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Abstract

Tl'he n‘{Elh(.)d of simple regression analysis was employed 1o test for the correlation at the various depths of
investigation between AB/2 and resistivity for the "cc.Jclectric:ﬂ data collected from six VES points (i.e. Ay
= Ag). Th? VES dataset had been interpreted in the usual manner to obtain information about number of
layers, their thicknesses, and depth to basement aionr; the profile on which soundings werc carried out.
Having applied the method of regression analysis to for (i) maximum AB/2 = 100m, (i) maximum
ABQ:@m’ it was found that the values of the standard error of estimates are within tolerable limits for
VFTS pomnts Ay, Ay, Aj, and A, (i.c. about 67% correlation). Thus it was recommended that between VES
points Ay and A, intermediate VES points (say 50m spacing) could be sounded with savings in time and
C_DSI' Now, instead of fourteen sounding sequences that are concerned with depth to basement, just the first
six sequences could be sounded and the remaining dataset can be extrapolated to AB/2 = 40m.
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Introduction
The resistivity of the subsurface is a continuously varying property in relation to the

depth surveyed. There are many methods of electrical surveying. Some make use of the

naturally occurring fields within the earth while others require the introduction of
artificially generated currents into the ground. More commonly, electrical methods

involve the detection of signals induced in the subsurface conducting bodies by electric

and magnetic fields generated above ground. Investigations in this category would

exclude the self-potential method, but obviously would include the resistivity and

electromagnetic methods. In the earth resistivity method, a direct commutated or low
frequency alternating current is introduced into the ground by means of two electrodes
(metal stakes or suitably laid-out bare wires) connected to the terminals of a portable
source of e.m.f. The resulting potential distribution of the ground, mapped by means of
two probes (metal stakes or preferably, non-polarizable electrodes), is capable of yielding
information about the distribution of electric resistivity below the surface. The resistivity
method is used in the study of horizontal and vertical discontinuities in the electrical
properties of the ground, and also in the detection of three-dimensional bodies of
anomalous electrical conductivity. It is routinely used in engineering, archaeological, and
hydrogeological investigations to investigate the shallow subsurface geology. Other than
the search for water-bearing formations, the method has been used mainly in stratigraphic
correlation in oil fields and in prospecting for conductive ore bodies (Kearey and Brooks,
1984; Parasnis, 1986; Lowrie, 1997).

Two main types of procedures are employed in resistivity surveys, viz:
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Project Location: The VES geoelectr
a geophysical survey that covered an area of 1km X 1/2km, an
study area of Udensi et al (2006). lects
The Method Employed: The geophysical survey was ba_sed 01: lh.ﬁ electrical resistiyip,
method using the vertical electrical sounding (VES) technique (hearcy a-nd Brooks, 19g,.
Parasnis, 1986). The VES data were collected via the S.chlu'mbergel' array mode becausé
this is the configuration most suited for VES investigation. Qenerally, an - electricg,
f current 1nto the ground Ihml]gh

resistivity method involves the artificial introduction 0 ;
at other electrodes in the ViCini[y

point electrodes. Potentials are subsequently measured :
of the current flow. By this means, it is then possible t0 measure or determine an effectjy.

or apparent resistivity of the subsurface. Low resistivity in a given area is a likel,
indicator of the presence of grounc ' nd Olorunfemi, 1982; Gana, 199s.
Bonde, 1997; Dangana, 2002; Udensi et al, 2006). The VES determine the verticai
sequence of the underlying strata (Okwueze et al, 1981; Okwueze and Ezeanyi, 19gs.
Olorunfemi and Okhue, 1992; Olorunfemi and Fasuyi, 1993; Shuaibu et al, 2004)’
Progressively increasing the distance between adjacent electrodes of the SChlumberge;
configuration will cause the current lines to penetrate to ever greater depths

(Bhattacharya, 1986).
Veriical Electricai Depth Sounding Results

The summary of the results deduced from the digitised Zohdy curves derived from the
interpretation of the VES field data set for Profile A are presented in Table 1.
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' O VES Interpretation of Digitised Zohdy Curves

LA'YER AVERAGE | DEPTH (m) LAYER
NUMBER RESISTIVITY THICKNESS
: (Qm) L0 S
a L Twie 0.00 [0.54
2. %7 054 [0.62
- 37127 T ] ——
4 Ts3445 11.64 13.43
: 281.01 25.07 172
= ? 140.70 36.79 o0
o - 138.30 0.00 I - S—
£ 83.00 0.49 0.56
> 90.97 1.05 1432
. 504.70 15.37 17.74
i 5 656.12 33.11 ®
3 1 3562.62 0.00 0.44
. 1525.88 0.44 0.95
3 1232.68 1.38 12.45
4 118.59 13.83 15.97
5 205.48 29.80 o
Aq I 187 0.00 039
2 2.38 0.39 0.85
3 2.95 1.25 11.20
4 1.72 12.45 14.37
5 26.63 26.82 0
As 1 6.34 0.000 039
2 (.18 0.39 0.85
3 0.46 1.25 11.20 |
4 3.57 12.45 14.37 B
5 46.45 26.82 o0 o
Ag | 0.70 0.000 0.49 |
2 i 0.49 0.56 |
3 2.68 1.05 14.32 ]
4 2.28 158,37 17.74 3
5 2328 33.11 o 3

The interpretation of the layering of Table 1 shows that VES points A, As, As, As, and
Ag are made up of five geoelectric units or layers while there are six layers for VES point

A,. Along profile A, the resistivity of the uppermost layer (topsoil) varies from a low of

0.70 Qm (for Ag) to a high of 241.62 Qm (for A,). The resistivity extreme (upper) in this
profile has its highest value of 3562.62Qm in the first layer underneath VES point As.
The second and third layers underneath VES Aj also show very high resistivity values.
The lowest resistivity value of 0.18Qm is that of the second layer underneath VES As.
The thickest layer that can be deduced from this profile is 17.74m, and this is the
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Lness of the fourth 1.
Iso Lhe thickness © lourth laye,.

thickness of the fourth layer of VES A2 - ayer of both VES points A, ay,,

Ao The thinnest layer corresponds (o the first 1
Ic = o Eely constan
thickness of (he top layer remains fairly LL‘“{’:" -
AR o = - (R 3

Finally, the depth to basement along this P! ofile

, this profile (from 0.40p, o 15 Th,
from 26.82m 10 36.79y, .Sqm}
Simple Regression Analysis

The method of simple regression analysis shoY
and a dependent variable, as well as providmg
to predict the dependent variable based Qn -
(Morenikeji, 2006). The regression equation 15 eXpIes

vs the relationship bc}wepn an inge -

5 means for the derivation of gy o : thy

the values of the independeny Val’igllll?n
sed as le

y' =a-+bx (1)

In Fq.1, y'is the predicted value of the dependent vmu:bllsefsogF‘;B;:l’é‘rglisi;f;alue of g
the independent variable. Before Eq.1 can be l.lSCd the -\alll ANS) hyy,
to be determined from the dataset under analysts: Generally:
a=y—bx @)
and
n(Zxy) - (Zx)(Zy)

b= s 3)
n(Zx?)-(Zx)" .

In Eq.2, y is the mean of the sum of the different values Of_y’ ihite; & gy of the
sum of the different values of x. Usually, a table of values is proq;lces 50 that the vayq
of Tx, Ty, xy, k%, and (Ix)’, as seen from Eq.3, can easfl ﬁ t'e C(;Onlliuled_ It js
instructive to point out that in Eq.3, n 1 the total number of distinct values of
(:L!pf l::l:?::yollircl:ld;l:-illizl:ltrﬁrgrbdlfﬁarily, the field data sheet for the six VES point§ of the
Piofile A that was surveyed would look like Table 2. Table 3 shows the relationgh,
bheiween resistivity and depth.
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/2 f= | Geom. | A, (Q) | A~ (O Q) |A(Q) | As ()
(m) (m) | Fac.. K H32) \ Sy | e ‘. | ‘
] 0.50 2.36 3140 [72.24 ‘ 66.47 | 5.30 ‘ 62.91 !
7 3 ‘ ' 701 11107 |
2 050 11180 284 610 |7.62 |[1.37 LU_T, Ll
3 0.50 "o i G : 4 1.00
3 3 27.80 | 7.78 ‘ 129 (226 0.66 L.14 | |
5 103017780 1035 [0.65 | 125|035 |040 | 110
| |

; 050 |TI200 132 |13z |043 o020 |01z |06
6 1.00 55.00 [0.77 1.57 0.69 i 1.31 0.66 16.34

1.00 199.00 [057 |080 |055 [040 |0.35 45.88

| ________.—l

10 1.00  |15600 [026 [053 |0.04 |003 |085 |44
10 250 [38.00 |os8s 102 |216 |03 [o051 |1.08
15 2.50 137.00 [0.59 | 0.63 0.16 0.96 0.28 1.11
20 250 | 245.00 | 0233 039 |0.05 0.26 0.18 0.87
30 2.50 562.00 {020 [0.22 010 |0.98 0.06 0.37
40 2.50 1001.00 | 0.01 0.18 1004 |0.08 4.84 4.74
40 7.50 323.00 [0.52 |0.55 052 |0.10 0.32 5.50
50 7.50 51200 |049 [040 028 0.14 0.24 0.94
60 7.50 742.00 |0.38 042 024 |0.12 0.27 1.20
70 7.50 1014.00 [ 021 027 ]0.18 0.63 0.26 28.19
80 750 | 132000024 016 016 |1.33 |0.08 |6.65 J
80 1500 |647.00 [0.57 042 ]0.33 0.24 0.21 1.90 J
90 15.00 |825.00 |0.46 039 (029 [022 0.23 4.90 ‘
100 15.00 | 1024.00 | 0.38 0.38 0.20 0.20 0.22 0.73 J
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T T

]?‘_l"!ﬂlﬁlzuinnship between Resistivity and Depth

200 T4, om) Taym) [s@m) [As@m) Sl Ta g
1 7349 17049 [ 15687 | L2 1 2al | 11g 3
2 |3351 [mies  [sv92  [1617 L1074 [pe
S 1721628 [3586 |23 1835 13169 [5nm

3 207 [ses7 |9725_ |2723 (3143 Igee
6 14784 14784 [4a794 2262 | 1366  [755 |
6 | 86.35 3801|7205 13619  [gogme |
B Te s iwTar s (L. B T
8 15623 7920  |5455 R 124213
10 39.78 82.06 2246|5142 113229 6oy s
10 " Tao08 5906 12508 | 748 1298l G
15 18083 [se7a |22.09 | 13207 3768 |15y~
20 18100 Jos31 [1127__ [ 6346 4508 [5j37e~
30110623 1476 3789 | 549.07 3019 30565~
10 16699 17765 | 16796 [3295 10304  [17765~
50 12483 |a0120 | 4285|7526 | 12186 g
60 127973 [30867 | 17956 | 8904 _ [199.60 1890 45~
70 20990 27074 | 18629 | 633.75 | 262.63 [ 2858475
80 [31364 [20865 21665 | 176757 | 10233 | 883745
80 137138 26005 [21286 | 15463 | 13781 | 122935~
% 137868 131765 123678 183.15 1%.22 @
TR 220.1

100 139117 129082 [200.70 | 208.90 74240

[t is important, at the outset to produce, a comprehensive table of values for x angd
Generally, from Table 3, x corresponds to AB/2 and y COWCSPondS_to any of the columpg
of Aj to Ag; we also note that any of the set of values of Aj to Ag is treated Separately i,
relation to AB/2. That being the case, we begin by producing Table 4 in terms of AB))
and A only. '
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rable 4 _ITi.l‘n'leS of Iq[uas for AB/2 (x) and A, W)
/\—— | % y: 7 T - — ==Y = | y ]
x ‘ I N} p— ! U_ 1_]- ' ) J j e i J (\- ')

] | 547 Ll | 3400,7§ | 73.49 | 8330 | 6o48 ‘R" (3505|3044 | 92659
e J3s1 14 1122.92 TR CTRETETE 4644 | 1293 | 167.18
=1 216.28 9 13697 T -123.34 | 15.212.76 !
3//11':? 07 % *“1""6"’—’-’&% 648 84 943 | 3.531.92 2985 | 16645 | 2170560 |
: 27 2 732.78 135 35 o T e a1 | -00.54 872.61 |
5 5 35.3! -129.78 | 16,842.85 7 FLD . L
;///—————’T;ii‘iq | 1? 12185667 T uk7.04 9,01 i 51,18 6000 | 8784 | 771547 |
ot | 15675 9512 (iad33 | ohsabas | G000 |-ATAS Lo2deds .
Lt 1'40 13168 49 5 T-100.62 | 10.124.3¢ [ 6678 | 1055 [ 11130 i
10 5.8 : 1582.24 397.80 11707 | 15.70538 | 73.56 | -33.78 1114109 i
0493 190 2418.67 291 80 10767 | 11,592.83 | 73.56 | -24.38 | 594.38 |
| 80.83 225 6533.4 ' = =y 968 | 93.70 ‘

ST o o 533.49 121245 -76.02_| 5779.04 [s0.51 |-9.68 1~ ~

20 ' 6577.21 1622.00 -75.75 | 5738.06 T107.46 | -25.36 [ 694.85 |
15:: 106/22 900 11,282.69 3186.60 5063 | 256.34 141.36 | -35.14 [ 123482

10 1001 1600 1100.20 400,40 146,85 | 21,561.99 175.26 | -165.25_| 27.307.56
L 2788566 | 6679.60 10.14__| 102.82 175.26 | 827 | 68.39

50 ik - 61,662.82 12.416.00 91.47 | 8366.76 209.16 | 39.06 | 153551
_’_y—'-"--.-_ B - k! . J E

(R B 78248.87 | 16.783.80 | 122.88 | 15,099.49 | 243.06 | 36.67 | 1344.69

70 20990 | 4900 44,058.0] 1469300 | 53.05 | 281430 376,96 | -67.06 | 4497.04
g 6400 98.370.05 25.091.20 156.79 | 24,583.10 31086 [ 278 | 773 i
80 371.38 6400 137,923.10 | 29,710.40 214.53 | 46,023.12 310.86 | 60.52 | 3662.67

90 oTRGE L8400 14339854 3408120 | 22183 [49.208.55  [344.76 [ 3392 | 11507

00| 39119 10000 153.01397 [39,117.00 | 234.32 | 54.905.86 378.66 | 1251 | 156.50

$ =726 | 2= L=47,000 | z= > = T = T =83,239.10

3293.89 852,264.27 | 188,219.95 333,310.77

Visual inspection of Table 4 indicates that y is a continuously-varying function of x.
However, as the value of x increases the value of the predicted variable (y') also
increases. We can also observe that at greater depths of penetration, the values of y
correlates appreciably with yl. The mean values of x and y are determined from Table 4

as follows:

x=726/21=3457 4)
and

y=3293.88/21=156.85 )

The value of b, by Eq. 3, is
:  _ 1) = (E(E)
n(2x?) - (2x)°
_ 21(188,219.95) - (726)(3293.89)
2 21(47,000) — 527076
| 3,952,6189.95 - 2,391,364.14
~ 987,000 - 527,076
_ 1,561,254.87
459,924 _ :
% Do) : | S (6)
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a=156.85 - (3.39) (34.57)

ul

a=139.60

Now, by Lq. 1, the y' can be evaluated for cacl
) . e o wpandgrd €0
Standard Error of Estimate (Ai)- [he standard
| - .
value, y', is evaluated from the expre

or  Syx

We continue our investigation by
A;, Ay, A5, and A(,.

a=156.85-117.19

n-2

19

= Z15.180m

| Mathematics I

ducanion (JOS

ssion

1/83,239.10

producing Tables 3,

TMED)

, value of X

My
YO N ‘LE; i
Mr\”““w;ﬁlj
0

(8)

¢ in the estimation of the Preg;
V]
¢

67,8 and 9 for AB/2 Versug 4
3
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RE ble 501 ;_‘.__,i_c_nf\’-.liujf for ABR2 (x)and Ay (¥Y)  ——= s
E X )rz Xy };-—J} (y-})) Y y- }’I (y
PPN
: 17045 1 29,066.84 | 170.49 778 | 60.53 69.39 | 101 /
2 71.98 4 5181.12 143.96 -90.73 8231.93 72.17 | -0.19 H}Zg“
3 o : 126,85 | 02 | 7495 |- 0G5
3 35.86 9 1285.94 107.58 [-126.85 |'16,090.9 39.09 7
| 5 50.57 25 2557.32 252,85 11214 | 1257538 80.51 |[-2994 8528,{]3
B e 147.84 36 21.856.67 887.04 14.87 | 221.12 83.29 | 64.55 %64
6 |863s 36 745632 518.10 76.36 | 5,830.85 83.29 |3.06 ;’iﬁs‘m
8 /920 64 Tl |one | 8351 (6971392 88.85 | 965 Ty
i 14 8106 100 6733.84 820.60 80.65 | 6504.42 9441 | -1235 %
|| sole 100 349991 591.60 1103.55 | 10,722.60 | 94.41 W
BEIRESRL L 225 7520.36 1300.80 75.99 | 5774.48 10831 | 2159 44%
20 9531 400 9084.00 1906.20 67.40 | 4542.76 12221 | 269 Tomd
30 124.76 900 15,565.06 3742.80 37.95 | 1440.20 150.01 | -2525 B4
| 40 177.18 1600 31,392.75 7087.20 1447 | 209.38 17781 | 063 ~Toor®
40 177.65 1600 31,559.52 7106.00 14.94 | 223.20 177.81 | -0.16 20
0 203.78 2500 41,52629 10,189.00 41.07 | 1686.74 205.78 [ -2.00 %
|60 30867 3600 9527717 | 1852020 | 145.96 | 21,30432 [ 233.41 [ 7526 R
144 270.74 1900 73,300.15 18,951.80 108.03 | 11,670.48 | 261.21 | 9.53 %
f_j: 65 | 6400 43.534.82 16,692.00 - 4594 |[2,110.48 289.01 | -80.36 —2“2\
2 015 o 344172 | 2153200 | 106.44 | 11,329.47 | 289.01 | -19.8 ‘3‘3?73\
o 8100 100,888.87 |28,586.70 | 15492 [24,00021 | 31681 [ 0.2 .
UL 10000 | 154,121.97 | 39,322.00 23051 | 53,134.86 | 344.61 | 48.6 s
¥ =968 s =341697 | = 5 5 = a0 : 61 | 86
47,000 | 760,623.23 | 179,062.52 =204,638.25 Ly
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, s iae maitan | acpihs of penciration, the valuel « ‘7-“—"; W
Jp}\l.,pldﬂ._\ \\l“,_ ¥, .}l; mear w!?'.l: . Gl & e de ) Y Tub] 3
arex = 34.57 and y = 162.71. Further. 5 = &g <1 2 o
Standard Lrror Uirr_.‘ffi!l‘.:“.g- Thsy Weniamie wpre il 14;‘ : toliows:
Swy = 13‘_:1_‘__"
n=2
_ 43811203
e
19
=9.86
or Syx = £9.86 Om (9)
Xy Y-y l (1,_.1‘)' b, y=y ’ (.'.-_A\
T 1oz o
ﬁ ;;69-5’ (1L 12460820 15647 4391 ] 1926.00 53.54 | 103.33 | 10.677.09
2 e 2 8085.61 | 179.84 .23.04 | 530.84 5531 | 3461 | 1.197.85
B 128 19 36 188.49 -50.13_| 2513.02 57.08 | 5.75 33.06
5 97.25 28 9.45.56 486.25 -15.71_| 246.80 6062 | 3663 | 1341.76
6 47.94 36 229824 287.64 65.02 | 4227.60 6239 | -14.45 | 208.80
6 38.01 36 144.76 228.06 7495 | 5617.50 6239 | -24.38 | 594.38
8 34.55 64 | 297570 436.40 -58.41 | 3411.73 6593 | -11.38 | 129.50
10 22.46 100 504.45 224.60 -90.50 | 8190.25 69.47 | -47.01 | 2209.94
10 125.28 100 15,695.08 1252.80 1232 | 151.78 69.47 | 55.81 3114.76
15 22.19 235 492 40 332.85 -90.77 | 8239.19 7832 |-56.13 | 3150.58
20 11.27 400 127.01 225.40 -101.69 | 10,340.86 87.17 | -75.90 | 5760.81
30 57.89 900 3351.25 1736.70 -55.07 | 3032.70 104.87 | -46.98 | 2207.12
20 42.04 1600 176736 1681.60 -70.92 | 5029.65 122.57 | -80.53 | 6485.08
m 167.96 1600 28,210.56 6718.40 55.00 | 3025.00 12257 | 4539 | 2060.25
30 142.85 2500 20,406.12 7142.50 2989 | 893.41 14027 | 2.58 6.66
60 179.56 3600 32,241.79 10,773.60 66.60 | 4435.56 15797 | 2159 | 466.13
70 186.29 4900 34,703.96 13,040.30 7333 |5377.29 175.67 | 1062 | 112.78
20 216.63 6400 46,928 56 17,330.40 103.67 | 10,747.47 19337 | 2326 | 541.03
30 212.86 6400 45.309.38 17,028.80 99.90 | 9.980.01 19337 | 19.49 | 379.86
90 236.78 8100 56,064.77 21,310.20 123.82 | 15,331.39 21107 [ 2571 | 661.00
100 200.70 10000 40,280.49 20,070.00 87.74 | 769831 22877 | -2807 | 787.92
$=726 |2 =5 =Slie =z = T = 5
2372.13 47,000 378,900.86 120,831.70 110,948 45 42,126.36

The mean values of x and y, as determined from Table 6, are x =34.57 and ; =112.96.
Further,a=51.77and b= 1.77.

Standard Error of Estimate (A3). We use the expression given as follows:

VI(y- yl)z

n-2

Syx
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=10.8
or Syx = +10.8Qm
(10)

(x)and Ayly) —

7

Table 7: Table of Values of AB/2

3 X

! 12.98

.f 1617 | 261.47

3 183 [336.72

5 [27.23 | 25 [ 741.47

0 [ 2262 | 36 | 511.66

6 [ 72.05 E [5,191.20

8 | 39.11 | 64 [ 1,529.59
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The mean values of x and y, as determined from Table 7, are x =34.57 and ; =199.77

Further,a=1.98 and b = 5.72.

Standard Error of Estimate (A;). We use the expression given as follows:

9 W
] | & & )
L\ ) 42670135 1557.79
n-2 19 19
or Syx =81.99 Om
(11)
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p 3 0 29 297,601.07 52 =
6 |
The mean values of x and y, as determined from Table 8, are x=34.57and y=199.72.

Further,a=223.36 and b =288

The Standard Error of Estimate (As). We use the expression given as follows:

2
o Z(!—yl) V21,360,093.2  4621.70
2 19 19
or Syx =1243.250m .
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The mean values of x and Y, 85 > are
z 22577 and b = 74.09.

X = 34.57, ; = 2787.0.Further, a =

The Standard Error of Estimate (Ag). We usc the expression given as follows:
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e 1
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Discussion

l.he I‘CSUI’. Or U 3] 1

1€ analvsy E 5 1
1§ ‘8 sl vsis f@l \yES .‘,\_i Indl:fl“\ ‘Ll‘]'l' "'T‘ standard error o ,-"Li'-,]rn‘- .[\ ke
= s2M; an error 0{‘ X 15 1 s that the stangarc error O Cotllldic 1o —

adeguate avenue for Hopis :(ffln*. means that the simpje regression model provides an
value of AB/2: this error liq ‘-lll,ng l.he‘COIA‘I‘ESDUndmg values of resistivities for a given
standard error of estimate i\- Le‘;”}‘—ms:gmﬁcam at AB/2 > 60m. For VES point Az, the
at a much shallower dEI;lh 5P(c;i .'i&‘ QT; M1l SITE 01, . WIS MBI i S 'n‘q“"“?‘ﬁmn"
regression model is in su-on::_a AB/2 = 6m, »second seement) than for A,. Herein, 1hc‘
estimate for VES s, 5.0 ger ag‘reement with the field data. The standard error of
error in really insien; 3 Is determined to be + 10.8 Qm; from Table 6, it is seen that the
gnificant at AB/2 > 50m.

It is . :

81.9;22?;1;222 izlp\;i? point Ay, 1h§ error of estimate has' gone up significantly to £
an approximately i (;((;.)EF once again that the VES squndmgs A to Ag were dgne on
apart from the next. Wiy g l;e Ina south-easterly direction, and each VES point 1s 10n2
a1l 6, e resistivit.: e )b 1<°j iscrepancy? We refer to ITable 7._Whereas n T_ables 4,5
i e argumem)ca 0 sel;ved to be a smootl.q])j varying function .Of depth, in Table 7
15y Al AB/‘)T%IO ¢ made for the resistivity values oceurring petwe;n AB/2 =
e resistiv;ty - A}?‘,-/’) e~ 80m. Actually, there is a huge spike or jump in value of
o 2 = 30m and at AB/2 = 80m (first segm-enl); each of_ these
occurrences appear to be out of norm. The result of the analysis of VES point As
indicates that_the standard error of estimate is + 243.25 Qm; this result can be explained
away b_y noting that in Table 8, AB/2 = 30 — 40m are characterised by very large
fluctuation in resistivity values. From Table 9, it is observed that AB/2 = 6m, 8m, and
10m are characterised by very large fluctuation in resistivity values, this is also true for
AB/Z = 30m — 100m. It is no surprise, therefore, that the standard error of estimate 1s +
1371.65 Q. = e

Resistivity Values of Rock Types

The r331s‘t1v1ty values of various rock types in the Basement Complex of Nigeria (the area
of study is part of the BCN) are presented in Table 10.

Table 10: Resistiyity Values of Rock Types (After Udensi et al, 2006)

Rock Type Resistivity (2m) J
Fadama loam | 130-90 |
Sandy clay and sandy silt 1 100 =200 ey
Sand and gravel laterite 150 — 1000 el
Weathered laterite 150 — 900 |
Fresh laterite 1900 - 3500 |
‘Weathered basement ' 20 - 200 S
Fractured basement 500 — 1000 \
Fresh basement > 1000 \
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4 for VES point A would indicate that, beginning from |
and down through to AB/2 = 100m below (e
sandy silt, lateritie

An inspection of Table .

AB/2 = Im below the surlace Urlag, ' o
are mainly of the fadama loam. clayey, s ©and o te
The value of resistivities for VES Ay 1s a representation of the | treg

The very mp.\‘uil material that can be id“”lil‘ imit
& lee] -

rock types
basement kinds. Iy e
‘sail profile” type ol classification. ‘
‘IU.(:I;)!L:' ; s 1||c’sl‘1md)’ clay and sandy silt type followed h‘y lhc\lﬁml;n_nu loam l’l\c( iy
faterifes. and weathered basement. The various rock types for V|‘:5 POty {\' angd A Hi
he correlated at roughly the same depth n Tablea 4 and 5. /.\5 i Table 3 -
material identified at VES Ay is the sandy clay and ‘sundy silt (as seen from Tilblcmm
(here follows a deep sequence of fadama loam type, ’OHONW,Cd 4 !MUI."CS and “’Uil[hcr-);
basement types. There is a correlation of rock types for VES A ”“UUBh’)/'\z and 5,
Table 7 (for VES point Ay) indicates fadama loam material up FO ll?L“ 20m depyy, Wil .
showing of sandy clay and silt at the 15m depth; however, there is the Presence of
lateritic or fractured basement material at the 30m depth and at the ?0'“ dL‘P.lh. At ]dl
St deptlhis a material that correlates strongly with fresh bi‘SC”‘U‘“_A_‘[‘33‘)’0'“‘(1 this depp, u:
the 100m depth are possible lateritic or weathered hus‘cmilll mz_ulcua[s. ,!IIC sandy Clay
and sandy silt material is seen again as the topsoil of \,/l""b pf?i_m As (,]Hble 8) hel‘om
switching nature to fadama loam. At the 40m depth, there 1S the huddcn. flPPt’ﬂFana” of
material that is definitely fresh basement. The rock types !Jeyond this depth correla
strongly with lateritic and fresh basement types. The I'I‘C.Sh basement Materia| ;
encountered at an even shallower depth at VES Ag (Table 9) 1.¢. at the 8m depth Point;
subsequent occurrences are at the 40m, 70m, 80m, and 90m depth points. Other depty

. ; ; s silt, lateritic, fr
points are characterized by the fadama loam, sandy clay, sandy silt, lateritic, fractyrey
basement, and weathered basement types.

the (o ]'

1

Aquilerons Prospects

It has been reported that the aquifer system in the B .
weathered and fractured basement rocks (Salako and Udenst; 20t
Further, where the fractured zones are saturated, relatively high yield of groundwa.ter can
be sustained from borehole penetrating such a sequence. Further, Salako and Udeng;
(2005) pointed out that a minimum overburden thickness of 15m over the weathered and
fractured basement would suffice to form an aquifer. In the original work pf Udensi et g
(2006), VES point, Ay — As were identified as locations that are characterised by groypgq

asement complex consists of
2005; Udensi et al, 2006)

water polentials.

Tuformation from Borehole Logs on Depth to Basement in the Study Area

It has been pointed out earlier that, after due analysis by the Zohdy interpretation

software, the depth to basement along the profile of the study area is between 26.82m ang

36.79m (with a mean value of 31.81m). Furthermore, the study area is just about centrally

located in the middle of a large swath of land where information on lithology and depths
to basement are readily available from six wells drilled as part of the Petroleum Trust
Fand (PTF) — sponsored projects (Jimoh, 1998). In the drilling-for-water report of Jimoh
(1928), the well around the School of Environmental Technology (S.E.T.) encountered
the basement at about 31m. The well around the Students’ Centre (now Temporary
Administration Complex) encountered the basement at 34m, while the well around the
Students’ Hostel indicated a depth of 37m to the basement. Furthermore, the wells drilled
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around the Stafl Quarters. the

planned Administration Complex, and Library Compiey
encountered the basement g deplis of 37m. 34m, and 31m. Thus. it means that the six

boreholes encountered the fregpy basement at an average depth of 34m, which correlates
strong With the result of the Zohgy interpretation. Geological information from Jimoh
(1998) indicates that 4 depth range of §}-34m is beyond the water- bearing zones
characterised by weathered and fractured basemen rocks. Thus, as the search for water

. . s » . -
goes, it 'S INappropriate to explore beyond 34m in the core area of study and in the
outlying vicmity that could

. ; well stretch for over 2km x 2k:m. 1 this is the case. then {th‘:ﬂ
s:mple Tegression model could be tested for a maximum depth of AB/2 = 40m insteac 0.
the Timit of AB/2 = 100m that was used in the analysis of Tables 4 to 9.

Further Analytical Procedyre

. (il.e. Limit = AB/2 = 40m)
Table 11 is a table of values for

AB/2 and A, down to a depth of AB/2 = 40m.
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Tables 12 to 16 are tables of values for AB/2 and A- 10 4 Gown to the 40m depth. For

each of the tables, the error of estimate is determined.
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| 20 11127 400 127.01 225.40 -59.91 3589.2] 364574 N
130 57.89 900 3351.25 1736.70 -13.29 176.62 by ZU70T
(40 [42.04 16001176736 | 1681.60 29.14 184014 75807 T
_,75 = 16796 [1600 [ 28.21056 6718.40 196.78 1 9366.37 8973 77
{ :

T =19 ‘v.mlu:mﬂmwmlf T=5100 | £-10296579 | T=14.13590 £=32,04205 | :

The Standard Er

Syx

ror of Error of Estimate (A3). We use the ex

R

\mm_oma.wu
12

17896
T

=14.9]

or Syx=%14.91Cun
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Table 15: Table of Values for AB/2(x) and As (y) down to 40m

May, 2009
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= 5 = ool b
1 148.47 | 22,043.34 148.47 -247.93 61,469.28 -295.33 Ahw.m@..
2 10.74 4 115.35 21.48 -385.66 148,733.64 -242.12 memm o4
3 31.69 9 100426 95.07 364.71 | 133,013.38 [188.91 | 22060
5 31.43 25 987.84 157.15 -364.97 133,203.10 -82.49 _—u.wN :
[ 6 13.66 36 186.06 81.96 -382.74 146,489.91 -65.28 718.94
[6 36.19 36 1309.72 217.14 -360.21 129,751.24 -05.28 _c._..;\mw-
'8 54.45 64 2964.80 435.60 -341.95 116,929.80 71.14 =22.96
10 132.29 100 17,500.64 1322.90 -264.11 69754.09 183.50 o127
10 29.81 100 888.64 298.10 -366.59 134,388.23 183.56 -153.75
15 37.68 225 1419.78 565.20 -358.72 128,680.04 449.01 -A11.61
20 45.08 400 2032.2] 901.60 -351.32 123,425.74 715.66 -670.58
30 30.19 900 911.44 905.70 366.21 | 134,109.76 124776 |-U1217.57
[0 [4844.84 | 1600 | 23,472,474.63 | 193.793.60 444844 | 1978861843 | 177986 | 306498
R 40 & 103.04 1600 10,617.24 4121.60 -293.36 80,060.09 1779.86 -1676.82
m L= ‘ L =35549.56 | £ =5100 ; Z = 23,534,456.49 ¥ = 203,065.57 % = 21,334.626.73 S i T

The Standard Error of Estimate (As). We use the expression given as follows:

Sx =

orSyx = +

Zly-»
n-2

I

12

319.22 Om

14,673,517.22

12

3830.60

319.22

156

(18)




g F = xdg 0
(61) ugy S1TEY F
4 4 5y
SR 89°80L'T68°9T
T-u s
e
; %
“SMO|[0] SB UIAIS U01ssa1dxa A1) 35N I M :(9y) 2)ewsH Jo 10117 pAepuelS YL
$9'30L'T6RIT =T | ,_ | vroveretve=3 | | ewsnpee=x | woessrv=x ~ 0015 =% , 160761 = @ INOBIRE
_,. ,___ \ 0 :
SR TOOLEY | SU199 | €9LEVT yL oom:amw/ Q.ooﬁ/ 00090 1L mm.wmmﬂmmﬁm/ 0091 0S9LLL [0)%
T CCOSLTILS | TVLOTT| SO LEVT)|  \TOVLTLUWL| L9W9LE | 09 63L°681 | L9°LsszIsTe | 0091 | YL YLy 04
Oy LLES6LT | ¥ 1OV |  €O'LLSY 3C¥99°665 | STYLL | 0L OLT9 | 3¢'80€°TY | 006 | 69°60T 0€
\ 9L9TTLITY | STEOIN-|  €v9lel | 6799188 | T699L- | 00°€9TV | T6TEY Sy | 007 | SI'EIT 0T
0'TIS08Y | 90°p88-| €1'9¢0l | 00¥85°89 | 00878 | <0187 | grsclec | GTT | LO'TST ¢l
3CTIS08% | 61°€69-|  €8°6SL )| 0% LLO P8 |  €¥L16- | 0929 | LL €T6E | 001 | 979 0l
86T66€ |  61'€9-|  €8°SSL | 0091978 | €v'L3T | 09769 | LUOSL'6LY | 001 | ¥9'969 ol
€5°009°L61°S1 | 1+'868¢€ | 1LEr9 | 0200788921 | s0'TosE | 96'9€€°9€ | 60 ¥S8°0€9°0T | 9 | TlTrsy 3
CL69L Pl 11°£9¢ | 6 1¢€¢ | 8071299 | LE18 | 0T T6ES | 69'199°L08 9¢ 0L°868 9
€LOST60T | €46t |  6S1EC | 9L 16V°028 | 187506 | 96 Sh | SSHISS o¢ 9T vL 9
00 190°TET | S6'68¢- | €S CLY | 9€TII'008 |  6b'+68- | 06°LTY | $6'€TEL ST 8S°S8 <
LOPEYTIL ) 19°6e¢E-| [7°€9¢ c1818906| 12756 | 0¥’ €8 | 8 TLL 5 08°LT 5
96'6TC 1< ! TLILI-| CELOS 1C8PSITL|  ¥v'6¥8- | 9T 19T | TP90°LI1 ¥ €90¢€1 €
19TvE'81 " N69El-| 6T It 98'10F'6bL |  89'¢93- | 6EVII | L0'SSO°ET | 1! 6E V11 [
uf.__ o Csill _ e %Mi\o _ Ml;. | o _ c _ x :.1 2

OlLt§¥eL

600T " .ﬂ,.. \

WOy C1 waop (£) 9y pue (X) T, 5 10} S2n[BA JO 3[R 51 21981

L0 SCnESHPT SONTWSEY 30

: | L30Wnp] ‘9 awnjo A
£7LLTS . S2U3NDg JO [Bwnop



T N —

Journal of Science, Technology and Mathemaues Eduzanion (JOSTMED) May, 2008
volume 6, Number | ISSN OTAR-4T 10

Now. the standard error of estimate for VES point A; down 10 a relatively shallower
depth of 40m has increased shightly from +15.180m u.\ + 18,380 ; this crror appears -
be a tolerable value for the relevan: section of the resistivity profile (i.c. for o
>15m). The standard error of estimate has also increased for VES point Az from
+9.862m 10 = T1.518Qm, not appreciably though: this error could really be S
the whole of the spread of resistivity profile from AB/2 = Im 10 AB/2 =40m. ‘}fES
point Aj 1s also characterized by a.nc)l too significant increase in the value of .
standard error of estimate from +10.§Qmto +14.91Qm, which obviously, is not @ ety
large departure from the observable trend.

For VES point Ay the standard error of estimate has decreased markedly from i_gl 2
Qm to 38.16Qm for resistivity values down to the 40m depth. This reduction Or
decrease in error value can be explained away by remarking that in Table 7. a.l thie
80m depth, fresh basement material was encountered while in Table 14 the matcrla! of
highest resistivity (circa $50Qm, possibly lateritic or fractured basement materla!)
was encountered at the 30m depth poir;l. The relatively high error value of *
38.16Qm for VES A4 compared to +18.38Qm, +11.510Qm and £14.910m for VES
points Ay, Ay, As, could be explained by the presence of the material at the 30m depth
point. The standard error of estimate for VES point As increased from +243.25Qm 10
+319.22Qm; the increment from +243.25Qm to +319.22Qm is very significant. The
“culprit” in this case is the very high resistive material (4844.84Cm, obviously fresh
basement) at the 4002m depth point. When the resistivity data were considered dOWﬂ
to the 100m depth, the low resistivity values for AB/2 > 40m sort of “obscured” the
effect of the 4844.84Qm material but this was not the case when the greatest depth
was 40m. This obviously explains the rise in value in the standard error of estimate.
However, the standard error of estimate for VES point A reduces from £1 371.63(12131
to +432.15Qm. In Table 16 (analysis down to 40m) only at depth points 8m, 40 m,
40’m are very high resistive materials encountered whereas in Table 9 (ana1y§1s
down to 100m) very high resistive materials are encountered at the 70m, 80'm, 80°m
and 90m also. This obviously explains the fall in value in the standard error of
estimate.

Conclusion

On application of the regression analysis method to the dataset of the six VES points
(i.e. Aj — Ag) it is seen that the values of the standard error of estimate are within
tolerable limit for analyses at both the 100m and 40m depth points. However, for VES
point A4, because the spike in error value for analysis at the 100m depth point was
due to the material at the 80m depth and since this was not taken into account for the
analysis at the 40m depth, the error is just tolerable at the relevant section of the
resistivity profile (i.e. AB >15m). Thus, whilst the error value is tolerable for VES
points A; — A; at both the 40m and 80m depth points, it is just tolerable for VES A4 at :
the relevant section for analysis down to the 40m depth only. The error values are too
Jarge to be considered tolerable for VES points A5 and Ag because of the presence of
very resistive materials at relatively shallow depths. Nonetheless, since the regression
model is in strong agreement with the field dataset for VES A; — A; we have about
67% correlations for profile A. R

; Thus_ between VES points A; and Ag (which is 500m in extent) with about 100m
spacing between adjacent VES ‘points, intermediate VES points (say 50m spacing)
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and cost. Now, instcad of four,

conld be ST ) . ; o
sounded with saving in e g i,
" h to basement just the firg Ol

sequences that are concerned with dept e ity X g
c‘ould be sgl":d::; ﬂLl:Z;ILI;’IL.”L,-::n:;iiling ldutu_scl -Ci”-]ill:'tl ::I[li\‘f::"‘li:td\m /\|3,\2L‘lllu,]
Smmding VES points at 5Sm spacing imPIICS_ L,l.LE:oundl water rcsé:l\fw‘cy thay 4““1\.
cnable better mapping of the trend o um}lil?’wld resistivity dul;tw;;”‘:g itlﬁ"d
correlative analyses, it s rccomlmndcLI e T-].L Wwhere there are h‘in'| o T()Ill.l‘is
~ K be subjected to the regression unal)’f"""Sh'lllow depths, inm_{:’(]‘l'%rru]a S
Mtermediate VES points could be sounded llld Hatasct. The new dum\;c]mfd‘ ang
resulting data integrated with the existing f1€16¢ ool can p - thy
By this mean

i s the trend of the subsurf; Oy
lerpreted in the usual manner. :
the study area can be properly delineated.
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