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ABSTRACT: The need to build an automobile mechanic settlement, abattoir and a proposed meat processing factory at
Aboru residential estate necessitated a geophysical assessment (using a Dar-Zarrouk parameter — longitudinal unit
conductance, S) of the vulnerability of the subsurface aquifers in the study area against the expected long-term
anthropogenic impacts of these facilities on the groundwater system. Thirteen (13) Vertical Electrical Sounding (VES) points
and four (4) Dipole-Dipole resistivity profile lines were occupied on four traverse lines across the study area. Isoresistivity
and Isopach maps were generated and Total Longitudinal Unit Conductance, S of the earth materials overlying the aquifer
was computed and the aquifer protective capacity (APC) map was generated. The VES delineated four (4) geo-electric layers
namely; topsoil, pebbly/lateritic sand, clay/clayey/silty sand and sandstone. The depth to the sandstone aquifer ranges from
30.6 — 39.4 m with resistivity values ranging from 851 — 1437 Qm. The iso-resistivity and isopach maps reveal that the near
surface lateritic materials with resistivity values ranging from 350 — 1150 Qm and thicknesses ranging from 2 — 29 m are
pervious. The Total Longitudinal Unit Conductance, S varies from 0.0164 - 0.1168 mhos indicating a poor to weak protective
capacity rating across the study area and the APC map reveals that the north-eastern and western parts of the study area show
areas with weak protective capacity ratings while other areas are characterized by poor protective capacity rating. As such,
the establishment of the proposed service facilities in the study area is strongly discouraged as the nature of their operations
has a high potential to contaminate and eventually pollute the sub-surface aquifers on the long-run. If however the
inevitability of their establishment cannot be set-aside, then secondary measures must be taken to forestall a direct impact of
their operations on the subsurface.
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The geoelectrical resistivity method has been
successfully employed in the delineation of subsurface
geological sequence, geological structures/features of
interest, aquifer units, types and depth extent in almost
all geological terrains (Oladapo ef al. 2004; Ako et al.
2005; Lashkaripour et al., 2005; Hassanein et al.
2007). This is because of the significant resistivity
contrasts that exist between different earth materials
(Olorunfemi and Fasuyi 1993). The resistivity method
can therefore map interface along which a resistivity
contrast exists. This interface may or may not coincide
with geological boundary (Telford et al. 1990). In
addition, vertical electrical sounding (VES) has been
widely used to evaluate groundwater potentials and
area of high groundwater yield (Ako and Osondu
1986; Abdulaziz 2005; Abiola et al 2009).
Geoelectrical methods are also used extensively in
groundwater mapping for investigation of the
vulnerability of shallow aquifers (Abiola et al. 2009).
The vulnerability of aquifers is largely dependent on
the presence or absence of protective impermeable
layer, usually clay. The earth medium acts as a natural
filter to percolating fluid; its ability to retard and filter
percolating fluid is a measure of its protective capacity

(Olorunfemi et al,. 1998). Studies such as Serensen et
al. (2005) have shown that geoelectrical method is an
invaluable tool in mapping aquifer vulnerability
because of its capability to distinguish low- and high-
resistive formations. The concept of groundwater
vulnerability is based on the assumption that the
physical environment may provide some degree of
protection to groundwater against natural impacts,
especially with regard to contaminants entering the
subsurface zone. Consequently, some land areas are
more vulnerable to groundwater contamination than
others. Henriet (1976) showed that the combination of
layer resistivity and thickness in the Dar Zarrouk
parameters S (longitudinal conductance) and T
(transverse resistance) may be of direct use in aquifer
protection studies and for the evaluation of hydrologic
properties of aquifer. The protective capacity is
considered to be proportional to the longitudinal unit
conductance in mhos (Olorunfemi et al., 1998;
Oladapo et al., 2004; Ayolabi, 2005 and Atakpo and
Ayolabi, 2009).

Aboru mini-estate is a large densely populated
residential area of Lagos whose sources of water are
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three industrial groundwater boreholes that tap the
groundwater from a deep seated sandstone/sand
aquifer at three strategic locations in the estate.
Automobile mechanic settlement, abattoir and meat
processing factory have been proposed to be
established in the estate due to urbanization and self-
sustainability of the area. The operations of these
service facilities have high potential to contaminate
and pollute the sub-surface aquifers in the study area
on the long-run due to the possibility of indiscriminate
dumping of waste on the ground surface from these
facilities. This therefore has necessitated the aquifer
vulnerability study in the study area. In this study
therefore, 2D dipole-dipole and 1D vertical electrical
sounding (VES) geophysical techniques were applied
to determine the first order geoelectric parameters
(resistivity p and thickness h) to delineate the depth to
aquifer and its lateral extent and a second order
geoelectric parameter (longitudinal unit conductance)
to determine the aquifer protective capacity.

MATERIALS AND METHODS

Study area: Geologically, Lagos state falls within
Eastern Dahomey Basin. The stratigraphy of
Cretaceous to Tertiary sedimentary sequence of the
Eastern Dahomey Basin is divided into: Abeokuta
Group, Imo Group, Ilaro Formation, Benin Formation,
Coastal plain sands and recent alluvium (Omatsola and
Adegoke, 1981). The study area is underlain by the
Coastal Plain Sands of Lagos (Fig. 1). Aboru (Fig. 2)
is located in Iyana-Ipaja area of Lagos, southwestern
Nigeria. It lies between Northing 732983mN and
733097mN and Easting 530651mE and 530771mE
(Fig. 2). The two prevailing climatic seasons are the
dry (November to March) and wet (April to October)
seasons and it is found in the rain forest environment
with mean annual rainfall ranging between 1500 mm
and 2500 mm (Balogun, 2000).
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Fig 1: Regional map of the study area (Kogbe, 1976)
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Fig 2: Base map of the study area

Data Acquisition: Geophysical Investigation: 2D
dipole-dipole electrical resistivity measurements were
taken along four (4) traverses using the R-50 Soil Test
Resistivity Meter. Traverses 1-3 run in SE-NW
direction while traverse 4 runs in approximately SW-
NE direction (Fig. 2). Electrode separation of 5 m and
inter-dipole expansion factor (n) was varied from 1-5
along the four traverses. Traverse 1-3 each have a total
surface length of 100 m while traverse 4 has a total
surface length of 80 m. Following the 2D dipole-
dipole measurement, a total of thirteen (13) VES data
were acquired within the study area using the
Schlumberger Array type. Four VES points (V1 to V4)
were on TR1, three VES points (V5 to V7) on TR2,
four VES points (V8 to V11) on TR3 and two VES
points (V12 to V13) on TR4 as shown in figure 2. The
highest half-current electrode spread length (AB/2) is
65 m.

Data Processing: Geophysical Investigation: The 2D
Dipole-Dipole data sets were processed for inversion
with DiproWin Software to generate the pseudo
sections and calculate the true resistivity distribution
within the area. Anomalous resistivity points were
identified across the sections and these were later
occupied with the VES. The VES sounding curves so
generated were processed with partial curve matching
to quantitatively generate the first order geoelectric
parameters. These were used as input parameters for
inversion using WINRESIST iteration software.
Spatial correlations of the resistivity, thickness and
depth were used to generate the geoelectric sections
along the traverses.

Dar-Zarrouk Parameters: Dar-Zarrouk (D-Z)
parameters were defined by Maillet (1947). T is the
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resistance normal to the face and S is the conductance
parallel to the face for a unit cross section area, which
plays an important role in resistivity soundings. D-Z
parameters are sufficient for computing the
distribution of surface potential and hence an electrical
resistivity graph (Henriet 1976).

Suppose that a section consists of N fine layers with

thickness h;, hy, ... , h, and resistivity p;, po,
Piyerenrenn ,pn for a block of unit square area and thickness
H=%i1h

These values of S and T are set equal to those for an
anisotropic block with unit square area. So that:
Longitudinal Unit Conductance S,

hy  h h h h;
S=2+24+ 24+ 2=
p1 P2 P3 pn Z“Ipi
Transverse Unit Resistance T,
T = p1h1 + p2h2N+ p3h3 + e + pnhn =
Yi=1pihy .2
Longitudinal Resistivity Rs,
R,=12 3
S - S ...........................
Transverse Resistivity, Rt
Ry = = e, 4
H

In this study however, only the Longitudinal Unit
Conductance S in mhos (Equation 2) was considered
as it is found to be proportional to the protective
capacity of the overburden (Olorunfemi et al., 1998;
Oladapo et al., 2004. Ayolabi, 2005 and Atakpo and
Ayolabi, 2009).

RESULTS AND DISCUSSION

Geophysical Investigation: 2D Resistivity Imaging:
Figs. 3-6 present the 2D resistivity structure for
traverse 1 — 4. Traverse 1-3 are oriented in the SE-NW
direction (Figs. 3-5). Traverse 4 is oriented in SW-NE
direction (Fig. 6). In SE-NW direction (Figs. 3-5),
lateral distance of 90 m was covered and a depth of 15
m was imaged. Resistivity varies from 70 to 1047 Qm
across traverses 1 — 3 in this orientation. Resistivity
distribution across this direction reveals two distinct
resistivity  structures  indicating  clayey/clayey
sand/sandy topsoil (with an indication of being
lateritic on traverse 2) and lateritic sand (which is
likely to be pebbly in nature). Topsoil resistivity and
thickness range from 70 — 825 Qm and 2 — 3 m
respectively. The resistivity and thickness of the
lateritic sand range from 477 (in traverse 2) — 1047 Qm
(in traverse 1) and 12 — 13 m.
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Fig 3: 2-D resistivity structure along traverse 1 in SE-NW
direction

Across these traverses 1 — 3, resistivity signatures are
fairly similar and subsurface parameters are fairly
uniform because the traverses orient in the same
direction i.e SE-NW (Fig. 2). Across these traverses
(1-3) in this direction and at 15 m depth, there seems
to be no resistivity structure that could be of good
hydrogeological significance for groundwater
exploitation.
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Fig 4: 2-D resistivity structure along traverse 2 in SE-NW
direction
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Fig 5: 2-D resistivity structure along traverse 3 in SE-NW
direction
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Fig 6: 2-D resistivity structure along traverse 4 in SW-NE
direction

In SW-NE direction is traverse 4 (Figs. 2 and 6).
Lateral distance of 70 m was covered and depth of 15
m was imaged (Fig. 6). The resistivity distribution
along this traverse shows three distinct resistivity
structures indicating the topsoil, clayey sand and
lateritic sand. The topsoil, which is sandy in nature
(with resistivity ranging from 227 — 483 Qm) is fairly
continuous across the traverse up to 50 m lateral
distance (Fig. 6). Beyond here, the topsoil is clayey
sand with resistivity ranging from 145 — 176 Qm. The
thickness of the topsoil ranges from 2 — 5 m. The
topsoil is underlain by a lateritic sand layer with
resistivity and thickness ranging from 622 - 800 Qm
and 5 — 10 m. The lateritic sand is not fairly continuous
in the subsurface based on the resistivity distribution
(Fig. 6). At the maximum depth of 15 m imaged, there
is no indication of an aquifer.

1D Vertical Electrical Sounding (VES): The field
curves obtained within the study area are the AK, KH,
KQ, AKH, KHK and KHKH types with the AK-type
being dominant. The AK curve type accounted for
about 61.5% while the remaining curve types each
accounted for 7.7% of the total curve types within the
study area. Frequency distribution of the curve types
is presented in Fig. 7 and a typical curve type from
each traverse is presented in Fig. 8. The summary of
the VES results is presented in Table 1. From the VES
curves, four (4) to six (6) layers were delineated
indicating topsoil, lateritic sand, pebbly sand,
silty/clayey sand and sandstone. VES 11 reveals six
(6) layers, VES 3 and 11 reveal five (5) layers while
other VES curves reveal 4 layers. On traverse 1 (Fig.
9) are VES 1-4. Four (4) to five (5) layers are
delineated along this traverse with four (4) layers in
VES 1, 2 and 4 and five (5) layers in VES 3.
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Fig. 7: Histogram of the curve types obtained in the study area

The topsoil, whose resistivity and thickness range
from 25 — 135 Qm and 0.7 — 1.1 m is underlain by
pebbly sand in VES 1, 3 and 4 and by lateritic sand in
VES 2 (Fig. 9). The resistivity and thickness of the
pebbly sand range from 284 — 346 Qm and 0.9 — 6.6
min VES 1, 3 and 4 while in VES 2, the resistivity and
thickness of the lateritic sand are 2526 Qm and 0.9 m.
The third layer in VES 1, 3 and 4 is the lateritic sand
with resistivity and thickness ranging from 494 — 1172
Qm and 3.9 — 23.4 m while in VES 2, the third layer
is the pebbly sand with resistivity and thickness of 498
Qm and 2.4. Layer four along this traverse is silty sand
across VES 1, 2 and 3. At VES 4, the fourth layer is
clayey sand. The resistivity of the silty sand varies
from 173 —298 Qm and its thickness is 28.2 m in VES
3 only. The resistivity of the clayey sand is 100 Qm.
The thickness could not be determined because the
current terminated at this zone. VES 3 is underlain by
a fifth layer (Fig. 6) of sandstone with resistivity of
858 Qm, whose thickness could not be determined
because the current terminated at this zone and the
sandstone is suspected to be an aquifer of good
hydrogeological significance. On traverse 2 (Fig. 10)
are VES 5—7. Four (4) layers are delineated along this
traverse. The topsoil, with resistivity and thickness
ranging from 131 — 242 Qm and 0.8 — 1.8 m is
underlain by lateritic sand in VES 5 and 6 with
resistivity and thickness varying from 601 — 966 Qm
and 0.6 — 1.5 m while in VES 7, the topsoil is underlain
by pebbly sand with resistivity 285 Qm and thickness
5 m respectively. The third layer on this traverse is
silty sand, pebbly sand and lateritic sand on VES 5, 6
and 7 with corresponding resistivity 374 Qm &
thickness 27.4 m, 573 Qm & 12.2 mand 639 Qm and
13.3 m respectively.
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Fig. 8: Typical VES curve-type from each traverse 1-4

The third layer is underlain by sandstone in VES 5 and
in VES 6 and 7; it is underlain by silty sand (Fig. 10).
The resistivity of the sandstone is 851 Qm while the
resistivity of the silty sand varies from 264 — 372 Qm
in VES 6 and 7. Their thicknesses could not be
determined because the current terminated at that
depth. The sandstone at VES 5 is an aquifer. On
traverse 3 (Fig. 11) are VES §, 9, 10 and 11. Four (4)
layers are delineated on this traverse.
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Fig. 9: Geoelectric section along traverse 1

Depth (m)

LEGEND

U
E Clayey/Sitty Sand
q 10m!
. Pebbly/Lateritic Sand Sandstone

Fig. 10: Geoelectric section along traverse 2

The topsoil, with resistivity and thickness ranging
from 132 — 297 Qm and 0.7 — 1.7 m is underlain by
pebbly sand in VES 8 and 9 with resistivity and
thickness varying from 314 — 569 Qm and 4.6 — 5.0 m
while in VES 10 and 11, the topsoil is underlain by
lateritic sand with resistivity and thickness varying
from 539 - 610 Qm and 0.6 -1.7 m respectively. The
third layer on this traverse is lateritic sand, on VES 8
and 9 with corresponding resistivity and thickness
varying from 638 - 1185 Qm and 16.6 — 22.2 m, while
in VES 10 and 11 the third layer is silty sand and
pebbly sand with resistivity and thickness of 391 Qm
and 38.9 m for the silty sand and 361 Qm and 6.4 m
for the pebbly sand respectively.
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Table 1: Summary of the VES Interpretation Results

VES Curve No. of Resistivity Thickness Depth Inferred Hydrogeological
No. Type Layers  Value (Qm) (m) (m) Lithology Significance
1 AK 1 104 0.8 0.8 Topsoil
2 295 2.7 3.5 Pebbly Sand
3 494 8.5 12.0 Lateritic Sand
4 298 - - Silty Sand
2 AK 1 25 1.1 1.1 Topsoil
2 2526 0.9 1.9 Lateritic Sand
3 498 2.4 43 Pebbly Sand
4 231 - - Silty Sand
3 AKH 1 36 1.0 1.0 Topsoil
2 346 22 32 Pebbly Sand
3 1172 39 7.1 Lateritic Sand
4 173 28.2 353 Silty Sand
5 858 - - Sandstone Aquifer
4 AK 1 135 0.7 0.7 Topsoil
2 284 6.6 7.4 Pebbly Sand
3 657 234 30.8 Lateritic Sand
4 100 - - Clayey Sand
5 KH 1 171 1.8 1.8 Topsoil
2 601 1.5 32 Lateritic Sand
3 374 274 30.6 Silty Sand
4 851 - - Sandstone Aquifer
6 AK 1 242 0.8 0.8 Topsoil
2 966 0.6 1.4 Lateritic Sand
3 573 12.2 13.6 Pebbly Sand
4 372 - - Silty Sand
7 AK 1 131 L5 1.5 Topsoil
2 285 5.0 6.5 Pebbly Sand
3 639 133 19.8 Lateritic Sand
4 264 - - Silty Sand
8 AK 1 297 1.5 1.5 Topsoil
2 314 5.0 6.6 Pebbly Sand
3 1185 16.6 23.2 Lateritic Sand
4 64 - - Clay
9 AK 1 140 1.0 1.0 Topsoil
2 569 4.6 5.6 Pebbly Sand
3 638 222 27.6 Lateritic Sand
4 136 - - Clayey Sand
10 KQ 1 156 1.7 1.7 Topsoil
2 610 3.0 4.7 Lateritic Sand
3 391 38.9 43.6 Silty Sand
4 330 - - Clayey Sand
11 KHK 1 132 0.7 0.7 Topsoil
2 539 0.6 1.3 Lateritic Sand
3 361 6.4 7.8 Pebbly Sand
4 968 2.9 10.6 Lateritic Sand
5 249 - - Silty Sand
12 KHKH 1 250 0.9 0.9 Topsoil
2 902 1.0 1.8 Lateritic Sand
3 270 7.5 9.3 Pebbly Sand
4 724 9.8 19.1 Lateritic San
5 265 20.3 39.4 Silty sand
6 1437 - - Sandstone Aquifer
13 AK 1 15 0.6 0.6 Topsoil
2 176 59 6.6 Pebbly Sand
3 393 17.0 23.6 Lateritic Sand
4 81 - - Clayey Sand

The fourth layer in VES 8 is clay with resistivity of 64
Qm and in VES 9 and 10, the fourth layer is the clayey
sand with resistivity ranging from 136 to 330 Qm. The
thickness of this fourth layer could not be determined
at these three VES locations because the current
terminated in this zone. At VES 11, the fourth layer is
lateritic sand with resistivity and thickness of 968 Qm

and 2.9 m. This layer is underlain by silty sand of
resistivity 249 Qm. The thickness could not be
determined because the probing current terminated at
this zone. On this traverse, there is no indication of the
presence of an aquifer in the subsurface within the
depth of investigation.
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Fig. 11: Geoelectric section along traverse 3

On traverse 4 (Fig. 12) are VES 12 and 13. On this
traverse are VES 9, 6 and 3 (Fig. 2) in a co-incidence
due to traverse orientation (which has been discussed
earlier and singly on their respective traverses). Four
(4) and six (6) layers are delineated on VES 12 and 13
respectively. The topsoil, with resistivity and
thickness ranging from 15 — 250 Qm and 0.6 — 0.9 m
is underlain by lateritic sand in VES 12 with resistivity
and thickness 902 Qm and 1.0 m while in VES 13, the
topsoil is underlain by pebbly sand with resistivity and
thickness of 176 Qm and 5.9 m respectively. The third
layer in VES 12 is pebbly sand with resistivity and
thickness of 270 Qm and 7.5 m. In VES 13, the third
layer is lateritic sand with 393 Qm and 17 m resistivity
and thickness values respectively.

SWves12 VES9 VES6

LEGEND
Topsoil E Clayey/Sity Sand

. Pebbly/Lateritic Sand Sandstone

Fig. 12: Geoelectric section along traverse 4

The fourth layer in VES 12 is lateritic sand with
resistivity and thickness values of 724 Qm and 9.8 m
while the fourth layer in VES 13 is clayey sand with
resistivity of 81 Qm. The thickness could not be
determined because the current terminated at this
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point. The fifth layer in VES 12 is silty sand having
resistivity and thickness values of 265 Qm and 20.3 m
respectively. The fifth layer is sandstone (Fig. 6d) with
resistivity of 1437 Qm but the thickness could not be
determined because the probing current terminated at
this point. The sandstone here is suspected to be of
good hydrogeological significance. These results from
the geoelectric sections correlate with the results from
the 2D electrical resistivity sections (Fig. 3 — 6). The
1D geoelectric investigation only images deeper
depths than the 2D electrical resistivity investigation.
There is a strong indication that the basal sandstone
layer delineated by 1D geoelectric investigation at
depth is the most suitable aquifer in the study area
capable of supporting groundwater exploitation. The
nature of the near-surface geologic materials overlying
the aquifer is relatively porous and permeable thus
offering little or no protection over the aquifer against
contamination of any kind.

Iso-resistivity and Iso-pach Mapping of the
Subsurface: Isoresistivity map of the subsurface layer
(pebbly/lateritic sand) underlying the topsoil is
presented in figure 13. The layer’s average resistivity
ranges from 350 to 1150 Qm. An almost uniform
resistivity of < 750 Qm is observed in the study area
(Fig. 13). A closure of high resistivity ranging from
750 - 1500 Qm is revealed in the south eastern part of
the study area (Fig. 13) and this is typical of the highly
resistive  (but permeable) pebbly/lateritic sand
delineated as the second layer in the geoelectric
sections (Fig. 9-12) overlying the sandstone aquifer at
depth. Isopach map of the second layer, which is the
pebbly/lateritic sand, is presented in figure 14. The
map shows a variation in the thickness of the
pebbly/lateritic sand second layer within the study
area. The thickness varies from 1 - 31 m (Fig. 14). In
the NE-SW direction and slightly at the centre of the
study area, the thickness varies from 13 — 31 m. This
result is indicated in the geoelectric section for
traverse 4 (Fig. 12).

In NW — SE direction, the layer thickness varies from
1-11 m as also indicated in the geoelectric section for
traverse 1-3 (Figs. 9 - 11). The relative thickness of the
pebbly/lateritic sand; second layer in the study area
does not give a protection to the underlying aquifer
because of being a porous and permeable geologic
material.

Evaluation of Aquifer Protective Capacity: Aquifer
protective capacity (APC) is the ability of the
overlying layers of rock (i.e the overburden) above the
aquifer unit to impede, slow-down, filter and contain
percolating ground surface contaminating fluids and
run-offs.
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Fig. 13: Iso resistivity Map of the pebbly/lateritic sand

The second order geoelectric parameter - longitudinal
conductance (which is a Dar Zarrouk parameter) was
evaluated from the first order parameters (thickness
and resistivity) of the geoelectric layers which were
used in the classification of the APC of the area.
Highly impervious materials such as clay and shale
usually have high longitudinal conductance values
(resulting from their low resistivity values) while
pervious materials such as sand and gravels have low
longitudinal conductance values (resulting from their
high resistivity values). While high longitudinal
conductance value corresponds to excellent and good
APC, low longitudinal conductance values are
associated with poor and weak APC (Tables 2 and 3).

Table 2: Longitudinal Conductance/Protective Capacity Rating
(Henriet, 1976).
Total Longitudinal Unit Overburden

Protective

Conductance (MHOS) Capacity Classification
<0.10 Poor

0.1-0.19 Weak

0.2 -0.69 Moderate

0.7-1.0 Good

Table 3: Modified Longitudinal Conductance/Protective Capacity

Rating (Oladapo et al., 2004)

Total Longitudinal Soil Protective
Unit Conductance Capacity
(MHOS) Classification
>10 Excellent
5-10 Very Good
0.7-4.9 Good
0.2-0.69 Moderate
0.1-0.19 Weak

<0.1 Poor
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Fig. 14: Isopach Map of the pebbly/lateritic sand

Table 4 presents the summary of the computation of
total longitudinal conductance S and overburden
protective capacity rating at all the thirteen VES
stations in the study area. From the analysis (Table 4),
the value of the total longitudinal unit conductance
varies from 0.0164 - 0.1168 mhos in the study area and
this signifies an overburden whose protective capacity
is from poor to weak (Tables 2 and 3). This confirms
the porous and permeable nature of the geologic
materials (topsoil/pebbly sand/lateritic sand/clayey
sand/silty sand) overlying the aquifer. Fig. 15 is the
aquifer protective capacity map of the study area
showing the spatial distribution of the longitudinal unit
conductance across the study area. The north-eastern
and western parts of the study area, accounting for
15% of the study area show areas with weak protective
capacity ratings while other areas which represent
85% of the entire study area are characterized with
poor protective capacity rating (Fig. 15). The weak
and poor zones coincide with zones of shallow or thin
overburden and relatively high electrical resistivity.
These areas are vulnerable to easy and quick migration
of near-surface/surface contamination sources. This
result is in agreement with the interpreted or the
inferred lithology across the study area for the
overburden. From the interpreted geoelectric
parameters, the inferred lithology for the layer directly
overlying the aquifer is clayey sand/pebbly sand for
the most parts of the study area. This lithologic unit is
weak and porous in terms of its protective capacity and
could offer little or no protection to the underlying
aquifer as contaminating fluids can migrate relatively
easy through this lithologic unit to pollute the aquifer.
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Table 4: Total Longitudinal Unit Conductance (S) and Overburden Protective Capacity Rating
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Fig. 15: Aquifer Protective Capacity Map of the Study Area

Conclusion: Due to expansion and self-sustainability,
automobile mechanic settlement, abattoir and a meat
processing factory have been proposed to be
established at the Aboru Estate to serve as service
facilities for the use of the increasing community. The
operations of these service facilities such as the
discharge of engine oil, blood and other fluids and
solid materials are expected to impact the subsurface
on the long-run with the high possibility of
contamination and thereafter polluting the regional
aquifer. As such, this necessitated a geophysical
assessment (using Longitudinal Unit Conductance, S -

a Dar-Zarrouk parameter) of the vulnerability of the
subsurface aquifers in the study area against the
expected long-term anthropogenic impacts of these
facilities on the groundwater system. The aquifer
protective capacity map reveals that the north-eastern
and Western parts of the study area show areas with
weak protective capacity ratings while other areas in
study are characterized with poor protective capacity
rating. This indicates that the aquifers are poorly
protected and thus the earth materials overlying the
aquifers have a poor protective capacity rating. The
establishment of the proposed service facilities such as
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an automobile mechanic settlement, abattoir and a
meat processing factory in the study area is strongly
discouraged. The nature of the operations of these
facilities has a high potential to contaminate and
eventually pollute the sub-surface aquifers on the
long-run.  If however the inevitability of their
establishment cannot be set-aside, secondary measures
must be taken to forestall a direct impact of their
operations on the subsurface.

Acknowledgement: The contributions of Mr. Akin-Ojo
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quality of this work.
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