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Abstract
The occurrence of collapsible and unstable subsurface materials (clay, silt, peats etc.) in alluvial deposits and other soil 
deposits throughout the world and the difficulties with building on them have long been recognized. Accordingly inclu-
sive site investigation of subsurface condition is important for construction of engineering structures and buildings on 
land reclaimed from wetland such as marsh or swamp with soft compressible clays and peat materials. Peatlands common 
in most coastal areas of Lagos, Nigeria are characteristic waterlogged locations. These areas characterized by low human 
and economic activities in the past are now considered for building residential houses due to the surging population 
of the metropolis. Problem usually arises when there is uneven soil settlement which might results in disastrous col-
lapse of structures. This study presents a subsurface geophysical mapping of a site reclaimed by sand filling in Victoria 
Island, Lagos, using integrated electrical resistivity techniques. The geoelectric data acquired through vertical electrical 
sounding (VES) and electrical resistivity imaging (ERI) techniques were processed and interpreted to provide a detailed 
characterization of the subsoil profile and soil parameters of the study area. VES technique employed Schlumberger 
configuration because of its obvious deeper current penetration, while for ERI, a combination of Werner, dipole–dipole 
and pole–dipole were utilized. Results from the two procedures show a maximum of four geoelectric strata, with the 
second and third layers consisting either sandy clay (50 Ωm < ρ < 140 Ωm) or peat/clay (ρ < 50 Ωm). These middle layers 
are sandwiched between the topsoil and the last layer (composed mainly of sand, ρ > 140 Ωm). Due to the lateral dis-
continuous and inhomogeneous nature of these sandwiched layers of high compressibility and low shear strength, the 
possibility of occurrence of subsidence and differential settlement is high. This might result in minor or major failure in 
building and engineering structures built on such soils. Sand medium encountered at shallow depth of about 0.6–0.9 m, 
beneath VES 7, 8, 14 and 19, could have been a suitable layer for foundation of buildings and structures except that it is 
directly underlain by peat/clay. Other locations with competent sand layers for which deep foundation might be required 
lie at depth within 9.5–30.8 m. Thus, this study has revealed both the lateral and vertical variation with depth of the sub-
surface strata within the study area. This would assist local structural engineers and builders in designing appropriate 
and adequate foundation of structures in this area.
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1 Introduction

Subsurface conditions in coastal areas and wetlands are 
very complex and of high degree of inhomogeneity. Out 
of the 356, 861 ha of Lagos land mass, 75, 755 ha are 
wetland [1]. Peat is a characteristic organic soil preva-
lent in most coastal areas of Lagos [2–6]. Organic soils 
store huge amounts of carbon as organic layers, which 
consist of dead, incompletely decomposed plant mate-
rial that has accumulated over time in waterlogged envi-
ronments. Furthermore, organic soil exhibit problematic 
properties such as high compressibility and low shear 
strength; these properties may cause differential settle-
ment or failure in structures built on such soils [7].

In a bid to meet the high residential needs of its surg-
ing population, sand filling of wetlands close to the vari-
ous lagoons in Lagos has become very popular in recent 
times among builders and estate developers. What is 
often ignored in most cases is the need for proper and 
adequate subsurface characterization before the com-
mencement of the construction of buildings. This is one 
major contributing factor to the increasing incidents of 
building collapse in some areas within the metropolis.

The success of any coastal land reclamation project is 
highly dependent on sound planning and design prac-
tices, which generally include geophysical, geotechnical, 
engineering and some other non-engineering aspects. 
Some critical issues for consideration include general land-
forms, flooding, soil types for load-bearing capacity, water 
table level, presence of expansible and compressible clays 
and peats etc. In most reclamation projects handled by 
professionals, much consideration is usually given to the 
pre-reclamation geotechnical and geophysical engineer-
ing investigations in order to gather information on the 
nature, competence and configuration of subsurface strata 
[8, 9]. However, to ensure overall success post-reclamation 
investigation and monitoring are also essential to verify 
the extent of settlement and to ascertain that the required 
degree of consolidation is achieved [10, 11]. Despite the 
fact that some concern bordering on the socio-economic, 
environmental and marine ecological impacts have always 
been connected with land reclamation projects [12–15], 
it is however evident that globally, the overall economic 
and social benefits seem to far outweigh these associated 
problems. Most land reclamation projects are as much 
for coastal protection as for providing more land in geo-
graphically constrained and densely populated coastal 
areas. Indeed the socio-economic benefits of reclamation 
works are a strategic instrument for wetland/swamp and 
coastal development since land reclamation offers the 
possibility to implement spatial plans within congested 
coastline cities [16].

In subsurface investigation, geophysical surveying 
techniques provide a toolbox of rapid, discrete and cost 
effective methods for the location and identification of 
subsurface geological features. The various geophysi-
cal methods are designed to exploit one or more of the 
physical properties of a target feature that is in contrast 
with its host environment, e.g., the resistivity of salt 
intruded region in contrast to the high resistivity nature 
of surrounding material [17–19]. It is also recognized that 
careful examination of the likely physical characteristics 
of the target (size, depth and properties) is required to 
enable reliable assessment of whether it is detectable or 
not [20]. Geophysical methods have several important 
advantages, compared with conventional geotechnical 
field investigation methods which have limitations in 
terms of spread, coverage and the sky-high cost it entails 
[9, 21–31]. Typically, geophysical survey can explore rela-
tively large soil volumes, with the potentials to delineate 
material properties, material boundaries as well as vari-
ations in space and time. Many of the methods have the 
additional advantage of being non-destructive. In most 
cases, it is sufficient to place sensors such as electrodes, 
geophones etc., on the ground surface (non-intrusive 
testing) to detect responses from natural or artificially 
generated signals in the earth’s subsurface [32]. Electri-
cal properties are among the most useful geophysical 
parameters in characterizing earth materials by virtue 
of the cost-effectiveness and simplicity in field imple-
mentation of most electrical survey methods. Variations 
in electrical resistivity (or conversely, conductivity) typi-
cally correlate with variations in lithology, water satura-
tion, fluid conductivity, porosity and permeability [20]. 
In addition, geoelectric survey is an established tech-
nique employed in engineering site works to delineate 
competent geological zones in the subsurface. Its main 
advantage is in the determination of depth to compe-
tent layer across proposed sites as against conventional 
geotechnical test which is a point test [33]. This present 
work is focused on a post-reclamation investigation of 
a sand-filled site at Oniru Park, off Lekki-Epe express-
way, Victoria Island, Lagos, Nigeria. The primary aim is 
to delineate and map out locations underlain by resid-
ual incompetent and compressible peat/clay strata in 
order to provide valuable pre-construction guides that 
will indeed assist in preventing the occurrence of dif-
ferential settlement and subsidence. The objectives of 
this study are to use vertical electrical sounding (VES) 
technique and 2-D resistivity imaging to ascertain the 
appropriateness of the sand-filled exercise carried out on 
the expanse of land and to map out competent zones at 
the reclaimed site for foundation of engineering struc-
tures and buildings.
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2  Geoelectric methods in site 
characterization and subsurface 
investigation

Several studies have proven that in any engineering pro-
jects such as buildings, dams, highway, and bridges, the 
greatest risk lies in the uncertainties connected with sub-
surface conditions [22, 27, 29, 34–36]. The risks are signifi-
cantly increased with inadequate site investigations result-
ing in unpredictable construction costs and programming. 
Electrical resistivity is considered to be a suitable tech-
nique in geotechnical site characterization and environ-
mental studies due to economic factors i.e. reduced cost of 
investigation and efficiency in terms of speed and reliabil-
ity [28, 37–39]. Several workers have established the use 
of electrical resistivity techniques as a very effective and 
practicable geophysical tool in geotechnical and environ-
mental investigation of the condition of subsurface earth 
materials. A water-borne streaming electrical resistivity 
survey was conducted in the Panama Canal to discern geo-
technical properties in support of Canal expansion [24]. 
The comparison of electrical resistivity to rock hardness for 
co-located measurements showed that the resistivity data 
correlated with certain lithological clusters. These clusters 

of resistivity were then used to convert the calculated 
resistivity to a spatially continuous rock hardness attrib-
utes. Results from a study conducted in Garchy, France 
has given credence to the fact that electrical resistivity 
tomography (ERT) is a relevant method to determine clay 
(a low-strength soil) cover in a subsurface context [22]. This 
study also shows that inverted resistivity values obtained 
from 1-D soundings enhanced the discrimination of the 
different formations. The combination of geophysical data 
and geotechnical measurements may greatly improve the 
quality of buildings under construction in civil engineer-
ing [23]. A case study was carried out at a vacant building 
site using combined dipole–dipole configuration for ERT 
and electromagnetic terrain conductivity (ETC). This inves-
tigation demonstrated that engineering geophysics can 
provide solutions for determining subsurface properties 
and that different techniques of prospecting are neces-
sary for developing a reasonable model of the subsurface 
structure. The determination of soil strength using ERT is 
economic, fast and efficient in comparison to the direct 
in situ methods used to determine soil strength for civil 
engineering purposes [9]. This was shown in a study con-
ducted at two sites proposed for thermal power plants in 
Uttar Pradesh in India, where ERT was used in conjunction 

Fig. 1  Geological map of Lagos State showing the study area, Victoria Island
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with Standard Penetration Test (SPT) and Dynamic Cone 
Penetration Test (DCPT) for geotechnical investigations. 
A combination of electrical resistivity and seismic refrac-
tion tomography was employed to detect fracture zones 
in a well-known but logistically challenging area from a 
measurement perspective [31]. In this study, previously 
unknown sedimentary deposits with a significantly large 
thickness were detected by ERT in the otherwise unusu-
ally well-documented geological environment. In road 
engineering, the correct identification of soil conditions 
is essential since the substratum acts as a foundation for 
the pavement of the road. ERT carried out in the field 
during expressway construction has contributed to the 
identification of weak, low-strength organic soils such as 
peat and aggradated mud which are the main cause of 
deformations in road engineering structure in this study 
area [25]. Surveys using geoelectric method have allowed 
the characterization of the spatial variability of founda-
tion structure for a bridge project in Warsaw environs, 
Poland [29]. Electrical resistivity imaging measurements 
using Schlumberger and gradient arrays were employed 
to obtain two-dimensional structure of soil resistivity 
variability. Resistivity image obtained with gradient array 
provided a much higher lateral resolution and a shallower 
depth of investigation than the Schlumberger array.

In foundation works for buildings and other engi-
neering structures, peats and organic soils are a serious 

challenge because they are much weaker and more incom-
pressible than the inorganic (mineral) soils [40]. Previous 
geological and geophysical survey conducted at some 
locations in coastal areas of Lagos State in Nigeria, have 
shown that most reclaimed land from water bodies or its 
equivalent (swamp, flood zones and abandon river chan-
nel) usually contain residual unstable and compressible 
geological materials such as peat, silt and clay [27, 41–44]. 
For this reason, it is important to employ non-invasive geo-
physical method such as electrical resistivity mapping in 
delineating these complex geological materials both at 
the pre-reclamation and post-reclamation stages in any 
engineering construction work. At a site near Zwierzyniec, 
north-east of Warszawa, central Poland, the locations of 
two peat horizons occurring within sandy deposits under 
a low resistivity clay layer were identified and character-
ized using ERT [26]. However, detailed geometry of the 
peat layer could not be determined due to the fact that 
the resistivity of peats was generalized with the resistivity 
of sand within which it occur. Electrical resistivity imag-
ing was carried out to identify fen structure and peat 
properties in the Calowanie Fen area, Central Poland [30]. 
2-D quasi-continuous images of the subsurface struc-
ture showing properties of peat and its substrate such as 
thickness and resistivity were obtained for the site. This 
work also demonstrated significant heterogeneity of peat 
in terms of moisture content, ash content and degree of 

Fig. 2  Samples of results obtained from computer iterations with RMS error ranging from 1.3 to 2.5
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composition. Near-surface seismic refraction and electri-
cal resistivity methods were conducted a location within 
Eti-Osa area of Lagos State, southwestern Nigeria [27]. The 
study aimed at characterizing the subsurface condition of 
a land reclaimed from water bodies, in order to determine 
the depth to the most competent layer for construction 
purposes. The third and fourth subsurface strata with good 
geotechnical properties were clearly delineated by the 
electrical resistivity method.

3  Description and geology of study area

Lagos State is located in the south-western part of the 
Nigerian Federation. On the north and east, it is bounded 
by Ogun State. In the west it shares boundaries with 
the Republic of Benin. Behind its southern borders 
lies the Atlantic Ocean. Lagos metropolis is the area of 
land around the only inlet of the sea into the extensive 
lagoon system—the Lagos harbor [45]. The islands in the 
area include Lagos Island, Victoria Island and Ikoyi as well 
as the Lekki peninsula. The site for this present study is 
situated in Victoria Island, a fast growing business district 
located in the south eastern part of the state. The study 

site falls within the defunct Maroko settlement (about 
27,000 m2), a low-income and under developed slump 
area with shanties which was demolished over 20 years 
ago by the Lagos State government, because the area 
undermines the “megacity status” that the state is aim-
ing to achieve. This major business hub lies between 
latitudes 6°27ʹ12ʹʹ and 6°27ʹ30ʹʹN and longitudes 3°27ʹ 
and 3°30ʹE. As in many major cities in the world, limited 
land space in Lagos metropolis has engendered small 
and large reclamation projects for diverse uses such as 
housing, recreation, industrial estates since the period 
the city was the capital of Nigeria. High-rise commer-
cial buildings and recreational facilities have been built 
recently on large reclaimed land. These land reclama-
tions are sited near shore or just off-shore locations. A 
good example is the on-going Eko Atlantic City project 
that covers an expanse of land close to the Atlantic 
Ocean. This ambitious residential and business devel-
opment project was proposed by the Lagos State gov-
ernment in an effort to protect Bar Beach in Victoria 
Island from the effects of severe coastal erosion, and 
to safeguard Victoria Island from the threat of flooding 
[46–48]. Much land has been reclaimed using hydrauli-
cally filled sand. In most reclamation works close to the 

Fig. 3  Data acquisition map showing the 2-D traverses and the VES stations. Survey lines are arranged such that TR4 and TR5 are positioned 
across TR1, TR2 and TR3
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Lagos lagoons, unstable earth materials mainly peat 
and clay bodies are filled with granular soil such as sand 
and allowed to undergo considerable settlement over a 
period of time.

The surface geology of Lagos State is made up of the 
Benin Formation (Miocene to Recent) and Recent littoral 
alluvial deposits (Fig. 1). The Benin Formation consists 
mainly of yellowish (ferruginous) and white sand bodies 
[49]. It is friable, poorly sorted with intercalation of shale, 
clay lenses and sandy clay with lignite. The formation 
reaches a thickness of about 200 m elsewhere [50] and is 
overlain in many other places by considerable thickness of 
red materials composed of iron-stained regolith formed by 
weathering and ferruginization of rocks [51]. Lagos State 
is a zone of coastal creeks and lagoons which is entirely 
surrounded by the Lagos lagoon systems developed by 
barrier breaches associated with sand deposits [52, 53]. 
Five geomorphological sub-units have been identified 
in the coastal landscape of Lagos State, which are: the 
abandoned beach ridge complex; the coastal creeks and 
lagoons; the swamp flats; the forested river flood plain and 
the active barrier beach complex [54]. The study area lies 
within the loose sediment ranging from silt, clay and fine 
to coarse grained sand usually referred to as the coastal 
plain sand (Fig. 1).

4  Methods

The electrical resistivity measurements for this study are 
the 1-D vertical electrical sounding (VES) and 2-D elec-
trical resistivity imaging (ERI) techniques with the use 
of Ohmega resistivity meter unit and accessories (Allied 
Associates, UK). VES employs collinear arrays designed 
to output a one dimensional vertical apparent resistivity 
versus depth model of the subsurface at a specific obser-
vation point (Fig. 2). In this study, VES technique employ-
ing Schlumberger configuration was deployed to obtain 
field resistivity data. A series of potential difference (ΔV) 
were acquired at successively greater electrode spacing 
while maintaining a fixed central reference point. The 
injected current passes through progressively deeper lay-
ers at greater electrode spacing. The potential difference 
measurements are directly proportional to the changes in 
the deeper subsurface. Qualitative interpretation of VES 
data obtained was done through manual processing by 
plotting apparent resistivity values against half-electrode 
spacing to obtain the field curves [55, 56]. Quantitative 
interpretation was achieved through computer iteration 
with the aid of WinResist software version 1.0 [57, 58]. 
Samples of the iterated results are shown in Fig. 2. Appar-
ent resistivity (ρa) values generated were interpreted in 

Fig. 4  Available borehole data 
from sand-filled sites from 
Oniru Estate (BH1 and BH2), 
Lekki peninsula (BH3) and 
Eti-Osa (BH4). BH5 is from a site 
that is not sand-filled in Ikoyi
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terms of resistivity, depths and thicknesses of subsurface 
strata [18, 59, 60]. Twenty two (22) stations (Fig. 3) were 
occupied along mainly three traverses (TR1, TR2 and TR3) 

with maximum inter electrode spacing of 240 m. Trav-
erses TR4 and TR5 consist of sounding points arranged 
across the first three traverses. 

A total of seven (7) resistivity imaging arrays along 
three traverses were occupied over 200 m survey lines, 
with a line spacing of 10 m (Fig. 3). Acquisition of resistiv-
ity imaging data involved the deployment of in-line arrays 
of Werner (3), pole–dipole (2) and dipole–dipole (2) con-
figurations respectively, due to spatial constraint and in an 
attempt to take advantage of the relative strength of these 
three commonly adopted arrays. Generally the depth of 
investigation depends on the electrode separation and 
geometry, with greater electrode separations yielding 
bulk resistivity measurements at greater depths [61–64]. 
2-D data acquired was processed via complex combina-
tions of current and potential electrode pairs to build up 
a pseudo cross-section of apparent resistivity beneath the 
survey lines. The modeled true interpreted subsurface 
resistivity image was then derived from finite-difference 
forward modeling using specialist software, DIPRO ver-
sion 4.01 [65]. The interpreted resistivity models are usu-
ally presented as colour-scaled contour plots of changes 
in subsurface resistivity with depth.

Table 1  Summary of VES 
results

VES no. Resistivity (Ωm) Thickness (m) Resistivity 
curve type

Lithological description

1 808.6/74.6/23.9/557.1 0.9/2.8/4.8/∞ QH Topsoil/sandy clay/peat/sand
2 325.1/59.4/35.1/121.6 0.8/3.7/18.3/∞ QH Topsoil/sandy clay/peat/sandy clay
3 302.6/88.0/29.8/613.6 1.0/4.5/9.6/∞ QH Topsoil/sandy clay/peat/sand
4 494.9/109.1/42.7/228.2 0.6/2.0/16.9/∞ QH Topsoil/sandy clay/peat/sand
5 488.1/102.7/31.0/151.0 0.5/1.4/13.4/∞ QH Topsoil/sandy clay/peat/sand
6 449.6/36.1/48.1/158.8 0.8/3.9/38.6/∞ HA Topsoil/peat/peat/sand
7 368.1/127.8/40.4/147.5 0.9/2.4/20.4/∞ QH Topsoil/sand/peat/sand
8 211.9/89.9/31.5/421.7 0.8/3.2/2.1/∞ QH Topsoil/sandy clay/peat/sand
9 953.5/108.6/52.9/274.2 1.0/2.4/11.8/∞ QH Topsoil/sandy clay/peat/sand
10 245.7/56.0/27.0/745.8 1.2/4.1/8.0/∞ HA Topsoil/peat/peat/sand
11 297.4/62.2/38.3/295.3 1.0/2.9/15.1/∞ QH Topsoil/peat/peat/sand
12 249.0/62.2/78.2/347.2 1.2/10.2/11.4/∞ HA Topsoil/sandy clay/sandy clay/sand
13 632.4/88.9/25.2/759.2 0.6/1.9/9.5/∞ QH Topsoil/sandy clay/peat/sand
14 828.3/184.5/67.7/317.4 0.6/1.5/13.1/∞ QH Topsoil/sand/sandy clay/sand
15 614.2/77.3/35.1/141.0 0.6/4.0/18.6/∞ QH Topsoil/sandy clay/peat/sand
16 332.2/60.3/117.7/290.0 0.8/7.2/10.8/∞ HA Topsoil/sandy clay/sand/sand
17 176.1/59.4/65.6/249.6 0.9/8.4/16.2/∞ HA Topsoil/sandy clay/sandy clay/sand
18 298.0/77.3/29.9/198.7 1.6/3.3/14.8/∞ QH Topsoil/sandy clay/peat/sand
19 1193.7/111.1/33.5/1502.6 0.7/2.6/14.4/∞ QH Topsoil/sand/peat/sand
20 538.8/42.4/76.5/251.8 1.4/9.5/19.9/∞ HA Topsoil/peat/sandy clay/sand
21 977.3/89.8/30.8/324.6 1.2/3.8/6.6/∞ QH Topsoil/sandy clay/peat/sand
22 685.2/82.4/52.9/301.4 1.4/3.0/8.2/∞ QH Topsoil/sandy clay/peat/sand

Fig. 5  Geoelectric cross-section along traverse TR1 with sounding 
stations V1 and V8. The depths to competent sand layer are 9.5 m 
and 6.1 m respectively
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5  Results and discussion

5.1  Vertical electrical sounding

Apparent resistivity data are presented as sounding curves 
by plotting the apparent resistivity against half the cur-
rent electrode separation (AB/2) on a logarithmic scale. 
Two main resistivity curve types, indicating subsurface 
sequence of resistive/moderately resistive/conductive/

resistive layers, are predominant in the study site viz: QH 
(79%) and HA (21%). These curve types essentially show 
that the study site was excavated to a considerable depth 
before sand-filling was carried out. Furthermore, measures 
to help constrain and aid the interpretation of the geo-
physical results by obtaining lithological information of 
boreholes from locations with similar geological environ-
ment to the study location (Fig. 4). Borehole logs BH1 and 
BH2 are from sand-filled sites within Oniru Estate while 

Fig. 6  Geoelectric cross-
section along traverse TR2 
consisting of sounding stations 
V2–V9 and V22. The depths to 
sand layer range from 11.6 to 
22.8 m

Fig. 7  Geoelectric cross-
section along traverse TR3 
consisting of sounding stations 
V14–V21. The deeper sand 
layer is at a depth range from 
11.6 to 30.8 m
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BH3 and BH4 are from sand-filled sites at Lekki peninsula 
and Eti-Osa respectively. BH5 was obtained from a site at 
Ikoyi where sand-filling is yet to be carried out. It is clear 
that there are lithological differences between BH1-4 and 

BH5 evidence in the absence of compressible and soft sub-
surface materials such as silty clay and peaty clay forma-
tions in BH1-4. Also, the correlation between the logs and 
the VES sounding results forms the basis for the ranges 
of resistivity values in classifying the different lithology in 
the study area. Summary of interpreted geoelectric layers, 
thicknesses and inferred lithological units are presented 
in Table 1. Furthermore, for a quick view, the geoelectric 
cross-sections generated based on this correlation are 
presented in Figs. 5, 6, 7, 8 and 9. A maximum of four dis-
continuous geoelectric layers were delineated from the 
lithological interpretation of the VES models and these 
are topsoil, sandy clay (moderate shear strength and low 
compressibility), peat/clay (low shear strength and high 
compressibility) and sand (high shear strength and very 
low compressibility) [66]. Tables 2 and 3 also provide some 
guides to this classification. These two representations of 
the interpreted data show intercalations of subsurface lay-
ers in all the VES stations. Pockets of collapsible peat/clay 
medium with resistivity values less than 50 Ωm at depth 
less than 1.5 m are observed in the entire survey area cov-
ered. However competent sand layers are encountered at 
depth of about 5 m and above at most of the locations.

5.2  Electrical resistivity imaging

Results from 2-D inversion of ERI resistivity data are pre-
sented as resistivity-depth structures (Figs. 10, 11, 12, 
13, 14, 15, 16). Acquisition of ERI data was conducted 

Fig. 8  Geoelectric cross-section along traverse TR5 (V1, V12, V4, V13 
and V16) arranged across TR1, TR2 and TR3. Sand layer is encoun-
tered at a depth ranging from 9.5 to 22.8 m

Fig. 9  Geoelectric cross-section along traverse TR4 (V8, V7, V5, V6 
and V18) cutting across TR1, TR2 and TR3. The depths to competent 
sand layer range from 15.3 to 43.3 m

Table 2  Relationship between 
unconfined compressive 
strength and soil quality [67]

Compressive 
strength (kPa)

Quality of soil

< 25 Vey soft
25–50 Soil
50–100 Medium
100–200 Stiff
200–380 Very stiff
> 380 Hard

Table 3  Typical values of small-
strain shear modulus [68]

Small-strain 
shear modulus 
(MPa)

Type of soil

2.75–13.75 Soft clays
6.90–34.80 Firm clays
27.60–13.80 Silty sands
69.00–345.00 Dense 

sands and 
gravels
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on the same traverses outlined for the VES data acquisi-
tion. The VES results coupled with lithological data were 
incorporated into the interpretation of the ERI profiles to 
boost the level of confidence placed on using geophysi-
cal inversion to map subsurface geology at the study site. 
Subsurface resistivity distributions of the study site show 
some resemblance despite the fact that different elec-
trode configurations were employed for data acquisition. 
These lateral and vertical resistivity variations reveal four 
distinct subsurface lithology in agreement with the result 
from the sounding data. The wide subsurface resistivity 
range (39–500 Ωm) depicts variation in soil matrix, grain 
size and water content of the subsurface materials. Low 

resistivity zones composed of clayey sand or clay/peat are 
interspersed within the middle layers which lie between 
the near surface layer and the deeper subsurface layer 
composed mainly of sand materials of moderate resistiv-
ity values. The thickness of the sandwiched compressible 
marshland clay/peat medium is less than 20 m along trav-
erses TR2 and TR3 and more at the other two traverses. It 
is presumed that the clay/peat material is water-saturated 
with resistivity values below 50 Ωm. This water-saturated 
condition coupled with the usual high percentage com-
position of decomposed organic matter, silt and humus 
soil suggests the high probability of occurrence of load 
sliding and as a consequence make such load mobile. 

Fig. 10  Wenner 2-D resistivity structure along traverse one

Fig. 11  Wenner 2-D resistivity structure along traverse two
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Furthermore, these earth materials predominant in wet-
land areas are a major cause of ground instability which 
could be a potential source of structural hazards in this 
study area. Hence shallow foundation is not encouraged 
for engineering structures of high or heavy buildings in 
this area.

6  Conclusion

Geophysical investigation to assess subsurface con-
ditions and nature of surficial materials is an essen-
tial preconstruction tool in wetland environments. 

Subsurface evaluation of the sand-filled site at Victo-
ria Island, Lagos using electrical resistivity mapping 
techniques has revealed useful information typical of 
coastal areas in Lagos that would assist building pro-
fessionals in the planning and design of engineering 
structures. The interpreted VES and 2-D resistivity imag-
ing results show that the sand-filling conducted on the 
reclaimed site is presumed adequate to certain depth 
where sand medium is moderately spread across the 
covered area. Also thin layers of sand are revealed at 
shallow depth above sandy clay layers and in few loca-
tion, pockets of discontinuous peat/clay medium were 
delineated. The direct implications of these findings 

Fig. 12  Dipole–dipole 2-D resistivity structure along traverse two

Fig. 13  Pole–dipole 2-D resistivity structure along traverse two
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are that: (1) foundations of engineering structures 
cannot be accommodated within the shallow sand 
layers up to a depth of about 0.6–0.9 m. This is by vir-
tue of the underlying sandy clay strata with resistivity 
(50 Ωm < ρ < 140 Ωm) which has moderate compressibil-
ity and at some locations underlain by highly compress-
ible peat/clay (ρ < 50 Ωm) and might cause differential 
settlement in the near future. Also due to the discon-
tinuous nature of these underlying layers, there is high 
risk of the occurrence of subsidence and differential 

settlement which can impact severe damage to engi-
neering structures. (2) Deep piling might be needed 
at majority of all the locations sand-filled with com-
petent sand layers (ρ > 120 Ωm) as the last layer which 
lies at deeper depth within 10–20 m. This study shows 
that detailed subsurface mapping is indispensable at 
reclaimed sites from wetlands, as a means of ascertain-
ing the effectiveness of the sand-filling exercise and 
the degree of consolidation of the filled materials prior 
to commencement of construction works. This would 

Fig. 14  Wenner 2-D resistivity structure along traverse three

Fig. 15  Dipole–dipole 2-D resistivity structure along traverse three
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ultimately assist in locating regions of suitable and 
competent subsurface geological materials for erect-
ing foundations of structures.
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