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ABSTRACT

In hard rock terrains, exploration for groundwater is essentially the detection of zones of intense jointing and
fracturing / thick weathered residutm. These were the exploration criferia used in the study at the University of
Iorin. Results from the interpretations of thirteen (13) Radial Vertical Electrical Sounding data of the area has
shown that the area is made up of three distinct geoelectrical lavers except in the areas around foliated
granodiorite where the layers are four. The first geoclectric layer is the brownish loose sandy-clay soil containing
some lateritic particles which has thicknesses in the range of 0.6 to 2.0m and resistivity values of 202.1m to
1205, Im. The second geoelectric layer corresponds (o the weathered basement whose thicknesses and resistivities
range from 2.5m to 9.6m and 27.2m to 589.2m respectively. The third geoelectric layer corresponds to the
basement rock. The resistivity values of this layer range from 1293m o 20192m. The area s intensely, fractured and
the fracture directions found are NW-SE, N-S and NE-SIW. The fractires expectedly diminish with depth, and it also
controls the river flow in the area. The weathered layer is not thick encugh to produce an economic water aguifer
as generally found here except in areas around focation 1 and 9 where the thicknesses are 9.6m and 9.9m
respectively. However, the presence of infense fracture zones in il Lusement rocks provided secondary porosity

Jor the migration and accumulation of groundwater

INTRODUCTION

Occurrence of ground water in hard rock is different
from that in granufar media, being highly irregulac
due to variable subsurface geology and hydrogeology
(Malik et al, 1983). Experience shows that in hard
rock terrains, bore-wells made even at short distances

behave in entirely different ways from the point of

view of ground water development. The accumulation
and movement of water in such areas are governed not
by primary porosity but by secondary ones, due to
weathering, jointing and fracturing. It is also found
that the potential water may reside preferentially in
those regions where cither weathering attains
considerable thickness or where fracturing/jointing is
intense, (Malik etal,, 1983, Olaseinde,1999). Alsoitis
common to observe that when water occurs in joints
and fractures, it is of very high quality and  the well
yieldisusually high.

In any given area, rock with fractures may or
may not be cxposed. If they arc exposed. the
behaviours of their fractures at the surlace can be
understood, but at depth, they cannot be predicied
with certainty, However, radial vertical electrical
sounding (RVES) has been used to monitor the
behaviour of rock at depth and throw some hight on
this problem (Malik el al,1983 and Olascinde, 1983).
Resistivity soundings can also provide information on
the depth to the  basement, and the thickness and
resistivity of probable aquifer. This work present the
geoclectrical characteristics of regolith materials
developed upen the Basement Complex rocks around
University of Torin Peormanent Site, soulhwestern

Nigeria, based on the results of resistivity survey
carricd out as part of exploration for ground water in
the arca. It has been observed that on a local scale,
differences in rock mineralogy and structure may
produce significant variation in the physical and
chentical characteristics of the aquifer (Chilton and
Smith-Carington, 19%4) and consequently produce
geoclectric anomelies leading to structural
identification.

LOCATION OF THE STUDY AREA

The study area is the University of Tlorin Permanent
campus, The campus is bounded by tongitude 4"39°E -
4°42°F and latitude 8°27'N - 8°29°'N [fig. 1]. The main
campus of the University is situated at about 15
kilometers cast of [orin township and occupies about
15,000 heetres of land.

The topography of the Unilerin permanent
site is relatively high and rugged. The highest point is
in the castern part measuring about 375 metre (around
Budo-Nei village). Rock exposures are prominent
along the river course due (o erosion of the top soil.
The (opesraphic slope is steep in the castern part and
dip wontly lowards the western part of the campus
[Olaseinde, 19831
' The arca mapped is well drained. The most .
prominent drainage system is formed by the Oyun
River, The Oyun river traverses Unilorin permanent
campus from the south fo the north, flowing down the
hill, Thers are many small streams adjoining river
Oyun to form o (rellis to sub-dendritic drainage

putters. The size of the drainage changes with scason,
reaching s peak in the raining season. Rocks in the
draine:d erea are highly (ractured both at the surface
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and at depth thus making the drainage 1o be fraclure- FIELD PROCEDURE AND DATA
controlied. COLLECTION

GEOLOGY GFTHEAREA Radial Vertical Electrical soundings using
schlumberger electrode system was adopted, using
The area under study is partofthe Basement Complex ABEM 300B SAS Terrameter. The electrode
of Nigeria considered by various workers to be arrangement was first positioned along N-S direction
Precambrian to Jower Paleozoic in age (Oyawoye, and later rotated twice at an angle 60° each time to
1970; Grant, 1978 and Rahman, 1976). The basement give NE-SW and NW-SE directions respectively.
rocks consist of a variety of both migmatized 1o Thirteen current electrode spacings were probed
unmigmatised gneisses, schists, amphibolite and along cach orientation [sece fig. 2}. These
quartzites intruded by 600150Ma granitic to dioritic measurcments were repeated at thirteen different
rocks (Oyawoye, 1970; Rahman, 1976). stations (fig 1). The resistivity values were plotted
Crystalline rocks of the Basement Complex against current electrode separation for each
outcrops over large area in Nigeria, in three broad orientation as shown in Table 1. Apparently, three
regions separated by Mesozoic ol Cenozole VES curves are plotted on the same graph paper using
serdimentary basins [fig. 1]. The erystatlinge basement the same axis. This method gives room for direct
vocks occupy about half of Nigesin while the comparism of curves and their subsequent
Cretaceous (o Recent sediments cover the remaining mterpretations, These curves are presented in fig. 3
part, : for location 1. Resistivity values measured in
The geological map of the area iy nroduced as thitteen focations are plotted against half- electrode
shown in Fig. 1. Rocks Identified i1 (e ared are separation (AB\2 m), Isoresistivity lines are drawn
mainly metamorphic and igneons rocks, and are using the methods of Malik et al; 1983 and Olaseinde
classified below: J1983. RVES method was adopted in order to
(a) The Gneiss Complex: Augen Gneiss, Banded understand the fracture behaviour at depth along
Greiss and Granite Gneiss, difficrence directions, to discern the degree of
(b). Granite Suijte: Foliated granodiorite  and variafion of a at different orientation and the presence
- foliated microgranite, ol resistivity anisotropy. This method also affords the
{¢)  Theveins: Pegmatites and Quartz veins opportunity of check and control for qualitative

resulis. The resulting elliptical polygon anisotropy
polygonis presented in fig. 4 for location of 13.
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Fig. 1A: Geologivnl map of !-:Inilm‘iu and the RVES stations.
Fig. 1B: Geological Map of Nigeria showing position of Horin.




g
12
le
m

-0 A

=B

- = e U9 O

Water Resources 2007, GEOPHVSICAL STUDIES OF FRACTURES OF BASEMENT ROCKS

N
NW NIz
G060
\‘\..\_‘j,h ™ d
e
QW SE

Fig. 2 schematic diagram of Radial Vertical Elcctrical Sounding direction s

TABLE 1: DATA SHEET LOCATION 1 of 13

LOCATION: v veio it s UNIVERSITY OFILORIN
DISTRICT: e e eeeesenis oL
TYPE OF ARRAY:...vveie.
VA 10105 4 & C U

0 60" 120"
S/No | AB/2(m) | MN/2(m) | G o) p(Edm) p(Qm)
1. 1 0.2 7.543 933.07 ST 349.39
2 2 0.2 31,114 ER0 N4 _ 419.10 451.77
3 3 0.2 70.4 392.27 338.41
4 3 0.6 22628 |l 414.09 337.84
5 5 0.6 64.53 252.18 349.75
6. 7 0.6 127.39 176.82 210.57 256.56
7 10 0.6 260.96 26618 205.06 620.16
8 10 2.0 75.428 23555 223.95 273.05
9 15 2.0 173.64 366.75 151.69 468.65
10. 120 2.0 311142 22345 | 295.62 579.04
1. 120 4.0 150.86 238,51 301,72 499,80
2. |30 2.0 704.0 449.01 480.62 393.82
13. 130 4.0 347.286 7494 503.22 284.84
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Fig 3: VES curves for Jocation 1 of 12 in three directions
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Fig. 4: (a) Anistroply polygons of location 3 using Schiumberger array.
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INTERPRETATION AND BISCUSSION

In arcas underlain by sedimentary
formations, where the aquifer materials and water
quality are often fairty homogeneous, Niwas and
Singhal (1981), Onuoka and Mbazi (1985) and
Mbonu et al (1991) have shown that the Dar Zarrouk
Parameters of longitudinal conductance and
transverse resistance determined {rom resistivily data
can be used to predict hydrogeological parameters
such as transmissivity and hydraulic conductivity.
However, in basement areas, there is a composite
aquifer of the weathered zone and fractured basement
neither of which is really homogeneous. Henee the
prediction of aquifer parameters in this geological
terrain is often difficult. With the combination of
conventional interpretations of VES and radial VES

v

4b Variation of degree of fracturing Aa fracturing a with depth AB/2

in this study, the predictions of aquifers have been
enthanced.

The VES data were interpreted using both

computer iteration and partial curve matching ( Zohdy
et al, 1974, Olayinka and Mbachi, 1987). The
resistivity and thickness of each geoelectric layer
from computet iteration are presented in Table 2.
All the VES curves from the area showed
characteristic H-type interpreted into three distinet
geo-clectric layers. The first geo-clectric layer
correspends to the top soil. This consist of brownish
loose sandy cloy soil containing some pebbles and
lateritic particles, The thickress of this layer varies
from 0.6m to 2.0m and its resistivity ranges from
Zl4m {0 1250m. The porosity of this top soil aid
percofation of rain waterintothe  substratum. The
sceond geoelectric

Table 2: Average Resistivities and Thicknesses of Geoeleetric layvers of Locations 1tol13

Using Computer Iterations method.

Location | 1 2 3 4 5 | 6 7 S S Ss N, N, N;
odQm) | 772 [ 1250 | 8693|2145 (2317 2317 TG0 6TIS 9706 | 2483 | 2021 | 11305 | 4731
h 69 |14 |06 |13 |18 118 14 12 Joe L2z {200 j09 07
02 4192 1814|995 |58 [99.6 |5892 Jero | s 1908 (272|723 | 875 |58
h, 96 |01 |33 {43 |28 i1l 55 |56 :9.9 26 (50 147 |42
0 5797 | 2002 13525 | 1963 | 1207 | 1325 | 2337 | 31144 | 4514.8 [ 1533.3 | 7349:3 1 20192 | 10678
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Layer corresponds (o the  weathered
basement (regolith). This is common to very location
except location 6 (within the foliated aranodiorite)
where a thin lateritic layerof 1. 1m thick and resistiviyy
589.2m succeeded the top soih This weathered
basement has resistivity ranging from 27.2m 1o
419.2m and thickness ranges from 2.61 o 9.9, Very
low resistivity values in this fyer s aturibed 1o te
presence of in situ weathered clay. This layer is
commonly water-saturated and is often cliracterized
by low resistivity, high porosity, low specific yield
and low permeability (Jones, 1985).A semi-confined
aquifer condition may be created ifihe clay content iy
very thick. On the other hand, the main aquifer zone
may be found at the base of the weatlorcd profile
where mineral decomposition resubting from in-sin
chemical weathering has produced a wavel like
material of moderate to high permicability (Jones,
1985, Acworth, 1987). The last geoclectric Jayer
corresponds to the geoelectric basement rock. This

layer is infinitely thick and its resistivity ranges from
128 7m o 10, 310m. The basement rocks, most
especially in the banded gneiss arcas have been
mtensely fractured as can be seen from lable 3. A
geoelectric cross seetion is shown in figs.

The resistivity anisotropy polygons show
characteristic elliptical shape. The direction of the
long axis of the ellipse is taken to be the strike
direction of the fracture (Malik ctal 1983; Olaschinde,
1983). The resistivily anisotropy polygons suggest
two fracture directions except in location 4,5,7,11,12
and 13 (see Table 3) where the fracture direction is the
same at both shallow and greater depths. The fractures
diminishes with depth and their direction are along
NW-SE, N-§ and NE-SW respectively. In places
where the fracture zone is more than one, the first
fracture zone is found at depth less than 10 metres,
while the second zone is found at greater depths.

Depth (m)

«« JLateritic top
AR £1:114

I";
L

1t

Fig. 5: Geoelectric cross-section for tocations 1 - 7,

The presence of fractures in the tren is
important in the migration and accumudation of
ground water. This explains why boreholes drilled on
the fractured basement in the arcas  arc very
productive, At shallow depth of abour 2am, at

Weathered ST T Boulder f
rock [ . regelith

Q 2.Km
L J

Horizontal scale

_J,' 4 Fresh Resistivity
5 ,';‘ :;(;as:menl DHE | values {m)
}‘_ oy

borehole (east of the study arca), the yield and
transmisivity have been found 1o be 9.8m’hour and
24 mday respectively (Olaschinde, 1999). Most
borcholes drilled in the area are successful having
been iocated on fractured basement.
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Table 3: Showing lecations and rock types, fracture directions and cocfficient of anisotropy."

Location - | Rock type Fracture directions Coefficient of
‘ First regime Second regime anisotrophy A
L Banded gneiss NW-SE WE-SW 1.23
2 Banded gneiss N-§ NW-5L 1.28
3 Granite gneiss NE-SW - 1.18
4 Granite gneiss N-5 1.21
5. Micro granite NW-SE 1.23
6 Granodiorite NIE-SW N-£ 1.30
7 Augen gneiss NE-SW 1.10
8 Banded gneiss NW-SE 1.10
. Banded gneiss NW-SI: 1.22
10 Banded gnciss NE-SW 1.04
11, Banded gneiss N-§ NW.-SE .1 10 _
12. Banded gneiss NE-SW NW-SIE 1.04
13. Banded gneiss NW-SE NI-SW 1.10
Ao |
Py
CONCLUSION geoclectyie basement were estimated to range from

The University of Horin Permanent Site form
part of the basement complex of south-western
Nigeria. The lithologies present include banded
gneiss, granite gneiss, augen gneiss, granodiorite and
microgranite. All the Iithologies are intruded in places
by pegmatites in both concordant and discordant
manner.

The area is intensely fractured and the
fractures diminishe with depth. The strike of the
fracture is in the NE-SW, N-S and NW-SE directions,
Two fracture zones are identified except in arcas
around locations 3,4, 5,7, 8,9, 10 (see Table 3) where
there is a single fracture zone. Depths to the

3.0mol10Em,

The wceathored layer (regolith profile) has been

estimated. I1s thickness varies from one location to
the ather. ranging {rom 2.6 to 9.9m. In maost places
the thickness of this layer is not sufficient to form an
aquifer exeontin areas around Jocations 1 and 9 where
thicknesses are 9.6m, and 9.9m respectively. The
detection ¢f {racturc zones in the area is very
important as they serve as secondary porosity and aid
the migratien and accumulation of ground water.
location of fraciures in this area is therefore
important in the exploration for ground water,
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