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Abstract

In this study, geophysical method of electrical resistivity measurements using the vertical electrical sounding
(VES) technique was utilized for the acquisition of geotechnical and hydrological subsurface information at a
proposed estate in order to assist its foundation design and groundwater resource development. Thirty vertical
electrical sounding (VES) stations with maximum AB/2 spacing of 65m was adopted for the proposed study
covering an area of about 2km2. Typical sounding curves from the site include the H, KH, QH and A type;
predominantly with H type constituting 60% of the survey points. A maximum of four geoelectric subsurface
layers were identified, comprising the topsoil (clayey sand and laterite), weathered layer, partly weathered /
fractured basement and fresh basement. The regions on the overburden map delineated as thick overburden (i.e.
greater than 15m) and basement depression zones (i.e. areas at lower elevation) on the bed rock relief map are
classified as high groundwater potential zones in the area and favored for optimal groundwater abstraction.
The relatively high apparent resistivity range of the topsoil (740 - 1208 Ohm-m) and weathered layer (48 - 579
Ohm-m) respectively indicate that the underlain rock units are competent and therefore can withstand heavy
structures. A few significant low resistivity anomalies on the pseudo-sections depicted as fractures / or shear
zones were delineated as they might cause stability problem for overlying structures. The degree of soil
corrosivity evaluated from the topsoil resistivity data shows resistivity (> 500 Qm) in most part of this layer thus
implies the soils may host metallic materials without serious danger of corrosion.
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INTRODUCTION
Geophysical method of electrical resistivity Frischknecht (1966), earth resistivities are related to
measurements using the vertical electrical sounding important geologic parameters of the subsurface viz
(VES) technique is a well-established and widely  type of rocks and soils, porosity and degree of
used non-invasive approach for solving a variety of  saturation. This finding has made possible a
geotechnical, geological, hydrological and hydrogeological interpretation of the measured
environmental subsurface detection problems (Ward, electrical resistivity data at the study area namely;
1990). In recent years, there has been an increased determine the depth to and thickness of potential
awareness that subsurface characterization using aquifer horizon(s), establish the groundwater
standard drilling methods which offers a point potential of the estate and locate desirable points for
measurement does not provide the information to optimal groundwater exploitation. Similarly, a
accurately evaluate the true distribution of geologic geotechnical interpretation of the resistivity data has
parameters beneath ground surface at many sites aided the foundation characterization of near surface
(Holt et al, 1998). Hence as complement to drillhole, layers of the proposed estate by identifying and
geophysical technique can provide broad composite describing the nature of its subsurface lithology, the
images of the subsurface over large areas at relatively ~ extent of underlain clay materials / fractures and the
lower cost and higher speed. This aid in appropriate degree of soil corrosivity.
allocation of space for residences, buried utilities,
erection of engineering structures and recreation Study Area Location and Description
facilities prior to a site development (Omoyoloye et ~ The study area is a proposed residential estate located
al, 2008). in lbadan southwestern Nigeria (Fig.1). It occupies
about 2km?and lies between latitude 7° 22' 27"N and
In this study, thirty vertical electrical soundings  7° 23' 40"N and longitude 3° 51' 17"E and 3° 51'
stations were carried out to cover the entire site. The 29"E. The site falls within the region of tropical rain
data obtained were processed and their output was forest belt of hot and wet equatorial climate and has a
presented as geoelectric curves, 2D cross-sections, characteristic mean annual temperature of 28° C
pseudo-sections and maps. According to Keller and (Udo, 1982; Akintola, 1986).
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Geological and Hydrological Setting

The site is situated in the basement complex of
southwestern Nigeria (Fig.2) with the Precambrian
crystalline rocks consisting mainly of gneisses,
migmatites and granites (Rahaman, 1976). The
predominant rock in the study area is gneiss along
with few other rock types like amphibolites, diorites
and pegmatite. Generally, the basement rocks in their
unaltered form are characterized by low porosity and
permeability.  Therefore  the occurrence  of
groundwater in this region depends on the existence

of thick weathered and or deep fractured zones. In
Ibadan area, the weathered profile developed above
crystalline basement rocks comprises from top to
bottom, the soil layer, the saprolite (product of in situ
chemical weathering of the bedrock), the saprock
(fractured bedrock) and the fresh bedrock (Olayinka
and Yaramanci, 1999). The recharge of the aquifers is
mainly by the annual rainfall infiltrations and
discharges artificially through dug wells
boreholes (MacDonald et al, 2002).

and
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Fig.1: Location Map of the Study Area Showing the VES Positions.
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Fig.2: Generalised Geological Map of Ibadan Area, showing the Study Area
(Modified after Olayinka and Yaramanci, 1999)

Field Measurement and Data Analysis

A SYSCAL type digital surface resistivity meter
adopting Schlumbeger electrode array configuration
was used for the data collection. A total of thirty
vertical electrical sounding (VES) stations were
occupied across the entire site with maximum AB/2
spacing of 65m, where AB is the current electrode
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separation. Its sounding curves were subjected to a
preliminary interpretation using the partial curve
matching technique by Zohdy (1965) and Orellana
and Mooney (1966) and inverted with WinRESIST™
program and Winglink software. The 1-D Inversion
analyses of the sounding curves were made with an
average RMS error of 3.5%. In subsequent analysis,
the results of the 1-D inversion i.e. layer parameters
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were compiled and process to generate maps, 2-D
cross-sections and pseudo-sections of apparent
resistivity across the area.

RESULTS AND DISCUSSION

To assist the interpretation, the results of the analysed
measured resistivity data were carefully integrated
with the information of the area local geology.
Typical sounding curves from the site are shown in
Figure 3, these includes the H, KH, QH and A type
with three to four geoelectric layer combinations. The
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H curve type predominates constituting 60% of the
total number of curves while the KH, QH and A
types constitute 20, 16.7 and 3.3% of this total
respectively. The summary of the interpretation
results for the resistiyigy curves i.e. layer thickness
and resistivity values are shown in Table 1
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Fig.3: Typical Sounding Curves of the Study Area (a) VES 1 (b) VES 2 (c) VES 3 (d) VES 4 (e) VES 5 and (f)

VES 6



Elevation ()

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 3(2):368-374 (ISSN: 2141-7016)

A typical example of 2-D geoelectric section
generated from the inversion of VES results from the
study area is shown in Figure 4. Concisely, a
maximum of four geoelectric / geologic subsurface
layers were identified in the area, comprising the
topsoil (clayey sand and laterite) with resistivity
values ranging from 740 to 1208 Ohm-m and
thickness varying from 0.2 to 3.0m; the weathered
layer with resistivity values between 44 to 579 Ohm-
m and thickness varying from 5 to 21m; partly
weathered / fractured basement with resistivity values
ranging from 72 to 601 Ohm-m and thickness varying
from 4 to 18m; and the fresh basement with
resistivity range of 3641 to 6721 Ohm-m and this
layer is assumed to be infinitely thick.

Hydrogeological Implication

It is often possible to make qualitative hydrogeologic
deductions from curve types (Worthington, 1977).
The H and KH type curves predominant in the study
area suggest subsurface geoelectric configurations
apparently favorable for groundwater occurrence. In
Figure 4, the aquiferious zones are found within the
weathered layer (i.e. relatively low resistivity values)
and partly in weathered/fractured basement.
According to Omosuyi et al (2008), the thickness,
lateral extent and resistivity parameters of any of the
aquifer are important in evaluating groundwater
prospects of that aquifer. Consequently because of
the considerable large thickness and low resistivity of
the aquiferous units in Figure 4, the positions v2 and
that between v4 and v5 are favorable points along
this section for locating a well. Fundamentally, the
absolute value of electrical conductivity has been
effectively used

Fig.4: Geoelectric Section along W — E direction
covering VES 1, 2,3,4,5and 6
st East

Table 1: Interpretation Result of Resistivity Curves in

the study Area

Ves Thickness (m) Resistivity (Qm)

No dl/ dz/ ----- /dn.1 p1/ p1/ ------ /pn

1 14/25/41.4 662 /1004 /601 / 9794
2 0.3/17/17.8 259/3575/198 /41164
3 1.7/25.1 13447419 /32234

4 14/41/26.1 335/450 /296 /60401
5 0.6/25/24.0 341/774 1203 /41047
6 1.7/438 1979/ 58 /23646

7 14/78 545/ 205 / 99747

8 0.15/2.7/46.5 124412742 | 465 / 6935
9 1.1/49/273 670/931/233/12141
10 09/26/11.8 1083 /688 /173 /4833
11 0.7/5.4 111/48 /21233

12 0.7/6.2 567 /64 /94424

13 0.5/9.6 1106 /470 / 4668

14 1.3/21.1 775114217627

15 1.8/13.1 215/252 /1031

16 15/16.5 600/ 300 / 4800

17 05/8.2 94 /75 /93487

18 2.0/39.0 232/499 /94235

19 2.0/22.0 4431675/ 1415

20 1.0/12.7 1118/152 /3541

21 1.0/26/10.3 554 /547 /128 /1601
22 1.3/3.0/9.9 1616 /654 /99 /1600
23 0.7/17.4 441171197433

24 0.9/95 968 /233 /899

25 2.4/15.9 481/65/99121

26 1.6/10.1 47517412187

27 0.7/7.0 1197/434 /1214

28 1.4/8.6 6529 /1797 / 9854

29 0.8/3.8/84 990/191/72/9874
30 0.6/2.8/14.3 1805 /688 /72 /41000

Top Soll e

2m 200m 400m 600m 800m 900
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The overburden thickness map of the area (Fig.5)
indicates the zones of relatively thick overburden (i.e.
greater than 15m) and zones of relatively thin
overburden (i.e. less than 15m). From studies in
similar basement terrain (Omosuyi et al, 2003), areas
with thick overburden cover are identify as high
groundwater potential zones. Likewise, the analysis
of the bedrock relief map of the site shown in Figure
6 has important hydrogeologic significance in a
basement setting (Bala and lke, 2001). Basement
depression zone (i.e. area at lower elevation on the
bedrock) delineated at the north eastern and
southwestern part of the study area, D1 and D2
respectively are found to have thick overburden and
they serves as groundwater collecting troughs for
water displaced from the ridges. These features, in
other words thick overburden and depression zones
constitute  priority areas  for  groundwater
development.

Geotechnical Implication

The engineering competence of the subsurface
formation in the study area is evaluated qualitatively
from layer resistivity characteristics viz the higher the
layer resistivity the higher will be the competence
(Hunt, 2007). Table 2 which is based on geoelectrical
literature by Milsom, 2003 together with the
compressional modulus E. values (see Table 3) that
provide a measure of rock quality, had assisted this
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study in lithologic and geotechnical deductions. For
instance, it aided the interpretation of the pseudo

Table 2: Resistivites of some Common Rocks
(Adapted from Milsom, 2003)

()

Northing

section in Figure 7 (i.e. a plot of apparent resistivity [Rock Type Resistivity (Ohm-m)
versus AB/2) which represents the modeled true
Loose sand 500 - 5000
Gravel 100 - 600
Clay 1-100
i , Weathered bedrock 100 - 1000
- Thickness () | Sandstone 200 — 8000
M Granite 200 — 100 000
—d8
om0 - Table 3: Values of Compression Modulus Ec from
0 Menard Pressuremeter Testing (Adapted from CGS,
% 1978)
~ 3
< 101300+ 3 .
] ) Soil Type Ec
2 30
ZS 28 Peat and very soft clays 2-15
ol W Firm clays 30-80
(P Loose silty sands 5-20
16 Sands and gravels 80400
5 Residual soils (schist and gneiss: saprolite) — 50-2000
101400
10
8 resistivity image beneath vesl — ves 6 derived from
6 finite-difference  forward modeling using the
- Winglink software (Winglink™, 2003; Patro et al,

2005; Adepelumi et al, 2009). The relatively low
resistivity anomaly (239 - 476 Qm) beneath ves 4 and
5 depicts a fracture or weak shear zone. These
features are potential hazards that may result in
settlement of buildings or collapse of overlying
structures if remedial engineering action is not
considered. The pseudo-section also presents the
probable depth, distribution and extent of this low
anomalous electrical resistive feature. Along various
profile directions in this study, the apparent resistivity
values for the topsoil and weathered layer are
evaluated in terms of their earth materials and
competence (Soupios et al, 2007; Connor and Long,
2008). From the analysis, it is recognized that the
area is primarily underlain by relatively high
resistivity clayey sand, laterite and basement material
with thickness up to 49.4m in some region and as
lowly as 6m in the western region i.e. in the vicinity
of vesll. The degree of soil corrosivity in the area
was evaluated from the topsoil resistivity data.
According to Omoyoloye et al, (2008), soil
corrosivity is related with low resistivity probably
caused by reduced aeration, increased electrolyte
saturation or high concentration of dissolved salts in
soil. Analysis shows topsoil resistivity of most part of
the area greater than 500 Qm. This implies the non
aggressive soils of the study area may host metallic
materials without serious danger of corrosion.
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Fig.5: The Overburden Thickness Map of the Study
Area
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T This study has shown that the aquiferious zones in

the proposed estate are found within the weathered
layer and the partly weathered / fractured basement.
The regions delineated as thick overburden (i.e.
greater than 15m) and depression zones D1 and D2

Fig.6: The Bedrock Relief Map of the Study Area
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are identified high groundwater potential zones in the
area which are suitable locations for dug wells and
boreholes for optimum groundwater abstraction.

The apparent resistivity values of the topsoil and
weathered layer shows that the study area is primarily
underlain by relatively high resistivity clayey sand,
laterite and basement material, which are indication
that the underlain rock units are competent and
therefore can withstand heavy structures (CGS, 1978;
Hunt, 2007). Also, the few significant low resistivity
anomalies depicted as fractures / or weak geological
zones that may cause stability problem for overlying
structures were delineated. This work has provided
some critical information expected to assist in the
planning / development of the groundwater resources
and engineering design for structures at the proposed
estate.
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