquired across the 
study area with half electrode spacing of 100 m. 
Campus Tigre resistivity metre was used in acquir
ing the resistivity data with observed error being 
less than 1 %.

The interpretation was done by manually plotting 
the acquired data on bi-log graph so as to permit large 
variation in resistivity value and half electrode spacing 
on the same graph. The techniques of Zohdy (1965) 
and Orellana and Mooney (1969) were applied to 
curve match the plotted data while IPIWin software 
was used in the final stage of interpretation. The 
derived model from the software was used to generate 
geo-electric parameters which are topsoil resistivity, 
overburden thickness, weathered layer resistivity, 
basement topography, and basement resistivity.

3.2. Ground-penetrating radar

The GPR reflection data were acquired with the aid of 
SIR system-3000. Antenna frequency of 400 MHz 
which is expected to give good resolution of the geo
metry and the target depth was used. Seventeen profile 
lines were established for this study, six were acquired 
in northwest – southeast direction with 50 m inter 
profile spacing while eleven were acquired in north
east – southwest direction with 20 m inter profile 
spacing (Figure 1). For data acquisition, sixty four 
scans per seconds and 25 scan per metre with 
a sampling window of 120 nano seconds (ns), and 
range of 100 ns and 5 point gain was used. 
Calibration for the GPR data positioning was done 
with the survey wheel and each radar trace contained 
1024 per trace with 16 bits/sample. A dielectric con
stant of 16 with Vertical Low Pass Filter of 800 MHz 
and Vertical High Pass Filter 100 MHz was used due to 
nature of the study area.

To remove unwanted very low-frequency noise the 
data was dewowed by applying temporal filtering. 

Time zero shift was applied to correct for time drift 
which helped to accurately position the GPR reflec
tions on the vertical scale (Lejzerowicz et al., 2014). 
A band-pass filter was applied to subdue noises with 
frequencies differ from that of the signal. It helps to get 
rid of unwanted noise at low and high ends of ampli
tude spectrum (Best et al., 2006; Cassidy and Jol, 
2009). The GPR data were deconvolved to the best of 
the bandwidth and decrease the pulse dispersion so as 
to get the best resolution. Static correction was done 
on the data so as to time – shift the record for first 
signal arrivals. Automatic gain was applied so as to 
compensate for the signal attenuated with depth.

Different horizons were delineated with lines of 
different colours on each radar section. This was 
done based on the continuity of reflections and 
accompanied by colouring each layer. (Busby et al. 
2004) surmised that GPR data interpretation is gener
ally empirical and it depends on the ability of the 
interpreter to identify reflections’ configurations and 
patterns on the radar section. Basically, GPR data 
interpretation depends on the pattern of reflections 
and the strength or the sharpness of the reflection 
signals. GPR data interpretation was centred on the 
continuity of horizontal events, hyperbolic reflections 
and chaotic reflections. The interpretation of the GPR 
results obtained from the processed data were 
achieved by considering the succession of the strati
graphy observed on the radar facies centred on the 
amplitude and continuity of the reflections and basic 
knowledge of the local geology in correlation with 
hand dug pit log obtained in the area.

3.3. Ground truthing

Direct human observation is a particularly effective 
ground truthing method and is most often used in 
the field of geophysics to validate geophysical inter
pretation. It helps to identify areas of discrepancy and 
provide bases for model revisions where necessary. 
Depending on the complexity of the investigation 
and the degree of accuracy required, two or more 
ground truth may be employed to refine the geophy
sical model.

For this study, the ground truthing was done by 
direct observation on the nature of material that 
underline the study area through excavation. Three 
pits (Figure 1) were established on selected GPR pro
files and VES points. Pit 1, 2 and 3 were established on 
VES7 along with GPR Profile 4, along GPR profile 3 
and on VES 6 at the intersection of GPR profiles 2 and 
12, respectively. During pitting, rapid assessment was 
made on the excavated samples collected from the pit 
by visually observing each horizon of the pit. The 
maximum depth recorded for the pits was 100 cm 
which was equivalent to static water level in the 
study area.
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4. Results and discussion

4.1. Geo-electrical investigation

The VES curves were generated from the processed 
electrical resistivity field data. Two to four geo- 
electrical layers were obtained from the electrical 
soundings as summarised in Table 1. The results of 
the electrical sounding presented two to four geo- 
electrical layers as summarised in Table 1. Topsoil 
resistivity map, overburden thickness map, weathered 
formation resistivity map, basement resistivity map, 
and basement relief/topography map were generated 
from the interpreted VES data. Similarly, the inter
preted result was also used to correlate with the GPR 
result and the log from the pitting.

4.1.1. Topsoil resistivity
The variation in the topsoil resistivity is shown in 
Figure 2 and gives an insight into the materials that 
constitute the topsoil within the study area. The top
soil resistivity ranges from 4 Ωm to 1037 Ωm (Table 1) 
with mean value of 177 Ωm. The large variation in the 
topsoil resistivity was due to different soil composi
tions that form the topsoil. The topsoil resistivity at 
the northwestern part of the study area was less than 
100 Ωm which was interpreted as saturated clayey 
materials (Reynolds 1997) while the topsoil at the 
southeastern part of the area was dominated by mate
rials of resistivity greater than 400 Ωm which was 
interpreted as lateritic clay (Telford et al. 1990; 
Reynolds 1987a, McGinnis and Jensen 1971). The 
topsoil at the central part is dominated by low 

resistivity materials of between 100 and 200 Ωm 
which was interpreted as sandy clay/clayey sand mate
rial (Telford et al. 1990; Reynolds and Paren 1980, 
1984) which was visible at the surface during field 
exercise. The clay dominated topsoil in the northwes
tern part of the area was also observed during pitting.

4.1.2. Overburden thickness
The average overburden thickness was 7 m which 
means that it was generally shallow around the area. 
The thickness of the overburden at the northwestern 
part was greater than 15 m while at the south and 
southeastern parts, the overburden was shallow at 
less 10 m. The thickness of the overburden at the 
northeastern area fell within the range given by 
Omosuyi et al. (2003), Dan-Hassan and Olorunfemi 
(1999) and Olorunfemi and Okhue (1991) and can 
store groundwater while the south and the southeast
ern parts fell short of the range. The soil materials of 
the overburden at the northeast (Figure 3) have high 
water retention capacity which serves as source of 
water for the valley bottom during dry season.

4.1.3. Weathered layer formation resistivity
The variation in weathered formation resistivity of the 
area is shown in Figure 4. This resistivity ranges from 4 
Ωm to 80 Ωm with average resistivity of 21 Ωm. The 
least resistivity value of weathered formation was 
observed at the centre and the northwestern part while 
high resistivity value of weathered formation resistivity 
was observed at the southern part. Based on Adiat et al. 
(2009), the whole study area can be considered to have 

Table 1. Summarised geo-electrical parameter derived from the VES curves from the study area.

VES No
Resistivity 
(ρ) (Ωm) Thickness (h) (m) Reflection coefficient Lithology

1 27/10/375 1/3.1 0.95 Topsoil/Saturated clay/Fresh basement
2 34/12/605 1.1/5.8 0.96 Topsoil/Saturated clay/Fresh basement
3 15/395 1.2 0.93 Topsoil(Saturated clay)/Fresh basement
4 4/744 2.3 0.99 Topsoil(Saturated clay)/Fresh basement
5 6/439 1 0.97 Topsoil/Fresh basement)
6 8/57/840 1.6/4.4 0.88 Topsoil/Saturated clay/Fresh basement
7 10/208 1.5 0.91 Topsoil(Saturated clay)/Fresh basement
8 244/15/364 1/7.5 0.92 Topsoil/Saturated clay/Fresh basement
9 9/272 1 0.94 Topsoil/Fresh basement
10 6/636 2.8 0.98 Topsoil/Fresh basement
11 22/11/330 1.1/3.5 0.94 Topsoil/Saturated clay/Fresh basement
12 102/566/11/246 0.6/1.4/6.7 0.91 Topsoil/Lateritic clay/Saturated clay/Fresh basement
13 121/18/163 0.4/8.2 0.8 Topsoil/Saturated clay/Fresh basement
14 367/2744/80/482 0.6/2.2/6.3 0.72 Topsoil/Lateritic clay/Saturated clay/Fractured basement
15 93/276/12/251 0.8/1.3/6.3 0.91 Topsoil/Lateritic clay/Saturated clay/Fresh basement
16 43/06/298 1/4.8 0.96 Topsoil/Saturated clay/Fresh basement
17 77/18/234 1.4/6.5 0.86 Topsoil/Saturated clay/Fresh basement
18 135/14/378 1/6.1 0.93 Topsoil/Saturated clay/Fresh basement
19 11/244 1 0.91 Topsoil(Saturated clay)/Fresh basement
20 127/18/293 0.8/4.7 0.88 Topsoil/Saturated clay/Fresh basement
21 9/65/6/544 0.5/1.3/4.6 0.98 Topsoil/Clay formation/Saturated clay/Fresh basement
22 270/1353/41/245 0.6/1.8/11.7 0.71 Topsoil/Lateritic clay/Saturated clay/Fractured basement
23 723/542/45/280 1.2/2.2/15.7 0.72 Topsoil/Lateritic clay/Saturated clay/Fractured basement
24 706/28/305 1.2/7.8 0.83 Topsoil/Saturated clay/Fresh basement
25 48/21/354 1.5/7.7 0.89 Topsoil/Saturated clay/Fresh basement
26 44/165/24/396 1/2.4/6.8 0.89 Topsoil/Lateritic clay/Saturated clay/Fresh basement
27 683/34/321 1/9.3 0.8 Topsoil/Saturated clay/Fresh basement
28 1037/43/444 1.4/10.1 0.82 Topsoil/Saturated clay/Fresh basement
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poor groundwater prospect except some southeastern 
part due to the resistivity value of the dominant soil 
materials (Figure 4). The material which is clayey in 
content has poor permeability and thereby do not 
release water easily after absorbing it which makes it 
good for the dry season farming in the floodplain area.

4.1.4. Basement/Bedrock resistivity
Bedrock resistivity map (Figure 5) is being overlaid 
with reflection coefficient contour line. The resistivity 
values of the basement in the study area vary between 
163 and 840 Ωm with average resistivity of 381 Ωm 
while the reflection coefficient values vary between 

Figure 2. Variation in topsoil resistivity of the study area.

Figure 3. Variation in overburden thickness map across the study area with the arrows showing area with thick overburden.
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0.71 and 0.99 with average of 0.89. The freshness of the 
basement in this study was determined by overlying 
and correlating the basement resistivity map and 
reflection coefficient (Table 1) contour line of each 
VES. The reflection coefficient was estimated using 
the formula proposed by Bhattacharya and Patra 
(1968) and Olayinka (1996). The basement is consid
ered to be fresh if it has resistivity value greater than 
1000 Ωm and reflection coefficient value greater or 
equal to 0.8 (Olayinka 1996). As observed in Figure 
8, the Southeastern part was dominated by fractured 
basement because it was characterised with basement 
resistivity of less than 500 Ωm and the reflection 
coefficient less than 0.8. The northwestern part of the 
study area was characterised with basement resistivity 
less than or equal to 500 Ωm and the reflection coeffi
cient greater than 0.8 and the basement here is termed 
partially fractured basement. The central part of the 
area was dominated by fresh basement because it has 
basement resistivity less than 1000 Ωm with high 
reflection coefficient greater than 0.9.

4.1.5. Basement/Bedrock relief (Topography)
Figure 6 shows variation in basement relief map 
obtained from the VES results. This map displayed 
the present basement topography which is an indica
tion of degree of chemical weathering within the 
bedrock. Basement depressions and ridges were 

identified in the relief map. The depression was con
sidered to be overlain by thick overburden and cor
related with fractured/partially fractured basement 
(Figure 6) as seen in the northwest. The ridges were 
overlain by thin overburden as observed at the south
east while the central part of the map is of moderate 
height and slopes towards the northwest. As observed 
from the basement resistivity map (Figure 6), the 
central part which has moderate height is underlain 
with fresh basement from the basement resistivity 
and reflection coefficient values. In addition, being 
overlain by thick overburden, basement depressions 
also constitute groundwater accumulating troughs, 
for water displaced from the bedrock crest. The 
northwestern part around VES 1, 2, 3, 4, 5, 6, 7 and 
8 will be good groundwater accumulating centre as 
they are located within the depression of the base
ment topography. Naturally, groundwater flows form 
bedrock ridges where there is high pressure to bed
rock depression where the pressure is low. 
Consequently, bedrock depressions will play signifi
cant role in groundwater development. The north
western part of the study area which has basement 
depression serves as water-collecting centre where 
clay materials that constitute the weathered basement 
can absorb water from and store for a very long time 
which can then support farming during long period 
of dry season.

Figure 4. Variation in weathered layer formation resistivity of the study area.
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Figure 5. Variation in basement/bedrock resistivity and reflection coefficient contour.

Figure 6. Variation in basement relief of the study area.
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4.2. Ground-penetrating radar investigation

Generally, to characterised ground conditions in any 
geological environment, the most effective geophysical 
method is GPR (Hong et al. 2018). Figure 7–10 show 
representatives of processed radar sections for profiles 
acquired in northwest – southeast direction and 
northeast – southwest direction, where three reflecting 
surfaces were identified and picked manually. The 
anomalies observed on the GPR images obtained at 
both directions showed each layer mapped has dissim
ilar electromagnetic properties of the ground. The 
principles of radar stratigraphy proposed by Beres 
and Haeni (1991) which were copied from seismic 
stratigraphy (Mitchum et al. 1977) were used to char
acterise the radar sections. Three litho units labelled 
horizons 1 to 3 were identified from all the sections 
based on distinct GPR signal reflections. The horizons 
are the mappable 2-d units, that have common char
acteristics such as internal reflection pattern, shape, 
amplitude, continuity and external 2-D form that dif
fers from neighbouring units using the methodology 
suggested by Beres and Haeni (1991), Heteren et al. 
(1998); Ekes and Hickin (2001).

The first interface was the topmost layer labelled 
horizon one, with thickness of about 0.5 m and was 
characterised by sub-parallel, undular, and variable dip 
reflections that indicate fine muddy sand which is rich in 
organic matter, plant remains and clay. This was inter
preted to result from channel fill element and flooding of 
the land surface overtime. Horizon with these attributes 
is known to have low permeability as a result of the 
material component that made it (Dara et al., 2019).

The second interface which is of interest because it 
was observed to be distinct and prominent in the 
whole radar section and was characterised by low 
amplitude, continuous and weak/structureless reflec
tions, indicating attenuated signal. The horizon was 
considered to have high moisture was interpreted as 
saturated weathered basement which has clayey mate
rial as its constituents. The horizon may correspond to 

the swamp deposit and such horizon is subject to have 
low permeability Dara et al., 2019. The saturation of 
the study area all year round is caused by this layer 
because of its low permeability which enables it to 
hold water that are being used for farming during 
dry season. This layer has thickness range of 
0.9–1.4 m. Also observed to be scattered in this hor
izon are hyperbolic reflections, which sometimes 
result from point objects within the subsurface. 
(Dara et al., 2019) observed that such hyperbolic 
reflections are normally produced by discrete, spatially 
restricted, non-planar features (point targets) such as 
rock boulders, sands with organic fragments etc.

The third interface was the weathered basement 
labelled horizon 3 characterised by multiple chaotic, 
discontinuous and non-parallel reflectors. Also charac
terising this region are dipping and basin-like features 
and non-uniform layer probably due to the variation in 
topography of the weathered basement. This was inter
preted as weathered basement layer characterised with 
pebbles and cobbles from weathered rock.

The signal strength and resolution around horizon 
1 and 3 appear stronger than horizon 2 beacause of the 
difference in permitivity and conductivity of the mate
rial compositions. Horizons 1 and 3 are dry and so 
allow for the easy passage of EM wave, horizon 2 on 
the other hand is saturated and so tends to attenuate 
EM wave hence the weak and low amplitude reflection 
signal around this zone. The horizon 2 is characterised 
with wet clayey materials which is responsible for the 
attenuation of the EM wave and due to its low perme
ability, it can retain water for longer period. It supplies 
the water needed by the plant during dry season and 
the plants derived their nutrient from this and the 
topmost zones.

4.3. Pitting (ground truth)

Generally, the materials from the three pits range from 
loam to clayey soil but with different colour. Pit 1 
(Figure 11a) has four horizons which has top dry 

Figure 7. Radar image for profile one along northwest – southeast direction.
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reddish brown loamy soil, followed by moist brown 
loamy soil, then dark moist clayey loamy soil and lastly, 
dark grey wet clayey soil. The water table here was 
encountered at about 0.8 m. Pit 2 (Figure 11b) has 
three horizons with top dark grey loamy soil, followed 
by moist brown loamy soil and lastly, dark grey wet 
clayey soil. The water table was encountered at about 
0.8 m. Pit 3 (Figure 11c) has four horizons which has 

brown loamy soil at the top horizon, followed by dark 
moist loamy soil, then greyish silty soil and lastly, dark 
grey silty sand. The water table at this pit was encoun
tered at about 0.75 m. The material recovered from the 
pitting were part of the topsoil and the saturated clay 
observed from the VES result. The result revealed that 
the lower part of the topsoil and the layer underlying it is 
saturated. The water table found close to the surface 

Figure 8. Radar image for profile two along northwest – southeast direction.

Figure 9. Radar image for profile fourteen along northeast – southwest direction.

Figure 10. Radar image for profile fifteen along northeast – southwest direction.
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from the ground-truthing corroborates the assumption 
from the interpretation of the VES result that the topsoil 
and the layer below it are saturated.

4.4. Correlating VES, GPR and pitting results

The VES result obtained from the northeastern part of 
the study area where GPR was carried out show that the 
topsoil is characterised with material of very low resis
tivity which is less than 100 Ωm and such material was 
interpreted as saturated clay material (Reynolds 1997). 
This result correlates with observation of low ampli
tude, continuous and weak/structureless reflections, 
indicating attenuated signal because the horizon was 
considered to have high moisture content caused by the 

saturation of water in the clayey material from the GPR 
result. The topsoil observed in VES result correlates 
with the first two layers identified on the GPR result 
and was confirmed by the ground truthing result. The 
ground truthing revealed that the water level is close to 
the surface which corroborates the observation on the 
result of GPR and also agree with the inference drawn 
from the resistivity value for the topsoil and weathered 
layer formation in the area. It was observed from the 
ground truthing that most of the base of the GPR 
sections was occupied by weathered basement which 
were characterised with pebbles and cobbles.

Figure 12–14 show correlation between the pit
ting result and the GPR profiles. The pit was found 
to extend from the first horizon on the GPR profile 

Figure 11. Lithology as revealed in (a) Pit 1, (b) Pit 2, (c) Pit 3 of the study area.

Figure 12. Radar image of profile four along northwest – southeast direction with the logging from pit 1.
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to the second horizon. The first horizon on the 
GPR profile correlates with the material that 
forms the top layer of the pit while the second 
horizon on the GPR profile which was saturated 
correlates with the latter part of the pit where the 
material is clayey for pits 1 and 2 and silty for pit 3 
which are saturated.

5. Conclusions

The valley bottom soils in Ilora, southwestern Nigeria 
was characterised using electrical resistivity method 
of Vertical Electrical Soundings (VES) and Ground- 
Penetrating Radar (GPR) to determine the soil elec
trical properties and the permittivity of the material 
component of the soil, respectively. The results from 

Figure 13. Radar image of profile two along northwest – southeast direction with the logging from pit 3.

Figure 14. Fence diagram showing the correlation and relationship between GPR profiles, VES points and pits for the study area.
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both methods show three prominent layers in the 
study area. The layers are; the relatively dry topsoil 
composed of fine-grained soil (clay, silt) as visibly 
shown on the radar section and with relatively low 
resistivity. This was confirmed by the three test pits 
that established the presence of clayey – silty soil of 
varying colours from dark to brownish. Below this 
layer is the water-saturated soil which was revealed 
on the radar section as low amplitude region caused 
by signal attenuation as a result of conductive envir
onment. This showed a relatively lower resistivity 
value in the resistivity result. This zone is important 
as it held most of the groundwater and due to low 
permeability of clay soil and most of the water is 
retained. The basement underlies the saturated clay 
layer with varying degree of weathering. The fresh
ness of the basement does not allow the percolation 
of water but enhances weathering or in-situ decom
position of basement which is shown in the radar 
image and resistivity result. The southern part of the 
study area has higher basement relief which allows 
the flow of water to the northwestern part and this 
allows for weathering of basement which made the 
overburden in this area to be relatively thick. The 
intergrated geophysical methods was able to sucess
fully reveal the internal geometry, overburden thick
ness, water level, the condition of basement (fresh or 
fracture). All these gave the knowledge of the char
acteristics of the valley bottom soils that makes it to 
retain water during dry season for agricultural 
purposes.
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