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. ABSTRACT

‘A study of the efficiency of geoelectric sounding using Schlumberger array electrode configuration in predicting lithological
sequences and depth to bedrock in a typical basement complex area(ljesa-isu) has been carried out. Thé predicted geoelectric
layers from the topsoil to the last unit obtained from the VES interpretation results were compared with the actual lithological log |
and the level of agreement between the predicted and the actual sequences were scored on a scale of 2. The agreement level -
between the predicted sequence and the actual lithalogical layers expressed in percentages vary from 70% to 90% giving an
overall average predictive efficiency of 81% . This high level of predictive efficiency shows a strong predictive correlation between
geoeléctrically delineated layer sequence and actual lithalogical sequence. However, the fact that the overall average agreement is
not 100% means that 4hé°’geoelectrlc layers sequences and depth to bedrock are not always exactly the same as lithological ones
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INTRODUCTION

The need for the use of pre-drilling geophysical survey has
been taken for granted in many parts of the country, Nigeria.
_Many clients believe that it is just one exercise whose costs, in
‘terms of time, materials and money should be saved or
avoided. This has resulted into the attendant-and rampant
borehole failures often recorded from.the many wild-cat drilling
exercises. However, the need for pre-drilling survey is gradually
_gaining acceptability. Although the electrical resistivity data
acquisition either in the form of vertical electrical sounding
(VES) or electric mapping has been in vogue in Nigeria for
long, yet the efficiency with which such surveys have produced
the desired resuits have been. understudied.

Though the electrical resisitivity method has
contributed immensely to the study of the hidden subsurface
‘structures (mainly joints and fractures) and rock types
(C'asehinde, 1989; Ojo et' al, 1990; Olayinka 1996, Ako and
Olorunfemi, 1989), and much _has been done in the areas of
analytical comparison of the interpreted results with the drilling
log in order to determine efficiency levels, yet this work is
necessary as a complementary effort in the direction.The
geoelectric layer is that layer of the earth which is represented

by formations which differ much more by their electrical

parameters like resistivity, dielectric and polarization etc, than
-by their lithological contents .

However, there exists a unique relationship between -

the geoelectric layers of the earth and the lithologic layers
which can possibly be delineated from the interpretation ot
resistivity sounding data .Since the immediate aim of electrical
resitivity prospecting is the prediction of lithologic layering and
depth to fresh bedrock, it is necessary to investigate how
efficiently this is done by comparing geoelectrically delineated
layers with the actual lithologic layers from the driller's log, as
.a means of entrenchmg further confidence in pre-driling
. .geophysical survey.

The Schiumberger electrode configuration is the most
widely used of all other arrays in the depth sounding
techniques for pre-drilling geophysical survey because of it's
hich depth probing capabilities in ground water investigation
"(Olorunfemi and Opadokun 1987, Ako 1996).The present
. study therefore |s aimed at correlating the Schlumberger array
results with carefully supervised borehole llthologlc logs from
six wells located in the study area, in order to determine the
-efficiency and level of agreement between the two, in a typical

basement complex area of southwestern Nigeria.

GEOLOGICAL SETTING

The study area, liesa Isu Ekiti, is located in lkole Local
Government area of Ekiti State southwest Ngerua (Fig, 1).
is bounded oy longitudes 5°25'E and 5°26'E and Iaﬂtudes
7°45'N and 7°46'N. The area falls within the tropics and there
is high annual rainfall of about 1500mm.The area lies within.
the Precambrian basement complex terrain of southwesrern
Nigeria. The major lithologic units according to Rahama:: and
Ocan (1978) include among others, the migmatite-gneiss
complex, which is the most widespread rock type in Ekiti State..
The migmatite gneisses are made up of three main
components, (i) the early gneiss, (ii) the amphibolites, bidtite
gnelss and (iii) the granitic-or felsic components, which is the
main rock type in the study area.
Noticeable geologic structure inclide faults, folds and jolnts
These structurés control the flow of ground water and
determine the,amount of recharge and discharge. The overall
drainage pattern is trellis in outiook .Rahaman (1976)
recognized that the migmatite gneiss complex might have
resulted from a complex association of deformative, shea' g
and folding, granitisation and migmatisation processes. ,
The hydrogeology of an area is controlled by such
factors as geology, structures and climate of the area. The
climate determines the amount and rate of recharge of the
aquifer (Mailu 1989, Shemang 1990). The major surface
waters in the study area are Rivers Opeitan and Abusoro and
their tributaries and other adjomlng streams. During the ramy
season, there is a great increase in flow volume in the major
rivers while there is hardly water in some of the streams during

‘the dry season. The highest rainfall usually occurs in August

while the lowest is. recorded in November.

MATERIALS AND METHODS OF STUDY

In the present study, the electrical resistivity sounding
using Schiumberger array was employed. This array is
preferred to Wenner because the' small spacing between
potential electrodes renders it less sensitive to shallow
inhomogeneities. The current electrode separation was varied
between 1.50 and 75 meters throughout the survey. The
instrument used for the study is the SAS300B ABEM
Terrameter, which energises the ground with a current supply
of very low frequency.The data were coilected in six locations

" where boreholes were sited within the study area ( Fig 1.).

The borehole lithologic logs were obtained from six

" carefully supervised drilled borehole in the study area. The
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qu interval of 3.3 metres was used. The lithology and drill
time (in minutes) for each interval were also recorded.This |

“therefore enabled the production of the lithologic sections .
The VES curves were interpreted using partial curve matching
and computer iteration methods. The results from the manual
gurve matching were used as initial model parameters for an

iterative computer program RESIST 1.0 by Vander Velpen

(1988).
The resulting curve and their final model parameters
after iterations are as presented in Figures 2-4.The final model
parameters (layer resistivities and thicknesses) were used for

- the preparation of the geoelectric sections. ( Figures 5-10)

COMPARISON OF GEOELECTRICAL LAYERS WITH
LITHOLOGIC LAYERS

; The geoelectric layers from the topsoil to the fresh
.bedrock unit obtained from VES interpretation results were
‘compared with the actual lithology as revealed by the driller's

F18. . Geological Map of Ekiti State( Adapted from Rahaman, 1978)

log and the levels of agreement between the predicted and the

.. actual sequences were scored on a maximum scale of 2,

where a score of 2 is allocated to cases of complete
agreement between the predicted and actual lithologies.

The scores for partial agreement and non-agreement
are 1 and zero respectively. The analytical tool used in the
overall assessment of the level of comparison is the
percentage agreement (PA). Following equation 1.

PA = LSP X  100% .o { 1)
IMSP
‘where PA Percentage agreement

SP Score of Prediction

MSP Maximum Score of Prediction

The values obtained from the layer to ‘layer
comparison are as presented in table 1 below:
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TABLE 1

Assessment Parameters for estimatihg Predittive Efficiency of VES Section

No

Driller’s section
{Lithologic Log)

efficiency of VES‘section

Assessment parameters of predictive

% score of prediction

Rem

NP [

MSP |

SP

1. Topsoil »

1 v. Depth to Bedrack
'| Sub Total’

ii. Weathered layer
iii Fractured layer
iv. Fresh Basement

o e 2 %

TR

90%

ii. Clay

i. Topsoil -~

iii. Weathered Layer
iv. Fresh Basement
v. Depth to Bedrock -
Sub Total

PR I

90%

i. Topsoil
ii. Weathered Layer
iii.Fractured

< < <]

Basement -
iv. Quartz vein v
v. Fresh Basement -
vi. Depth to
Bedrock

Sub Total

83%

| ii. Weathered Layer | V

i. Topsoil v

iii. Fractured |- v
Bésement -
iv. Fresh Basement |. -
v. Depth to Bearock -
Sub/Total

-a NN

(=3
@

80%

i. Topsoil V7
ii. Laterite / Clay -
ii. Weathered Rock |
iv. Fresh Bedrock y
v. Fractured granite -
vi. Fresh granite v
vii. Fractured granite -
viii. Fresh granite v
ix. Depth to| -
Bedrock
Sub Total

.i. Laterite / Topsoil v

‘Basement W

it. Clay R
. Weathered | ¥

iv. Fresh granite -
v. Depth to Bedrock

GRAND TOTAL

%

L IR ST SRS U CRRFN U SO O N

-
o]

O N

78%

= NN NN N
o

70%

PP
NP
MsP
sp

" Predicted
Partially Predicted
Not Predicted
Maximum score of prediction
Score of Prediction

81%
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DISCUSSION OF RESULTS

1), the percentage agreement of the predicted with the actual
lithologic sequences in VES 'station 1 is 90%, the predicted
gsoelectric |ayers are in sequential|agreement with the actual.
lithologic layers. Also, the depth to bedrock predicted by VES
section (39m) was just highér than the actual depth (33.3) as
in Figure 5.- R P '

. For station 2, this agreement level is 80% (Table 1);
the depth to bedrock (24m) is. actually very close to the

From the asséssmeEt of the predictie level in station 1, (Table‘

* predicted value (26.2m) , so also are the lithologic layers in

complete sequential- agreement with the geoelectrically
predicted layers. In station 3, (Figure.7); the agreement level is
83%, the layers were correctly predicted, in sequence while
there is only insignificant difference between the predicted
depth to bedrock ( 28.6m) and the actual depth (31m). ‘
Stations 5 and 6 have agreement levels of 78% and 70%
respactively. There are good agreements in the sequences
while the depth to bedrock prediction are actually smaller
than the real situation . The error of equivaience was
respensible for the differences encountered between the
predicted and actual situations, .and consequently on the
prediction efficiencies. i

On the overall predictive performance for the six (6)-
station studied, the agreement level is encouraging, (81%)
which is.a high percentage and a mark of high level-
performae.cé. The predictive level of geoelectrically delineated -
layers and depth to bedrock to the actual situation could
therefore be said to be very high. h

CONCLUSIONS AND RECOMMENDATION

. The results obtained in this study show high level
percentage of sequential agreement between the
geoelecirically predicted layers and depth to bedrock and the
actual lithologies and depths encountered. _

This high level agreement indicates a strong relationship
between predicted layer (sequence from VES study) and the
lithologic layers. it should be noted that the fact that the
overall average agreement level is not 100% signifies that the
geoelectric layers sequence are not always entirely the same
as the lithologic sequence and that the depthto fresh bedrock
could also vary significantly. : ‘ .

Notwithstanding this, the study gives encouraging
high level agreement and results. Therefore arising from this
study, the use of électrical resistivity method in unraveliing and
predicting the subsurface geologic sequence and depth to-
bedrock, given proper data processing and interpretation
The Schiumberger array
resjstivity sounding technique has been further entrenched as
one, if not the best method, of predicting lithologic layering
and depth to bedrock and therefore effective in borehole siting
endeavours. ’
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