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ABSTRACT

Three different geophysical methods namely
resistivity, self-potential (S.P.) and very |ow frequency
(V.L.F.) have been enployed to delineate the extent of
kaolin deposits and explore possible places for
groundwat er aquifers in the vicinity of Mnjibir, Kano
St at e. A reconnai ssance survey was carried out along
three long profiles, while detail work was done on a
200x400 mgrid located in the vicinity of an existing

kaolin pit.

The detail resistivity survey results indicate a
three layer sub—strata with resistivities of 600 to
1,175 ohmmeter for thefirst layer, 100to 235 ohmmfor the
m ddl e |ayer and 2,400 X.-m and above for the third | ayer.
It shows a thickness varying from 1.1 to 1.7 m for the
top layer and 11.4 + 24 mto 21.7 =+ 1.3 m for the
second | ayer. These results are in agreement with those
deduced from the V.L.F. detail survey and the avail able

borehol e data of the survey area.

Using resistivity profiling and S.P. methods, the
extent of the kaolin deposit was delineated and its
total mass was estimated to be around 1.7 £ 0.2 mllion

tons. Two prospective places to drill boreholes for

wat er supply have been suggested based on the results of



the V.L.F., S.P., and resistivity surveys. The results
of mechanical analysis of the top soils have been
correlated with the heights of the sanpling points.

Silt and coarse sand provides the highest nultiple
correlation factor, approximately 0.6 with height, which
i ndi cates that the upper nost |ayers are conposed of

coarse sand covered by silt.
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Chapter 1
INTRODUCTION _ ' . A

1.1 General:

Minerals constitute a major part of the raw
materials and are of wvital importance for the industrial-.
production and economic growth of a countiry. The earlier
methods for exploratlon of minerals were on the basis of
visual examination of expesures and outerops, supplemented
by deep drilling. Currently with the rapid advancement
in new exploration techniques, various geophysicﬁl |
methods. which are econmaical and less time consuming;
are being used for these investigations. jf

. .

A geophysical survey helps to detect and locafe
subsurface geological structures, by means of measursments
taken on the surface of the earth, The physical
characteristics of the subsurface rocks sometimes differ
in nature and this may show up in the form of anomalies

in the observations on the ground surface,

In ordex toldetermine more éccurately the exact
location of a structuré, several different techniquoes
may be used concurrently in the same area, The resulta
can then bhe interpreted more proecisely, taking into
considaration the geolopgical information of tlie

particular area, Thus in this survey f'or kaolin and ground-

water, three gecophysical technigques, resistivity, V.L.F,

and S.P, were used,



N

1.2 Comzosition, I'roperties and uses of laolin:
X 01

Kacolin is a whitish clayey substance, It is
mainly composed of kaolinite with small quantities of
other clay minerals such as nacrite, diclkite, and
halloysita.. Its composite formula is Alzsizos(on)h.
Crystallographlcally it is phyllosilicate, i.,e,.,, a
silicate layer made up of two different sheets, The
tetranhedral sheet has oxygen ions at the four tips and
silicon ion at the centre and shares its four positive
charges with four oxygen ions at the tips, The
octahedral sheet has six tips, which are occupied by
hydroxal ox oxygen ions and their centre by aluminium
ion, Together, they form one layex (Fig. 1.1).

Pure kaolin is a white powdery aggregate of
minerals which consists principally of microcrystalline
compounds approximating the normal kaolinites (Bateman,
1967)., 41t is distinguished from other clays primarily
by its whiteness, softness, ease of dispersion in water
and other liquids, and is genorally free from impurities
particularly from compounds of iron and has negligible
content of titanium and alkaline eirths (Johnstone, 1961).
Naturally occuring kaelin is seldem pure, the main
impurities being fine-grained quartz or hydrous mica,
In general, it has been found that iv has a specific
gravity of 2,60 x 10° kg/mj, a fusion point of about
1,?85“0 and a rofractive index of 1,56, Various workers

have given different values with regard to its in-situ
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density, Ebifegha {1977) has shown a dry density of

1.58 - 1.63 x 103 k.f,"/m:3 for kaolin deposits near Kankara, in
Katsina province,while Nkuesunam (1976) gave a wide range
of 1.54 - 1,93 x 103 kg/m3 for impure varieties at
Tsanyawa, Kano State, Kirch (1968} and Johnstone (;961)
found its specifils gravity as 2,58 x 103 kg/mB.
According to Grimshaw (1971), the particle aize of a high
grade kaolin is about C,.001 mm., in di=smeter, though
coarser varieties hawve also bean found, As the particle
size of all minerals present in pure kaolin is similar,
it is diffieult to deduce a mineralogical APmnalysis of it
with a good degree oflcertainty (Grimshaw,1971)}. ZKaolin
is extensively used 1n a variety of ways in wvarious
industries all over the world, Its main use is in paper
industry where it;forma the filler constituent and
replaces the fibre material which 1is expensive, It

helps tc flatten the papeor, reducus expansion during
printing and imp#fts better opacity and smoothness, The
finer grades are deploved in coating the surface of the
parer. Kaolin 1s also widely used in making coramics,

It has a limited use in the paint industry es ;
suspending agent in oil paints and as a pigment in
distempers and water paints., In pharmaceuticals, it is
used as medicine for >he cure of diarrhoe;{amcng the
babies. It acts as a filler in the manufacfure of oil
¢loth, rubber and plastic and is used in conjuction with
suitable bindexr to give weight to body ¢loth in textiles,

as a catalyst in the petroleum industry and as a



colouring azent in the proparation of ultramine.

The largest producers of kaolin in the world are

today U.K., U.S5.A., Germany, Austria, India and Algeria.,

1.3 Area of Survevy:

The area of survey lies between 120—9' to 12°%-11
latitude and 8°-37' to 8°-40! longitude, The topography
is generally flat, The approximate elevation is 480 m
above sea level and the main drainage is provided by river

Jakara, which is seasonal in nature (Faseke, 1977).

From inquiries at the Geological Survey Division
at Kano, it was dednced that a reconnaissance survey of
this area was carried out in July, 1977, by Mr, 0.0. Faseke
who had reported the existance of a kaolin deposit near
Bagurava in Minjibir Local Government, It is accessible
by an all weather laterite road off the Kano-Gumel road,

The field work to explore kaolin deposits in this
area commenced in September, 1982, The initial survey
indicated the presence of some whitish boulders containing
¥aolin mineral at scattered places where wells had been
dug and the subsoil had been heaped on the surface. On
further search, a kaolin pit was located near Bagurawa,
It is a very small village with fow huts, about 3.2 Lkm

soutli-wast of tho Minjibir town Fig, 1.2. The existing
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pit is approximately circular, 32 m in diameter and 7 m
in depth., Kaolin had often been extracted from the clay
deposits by breaking and pulverising the partially

“

weathered feldspar with the help of wooder battens and

sieving off the impure coarser fraction for the past

several years,

The surrounding area to this pit 200 x 400 m, was
selected for geophysical survey to evauate kaolin
deposits, delineate the border outline and its approrimate
depth, and also to locate aquifer for grounu water

potentialities,

Besides this, thiee profiles were selected for a
reconnaissance sumvev, as detailed below:
i) along the west side of the main road between
Wasai and MinJjibir, 2,8 km in lengthg
ii) along a narrow track from Minjibir to Bagurawa,
7.2 km in lengthj; and
1i1) along a dry stream bed, 2.4 km in length, which
cuts across the Minjibir-Bagurawe track at 2,35 km,

The area under survey is shown +in Vig, 1.2,

1.4 Choice of loethods:

A lknowledge of geophysical parameters of difforent
rock and soil types is essential teo know which

geophysical moethods are most appropriate to be used,



Preliminary analysis is done by interpreting the
geophysical data in relation with the published values
for these parameters, alongwith laboratory measurements
6r any borehole information if available. The
approximate ranges for the electriec resistivity for
various rock and hoil types are shown in Fig. 1.3,

while physical parameters of some rock materials are
}

éiven in Table 1,1.

Table 1.1 indicates that there are significant
c?ntraata in the resistivity values and seismic
v%lncitiea for various rock types. These justify
the adoption or the resistivity and seismic methods
for identification and quantification of kaolin deposits
in any given area, However, siesmic velocities could

not be determined cdue to non-availability of suitable

equipment,
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Ihivsical arasieters O Some llock laterials,
i
Resisti-~ | Seismic Volocity aznetic |iloan
Nock Type| * 7 (11/5) Sucze, Density
ange (et1n— 11 (R
P Dry Vet 1x10 } I1x107 Eg/m
= Velocity|Velocity |
Xaolin 1-120 1915-1520}1380-1G8¢] 0.~ 2.60
Cla}'G}’ - >
Earth 10°=4x10"]110-305 |1380-1680 - 1.70
Soil
o !
Sands 10°=10" |300-460 |1330-1620} 1.0 1.50
2 L '
Laterites [10°=10" = }""60-1220}1330-1680 5% 2,00
Migmatitos 9 6
and 107°=10 3050=5490 [|1370-5050 1.0 2.70
Gneiss
Hica 3 5 165 - 5
Schists 10°=-10 6L 00~7000 |1380-1650 2.75
Compiled from Telford et al (1976), Keller (1966).
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Chapter 2
GEOLOGY

2.1 General Geologv:

The gaoloéic formations in Nigeria can be divided
inte tweo breoad groups, cryatalline.rocks and sedimentary
rocks which occur in about equal proportions, Their
distribution is shown in Fig. 2.1. 7he cxysbtalline rocks
are granites and gneisses, migmatities, peltic schists
and metaconglomerates, marbles and calcsliicate rocks,
basic schists, amphibolites and basalts; guartzites and
quartz schists, charnockites and fayalite granites, The
sedimentary rock types are sandstones, shales and
mudstones, limestones, siltstones, and Jtlkor e.g.

ironstones,

The crystalline rocks are further sub-dividea

into the followiny groups, depending on their age:

i) precambrian basement complex, which characteristi-

| czally vields radiometric apges in excess of
500 million vears (Grant, 197%), occupies about
forty percunt of the total surface area of Higeria;_.

ii) vyounger granites, which ara high?iavel discordant
intrusions in the basement complex, occupy about
eight percent of tihe total surface arca of
Nigeria, (Dowden et al, 1876, Rahaman ot al, 1977);

and
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iidi) tertiary volcanics, which constitute only one
percent of the total surface area of Nigeria, are
restricted in occurrence to only castern part of

the country,

The sedimentary rocks can be found in seven major

sedimentary basins in Nigeria. These are:

i) the Dahomey basing

ii) the Niger Delta basin;
iii)  the Anambra basin;

iv) the Benue troughj

v) the south-western part of the Chad basing
vi) the Bida basinj and

vii)  the south-western sector of the Iullemeden basin,

The rocks in these basins range in age from

cretaceous to recent,

The geological map of the northern parts of
Nigoria and extent of the Chad basin is shown in Fig, 2.2,
Granitic rocks are the commonest crystalline ;ocka. The
word 'granitic' is used in the broadest sense to cover

all felsic rocks which may vary in composition from true

granites to diorites,

2.2 Local Geoolory:

The arca under investigation lies within Kane State



14

'

S3K

L334 N
YANO4 GYH)
o S3VOML @

GIHE HAUTM e

X314W0D T
IN3N35YE |

(S

SNO3dvi3ud [ ]
H3ddn |- §

NOILYHNO04 )

)Iz,—u

EE— |

[ 916t

‘l40d3d
‘'VIY3IOIN NY3HLYON 30 dVA IvII907039

¢ ¢ '9ld

SIVIY3LYH ONY A3AYNS 110S |

LA

e eilapew

ﬂ jAWND o
Qe 27 N\
_ _.\ .l.l..\. ,.\ﬁ\h — o n _r \

..ll... _.(\l.(.rl
37

S, \

40 21718N4d 38
_ :




15
which can be dividea geologically inte two groups, the
undifferentiated basement complex in the south and
south-west parts of the State which coniprises of the
Slder granites, sysnite, gabbro, undifferontiated meta-
sadiments and the sands and clays of the Zhad formation
in the mnorth and'narih-east of the State, The geological
map of Kano Statve is shown in Fig. 2.3. The geology at
; depth of 50 m is presented in Fig. 2.4.

The particular area of study lies completely
t7ithin the undifferentiated basement complex, The area
is low lying and virtually devoid of relief, There is
hardly any exposure of outcrop except for a small
laterite hardpan znd some weathered outcrop close to
the pit,

-

No geological map of this area has so far been
published, From the few open pits that could be located
in this area, it was observed that there is an overburden
of loose sandy =£o0il which is underlain by waa?hered base=
ment consisting of clayey material and which is in turm
underlain by unweatherad basement complex. A borehole
log and sub=s80il lithological profile in the area is

shown in 1“‘13. 2-3.

The surface soils in the area formed as a result
of weathexing of these rocks are prodominantly earthy to

light brown friable porous sands and silty clays. At
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places, laterite hardpan is encountered at.shallow depths
forming a "capping" to lateritic gravel that can extend
to depths of as much as 3,0 m, 7The underlying gravels
contain soma coliesive material, These gravels formed
from the porphyritic rocks (granites and gneisses) tend
to form a matrix 'of stable minerals such as quartz and
mica, in which is weathered feldspar., During weathering
some constituents of the feldspar are leached away
leaving a kaolin clay, with a porous, occasionally
laminar structure, It is believed that iron bearing
waters deposit oxides of iron in the poros of the clay,
vielding a ferruginous gravel in which the large particles
retain a resemblance to the rectangular shape of the

parent feldspar crystals,

2.3 5So0il Formations in Nigeria:

The Nigerian soils are often derivea in place from
the underlying rock, Their mineralogical and chemical
analysis (Hoore, 1964; Ahn, 1970; Ojanuga and Lee, 1973;
Ojanuga, 1979) have shown the following main inorganic
components:

i) silicates which are mostly clay minerals such as
kaolinite, halloysite, illite and montmorillonite;
and

ii) oxides and hydroxides of iron and aluminiun,

Kaolinite is the major clay wineral in Nigerian
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soils, Xt is formed by the weathering of rocks containing
most common rock forming minerals, olivines, pyroxenes,
amphiboles, foldspars (Maignien, 19566) under moderately

aclidic and considerably leached environments,

' The oxides! of iron, heamatite and magnetite (F9203)
occur in soils of the tropics, while the hydroxide
geothite (F920H) is a common s0il constituent., Among
oxides and hydroxides of aluminiwn, amorphous alumina
hydrate and amorphous silica are present, &Sllicon occurs

as the common oxide while quartz as the cryptocrystalthe

oxide.

2,4 Laterite Deposits:

There are extensive deposits of laterites, Those
are the traditional materials for road and airfield
construction., Laterites are yellowish to reddish brown
materials consisting partly of spongy open textured
pobbles which vary in colour from rusty red to liver
colour of almost black, =set in matrix of silty clay, The
apongy coarse pebbles pessess a vesicular structure,
Based on this structure and its frequent association
with basalt, it was first thought to be a volcanic rock,
But later views regard the rock as the result of the
sub=aerial decompositicon in-zitu of basali, granite,
quartzite, sandstone, schist etc,, under a warm, bumid

and monsconice climate, The former class of rocks is
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especially prone to laterization or silica leaching, The
process of laterisation and hardening is due to:
i) dehydration of the hydroxides of iron and
aluminium prasent;
ii) further oxidation of the high iron content of the
material; ;nd
11}) the preciritation of these oxides as cementing
E material,
The extent to which a residual soil has been

la'terized may be measured by its silica to sesquioxide

ratio, 8102

P0203 + A1203 .

Ratios l1l2ss 1han 1.33 are indicative of true
laterites, thotce between 1,33 and 2,00 of lateritic soils,
and those greater than 2,00 of non-lateritic weathered

soils,

2.5 Geoloyy of Kaolin:

A small pit of kaolin exists near Iagurawa,
3.2 km in south-west direction of Minjibir town, The
clay occurence lies within the undifferentiated basement
complex in tha area, The parent rock of the white clay
is a coarse grained feldsparthic granite with pheno-
crystals of feldspar averaging 0,03 m in diameter

(Fasoke, 1977). The ritty white clay is {ormed in-situ
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by the chemical weathering of the feldspar of the host
rock, Xaolin contant of the rock, which iz approximately
ﬁh percent, appears to increase with depth which
érobably suggests the influence of hydrothermai fluid in
the formation of the clay (Faseke, 1977}, When the clay
Famples-wore airadried end subjected to firing at 1,150°C

?n a muffle furnace, the percentage linear shrinkage

'From plastic to alredried state was 2,92 percent and

.irom air-dried to burnt state was 2,45 percent., The

Eolour bofore firing was dirty white and after firing it

became pinkish whaite,



23

Chapter 3

METHODS OF SURVEY

3.1 Resistivitvy:
i
In most resistivity measurements, an elactric

current is introduced inte the ground through two
electrodes, and the potential difference is determined
belween the second pair of electrodes placed in line
between them, Using the values for potential diffeience,
the current applied and the electrode separation, the
apparent resistivity of the non-homogeneuvus ground can
be derived, The resistivity # of the material is
exﬁrassed as the resistance R across a vnit cube of the
material, When c¢ur-ent flows between two points of a
conductor of cross-sectional area A, and distance d
apart, then the rcaistance between these two points is

given by the formula:

Rn-j'i-(—i . . B . 0(1)

The two basic laws used in electrical resistivity

survey are:
~ =
1) Ohms law Z = _f£J . a p o« 12)
-
where I = potential gradient,

f = resistivicy of the modium,

-

J = current density,

-+
d

ii) Divergence condition vy, = 0 , . (3)
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Since the

scalar potontial
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equations (2) and (3)

<2V
= - :f: =0 ) . . (h)
electric fleld is the gradient of a

and is given by
!

e e
E -7V . . . ™ »

.« (5)

Since for a homogeneous modium F is independent

of co-ordinate axes, equation (4) becuvmes

e
2v -

. \6)

In spherical polar

vV=0 . . . .
which is Laplace's equation.

co-oxdinates it is written as

. . 2
2(x° ) 4 —— 2 (sinedY) + ! 2V _ 0..(7)
° . or r251n9 26 I8 rRSinzg 592

Considering a single source of ¢urrent and complete
symnetry of current flow with respect to €@ and @ direction,

then the potential at any point is only a funection of r,

. {8)

By integration, equation (8) has a scolntion of the

form

v

. ()

—a‘l'-ﬁ»- . . . .
Tr

where A and B aere constants of intxgration,

Now as r K% , V== 0, A = 0 et

_.-(__‘/ N

—(B/I‘) . . . . »

v . (10)

The total current I flowing out eof a semi

infinite half space of radius r is

I =/ Jds S (&7 )ds . .

given by

—
-

. {(11)
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but £ = dV/dr = -lﬂfrz) from equation (10)
2

Therefore I = -_/(D/j’r )ds i . (12)

where ds = Sin@ de d¢ and by integrating eqn.(12)

B = (fl/eﬁ } . . . - . (13)

Let us consider a very large, semi-infinite solid
mass with uniform resistivity -£. Four electrodes are
inserted into this material at position A, B, C and D,

as shown in Fig. 3.1,

If I 4is the current which is

passing through a peoint electrode placed on a flat,
semi-infinite earth of resistivity F# , the electric
potential V at any point P at a distance r from the
electrode is given by the equation

TS
V=2Kr . - . 5 » - (1"‘)

In these measurements, there are always two
current electrcdes, One is positive through which the
current enters into the ground and the otheor is negative
through which it returns, The potential at electrode C
resulting from the flow of current is calculated as

v If(1 1)

=
C 2 K r1 r2

x ; . (15)

Similarly, the potential at electsode D is

calculated as

» o . (16)

The potential difference V (measurod by the
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voltmeter between C and D) is then equal to

V=V,~-Y

¢~ 'p
S < AN TR WA SR
=N r,! r2 .1"3 I‘h
or V= (15)/(2XKK), ¢ A . « 1)
Therefore Jf = 2'AVK/I . ; 4 ; . (18)

1 1 1 1
wvhere K = /(0= = = = — 4+ —)
r1 r, r3 T,
K is called geometric constant and depends upon
the position of the electrodes,
{

} For the vertical electrical sounding the

Schlumberger arrangement given in Fig., 3.2 has been used,
Here the configuration i1s symmetrically colinear., The

apparent resistivity is calculated from the equation:

.{ﬂ.ﬂﬁ_i:iga . . . . 0(19)

where J% = Schlamberger apparent resistivity;

L = half current electrode spacing;
a = potential slectrode spacing; and
R = observed resistance. .

For 'he Wenner profiling, the arrangement is given
in Fig. 3.3. 1t uses four electrodes equally spaced
along a straight line., The apparent resistivity is
calculated from the equation:

ja = 2K aR . . . . . . (20)

n

where a constant electrode separation; and

R = measured resistance.
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For Schlumberger profiling, the arrangement is

given in Fig. 3.4. Here the two potential electrodes are

moved between the two widely spaced current electrodes,

The apparent resistivity is calculated from the equationj;

where

VES,

_ AR(LZ- x®)?
Je 21(L2+ x°) ks

R = measured resistancej

1 = half the potential spreadj;

LL = halfT the total current spread; and

x = distance from the mid-point of the potential

spread to the mid-point of the current spread,

There are four common approaches for interpretinag

These are complete curve matching, partial curve

matching, use of maxiwum and minimam pecint~, and

equivalent curve matching.

i)

Complete cr'rve matching involves ths matching of
the field curve with a set of computed master
curves e.,g. Rijkwaterstaat (1975), Those master
curves are prepared with dimensiorless co~ordinates
on logarthmic paper, The field results are

plotted on a transparency and slided on the

master curves until they coincide, lieeping the
respective co-ordinate axes parailel. The co=-
ordinates of the point of intersection on the

field curve axes of the theoretical curve axis 1-1
are read off., These values corresponds to _f1!

the true resistivity of top layer and h1, Lthickness

of top layer, The resistivity ratios given on the



ii)

iii)
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master curve yield the values for the resistivity
of the other layers and the parameter on each
curve yields the ratio of the second layer to

that of the first., Thus the resistivities and
thicknesses may be obtained of the other layers,
Partial curve matching involves matching small
segments of field sounding curve with theoretical
curves for the single overburden, usually starting
with the shoriter spacings and working towards the
longer spacing., As each portion of the curve is
interpreted, the layers in this portion are lumped
to form a fictitious layer of resistivity _ff and
thickness hf. This lumped layer is used as a
surfece layer and the next portion of the field
curve is interpreted in a similar way, Auxillary
curves are drawn by assuming a number of wvalues
for h, and obtaining the corresponding set of _ff

2

and h_ and these are matched to the i'ield profile

b 4
to get the best fit and hence the best values of
hf, and ;ff and eventually ;fs. )
By using maximum and minimum point with either H
or K type curve, an interpretation can be made by
noting the electrode spacing, L, for which the
maximum or minimum apparent resistivity j; is
measured, Two curves are plotted, One of.f;[fz
against,f}/qﬁ for various ratios of h2/hI and the
second of L/h1 against h2/h for various ratios of
;fzszo As the wvalue of_f:[j? and L/h1 are known

from the fieid curve, a horizontal line is drawn
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across these two curves corresponding to these values,
A set of possible value of.?zzfy and h2/hl are then
got from the two curves, These are plotted and

their point of intersection corresponds to the

value of Lz anddfz.

iv) For equivalent curve matching, different sets of
layering parameters provide the same sounding curve
and these sets of conditions are said to be
equivalent, Grephs may be constructed to show the
ranges in layering parameters which are equivalent.
Koefoed (1969) has developed a method based upon
the properties of the raised kernel function, to

determine equivalent cases,

The methods used were the complete curve matching

and equivalent curve matching.

The basic equipments required to carry out a
resistivity survey are:
i) a voltmeter;
i1) a milli-ammeter;
iii) measuring tapes;
iv) metallic electrodesy
v) a source of power supplyj and
vi) properly insulated long wires,
A simple arrangement of these instruments for a
resistivity survey (Parasnis, 1973) is shown in Fig. 3,1,

However, the milli-ammeter, voltmeter and power supply
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can be assembled tojether as one unit and made into a
very sensitive and sophisticated instrument, which is
easier and faster to handle in surveying.

The power supply can be either D.C. or low
frequency 1.C, The L.,C, instruments are less frequently
used because electrochemical and e.,m.f. are produced
bLtwaen the metal evlectrodes and the ground, which
iﬁtroduca err rs in the measurements, Desides Lihis, the
results are alsc affected bv matural earth currents and
these have to be t.ken care of, Griffiths and King (1965)
h;ve found that the earth currents tend to be
unidirectional ard can he eliminated if A,.C, are used,
What is essentially required is that the A.C. should
have a lcw frequency, At higher frequencies, ground
inductance and capacitance and more complex effects such

as induced polarization become more pronomnced and are

not desirable,

In this vwork the Terrameter SA5-300, shown in
Fige. 3.5, was used, It is a fully self-contained unit,
which is very light in weight, portable and easy to
handle and which operates o1 rechargeable batteries,
The consocutivas readings for AV/I are calculated by the
instrumont and digitally displayed in K., £1 or mQ,
thus making it possible to extract the signal from
natural and man-nade noise, If measures signal wveltages

created by the transmitter sigmal currant, while
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re jecting both the D.C. voltages i.e,, the self-potential

and the noise,

Dasically the instrument has three sub-units:
i) a micro processor for monitoring control and
computntioh;

ii) an electrically isolaied transmitter for the supply
of defined regulated signal currents having a
selectable current of 0,2, 0,5, 1,0, 2,0, 5.0,

10,0 and 20.0 mA; and
114 a receiver for discrimination and measurement of

voltages correlated with the transmitted signal

current,

The electrodes were hammered 0,1 - 0 2 m deep into
the ground., Since the ground was very drv, salt water
was pored around thrhe electrodes. The electirodes were
re-hammered so as to improve contact with the soil., The
electrocdes were connected with wires through copper

each of
clamps soldered to one end oflfhe electrode, while the
other end of the wires were fixed to the approrriate
terminal of the terrameter. The instrument was switched
on to ascertain that the battery waswell churged, Tor
resistivity survey, the range switch was set at 1 CL
position, cycle switch in l-position and current selector
in 20 m\ position, The power wasswitched on and measure

button waspressed to take four readings which are

displayed digitally, Varnings and information comprising
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beepor si nals and simple display codes given in the
manual, (Atlas Copco}, tells when to chuanse parameters

or to check circuits,

\
3.2 Self-Potential (S.P.):

The 5.FP. technique involves the measurement of the
natural potential Jdifferences which usually exist between
ary two points in the ground, These natural potential
differences are set up as a result of electrochemical or
mechanical activity beiween minerals and the solution
with which they are in contact, in most cases it is
underground water. When different portions of an ore
body are in contact with solutions of different compo-
sit’on, chemical reactions take place, These result in
different solution pressures along the ircspective areas
of contact, giving rise to a potential differance which
causes current flow in the ground (Dobrin, 1976). The
potential difference range from a few millivoits to a

few tens of millivolts, .

They are classified into two categories, namely
background and mineralization potentials, The background
potential can be either positive or necaﬁive and range
from a fraction of a millivolt to a few millivolts, It
is created by fluid stroaming, biocelectric activity in
vegatation, varying electirolytic concentrations in ground-

water and othor geochemical actions (Telford, 1976).
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The mineralization potentinl have maxihum values
bf the order of a fow hundred to several hundred milli-
volts and are almost exclusively negative, Their origin
is still not fully understood, eveon though many theories
have beoon suggested. The most reasonable and complete
theory 1is that prbposed by Sato and Mooney in 1960. They
Protulatod that 5.FP. camnot bo due to the oxidation cof an
ore body as such but to the difference in the oxidation
capacity of the waters unear the upper and the lower
surface of an ore body, It may alsoc be due to exchange
of ionic and electronic charges which take place with the
ore body serwving to transport electrons frotm the lowerxr
surface to the upper until electrochemical equilibrium

is reached,

Besides the background effects, there may be large
local disturbances due to buried 3iron pipes, electrical
earthings, chemical fertilizers, mine slags, topogzaphy,
groundwater drainage oftc., for which allowance must beo
made in the interpretation of S.P. anomalies (Parasnis,

1973).

The procedure used in the 5.FP, regional survey was
the fixed base station method, This required keeping one
electrode fixed at & basc station while the other
oelectrede, together with the cable reel and the

terrameter was moved to different peilnts,
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The cable was laid and the electric potential of
each point with respect to the base was read, The
advantages of this layout are that the potential is
measured continually with respect to a fixed peoint and
small zero errores between the eleoctrodes do not accumulate,
Also the chances bf discovering a weak S.P, anomaly which

varies slowly with distance are greater,

When the cable length gets exhausted, a new base
station is chosen, such that there is an overlapping of
the last one or two stations and the new potentials are
measured, If A0 Apr ———== aTe the potentials with
respect to the first Lase and‘A;, &é, —===—= those with
respect to the nmew base, the mean of A.‘— A_;, A~ A;, —-——
gives the required differences A between the twc bases
which is added to all the measurements of the new base,

after taking their polarity into consideration,

The apparatus required for S,.,P, are cables,
electrodes and a voltmeter. The voltmeter should have a
high impedance so that negligible current is drawn
from the ground, The cables should be light in weight
and well insulated, They are required for making
connections betwean electrodes and the voltmeter,
Instead of metallic electrodes which cause pelarization,
nen-polarizeable electrodes are used, These are
essentially made of a porous pot with a copper rod

attachod to the cover of the pot which is immersed in a
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-

saturated solution of copper sulphate (with some crystals
of CuSo, still lying at the bottom of the pot), see
Fig. 3.6, The porous pot allows the solution to seep

slowly into the ground.

Tho terraieter SAS~300 is used to measure the S.P,
values or the natusral D,.C, potential, The input ranges
Are 1Vv,10V,100 v, 500 Vwith a precision of % 0,00001 VvV
(M range) and a noise rejection > 95 dB at 50-€0 Hz and
85 dB at 16-20 Hz (Atlas Copco ABEM, 1981).

f

3.3 Very Low Freguencv (V.L.F.):

Powerful radio transmitters set up in different
parts of the werld radiate unmodulated carrier waves
which have I{requencies of 10-25 KHz., In geophysics these
are very high fregquencies but in radio technology this
range is considered very low because usually their
carrier frequencies are ten times this wvalue. The V.L.F..
technique makes use of signals from powerful military
transmitters statiuned in different parts of the world,
The radiated waves from these transmitters contain both
electric and magnetic components, These travel in throe
different mod~-s and are known as skywaves, spacewvaves
and groundwaves, At long distances what is received are
magnetic groundwaves and the skywaves which are guided

by the ionsphere and earth's surface,
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The antenna of V.L.F. transmitters is a long
vertical wire zthrough which an A.C., flows. It produces
a magnetizing force in the space around it; the lines of
which are concentric horizontal loops with centres at the
antenna. As the primary magnetic fields encounter conduc-—
tive bodies in tgs ground, secondary fields are set up,

If the conductor has the strike parallel to the bearing
of the V.L.FF, station, it is cut by a maximum magnetic
flux and an induced electriec current flows, This
produces a secondary magnetic field, However, if the
strike is prependicular to the station, it will not be
cut by the magnetic field, Consequently it will have no
induced current and no secondary field will be produced,
The secondary field tends to oppose the primary V.L.F,
flvx cutting the ceciductor, The total magietic field
which is horizontal far away from the cenrnductor, is
tilted out of the horizontal plane in its vicinity on
both sides of the conductor, the presence of which is
thon detected by a receiver instrument,

V.L.F, anomalies tend to e clusttared and data
has to be digitized and filtered, F.aser (1969) developed
a technique of reducing the noise level and filtering and
differentiating tilt angle profiles, Tﬁesa can be applied
for rapid peoloical correlation and intz2rpretation,
According to him, for four consecutive data points H1,

ME' M3' M& for the in-phase component values, the plottod

function is equal to (M3+ Mh) - (H1+ Ha). This is
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plotted mid-vay between H2 and MB. The process is
repeated on each profile until the data is exhausted,
The cross overs and inflections are transformed into

peaks (Fraser, 1969),

The El=-16,' V.L.F.-EM unit used (Figs. 3.7 and 3.8)
is a sensitive receiver covering the frequency band cf
the V.L.F. transmitting stations (15-25 KHz). It is a
compact case containing batteries and transmitter selector
unit, The receiver has two receiving coils built into
the instrument, one having normally wvertical axis, while
the other horizontal axis, The signal from the coil on
the wvewtical axis is minimized by tilting the instrument,
The tilt angle is calibrated in percentage, The
remaining signal ir this coil is then balanced out by a
measured percentage of a signal from the other coil,
after shifting by 90°, The V.L.F.-EM is nulled by audio
tone, At this stage, the coil is normally parallel to
the primary field., The two components measured are
referred to as 'In-phase and Quad-phase', The senstivity
of the in-phase is + 150 percent while that ot the quad-
phase is + 40 percent, The different V.L.F, transmitters
ari shown in Table 3,1, The detailed procedure on the

use of this instrument is given in the manual (Geonics

Ltd., 1979).
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Differnont Trancmititin~e 3tatinons

(after Goorge, 1932)

.
Station Location Frequency | Azimuth | Schedule
in ii=.
MAA Cutler, main 17.8 113°% | ¢ff 1400 to
U.S.A. : : 1300 GMNT
' each I'riday
GO Rugby, ongland| 16,0 228° -
O .
FUo Bordeuaux, 15.1 53 -
France
uiis ihwscow, USSR 15 e 1 - -
]
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Chapter &4

SO0ILS AND THIIR MECHANICAL ANALYSIS

s

L,* Definition:

The soil i?i tezms of geology can be defined as
t?e veathered organic material on the surface, or
tbpsoil. In snginearing sense, it i3 considered to be
a;y loose sedimentary deposit, such as gravel, sand,

clay or a mixture of these materials,

"5'?;.

4
i

4,2 Soil Classification:

| There are several soil classification systems but
the most widely accepted is the 'Unified System?,
propesed by Arthur Casagrande in 1952, It places soils
into three divisions:

i) coarse grained;

i4) fine grained; and
1ii) highly organic soils.
The coarse grained Loils are those which have 50 percent
or less material passing the No. 200 B.8, sisve and fine
grained soils are those having more than 50 percent
passing the He, 200 B,S., sieve, The highly organic soils
can bo identificd by wvisual examination, This system
rocoruises fifteon soil groups and uses names and lotter

symbols to distinguish between these groups. LEach group

is designated by two capital lottors, Dolails about
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this system are shown vide Table 4.1,

L.3 Soil Sampliu?-?rocodure:

Soil samples were taken at every 1027 m along the
two profiles, Wasa&unlnjibir and dry cstream section and
at}every 250 m along the third profile, the Minjibir-
Bagurawa section due to transport difficulties. DBoth
disturbed as vell as undisturbed samples were ccllected,
the former for mechanical aralysis and the latter for
d#y density and poiosity., The top 0.1 m of solil was
aérapad prior to sampling to remove grass roots and loose
surface material, The Aisturbed samples were dug with a
cutlass, put in a plastic bag and labelled., These
represented a depth of 0,1 to 0.3 m, Tho_undiaturbed
samples war: taken with a core cutter, whose inner
diameter is 0,0375 m and length 0,048 m, with constant
volume (?ﬁrzL) of 5.3x10-5m3. The cutter was forced
into the ground using a drop hammer, taking care that
the sample was not compressed. The mould was gug out
from the ground, both ends were made flush with a spatula
so that the -olume of core sample taken is oqual to the
velume of the cutter, The sample was taken out from the
mould in a civan double plastic bag, labelled and sealed,
The core sample represented a depth of C.1 to 0,15 m,

The samples were tested in the laboratory of the Minlistry

of Works and Transport, Kano State,
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TABLE 4,1

UInified Soil Classification

(After Arthur Casagrande, 1952)

Major Divisions | Group Typicsl Names
Symbols
m GW Well=graded gravels, gravel-sand
%.4 A mixtures, little o1 nc fines,
o
a b
o 8 g GP Poorly-graded gravels, zravel-
Q ﬁ o sand mixturss, libtle or no fines,
ot e
g g — GM Silty gravels, gravel-sand-silt
W ) oo 0 mixtures,
>0
T (o I =
g g =zf GC Clayey zravels, gravelesand-clay
é mixtures,
% SW Well-graded sands, gravelly
Q e m sands, little or no fines,
) g-s _
g g 8(% 5P Poorly-graded sands, gravelly
&) g sands, little or no fines,
0
@ o SM Silty sands, sand-sili mixtures,
ggé
5}";2 5C Clayey sands, sand-—-clay mixtures.
ML Inorganic silts and very fine
. sands, rock flour, silty or
g » clayey fine sands o» clayey
2 E silts with slight plasticeity,
& w
! 5 CL Inorganic clays of lew to medium
i = A ;
n < < T I plasticity, gravelly clays, sandy
- S dL.k clays, silty clays, lean clays,
S5 $85 .
M ] o G4 OL Organic¢ silts and organic silty
E v clays of low plasticity.
g 5] MH Inerraric sil+ts, micacecus or
% Q ot 5 diatomaceous fine sandy or silty
| - o =
o U Eﬁ soils, olastic silts,
g ~
o "% o B, cit Inorganic elays of high
'g"';g» plasticity, fat clavs.
£ oo H
aon n{f o Organic clays of medium to high
v plasticity, organic silts,
Highly Organie Pt Perat and other hishly organic

Solls .

soils.
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4,4 Laboratory Tests:

For mechanical analysis, 0,2 kg of the dry soil
was weished and put in a container to which sufficient
quantity of water was added., The scil was wubbed with a
rubber corked stirrer and the muddy water passed through
No, 200 B,S, sieve, The process of rubbing, watering
and washing was continued ti)l the water passing out of
the sieve was clear. The residue retained on the sieve
was dried and its weight recorded, It was further
sieved through a set of seven sieves, sizes 9.5 mm,

4,8 mm, No., 7, 14, 25, 72 and 200, The weight rotained
on each sieve was determined, and the percentage of the
total sample passing through each of the rieves was
calculated, This percentage was ploted on the sand and
gravel fractions of a samilogarithmic chﬂ?t as shown in
Fig. 4,1, The various soil constituents as per B.S, 1377

are shown in Table 4,.,2.

The silt and clay fractions were determined from
the fine analysis of the soil samples, The th?ory of
fine analysis is based on Stokes law of setilement i,e.
amall spheres in a liquid settle at different rates
according to the size of the sphere, The 1ate of
sedimentation is determined from the r-te of decrsase in
density of the upper part of the liquid as the largest
pariicles settle out, A suspension of the particles is
prepared and the density is measured at given intervals

of time using a hydrometer, The percentage of silt and
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TABLT 4.2

Ranr~e of DParticle Size of the

Varicus

S50il Constituents,

50

Pine Silt

Clay

Typo Ranrge of 'article 5ize in mm,
Cobbles 200 60
Coarse Gravel G0 20
Yedium Gravel R0 6
- d
Fine Gravel 6 2
Coarse 3and 2 - 0.6
Medivn 3Sand 0,06 0.2 )
© Fine Sand 0.2 0,06
Coarse 3ilt 0,06 0,02
Hledium Silt 0.02 0. 006
0.006 - 0,002 .

Less thwan 0,002
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-

clay fractions is then detfeormined from the given charts,

Fou dry density, the entire cofe sanple taken in
Q‘constant volune core cutter was dried, and weighed, -
Tha weight divided by wolume gave the dry density.
Poresity was calchlatud assuming 1its specific gravity
as 2,65,

f Porosity ¢ = --Y-:‘;-—v—e'—-
where Vs 1s given bylweight of dry s0il in the core

cﬁtter divided by its specific gravity,

.-.l..
1

4,5 Interpretations:

Histograme of soil constituents i.e, gravel,
coarse sand, modium sand, fine sand, s8ilt and clay
fractions for tiie soil samples cellected along these

profiles were drawm, Figs. 4.2 to 4.k,

k,5,1 Minjibir-Waosai Section:

It would e seen that the fine sand is the most
predominant followed by gravael fraction (Figs, 4,26 and
4,2b). Medium sand and silt are the next, (Figs, h.2&
and 4,2f), while tho least is the coarse sand and clay
(Pigs. h.2c and #.2z)., The presence of gravel shows that
partial laterization of soils in that area is in process,
though not consistent, The dry density varies between
1,470 and 2,070 kgfmj and the porosity betweon 21,9 to

44.5 percent,
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Assuming that the soils with a porosity of 35
percent and above are for water bearing zones, the
histo ;rams were analysed for the frequency of those
fractions which are the highest and compared with
porosity, for its value 35 percent and 37.5 percent
respectivoly as éiven in Table 4.3. The analysis shows
that fine sand and medium sand are the best for the

water bearing =zones,

4,5.2 Dry Stroam Bed Section:

Histograms show that medium sand is the most
prominent followed by fine sand (Figs,., 4.3d and 4.3e).
The otner fractions i.e, gravel; coarse sand, clay and
silt nave very low content (Figs. 4.3b, 4.3c, 4.3z and
h.jf). Most of th»2 soils arn wind-=blown fine sands with
rounded to sub-=rounded grains, The density of the soils
varies between 1,500 to 1,720 kg/m3 and porosity wvaries
between 43,4 to 35,1 percent, The histogram analysis to
find the most probable water bearing soil particles is

shown in Table 4,3,

It would be seen from the analysis of both these
profiles that in general, fine sand is the best for water
bearing soils, For a porosity of 35 percent, linjibir-
VWasal section gives 77.8 percent for fine send and dry
stream bed section gives 100 percent. These wvalucs arc
72,2 and 71.4 percent respectively for a porosity of 37.5

porcent, OJince thesn two profiles are almost parallel to
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-
each other, it can Le seen that the direction of the wind
must be from north-west to south-ecast, i.e. from the dry

river stream towards Minjibir-Wasai section.

4.,5.3 Minjibir-Bagurawa Section:

This section is approximately along the strike of
the host rock. The samples collected, fourteen in number,
Jro also fewer than Lle samples collected from the other
two sections., This profile is also dominated by fine
sand, followed by gravel content (Figs., 4,.he and 4,4b),
The remaining fractions are not very significant. The
dgnsity varies from 1,430 to 2,040 kg/m3 and porosity
between 23 to 46 percent, An analysis showing the
frequency of various fractions in the soil samples is
given in Table .5, which further confirms that fine

sand is the best wat2r beariang =zone,

The lithological description of the three profiles

is given in Table 4,4, 4,5 and 4,6,

4,6 Comparatiie Study Between Topography

And jts Mechanical Analysis:

4,6.1 Correlation Coefficients between

Two Different sets of Data:

The spot heights were extractaed from the topographic

map published by Photosur Inc. Montreal, Canada and
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TABL & . !{.

l1itheola-jenl Taseription of Sedils

Along tHAaniibir-incai Profile,

Sample Distancd Lithologsical Description Soil
o, km+m _ Uroup

/=0 0+000 Wellagraded sandy laterite GW
JHEEN | 0+100 arthy brewvn siléy sand,

subroundoed mositly yuarts

grain SH
M2 0+200 Barthy Lrown silty sand,

subangular gquartys grains

and rare black ninerals SM=50
MHW=3 0+3C0 Darthy brown sandy laterite,

poorly assorted, dquartz and

aranite nodules of luvtexitc GP

MW=4 O+400 Tarthy brown sandy laterite,
with some clay quartz grain
and rare bLlack vinerais GC
M=t 0+500 Carthy brown clayoy sand,

subansular weathered feldsoar,

quartz & rare bLlack mdinerals SC

MW =6 0+600 Reddish brown silt sand,

mastly cquartz, surangular

to subrounded . SM

C MW= C+700 As above A SH

W8 04800 Reddislh bLrowa well gradod

sand rostly quardz, sulainsular

to subroundaed :;rains ol
il = 0+200 Larthy brown sancly latorite,

mostly quarts, subangular

to anpular ‘ GD

CO:‘.td-
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Samnlo

Mo,

Distance

Km+m

Litholo; ical Descrintion so0il

Group

I;‘Iu"- 1 0

=11

1W=-13

MW--14

=15

1W=16

1M=-17

}i=18

1+000

1+100

1+200

14300

1+1400

14500

1+600

1+700

1+G00

Zarthy brown silty sand with
traces of la*terite nodules

mostly quartz, subangular to
ansular SM

Reddish-brown sandy laterite,
mostly quartz, subangular to

aigular grains GP

Earthy browvn sandy latcrite,
quart and biotite, large
nodules of laterite Gr

Rleddish browvn well graded sand
laterite quartz, rare blaclk
mineral subangular to angular

grains GW

itrddish brown graded sand wich
little clay, subangular to
angular grains, quartz black

minerals SC

weddish browvn sand laterite

with little clay, some quar:z GC

Light brown graded sand
subrounded to angulorr grainsz
mostly quartz wveatlerrd felds-

yar, & rarc blaci minerals sv

little browvn well sracded
laterite quartsz, w.iuldspar

and rare black minorals W

Lizut browvn clayey szand,
subrounded to angular grains,

nmostly quariz SC

contd,
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Talle ‘Ii .LI' eomtd.

Sampie Distance Litholosical Descrintion - Soil
Mo, kmem GEoun
Hi=19 14200 fartliy broewn silty sand,

subrounded to angular srains,

mostly quarts . =M

MW=20 2+000 Larthy browvn silty sand,
subrounded subangular grains,

quartz and feldspar SH=SC

MiW=-21 2+100 Lisut brown silty sand,
subrounded to sukbangularx

grains, mostly quartz SM

Mi=-22 24200 Zarthy brown sandy laterite,
subanyular to angular grains,

quartz, feldspar granite GL=SM
=23 2+300 Light brown silty sand,

asubangular to ancular prains,

weathered feldspar and qu.ztz SM
M2l 2:+400 Zarthy brown silty sand with
' latexrite nodules, subanrmlar

to angular srains, quarte

. and rare black minerals _ M
MW¥~25 2+500 Ams above : | SM
MV=26 = 2+600 Earthy brown silty sand with

traces of lafterite SH
bW =22 2700 As above SH .
X.B. The sclil grouping has beonn based on Casagrandes

soil classification system (19%2).
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Sample Distancei Lithiolegical PDescription Soil
Vo, Km+m Groap

R~0 04000
R=-1 04100 Light brown, fine to mediun

sand, sub.ounded gsrains SM
R-2 0+200 As above SM
=3 0+300 As above S
R~k O+400  As abovo 57
R=5 0+500 Ag above SH
R~6 04600  As above SP
R=7 0+700 As above sSP
R-8 0+800 Zarthy brown, fine to medium

: sand, rounded to subrounded

craius 5P
R=9 0+900 Light brown, fine to medium

sand, well assorted quartz

orains SW
R=10 1+000 As above SvW
R-11 14100  As above s
R=12 14200 As above sv
R~=13 1+300 As above 8W
=14 14400 s abova 8V

contd.
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Table .5 contd,

Sample Distunce Litholerical Description Sedl
+ Mo, kman Troun
Re=15 1+5C0 Whitish silty sandy witlh some
' clay, csubrounded to rounded

&raias, transparent quartz S5C
R=16 1+G0C  Jhitish gradod sand,
f subrmsmmnded to rounded
ﬁ : transpharent quartz grains o
R-17 1+700 Whitish silty sand, subrounded
\ " to rounded quartsz srains SM
2}13 14800 Whitish browvn, niedium to fine

sand, subrounded to rounded

quartz & rare black minexals Sy
=19 14000 Ls above SM
R-20 2+09¢ Light Dbrown, medium to fine

sand, well assoried rounded

to subrounded prains 5%

v,
P S
v

N.D. The so0il grouping has been based on Casagraude’'s

soil classification system (1952).
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Sauple Distance | Lithological Description Soil
Ino, km4+m Group

MB-0 0+C00 Well pgraded sandy laterite GW
¥B-1 0+250  Zarthy brown, sandy laterite

wlith some pgranite GC
MB~2 0+500 Larthy broin, sandy laterite
1 with some guartz, angular to
f subangular grains GV
1B-3 04750 RNeddish silty sand, poorly

assorted subangular grains SM
MB-h 1+000  Parthy brown, sandy laterite

with clay and some quartz GC
HMD-5 1+250 Earthy brown, graded laterite

witlhi some quartz GW
}MB-6 14500 Readish brown, sandy clay,
’ rounded to subrounded quartz

grains SC
MB~7 1+750 Larthy browvn, graded sand,

subanular to subrounded

quartz grains SWo .
MD~3 2+000 Light brown, silty sand,

subrovmmded to rounded quartz

grains Si
1iD=9 2+250 thitish sand, very fine sub-

rounded to rounded quartz

grains S

contd,
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Table 4,6 coutd,
Sanple Distance witholozical Dascrintion So0il
PO km+m Groun

1D-10 24500  Uhitish sand, vory fine

subrounded to rounded quartz

‘grains Sii
MB~11 2+750  Rarthy brown, silty sand,

reunded to subreounded quartz

grains S
MB=-12 3+000 As above ' SM
MB-13 3+250 Earthy brown, laterite jirc=n

pan with cemented sand ana

quartz srains GP
N.B. The soil gmrouping has beeon based con Casagrande's

soil classification system (1952).
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enlarged and tlien contoured at 2,5 m interval as shown

in Fig. 4.5. A graph of heights of the three profiles

was then constructed by using the contoured values

(rigs. 4.2a, 4.3a, 4.%a). To correlate ihe readings of
topography and the samples collected, since they are both
surface features: we used the idea of multiple correlation
coefficient R, Now supposing A is percentage of sample,
and B is the height of the same place where the particular

semple is collected, then the sum of the squares due to

regression of A is given by:
sS, = FA% -« (SA )®/n

and sum of squares due to regression of B is given by:
, _ P2
sS, = »B° - ( ¥8 )%/n

then the multiple correlation coefficient ™ is defined as

‘.SA
R = — - & g SSAS SSB

or R = [=— if 885 € SS, such that R < 1},

4.,6,2 Results of Correlation:

The multiple correlation coefficient was found for
the actual percentage of the samples and the actual
height at each point, and this is shown in Table 4,7. It
can be seen that theore is a definate trend in pattern,
From Table 4,7 it would be seen that the coarse sand and

the silt gives the highest correlation with topography.
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imltinle Correlatior Coefficiet

¢cf trctunl Datn Veointa,
1

Soil

Conatituent

Mltiple Corrolation Coelficlent

tdnjibix~
Wasai Profile

Dry Diwver

Ded irofile

Ydnjibir-

Dapurava I'rofile

Gravel
GCoarse Sand
Nedlivm Sanid
i"ine“ Sand
s31t

Clay

0.270
0.600
0,273
0.318
0,606

0.302

0.242




T

The high correlaticon coefficient for the coarse

sand and silt would lead to the following conclusions:

i)

11)

There has been somehow severe interaction of

weathering of these two types of soils which

were predominant sometimes througheout a cycle
I .

of erosion,

Since Rsilt> R 1t gives rise to the

coarse sand’
fact that the coarse sand layer is covered by the
gilt lavyer.

Generally the weathering process has been carried

out in such a way that it grooved the upper most

layers to form low lands, while the weathered soils

were deposited and accumlated to form high lands,

L
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Chapter 5

REGIONAL SURVEY

A regional survey was carried out around Minjibir
town to investigite the uppermost shallow structure and
its stratigraphic sequence and also to try and determine
;he ground wvater poteatials of any existing aquifer using
the resistivicy, S,P. and V.L.F,. methods, Measurements

werv made along three long profiles shown in Fig. 1.2,

These are:

L

} &) along the main road from Minjibir to Wasai,
(profile 1) covering a total distance of 2,8 km,

ii) along the main road from Minjibir to Bagurawa,
(profil: 2) a total distance of 3.2 km, and

iii) along the dry river bed, (profile 3) which cuts
across the second profile at 2,35 km from Minjibir,

The total distance surveyed was 2,4 km,

A base station was chosen at Minjibir which is
at the junction of the first two profiles. Tor the third
traverse, a.ong the diy river bed, another base station

was ostablished at the start of the profile,

5.1 lesistivity Survay:

Profiling was deone on the three traverses using

the Schlumberser electrode arrangement showvn in Fig. 3.4,
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This method involves a very large (300 m) fixed separation
of the current electrode with the potential pair moved
between them at a fixed spacing of 50 m, subject to the
limitation (L - x) == 1, where

IL = half the current electrode distance,

1 = half ihe potential electrode distance, and

x = the distance between the centre of the spread

and the centre of the potential electrodes,

When the cable length was exhausted the electrodes were
placed in such a way that there was an overlapping of one
station, This procedure was carried out until the profile

was completed,

5¢61.1 Interpretation of Resistivity Profiling:

The apparent resistivity calculated using equation
21 of chapter 3 was plotted on a semi-log scale and the
curve was smoothened wvisually., Only qualitative analysis
has been carried out here., No quantitativ~ analysis was
carried out because only a broad study of the area was done,
Variations in resistivity valuss were correlated with the
observable geological exposures to get a general idea about
the lateral and vertical extension of these exposures,

The resistivity profile along the dry river is
shown in Fig, 5.1, From this figure it is noted that
there are four peaks a, b, ¢ and d having resistivity
values of about 30,000 t£im, 25,000 0am, 45,000 2um and
9,000 rm respectively, From the surface pgeology and
the resistivity profiles there is an indication of five
smaller buried channels cutting across the bank which

might have opened up to form the present river. With
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passage of tine, the channels as well as the river dried
up. Sediments such as alluvium were depositod con it,
The shape of the contoured line on the topographic map
for heights along the dry river bed, Fig. 4.5, gives an
indication of the seepage system,

\

These buried channels should be vory narrow and
rather limited sinece these have not appeared along
Minjibir to Wasai profile, Fig. 5.2. The only obvious
anomaly in Fig. 5.2 is between 100 to 250 m from tlre
Minjibir end of the profile where there is an appreciable
drop in the resistivity wvalue to 30 aum, This probably
indicates the presence of trapped under,sound water tec a
depth less than £0 m, This is followed by gradual increase
in the resistivity wvalue, reaching upto a maximum of
4,000 om at 1,5 km from Minjibir end and decreasing to

about 400 nm at 2-4% km from Minjibir,

The Minjibir-Bagurawa profile, Fig. 5.3, shows two
sharp peaks, The first one occurs at 1.4 km from Minjibir,
It is as a result of laterite deposits which are even
visible in that area, The second pe~k is at 2,4 km from
Minjibir, It coincides with the crossing »f the diy
river and the value of 4,000 om is similar to that
obtained at the start of the dry river bed profile, The
resistivity value at the start of Minjibir-Bagurawa
profile is 2,750 nm and drops down to 250 am at 200 m,

From this place to 1.1 km, the resistivity wvalue ranges
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between 250 to 600 am, 'This indicates that there are
possibly some traces of kuolin in that area, Its
existance was even confirmed from wvisual examination of
sub=-soil samples taken from the weils along this stretch
of the profile, At 2,0 km, the resistivity wvalue of

120 2m is the least, which suggests that the area should
be good for ground water prospecting. Also the depth of
wata? table measured from the wells in this area around
the villarze was the least compared to the rest of this
profile, At 2,8 km, which is close to the pit, the
reslstivity value is about 150 am and this is due to
kaolin, The resistivity value storts rising at 3,0 km
to a maximum of 10,000 om, This may be attributed to
deposits of laterite, which are even visible over the

surface,

5¢2 Self - Potential Survey:

The procedure used in the S.P, survey was the
fixed base station method, This invelves keeping one
electrode fixed at one point while the other electrode

alongwith the instrument is moved, The spacing was kept

! ’

as 50 mbetween stations,

5021 Interpretation of Rerional Secif-"otential Surveys

The three S.P. profiles are shown in Fig. 5.4,
Along profile 1, the 5,P, values are negative as well as

positive and range between +200 to =275 mV, Along
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profile 2, these values are all nersative an. range
between =50 to =500 mV, Along profile 3, these values
are botl: nezative and positive and range between +13 to

=17 wmV,

The integrateda fipgure of the three S.,7”, profiles
i8 shown in Fig., 5.5. Profiles 1 and 3 ars more or less
prarallel to each other, It would be seen from Fig. 5.5
that S.P. value is negative along AD cnd A'B', positive
along DC and B'C' and becomes negative after C and C',
in case of both these profiles, It may therefore be
deduced that the structure of the sub-surface can be
extended from profile 3 to profile 1., As the maximum
positive S.P, values between BC and B'C' are obtained in
the middle of both these profiles and las minimum negative
S.P. valuo on both sides, it could Le said that this is a
shallow s){?unal basin like strusture filled with recent
alluvial sediments, This basin is most likely an aquifex
for ground-water., The flanks of this basin represented
by negative S.P. values for profiles 1 and 3 are exposed
closer to the ground surface and hence are cogsidared
very good for ground-water prospecting, 7The Pasin is
striking in the northeeast to south-west direction. The
profile 2, Minjibir to Bapgurawa, showd enly negative
values which is probably due to the reason that it is
along the strike, while the other two profiles ars

prependicular to it,
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With this S,P. survey, in the absence of detailed
work, nothing =specific can be said about the depth and
thickness of the alluvial aquifer,. .The probabla

* schematic sub-surface cross-section of this area, as
deducad from the qualitative interpretation of the S.F.

data is shown it Fiys., 5.6.

g

ﬁ5.3 Verv Lot i‘requency Survey:
i
E As discussed in chapter 3, at very large distances

hﬂthe mnagnetic field lines are at right angles to the
}station dixvection, In view of this, the orientation of
the survey lines was selected approximately parallel to
the traverse dirgction, that is, approximately porpendi-
cular to tiie cxpected strike of a conductor, This was
done by turning the instrument sideways until the signal
was minimam, A transmitter station of GBR, F = 16 Kiz,
was selected, Readlings were taken along the three
profiles at 150 m spacing,

The cxact roaition at which the ﬁoise level is
minimum canxnoet be knewn precisely when taking readings
for the qguad and in-phase components, George (1976)
stated that »n srroxr in the range of 20-3% poercent may
be introduced in the mrasguremoent if a station having
_450 to the diroction of the strike line is selected forxr
the target body, even though it is stated in the manual

that a variation of iﬁso way ot have any significant

offect,
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43,1 nterpretation of Re~ional V,L.F., Survey:

These are mainly qualitative though somne theoretical
work is currently being done (Ronka, 1969), Field data
are often distorted by geoclogical noise bYecause of the
very high transmitted frequencies inveolved, Topographic
effects also contribute to errors in the data, In view
of these, Fraser's filtering process wae applied to the
data as explained in chapter 3. The final result is shown

in Fig. 5.7 in respect of all the thiee profiles,

Tt would be secen that in case of profile 1, the
quad value ranges between 496 to =109 and the in-phase
value between +86 to =94, There are twc distinst ecross-
ovor points as indicated by A' and B', For piofile 2,
the quad value ranges between 466 to =0 a~d the in-phase
value between +30 to =30, There are five cross-—over
points as indicated by A, B, C, D and E, Tor profile 3,
the quad value ranges between +58 to =50 and in-phase
value between +78 to =39, There are twc distinct cross-

over points as indicated by A" and B".

The cross-over points indicate different layers of
the sub-surface, 7The V.L.F, graphs are drewvn in Fig, 5.8,
The overall structure deduced from the V,L.F, survey is
similar to that showvn in Fig, 5.6. The two cross-—over
points on profile 1 can therefore be extended to profile 3.
The structure of the region is in agroement with the S.P.

survey vhere tho basin extends in the north-cast to
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south-west direction, On the basis of the structure
obtained from S.ﬁ. curves and examples given in the V,L.F,
manual (Geonics Ltd.), it could Le concluded that strong
negative in-phase value shown between the mnoints A'D' and
A'B" represont a shallow basin which is5 filled with recent
sediments. The hasin like layer is likely to be an
aquifer for ground water. The layer underlying the basin
which shows strong positive in-phase it most probably

the bedrock.

The saecond profile, Minjibir to Bagirawa, is
possibly along the stfike as deduced from S.P. survey,
The cross-over points give an indication »f the contact
points of different media. These aré.genarally in,
agreemeont with sudden --ariations in the iesistivity
survey, Fig. 5.3. The first cross-over poinv A obtained
at 500 min V.L.F. survey could be correlated with the
corrvesponding increase in resistivity value from 250 nm
to 7530 om. Likewize, the crosg~over peoint B at 1,05 km
correlates with the sharp increass in resistivity value
from 750 stm to 3,000 iua, The cross~over point C lies
between the two peaks of resistivity value, as in Fig. 5.3.
The cross-over point D at 2,535 km correlates with tke
sharp decrease in res.stavity value from'h,ooo:nm to
150 0.m, while the last cross—over point ¥ at 3,75 km
corrolates with an increase in resistivity value from

200 nm to 9,000 om,
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Chapter 6

DETAILED INVESTIGATICN OF TIIZ AREA ARQUND

THE KAOLIMN PIT AND ITS INTERPRETATION,

6,1 Field Confi;uration:

For investigation of the area surrounding the
kaolin pit, a square grid as shown in Fig. 6,1 was
employed around it. Five profiles 400 meach, running in
the north-south direction and nine cross profiles, 2C0 m
each in length were laid. The spacing between each
profile was kept as 50mand stations were placed at 25 m

intervals along the profiles,

6.2 Resistivity Survey:

The aim of the resistivity survey was to delineate
resistivity boundaries and estimate the lateral and
vertical extent of the kaolin deposit. Towrameter SAS-
300 and a set of copper electrodes was used for this
survey. 3Salt water was poured into the ground‘nround

the electrodes for better contact between the electrode

and the ground,

6.3 VYertical Zlecctrical Soundings:

Resistivity soundings provide information on ithe

variation in sub-surface conditiors with the depth, that
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-

is the individual thicknesses and trus resistivities of
the various conducting zones, Tlhe technique is based on
the fact that the fraction of tho electric current
injected inte the ground penetrating below any particular
depth increases witl an incréased soparation of the
current electrodps, iIn the sounding procedure, tho
centre or the nid-point of the electrode spread rewmains
ft one point whiztie the electrode spacing is increased
%rom one raauing to the next, The spread is always
§ymmetrica1 from the centre position, The system used
%n this investiyation is the Schlumberger arrangement
%hown in Fig. 3.2, In this, the two potential electrodes
are clesely placed midway between the two widely spaced

~,

current olectredes,

A totai of seven Schlumberger vertical eloctrical
soundings (VES} wara carried out around the pit, Fig, 6.1,
The curreni alectrode spacing AB/2 ranged trom 2 to 100 m
for four VER and from Z to 200 mfor three VES, while the
petential electrode MM ranged boetween 1 to 7 m.

6.3.1 Internretntion of thoe Vertical Electrical

Soundings Conducted around the Kaolin it

The apparont realstivity';fa,wns calculated from
“the fiold dava using equation 19 in chapter 3. It was
plotted against the half current spacing on a transparent
log~log scale, Theso ficld curves were matched against
standard mnster curves (Rijhswatorstaat, 1975) until a

good fit was obtainod, The sounding curvas thus abitained



a1

were mostly of the li-type ( f1 7 fz < fj). The apparent
resistivities and thicknesses of the different layers
were calculated from the parameiters of the matched curvec,

Four out of the seven VES gave a pood match,

A sumnaryl of the estimated values of the thick-
nesses and resistivities of the layers of four matched
curves is given in Table 6,1, All these curves are of
the ll-type with thrae layers, Figs. 6.2, 6.2, 6.4 and 6,5,
The first layer in all the cases has a shallow thickness
which ranges from 1,1 to 1,7m with an average of 1.4 m,
Its resistivity value ranges from 600 to 1,175 am, This
layor consists of sendy soil as indicated by the mechani-
cal analysis results obtained for the top soil samples
from that area, The second layer is the least resistive
of the three and has a depth ranging from 11,4 to 21,7 m,
The wide variation in the depthi values suggests that this
layer is probably of shallow syncline shape, striking in
the north-east to south-west direction, Tts resistivity
values range from 100 to 235 am, This layer could
consist of clay material which possibly is k..x:alinitic.
The best possihle locations for kaolin deposits could be
at VES 3N17 and VES 1N9, The third layer is the most
resistive of the three layers and resistivit, value jg

between 2,400 to 25,000 om, This could be crystalline

basement roc)k,

At VES 5N9, Fig. 6,6, the points are much scattered
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for any accurate quantitative interpretation, The least
rosistive layer indicated on this profile with an
approximate value of 20 to 30 nm could also be associnted

with lkaolin deposits.

Vertical %oundings carried out at places of
abnormally high resistivity upto 106£lm (VES 3N13 and
VES 2N9), Fig. 6.7 and 6,8, show a high degree of scatter
in the data for any reasonable quantitative intorpretation,
It could be attributed te strong lateral heterogeneity at

these leocations.

6.3.2 Coefficient ol Correlation and Bquivalence:

The coefficient of correlation of both the actual
and observed watched VES points was determined, This
denotes the relationship between two random varxriables.
ligh positive correlation denotes that the observed
peoints follow e¢losely the actual points, High negative
correlaticon denotes that the cbserved points have a slove
opposite to that of the actuanl peints, For ZoTo
correlation there is no relationship between the two

sets of points,

Correlation coefficient R is calculated by the

formula:

n n n |
n-_E x.v. = { ; x, (2 ‘fi)

=1 T 1

noo 1 o oa 2 2
(n:z J\_L - (i§1xi)H)(niZIY;t = (i§1yi)h)
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where x and y are tso variables,

The correlation coefficient values are given in
‘“Table 6.2, 1t would be observed that there is a very
good correlaticn between the observed and actual points.
The best ceorrelatior is at VES5 3N7, fellowed by VES 1N9.
The lowest corielestion is at VES 3N1,

[

The equivalence problem arises where different
layering confipgurations may give rise to identical field
surves, H-type of curves are practically equivalent
within certain limits if the ratio of thicknessa to
apparent resistivity remains constant. Koefoed (1969)
has developed a method based upon the properties of the
raised Kerral “unction, K, a graphical method for
determination of equivalent cases, He defined aquivalence
as given by the condition when the coefficient of the
first ordeir term must have a fixed value, which he denoted
'Cc', The value of dg/C corresponding to j;/ ja = K
could be found out from the graph for the determination
of equivalent cases when j;/‘fB <1 (Koefoeé, 1969),

The value o7 Kowfoed roefficient 'C' has been deduced
for each VES using the appropriate combination of d2,
4;2’ and ij values obtained and is given in Table 6,1,

To check the limits of equivalence for a given

L 1
layer, arbitrary valnes of dz and _fz, whose quotient were

equivalent to the best theoretical computed constants
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TAIBLE 6.2

Corralntion Coafficiont o»f Actual and

Observed Vi35 Points,

ves ' | Correlation Cocfficlent
N9 + 0.99
IN17 ¢ 0.97
wr | + 0,99
31 | + 0.94
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wers substituted in hz/,f2 to give a new set of
theoretical cﬁrves that fitted the field curvas, The
thickness of the conductive laye: was thus estimated by
taking the wvalue that gave the best theoretical fit,.
Some of the curves can give a unique solution to h2/_f;,

while others havbe a wide range,

6.3,3 Goolorical Deduction for ares surrounding the

Kaolin Pit from Isoresistivity Contours:

The apparent resistivity valuaes calculated for
certain similar depths for the seven diffevent VES
locations were plotted on the grid pattern, The AB/2
values chosen were 2, 3, 5, 8, 10, 12, 16, 20, 40 and
80 m, The resistivity values at thesce depths were
contoured and are shown in Figs, 6,%9a t> 6,9j. A
sub-surfacn section running from north to scuth cutting
across the middle of the grid‘was drawn, It shows
variation in resistivity with depth up to 20 m,

Fig. 6,10,

From the diagiem it would be scen tkat the
reglion can be divided into four major svciions with
their resistivity values as follows:.

w e

j{ = 1=200 n.. A
j’2 = 200-500 um
J’B 500-1,000 :m

&

= 10°-10° om
b

Reforring to ¥ig, 6,10, the possible geological
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o} 50 100 m

FIG. 6:9b.
ISORESISTIVITY CONTOURED MAP AT AB/2=3m
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historyv of the aroa is deducad. As this region lies
within the undifferentiated basement cornlex, the major
rocks are granitic., It would be observed from Figs., 6.9b
to 6,9) that there is a very high resistive body having

.aﬁ anomalous value of 103~306,n.m in all these diagrams.
This anomalous bbdy is probably a burried nu’crop or a
ridge of granite, Fig. 6,11a, VWith passage of time,
weathering of this ridge occured, Tre weathered
decomposed material was depdsited on ithe sides, and it
Toermed a layer of low resistivity of wvalue 1-200 0.,

Fig. 6.11b, As the process of weathering of this

anomalous body progfessed, the depositlion of the material
continued in a way that the top most laver formed was of
slightly higher resistivity value, ZOO;SOQ;Lm, Fiél 6.11¢c.
This could bo explain:d that the bottom‘layer was saturated
with water, Thern came the period o denudation after which
there was deposition of fine wind-blown sand, thus covering
the ridge completely and bringing the sub-~surface fto the
present day toporraphy, Fig, 6.11d,

Iteforring to Fig, 6.10 it would be senn th;;-.: this
anomalous body with resistivity ,fL, ;f 103—106£Lm lies
beyend 2m below tho grounﬁ surface ﬁnd extends downwards,
The top-most 1aycr,~f » having rosiﬁtiv££y betwaen 500~
1,000 aam has a maximum depth of 6m and is most probably
compoesed of dry sandy seoil, It 1is underlain by another

layer, ;f of resistivity betwcen 200-500 fi having

2

varying depth and exteoending at certadn points te a maxiinum
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of 19 m, This layer could be of kaolin, The layer, j;
%

below this is c¢f a slight less resistivity wvalue, This
also is probably composed of kaolin but highly saturated

with water,

The ground'water will tend to accumulate in the
vicinity of the anomalous body which is impervious anrl
shall act as a barrier. Such a site would be suitable
for pground water prospecting as water will be obtained

throughout the year,

6.3.4 Deduction of Sub-surface Structure of the Arca

Surrounding the Yaolin Pit from Anomalous Dody

Charaztoristics:

Referring to Figs, 6,9b-6,9j, it would be seen
that resistivity contours at differeat deptas for values
103 to 106 Lum have appeared in almost all the fipures,
This range of resistivity values, from 103 to 10611m has
been attributed to an anomalous body, section 6,3.3.

The relief, maxirmum gradient, mean radius and
area of this anomalous body for different depths was
calculated, given in Table 6.3, Also graphs were drawn,
Pips. 6,12 to 6.15. The relief showed the dominating
effect of one laver over fhe other layer, From the
maximum gradient, thoe contacl points of different layers
woera obtained since maximum gradient is got Jjust at the
inflection points, The area and the radius of the

anomz:lous bocdy pave its volume,



Calculated values of Relief,

TABLE 6.3
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Maximum Gradient,

Mean Radius and Arca of Anomalous Body with

respect to various Depths,

peptn | Relief |Maximum Gradient |Mean Radius | Area x 107
(m) | (-m) (m) ()
3 23,500 5,020 64 .1 12:,53
5 120,700 5,000 56,3 10,06
8 125,000 4,201 83.4 24 49
10 16,570 2,405 73.7 25,00
12 58,075 705 69.8 20,03
16 130,000 760 87.6 28,32
20 225,000 5,203 76.0 27.24
Lo 740,565 15,008 93.8 31,00
80 421,780 4,108 149,6 76,57
TABLE 6.4

Calculated Volume of Anomalous Body with

respect to Depths,

Depth (m) Volume x IOM(mS)
3 -7 3.75
7 - 11 10.72
11 - 19 15.98
19 - 80 272.25
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The relief of the anomalous body was found by
removing the backsround regional resistivity of the aroca
at varisus depths, This graph gives a sort of resistivity
log, Fip., 6,12, It can he seen from this figure that
there are in all four layers and an anomalous body
interacts with three different layers in the first 20m
depth, which is indicated bLy the hirh and low resistive
values, The fourth, 'd', layecr, which is after 20 m depth
could be part of the tasement complex. This is in
agreement with the litholesgy of the Doreholu, Fig. 2.5,
and the goology of tha sub-surface in section 6,3.3.

The third layer tc! is of a lower rosistivity value than
the second layer 'b' which is alse in conformiiy with
the findings in ihoe previous section, Theo flrst layer
';' has the lowest resistivity wvalue Irom the relief
cgraph, This may Dbe due to the reascn that it is a very

. thin layer and docs not interact with the anomalous body,

Tho maximum gradients of this anomalous body at
various depths are shown in Fim, 6,13, 4As would be seen
Tfrom the graph, the contact points aro betweeh ti1e four
different layexrs, ‘“The first layer ic ot 2 m depth, the
second layer ranges from 2 to 12 mythe third layer from
12 to 17T mand the fcurth layer is encounﬁerod at depth
greater thoan 17 me This to a falr degres conforms with
the depth of different layers deduced Trom the boreholes
data. The differonces in depth of these layers could be

due to the fact *hat the borchole is leocated 5.5 km awny
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from the survey arca. The shallow thickness of 2m of

the first layer could be the result of deposition and or

erosion at this location,

Tho area enclosed by the contour for rasistivity

3 |

value of 10~ Mm, Figs. 6.9b to 6,93, was determined by
using a planimeter. The mean radius of the anomalous
body was calculated from Figs. 65.9b to 6.93 by measuring
the major and minor axis (as the anomalous bkody is of
elliptical shape in these figures); thus finding its
average radius, Figs., 6,14 and 6.15 show that the
anomalows bLody is increasing at an exponential rate

" after 19 m depth, From the aroa diagram, the volume of
this body was found out for different depths by fitting

simple geometrical figures to the curves and ¢ histogram

was drawn, Fig. 6.16., The volumes are given in Table 6,4.

6.4 Resistivity Profiling:.

The object of electrical profiling or mapping is
to detect the lateral variation in apparent resistivity
" ¢f the subestratum within a predetermined depth range,
TInder normal conditions, the effective depths of
penetration of the current is considered roughly equal to
the separation of the electrode, However due to the non-
homogenous sub-surface, thwe assumption may not be fully
true, During the survey process, the changes in strata
lyiug under the path of the survey and abeove a depth

roughly ogual te the ecloctrode separotion could be
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reflected in the reading,

During resistivity profiling, the entire electrode
configuration was moved along the traverse at regular
intervals, The VWVenner profiling method, Fig. 3.3, using
electrode spacihgs of 10 and 20 mchosen on the basis of
the sounding curves was used, Vrofiling was done in
both east-west and north-south directions. The apparent
resistivities were calculated using equation 20 in
chapter 3 and plotted against distance as shown in

Figs., 6,17 and 6,18,

6.4,1 Interpretation of Resistivity Profiling:

A close investigation of the east--west profiling
for 10 and 20 melectrode separations reveals Jhat there
is a sharp lateral contact between two different types
of media, one of low resistivity range, 1 to 400 Qm, and
the other from 2,000 to 94,000 am, Fig. 6.17. The low
resistivity values could be acttributed to kaolin while
the high resistivity values could be attributed to
granitic rocks within tho basement complex, The effect
of this highly resistive zone is more detectable using
20 melectrode spacing than at 10 melectrode spacing even

thouzh at few places such as 11N1, it is the reverse,

An anistropy eoffect was observed wvihen profiling
was done in the north-south direction, Fig. 6,18, even

theugh the aceiual strilke of the bedding plane was not
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known., The low resistivity value in north-:touth direction
ranged between 1 to 30 am and the high value between
5,000 to 10,000 am., According t» Telford (1976), if the
beds have a steep dip and the measurement is made with a
spread perpendicular to the strike, the apparent
resistivity will be smaller than the true resistivity,
normal to the bedding, I1If the array is parallel to the
strike of the dipping beds, the apparent resistivity

will be too large. In resistivity surveys it is possible
to estimate the true resistivity through cross profiling
by taking the average of the resistivity values in the
north-south and east-west directions, thus removing the
anistropy effect. To determine this, their averages were
taken, the regions of high resistivity wero separated
from the low ones by jualitative/semi-gyuantitetive
analysis, Referring to Fig., 6.19, it would be observed

that the occurence of the mineral deposit is sporadic,

Since the thickness of the kaolin deposit (Fig,
6.19) varies from one location to the cther as seen from
the vertical soundings, the area indicating kaolin
depositis was divided into small seciors, The area of
these sectors was determined using a planimeter and
maltiplied by the dominating thickme=s of that particular
sector calculated from the soundings neoarest to that
sector, The results show Lhat the kaolin zone extends
laterally over an area of 57,805 4+ 200 mz. Using the

average bulk density of kaolin as 1.821103 + 0.2x103 kgfmj
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determined from six different samples collected from the
existing mining pit, its approximate mass is estimated
to be 1,5 + 0,2 million tons, The accuracy of the estimate
twould however be subject to variation in its thickness
and its sporadic nature,

The best pcssible places suitable for constructing
'Lells for ground water are shown at places marked in
Fig. 6.19. These places have been recommended keeping
in view the following:
¢ 1) very low resistivity values of less than 10 am
' given by Wenmner profiling of a = 10 m
ii) position and general shape of the bordex lines
between the high and low resistivity regions (such
as pockct or grab shape) as shown in Fig, 6,19, and
iii) being very close to the impervious highly resistive

rock, The water gets accumulated there and the

basin like structure makes it a good reservoir,

-

6.5 Interpretaticn of Self-Potential Survey:

The theory of S5.P. has been discussed in chapter 13,
The object of such a survey is to locate variations in

rock propertles or mineral contents at geologic contacts,

Terrameter SAS-300 was used for this survey, The
field procedure involved using two electrodes which had

a constant mutual separation of 25 M. These were advanced
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together along the nine east-west traverses in steps of
25 m, so that the rear electrode occupied every time the

position previously held by the Iront electrode,

The gradient at the point midway between the
eloctrodes was plotted for the nine traverses, as shown
in Fig., 6.,20. It would be seen that the curves mostly
show positive low S.P., deflections, These could be due
to the background potential. The small negative values
observed at traverses 3 and 17 could be attributed to
groundwater, The resistivity values are also very low
in this area;, less than 10 fiom., This further confirms
that ground-water shbould be available at shallow depth
in this area, Along profile 9, there is hardly any
change in S.P. readings which suggests that the zone is
homogenous, This is in agreement with th2 resistivity
profiling along the same traverse which too does not

show any significant change in the readings.

Kaolin deposits usually give relatively positivae
S.P. values in comparison to shales which giJa zero value
on the S.,P. log., The exact range of S.P. values for
kaolin is not yet known., To differentiate different
media of the kaolin deposits and crystalline rock, the
inflection pecints of the S.P. curves were taken into
consideration, and respective areas were outlined,
Fig. 6.21, The largest deposits of kaolin were given by

the maximum positive S.P, value on the curves, Fig. 6,20,
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The *“otal area and the mass of the kaolin deposit
as deduced from the S.P, survey is 59,558 + 200 m2 and

1.7 # 0.2 million tons respectively.,

In the S.,P. interpretation, the exact range of
S.P. values forl kaolin is not known, also the data points
are very few, The results of resistivity profiling are

considered more reliable than those of S,P, survey,

When comparing the outline of the area occupied by
kaolin deposit as predicted from the qualitative/semi-
quantitative analysis of both resistivity profiling and
S.P, profiling, it would be noted that it is more or less
similar, except slight variations, Figs. 6,19 and 6,21
respectively, These two figs, were superimposed on each
other and the area where the two figs, intersect are
recommended for mining of kaolin and prospecting for

ground water (Fig, 6,22),

6.6 Interpretation of V.L.F, Survey:

This survey was carried out to delineate the
contact points between different sub-surface media and to
compare the results obtained from the resistivity survey
for the same arca, Both the in-phase and quad components
were measured at intervals of 50 m along the nino
traverses, using the Geonic VLF-EM unit, which is
described in section 3,3.,1. The V.L.F, transmitter

station chosen was GBR f = 16 Kliz,
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After applying Fraser's filtering method to the
data, for the in-phase components, contouring was done
as shown in Fig, 6,23, A cross-section running north
tto south at the middle of the grid was drawn, Fig, 6,24,
It would be observed that this cross-section to ﬁzzzgree
can be corrolat?d to the one deduced from iso-resistivity
maps, Fig, 6.10, Oua the basis of previous results obtained
'in section 6.3.3, it can be said that the negative im-phase
values are cdue to the anomalous body, while the positive
in~phase values are due to kaolin deposits. At places
where the inphese component has zero value, those points
}indicate the demarcation line betwuen the two different
media, kaolin ana the anomalous body, The position and
the length of the anomazlous body is generally similar to
that deduced in section 6,3,3. Both V.L.F, and iso-
resistivity .aps have provided good correlation in

delineating the kaolin deposits,
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Chapter 7
CONCLUSIONS

7.1 Summary:

Regional 'geophysical survey carried out along the
three profiles using mechanical analysis, resistivity,
S.P,y and V.L.F, have led to the following conclusions:

i) The results of mechanical analysis of the surface
soils ailong three profiles have been correlated
with their topographic heights, Silt and coarse
sand gives the highest multiple correlation factor
of about 0.6 with height,

ii) The resistivity profiling of Minjibir to Bagurawa
has been correlated with observed geolconical
exposures, It chows two peaks of -rery high
resistivity values, The resistivity profiling of
Minjibir to Wasai gives a very low resistivity of
30 g.m at the Minjibir end indicating that ground-
water is trapped there in, The resistivity
profiling of dry river bed 1ndiéatea ﬁha existernce
of buried channels,

iii) S.P., survey along Min jibir to Wasai and along the
dry river bed shows that the shape of the 5.P,
curves is similar, thus indicating thatl sub-surface
structure can be extended from the dry river to
Minjibir-Wasai profile, It has been deduced that

this is a shallow basin like structure, which is



iv)
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filled with recent sediments, The basin is most
likely an aquifer for groundwater and overlies the
vedrock, The places giving negative S,P, values
are recomrended for groundwater prospecting,

The regional V.,L.F, and S.P, profiling methods
provide ; zoud correlation in respect of the

sub-surface structure of that area,

Geophysical survey carried out in the wvicinity of

an existing kaolin pit using resistivity, S.P., and V.L.F,

'nethods have led to the following conclusions:

i)

41)

The results of the vertical soundings indicate
that the sub-=s*rata is composed of three different
layers, The first layer has resistivity wvalue
between: 600 to 1,175 O.m and its thickness veries
between 1,1 to 1,7 m, It is composed of sand and
some laterite, The second layer is the least
resistive and has a resistivity value between 100
to 235 n.m, Its thickness varies from 11,3 + 2.4
to 21.7 + 1.3 m and is composad_of kaqlin. The
third layer has the highest resistivity wvalue,
above 2,400 fHum and is the bed rock.

An attempt has bee.n made to deduce the sub-surface
geolugy of the urea by the use of iso~resistivity
contoured maps, The two dimensional section drawn
shows the existence of four layers., The top layer
is of sand, The layer beneath it i.,e. the second

layer is composed of kaolin, bhaving varying depth



iii)

iv)

vi)

vii)
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upto 19 m, The third layer, most probably is also
composed of kaolin, but highly sa*uratad with
water, It has a varying aepth between 10 and 20 m
below the ground surface., The last layer is the
bed rock.

The sub—shrfaCa structure of the highliy resistive
anomalous body has been deduced from various
characteristics obtained from iso-resistivity
contoured maps such as relief, gradient, mean
radius and area, The sub-surface structure
indicates four layer interacting with the
anomalous body.

The results of resistivity profiling survey
indicates that the occurence of kaolin is sporadic.
Its total mass is estimated to be 1.6 + 0.2
million tons,

The S.P. methnd used to delineate knolin deposits
has given similar results as obtained by the
resistivity profiling technique, The estimated
mass of kaolin by this method comos to 1.7 + 0.2
million tons,

Suitable locations for groundwatar prospectiang as
deduced from Fig, 6,22 have been rocommended,

This is due to the presence of impervious sub-
strata, which would act as barriers and good
accumulation of water would occur at these places,
In the V.L.F, method, the in-phase component values

were filtered using Fraser's method and contoured,



143

The negative in-~-phase values indicated the
existence of anomalous body, while the positive
in-phase values indicated kaolin deposits., The
V.L,F. method provided a good correlation with the
final cross-section arrived at from the iso=-

resistivity maps.

7.2 Suggestions:

i) The locations as indicated in Fig. 6.22 are
suggested for mining of kaolin,

ii) The locations as shown in Fig. 6,22 and also the
areas on both ends of the Minjibir to Wasai profile
are sugpgested for ground-water prospecting.

1i4) A larger area .urrounding the existing kaolin pit
shculd be surveyed, and other geophysical methods
such as selsmic and induced polarization should
also be deployed for better delineation and
quantification of kaolin deposits,

iv) WVhere there are indications of groundwater, the
area should be surveyed using smallur electrode
spacing for an accurate determination of the water
table dapth,

v) Mechanical analysis of soils eliould be carried
out for more profiles in this area to confirm the

results obtained during this survey,
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