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ABSTRACT 

Seven resistivity profiling covering about 4,725111 (4.725kim) and 

eleven inagnetic profiling covering about 9,760in (9.760km) were 

carried out within the University of Nigeria, Nsukka and its 

surrounding areas, the essence was to use resistivity and inagnetic 

methods to determine subsurface characteristics in terms of 

paleotectonic regime (fault, fracture etc), and attempt a comparison 

of the ground magnetics with the aeroinagnetic map as well as a 
# 

comparison of the values obtained froin the resistivity and 

inagnetic surveys using statistical method. 

The areas covered show resistivity high and low as well as minor 

distortions. High resistivity values are indicative of low conducive 

materials, e.g. laterite, dry sand etc and low porosity areas. While 

low resistivity values are suggestive of high conductive materials 

e.g. shale, clay etc and loose materials. The minor distortions 

might be suggestive of fault or joint set. 

Magnetic highs, lows and minor distortions were equally observed 

in the study area, as well as changes in polarity from negative to 

positive and/or changes in polarity from positive to negative, this is 

suggestive of probably ininor fault or fracture point or even joint 

set or rock discontinuity. The ground inagnetic survey did not 

show enough anomalies. 



xiv 

Cross-section of the aeromagnetic map revealed flat but linearly 

increasing shape, this suggests presence of magnetically 

susceptible materials. The geologic map revealed dome shape 

(refer to Fig. 1 a and 1 b in the pocket at the last page). 

Cross correlation analysis of the apparent resistivities obtained 

with the magnetic value showed that all the profiles were 

uncorrelated. Their degrees of freedom, test of significance, and 

p% were equally determined. 



CHAPTER ONE 

INTRODUCTION 

1.1 LOCATION AND ACCESSIBILITY 

The project area is part of Nsukka local Government area in 

Enugu State. It lies between Latitude 6' 44' N and 6' 55' N 

and longitude 7' 22' E and 7' 30' E. It has a total area of 

about 1631tin2 and shows major towns like Nsukka, Ibegwa, 
# 

Opi Lejja etc (Fig la  in the pocltet at the last page). The 

renovated Opi-Nsultlta road and the Obollo Afor - Nsuldta 

Road makes it accessible into Nsukka town and the 

University of Nigeria Nsukka campus. Further, tarred roads 

extend to other towns like Lejja, Ovoko, Ibegwa etc through 

Nsukka town; footpaths are also available in this areas for 

easy accessibility where roads are either inexistent or 

unmotorable. (see fig. 2 for the location of the study area in 

the map of Nigeria). 

1.2 PHYSIOGRAPHIC EVOLUTION. 

The major Physiographic expressions in the region covering 

the area are the fork - like ridges trending NE - SW from 





Nsukka towards Lejja area, numerous isolated hill that make 

the terrain undulating that has resisted intensive 

denudational activity under high humid condition during the 

tertiary (Umeji, 1980). Presently the hills consist of 

intercalations of mudstones and hard lateritic carapace, 

forming outliers over the older Ajali sandstones. 

The topographic setting constitutes part of the major 

planation surface on North-south trending prominent cuesta 
# 

in the south-eastern Nigeria. (the Enugu- Okigwe 

escarpment). The Nsulcka plateau surface has an average 

elevation of 430-460m above sea level. (Uineji, 1980). 

1.3 VEGETATION AND CLIMATE. 

The study area is part of the rain forest-savana belt 

(Igbozurilte 1975) close and semi-closed forest. Disparity in 

the vegetation cover exists, in area underlain by sandstones, 

rolling grass lands. While in the lowly shaly terrains 

vegetation is dense. 



The region also experiences climatic fluctuations (Inyang, 
1975). There are usually four months of dry season and eight 
months of wet season. The wet season starts from March 
through to October, while the dry season usually span 
through November to February. This climatic circle is 
caused by the North - South fluctuation of the zone of 

, discontinuity between the dry continental Sahara air and 
humid Atlantic air (Ganier in Ozoko, 1988). 

1.4 OBJECTIVE OF STUDY. 

The aim of the present study is to use resistivity and 
magnetic methods to study the sub-surface characteristics of 
some part of Nsukka Formation. b 

Attempt a comparism of the ground magnetics with the 
aeroinagnetic map with special emphasis at eleven (1 1) 
locations within the study area. 

Use both geological survey and resistivity method to 
investigate thc presence and extent of paleotectonic regime 
(fault and joint). The surface resistivity measurements for 
detection and delineation of faults was employed across all 
the study area. 

Finally, use statistical methods to correlate the two 
variables, magnetic and resistivity values. 

1.5 REVIEW OF PREVIOUS WORK. 

The Geological Survey of Nigeria started the mapping of the 
southeastern Nigeria in 1922. Shell B.P carried out an 
extensive mapping of the southeastern Nigeria between 



1938-1957. 'I'hc cucsta topogr-:iphy oi' I I W  . ; t~~( lv  ;il-cii \v;lL; 

Iirst rccogniscd by (;I-oovc ( 105 1 ) but hc ~Ilot~pIit I I W  

existing rclici' was a sub-acrial dcl i i lda~io~~ S L I I - ~ ' ~ C L > .  

Quatcrnury ~ l i n x ~ t i ~  clla~lge was suggcstccl by ( )li)nl;ita 

( 1974), while lJmeji,(1980) believed it  was a spo~x i i c  uplili 

separated by a period ol'erosion lateritization that carvccl the 

topographic exp~-cssion. I'11rc.e nlaior [cc[o~lic. ant1 

depositional cycles was rccognised in thc sou111 castenl 

Nigeria ( short and stable, 1967; Murat, 1970; 13r11-ltc ct ;)I, 

1970). b 

'I'hc (icological investigation ol' Llie stildy at-ca I i ;~vc*  hcc.11 

carried out by simpson( l954), Keyment ( 1 M S ) ,  1 locluc and 

I</,epuc ( 1977) and I3anerjce ( 1070). 'I ' :I!I:III ( I W!) :in(! 

simpson (1954) namcd thc thrcc pcologic li)~-~n:~lioli 111:11 

outcrop in the area as L I P ~ C I -  coal nxls1lvc.s. 1111. 1':~lsc 

I3edded sandstone and the lower coal rneasi1rc.s. ' I  lic*sc \WIG 

appropriately renamed as Nsukka I:o~mat ion ,  A i:ll i 

sandstone and the Mamu Vorn~at ion I-c:spcc,t i \ clr I > \  

Ruyn~ent (1965), Rey~nent proposed tlrc a~ii~iionilc 

zonational scheme for the Southeastern Nigeria, sl~bscclrlcnt 

workers (Wozdu and Kogbe, 1982; Zaborski, 1083; I'opof'l' 

ct nl ,  1080) also datcd ('~.ctnccous scdi~llcllt:; r i s i r ~ ~  



biostratigraphy. I-Ioque and Ezepue, (1977) described the 

petrology and paleogeography of Ajali sandstone while 

Nwajide and Hoque (1982) reported the textural properties 

of Ajali sandstone as composed of medium- coarse grain 

sandstone, sub-angular to sub-rounded quartz arenites. 

Environmental interpretations of the Ajali Sandstone have 

suggested fluvial and flavio deltaic depositional model 

(Reyment, 1965; Murat, 1972; Hoque and Ezepue 1977; 

Banerjee, 1979), but a tidal depositional model was 

proposed by Ladipo (1986). The Nsukka Formation is a' 

parallic sequence of coastal sandstone with beds of 

inudstone, shale, lenses of coal deposited in the lower 

paleocene. 

Geo-electrical survey on the basal sandstone of the Nsuklta 

Formation distinquished two and three layer earth (Mamah 

and Ekine, 1989). Mbuk et al, (1985) noted a decline in the 

number of specimens of diqoflagelletes across the 

Maastrichtian- Danian boundary of the Nsuldta Formation 

while the permeability is between 2.0 - 20.7 x 10"~c1ds 

(Mamah amd Eltine, 1989). Egboka (1983) suggest that the 



hydraulic conductivity of the Ajali sandstone is in the order 

of 1 x 1 0-l2 CIII/S. 



CHAPTER TWO 

GENERAL GEOLOGY 

2.1 REGIONAL TECTONIC EVOLlJTl'l()N -- AND 

SEDlMENTOLOGY 

The study area is part of thc Anambra h s i n  which i s  lillctl 

with the cretaceous sediments (see table 1 ). ' I  Iw I \ ; tsir l  i s  

one of the tectonic consequcncc lion1 n fi,l.n~;llly lowcr , 
Benue Trough (Nwachukwu, 1972; Murrat, 1972). 

'The Benue Trough, located at a ma-jor re-entrant in the Wcyt 

African continental margin, is a unique rift feature of the 

African continent in that it occupies an intra continental 

position and has a thick compressionally ti)lclctl cretaceous 

supracrustal fill (Cratchley and Jones, 1965; Grant, 107 1 : 

Burke et al, 197 1 ; Burke and Whiteman, 1970; Nwacl~rrltwu, 

1972; Olade, 1975; Petters 1978). For this reason, its origin 

has been widely debated especially in relation to platc 

tectonics. The recent comparism of the Renr~e 'I'ror~gh with 

an allacogen by (Hoffman et al, 1974; Hoquc and Nwajidc, 





' 1985) has f~lrnished the most appropriate model so far to 

explain its origin and tectonic evolution. They expanded an 

earlier hypothesis by Burke et al, 197 1; Olade, 1975 that the 

Benue Trough is a failed arm of three arm radial rift system. 

using the Athapuscow aulacogen of the Canadian shield as 

. an example, the aulacogen model explains some of the 

salient structural features of the Benue Trough such as the 

broad down warping involving the basement and overlying 

sediments, and the general absence of clearly defined 

marginal faults where basement contacts have been mapped # 

so far (Cratchley and Jones, 1965). The model also justifies 

consideration of the Anainbra basin (see fig. 3) as part of the 

Benue Trough, being a related structure that developed after 

the compressional stage. Further, it offers a tectonic 

framework upon which to interprete the sedimentary history 

of the Benue Trough in order to arrive at some stratigraphic 

and paleogeographic synthesis (Petters, 1978). 

Sedimentation in the Benue Trough which started during the 

early cretaceous was controlled by two dominant factors. 

One was the progressive eustatic rise in sea level from the 

Albian, leading to the wide spread drowing of continental 





margins and the creation of vast interior sea ways during the 

Cenon~anian and 'Turonian (Iloque, 1977; 1 loclue and 

Nwajide, 1985). 'The other is a local diastrophism. 130th 

processes resulted in the trangressive-regressive cyclcs that 

characterized the depositional pattern in the l3asin. 

Three major unconformity-bounded depositional sctlucncc.s 

can be recognized in the I3enue trough. 'I'he oldcst sqrlcllcc 

represents the initial Al bian-ceno~nanian transgressive pulse, 

followed by a 'I'uronian-coniacian scclucncc, wliicli 

represents the phase of maximum transgressio~i. '1'hc.n tlic 

campanian-maastrichtian post compressional sequence. 

Within these ma-jor stratigraphic units, there are deposits 

which reflect minor advances and retreats of' thc sliorclilw 

caused by either local tectonic movements or changes in tllc 

rate of sedimcnt influx (Murat, 1972; Mode, 190 1 ). 

The oldest rock in the Southern Benue trough (refer to fig. 

3) is the Abakaliki pyroclastics which were extruded during 

the graben phase (Hoque and Nwa-jide, 1985). 'This was 

followed by the Albian marine sediments of' the Asu rivcr 

group. Sedimentation continued under this initial cyclc with 



the deposition of Ezeaku Formation until lower Santonian 

when the compressional stage was initiated. This led to the 

Formation of the Abakaliki anticlinorium at the Southern 

part of the trough and synclinorium ' by its flanks. The 

sync1inorium;~formed the Anambra basin to the west and the 

Afikpo syncline to the eastern flank. 

Sedimentation started in the Anambra basin after the 

tectonism with the campano-maestrichtian sediments of the 
t 

Enugu Formation. This was followed successively by the 

maastrichtian sediments of the Mamu Formation, the Ajali 

sandstone and the Nsukka Formation. 

The first depositional cycle (Albian to santoni-an) is 

characterized by lithic fills of feldspathic sandstones, while 

&e second cycle which forms campanian to early Eocene is 

characterized by quartz arenites (Hoque, 197 1). 

REGIONAL LITHO STRATIGRAPHY UNITS 

The project area is situated within the Anambra Basin and is 

underlain by rock Formations ranging in age from conician 



to I'alcoccnc. l h e  rocks includc Mamu fiwilation, A,i:lii 

Sandstone and Nsukka k)rmation (rnaastricli~ia~i in age). 

Nwjicic ,  ( 1976). 

'I'hc dominant lithologics in the arca are sat~dstonc, and 

slialc. The sedimentary or stratigrapliic SLI txlivisions arc 

h:lscd o11 variations i l l  vertical associations oI'litliol':~c.ic.s 

2.2.1 Mamu Form* r l  t' Ion 

I,ithologically, thc PAamu 1:cmilation c.orl~;i.;1.; o i  

distinctive assemblage of' sandstone shalc, ~ i l ~ d s t o ~ i c  

and  sancly slialc with coal scams at scvc\r;~l I\ori/on.; 

(Agagu ct al lO8S; Kcymcnt 1905; S i ~ i l p s o ~ ~  1 O5/l). 

.l'he shales and mudstoncs are dark bli~c or grey and 

grade into the sandstones. Grey mudstones wit11 

scattered plant in~pressio~~s gradcs into 11igI1 

carbonaceous shales. C'arhonaceor~s materials is 

present i n  varying amounts and occurs as streillts on 

the bedding of the sandstones or as irrcgi~lar 

rami lications (Rey~nent 1 965). i)ip valuc~ v : \ r ~  li.01~1 

4" - 6". I'11e Formation is a r a l i  uc{li~,-~lc.;. 

d ~ p o s i t ~ d  ill n ~~iarginal cnvi~.o~lnicnt p~-olwl~ly i l l  I lio-.(, 



of beaches, lagoons and swamps (Reyment, 1965; 

Reyinent and Tait, 1983). 

2.2.2 Ajali Sandstone 

This overlies the Mamu Formation conformably and 

consists of thick friable, poorly consolidated 

sandstones, typically white in colour, but sometimes 

pinkish due to post depositional iron staining, with 

mudstones and shales as intercalations (Reyment 

1965; Simpson 1954). b 

One of the most conspicuous feature of the Ajali 

sandstone is cross-stratification. These includes large 

scale herringbone, planer and trough crossbeddings. 

Ripple, cross lamination is common. Iiorizontal 

lamination is also preserved lenticular and flaser 

stratification is present. Leaf impressions are 

preserved in mudstone interbeds. The sandstone 

ineinbers are often overlain by a considerable 

thickness of red earth, or insitu laterite in places 

where Nsukka Formatoin has been eroded away 

(Hoque and Ezepue, 1977). The mean angle of the 



Envi~*onrnental intclp-cl:ition 0 1 '  the A,i;il i s;i~i(I~Io~ic 

have suggested tluvial and tluvio-deltaic tlcpositional 

model (Kcyrnent 1965; Mwa1 1972; l*n*pr~c :i~i(l 

I I !  1077). 1 Iowcvc1.. ;I 111Ol.c 1,ccclll \4~0l . l<,  I ?  

I ,atlipo ( 1080) bnscd on process i l l l c b l  lxclalioli 0 1  

scdimcntary structures and palcocu~-rent analysi< 1i:ivc. 

2.2.3 Nsukkn Formation 

This overlies the A-jali sandstone conli)r~i 

occurs as  residual hills on the  ut~clcl-ly 

sandstone. 

I,ithologically, it consists of altermating. succession 01' 

sandstone, dark shales and sandy shales wit11 thin coal 



seams at various horizons. Thus it is similar to the 

Mamu Formation. The basal sandstone of the Nsukka 

Formation has a thickness of about 151n and it is 

present throughout Nsukka and most of Udi division 

(Reyment, 1965). It is succeeded by well-bedded 

blue clays. Fragmentary plant remains are abundant 

in the Formation and where the carbonaceous shales 

have been ferruginized in the zone of laterization, leaf 

impressions are preserved. The dip amount of the 

units vary between 3' and 4' (Simpson, 195tl; 

Reyment 1965). The environment of deposition is 

similar to that of Mamu formation. 

2.3 SUBSURFACE GEOLOGY OF NSUKKA AREA 

Subsurface geological data from borehole lithologic log of 

U.N.N reveal that the project area stands on sandstone 

undergoing laterization (fig. 4). This is the basal unit of the 

Nsukka Formation (Reyment, 1965; Mamah and Ekine 

1989). The unit can be regarded as impervious due to the 

effects of weathering where iron oxide forms the matrix. It 

is mineralogically mature with abundant quartz (75 - 95%) 





I F 

a~itl  5 1 5% matrix (Mania11 i l ~ ~ c l  I l k i n e  1 080). I ' \ I I  I ; I I ~  

(1067) in Mamah and I:kine ( 

latcritcs into two broad genctic 

secondary. 'I'he primary type ( 

1989) classi l?cd Nigcrian 

groups, vix 131-in~ary arid 

vesicr~lar, vcl-niicr~lat- and 

ccl lular) prcdominatc in  the basal sandstone. 'l'hc secondary 

laterite which is mostly rcccmcntcd Iinv clctl-ilal ~n:~lcl-ials 

Ihrm as a ~ ~ s u l t  of enricll~ncnt by vertical solution tral~spot-t 

and or lateral solution t1.anspo1.1. 'l'his ti,r~ns the ~t-:~lisition 

anti thc /one bctwccrl thc basal Nsukka l;or~nation 

r111dc1.1ying AjaI i s ;~ r lds to~~c .  

1976). 'I'he iron oxidc content tcnd to clccrcasc with depth. 

I'his tscnd is ~.cllcctctl by the i l c c ~ ~ a s c  o f  Schcl l~i l : i~~ 's  ( 1083) 

\vcathering ratio ( R W )  with dcpth. 'l'hc range 0 1 '  l<W ( .X 

1.59) show that lateritization is  noder rate (Manla11 and 

Ekine ,  1989). 



CHAPTER THREE 

INTRODUCTION TO RESISTIVITY METHOD 

3.1 PREAMBLE 

Electrical resistivity method studies horizontal and vertical 

variations in electrical conductivity of the earth. Electrical 

potential is generated by introducing direct or low frequency 
b 

alternating current into the earth through point electrode 

placed on the surface. The voltage signature of the ground 

is obtained through another point electrodes placed in the 

vicinity of the current electrode. 

3.2 EQUIPMENT FOR ELECTRICAL 

RESISTIVITY WORK 

The basic equipment for carrying resistivity measurements 

includes; a power source (either direct current of low 

frequency alternating current), meteres for measuring 

current and voltages,electrodes,cables and rods. A low 

frequency sine wave transistor osillator with transformer 





Fig .5  T l ~ c  iurran(jemcnL of r c s l c L i v i t y  s,c.r:;ur~nq i n ~ t . 1 - i t m c n t  s l u k , ' i r i , ~  

potential-Lirles m d  cclrrcnt lini::;. !,, ucil IJ i 1 l u : ; t r .~ t t ?  
cur 'rcnbclcctrodes w i l i  lc 1.1 imd N (11 c po LI.!JL ti.1 1-e Lec trodcs. 
(htodi ficd from T c i f o r d  e t  . dl .  , 13713; , p,~~-.~s:~i: : ,  ? c ; . G : ! )  



1l has been proven by many workers that thc curl-cnt dcnsity 

i n  any direction within a material is given by the ncgativc 

partial dcrivativc of thc potential gradicnt in  rlial dircclion 

diviclccl by the resistivity 

i =  current density 

& = potential gradient 
(?I , 

I:or a single curl-cnt electrode on the su~.lic.c 01' a 

homogenous material of resistivity, the current is completed 

by a current sink at a large distance from the clectrocle, so 

thc current distribution is unilbrm over Iicmisplicric-aI sliclls 

cctitcrcd on sutfacc at a distancc 'I- '  ti-om the clcctrodc (scc 

? 2 jig 0 ) .  The shell has a surlhce area of' 2x1. In , tlm-cliwe 11ic 

current density will bc giveti as 



F i y ;  6 ( A  s i n g l e  current  c lcs t rode  on tho s u r i i i c e  of 
a homogeneous material  oi r e s i s t i v i t y  3 ) 

~ f t e r  K e a r y  a n d  urooks 1984 
-- -- -. 



then the potential gradient associated with this current 

density is 

the potential 'Vr' at distance 'V' is then obtained by 
integration 

v r = j d v = -  j p ~ d r  =-@I 
2nr2 27tr ....................... equation 3.5 b 

If we apply this to a two point electrode (as shown 

bellow fig 7). The potential at the electrode ' M' will be 

V r m = - g l  @I I ( 1 - 1  ......... equation3.6 - - -  -- 
2x1- 2nr2 27tr r l  r l  

The potential at the electrode 'N' will be 

VrN pI (1 - 1 ) ...................... equation 3.7 - 
2n r3 r4 

So that the potential difference measured will be 

AV =Vrrn-VrN=& {( l-L)-  (1-1)) ... Equation 3.8. 
=-5- 'r, 3i T! T j j  



i j  ( ' l ' h e o r e t i c a l  elcctrocltt a ~ - r ' ~ r n ~ c r w n t  s h o w i n y  the  
d i r r ~ e n s i o n s  of: elcctrotlc s p . i < : l n t ) ~ ;  i o r  a y i v c n  
CONF I c,u ~ f l 7 - 1 ~ 4 )  
kr tcr  Dobr i n  c i r . r d  ;r J V ~  t ' l O t I 1 5 .  



The resistiv,i@ of the medium will be given as 

Where G = 

............... 

This is known as geometrical factor and it is a function of 

electrode configuration. Because the earth is never 

homogeneous, resistivity is usually defined as apparent 

resie tivity @a. 

3.4 ELECTRODE CONFIGURATION 

The are many forms of electrode arrangements in resistivity 

field work, each having a peculiar field procedure and 



mctliod 01' data intcrprct;~tion. .l'wo a r~-anp~n ic . l i t s  arc very 

popi~lar namely; M T I I I ~ C ~  2nd S C I ~ I ~ I I ~ I I ~ C I - ~ C I -  C ~ C ' C I I . O ~ C  

~11~1~~lllg~l1lcllts. 

3.41 Wenner Configur a t' ron 

In Wenncr arrangement, equal spacing arc. 11l:linl:iilwd 

between the Sour electrodes in a line.(scc fig 8 ) .  I his 

will ilnply that the potential elcctrodc spacing M N  is 

always a one-third of the ciil.rcnt clcctl-odc >pacingb 

,413.  

3.4.2 Schlumhcrger- ('orit?guration 

'llic current cleclroclcs spacing arc liir:lwl;~parl lI1;111 

the potential electrode-spacing, 11.c can Iiavc 

symmetrical or asymmetrical arrangc~nwt. !-or 



Mcnncr Conf tp?_lrntion 

fig;$ ( T h e o r r t  cn l  field set  up of Werner electrode arrongernunt' 
ilfter ($ari.iYiiC U.S.  ,962). 



symmclrical a1.rmigcnwtit, llic polcnlial :tr i t l  cil~.rcnt 

elcctrodcs share common niiclpoi~if, wliilc Jijr 

asyii~iicrrical arrangement, the two sets ol' clccll-ot1c.s 

do 1101 share ~ o ~ n t ~ i o r i  midpoint. (see fig. 9). 

3.5 'rECIINIQUES 

Two techniques I'or applying any contigrlration nictliotl can 

bc dist inguislicd, nalncly 'tl-avc~.si~ig' ( I  lori/.olital ~woli l j ~ i ~ g )  

and 'probing' (vertical elect~.ical sounding). I n  tlic ~ ~ J I - I I ~ ~ I - ,  

electrode spacing 'A' is held constant a ~ d  tlic .:j3.- \tcm as 3 

whole is ~novcd over the surface ol' tlic cat-111. 'I'lic* 

n~ovemcnt is made eithcr along the line of' tlic c'lcc~~.o(lc's 

(lo~igitudinnl traversing) or pe~~pcndi~ ' r~I;~r  10 i l  ((I . ;~II\ 'cI.sc 

travcrsing). 111 tlic expanding clcct~.odc p - o l ~  tllc Iiric 0 1 '  tllc 

clcctrodcs is lixcd in  direction and spaci~lg 'A '  val.iccl, 

keeping the ccntre of the elcctrodc line at tlic snnw point. 

'T'lic tnetliod of traversing is i~scd to detcrminc tlic v:triations 

in the apparent resistivity in a horizontal direction witlii~l a 

pre-selected depth rangc. The mctl~ocl is partici~larly usc:lill 





individual thickness and  truc rcsistivitics. 1:or  his ~ - c a s o ~ i ,  

the  method is particularly valuablc 1iw invest igat ions o n  

horizontally o r  nearly horizontally stratified g ~ . o i ~ n t l .  



CHAPTER FOUR 

INTRODUCTION TO MAGNETIC METHOD 

4.1 PREAMBLE 

Magnetic surveying is one of the most widely used 

geophysical methods in terms of line length survey. It is a 

rapid and cost effective technique for locating both hidden 

ores and structures associated with mineral deposits. # 

4.2 MAGNETIC EQUIPMENT 

A flux-gate type magnetometer which measures the Z- 

component (vertical magnetic component of the magnetic 

field). Fig. I0 illustrates how the field is measured. Two 

parallel cores, each with a magnetization curve of  the type 

shown at the upper left are alligned with their axis in the 

direction of the earth's field. Primary coils in the series 

magnatize the two cores with same flux density but in 

opposite directions since they are wound oppositely around 

the respective cores. The earth's field at any given instance 

reinforces the field set up 



&,qnd!-rcrtlon curve 
ot coria 

Excitation voltage, Vp, of prlmary 

@ 
Flur denrity,O, in force d r i w  

beyond saturation with no 

ambient f i e l d  ( H o  = 0 )  

Voltage Induced In macondo.tsy of 
corm by change o f  tlur ae 

Indicated in b ( Ho .O) 

Valtagu Induced In recondary 

of Cora f in p ruence  of 
ambkn t  f i e l d  . 

Voltage induced in  6mcondary , 
o f  core 2 in p r r e n a  o f  ' 
ambient f i e l d .  

Ruultant,  VR o f  V( and V2 . 

Fig: ro. ~ inc i ,? \ -u  ~f the f l u x -  g ~ t e  magnetometer . 
@FTER W ~ R I W ,  19%) 



11' the amlsicnt is int~mluccd which aids tllc I ~ \ ; I ~ ~ V I  i / ; ~ t i o ~ i  

1;-om tlic existing CII~I-cnt ,  thc saturation point, ;is indi~iitcd 

by tlic dip in thc secondary voltage, is ~ ~ a c . l w l  c.;lt-lic.~- i l l  

cyclc than  i t  woi~ld I x  in  the prcscricc o l ' a ~ ~  a ~ ~ \ l ) i c ~ i l  licltl 

opposing the exciting field (curves 'd' arltl ' c ' ) .  l i '  I ! \ C  

voltagc outputs of'both coils arc connected in oppositio~l, ~ i w  

scsi~l tan1 output (c11sve 1) consists of' pairs o f  pips as sl~o\\ ;~i .  



The height of the pips is within reasonable limits, 

proportional to the ambient magnetic field. 

4.3 APPLICABILITY OF MAGNETIC SURVEYING 

Sharma (1 987) reported that roughly about 60% of magnetic 

surveys are carried out for regional geological mapping and 

mineral exploration purposes, the remainder being nlainly 

for petroleum exploration. For mineral exploration, mineral 

deposits such as magnetite, illmenite, pyrrhotite and to A 

lesser extent, haematite can give rise to major magnetic 

anomalies. Manganese and chromium ores may also 

produce detectable anomalies. Other ore minerals, 

themselves non-magnetic may be associated with magnetic 

roclts for example, the occurrence of gold in intrusive 

igneous rocks or diamonds in kimberlite pipes. Domzalski 

(1958) pointed out that the aeromagnetic anomalies reflect 

the location of roclts with high concentrations of niobium 

minerals. On a smaller scale, ground magnetic surveying is 

often of use to the engineering geologist and hydrogeologist 

in locating buried features such as subsurface contacts in the 

basement, faults and dykes. It may also be applied to 



archeological and geotechnical investigation for the location 

of buried man-made ferrous objects. 

Magnetic prospecting needs instruments with very high 

sensitivity, high speed, good spatial resolution and perfect 

reduction of external disturbances. 

A major use of magnetic surveying is an aid to geological 

mapping over extensive regions with a thick sedimentary 

cover, structural features may be revealed if magnetic 
0 

horizons such as ferruginous sandstone and shales, tuffs and 

lava flow are present within the sedimentary sequence. In 

the absence of magnetic sediments, magnetic survey data 

can provide information on the nature and form of the 

crystalline basement. In acadcmic studies, the magnetic 

method can be used to provide information on geological 

structures at all scales. 



5.1 INSTItUMKNTATION USED FOR 

RESISTIVITY SURVEY 

'1Iic mctliod ol' resistivity work employed li,r t l~is p~-ojccl 

was cntirely traversing (horizontal profiling). ' 1 ' 1 1 ~  ba4c 

instrument is the Abem Terrameter which is ~nade lip ol'a V- , 
box and a G-box. Others may include tbur stainless 

electrodes, four rolls o f  connecting cahlcs, hanmcr and 

~i ieasuri~~g tapes. 

The instrument is suitable for use in structural investigations 

clown lo depths of' 600 ~nclcrs whcn thc rcsistivily 0 1 '  the* 

si~bsurfi~ce is not bclo\?i 50 oh~ii-nietcrs. 

l'hc equipment uses internally fitted standard 1~1ttcric.s. ' I  lic 

(;-box uses twelve 1.5 volts (each) standard tourch Ix\!lcrim. 

'l'he (i-box contains the currcnt supply circuit consisting 0 1 '  

transistorized oscillator (A(' - -  I)(' C'onvertc~.) with h n ~ t c ~  ics 



and operating controls. It is connected to the outer current 

electrodes and also takes current from the V-box. The V- 

box holds the circuit necessary to measure the resistivity of 

the ground. It is connected to the inner potential electrodes 

and it takes current from the G-box right inside the ground at 

position market 'X' of the 'X - R' switch on the box, at a 

position 'R' of the switch, current goes to the electrodes and 

the potentiometer.The resistivity value at the position of 

measurement is obtained from the formula for the wenner 

configuration. t 

K, = 27cQR 

where 

K, = Apparent resistivity (ohm-m) 

Q = Centre-spread distance (m) 

R = Resistance (ohms) 

n - - 3.14 constant 

Further, special characteristics of a terrameter may include 

the following: 



a. It has a good sensitivity and high instrumental 

accuracy, +3% for readings as low as 0.003 ohmlm 

and +lo% for readings of 0.01 ohmlm. 

b. The use of a very low frequency square wave 

alternating current to create the potential difference 

avoids difficulties due to electrode polarization and 

reduces capacitive effects to a minimum. 

c. The use of two separate units, one for current 

supply and the other for measurement eliminates 

the possibility of current leakage between the 

oscillator and voltmeter circuits. 

5.2 THE INSTRUMENTATION USED, FOR 

MAGNETIC SURVEY 

The magnetic instrument used in the flux gate-type 

magnetometer, which measures the Z-component (vertical 

magnetic component). Two parallel cores each with a 

magnetization curve are aligned with their axis in the 

direction of the earth's field. Primary coils in the series 

magnetise the two cores with the same flux density but in 

opposite directions, since they are wound appositely around 



tlic rcspcctivc corcs. 7'hc cal-tli's ficld at : ~ n y  . givc.11 . i~ist:i~it 

scintiwces the field set up by one o f  the coils and opposes 

tlic f?cld ol'tlic otlicr. I:acli coil has, in addition, :I sc.cot~tl:~t.y 

winding, tlic two s c c o r d ; ~ ~ - i ~ s  being conncctctl to a voltmctc~l- 

that scads the difference of  the two oiitpi~ts ( ihbr in ,  1076). 

I .  

. . 
11. 

. . . 
1 1 1 .  

iv. 

Salinc watcl- was poi~t-cd o n  tllc positioil 0 1 '  tlic 

cleclrotlcs, especially the ci~r.t-o~t c:lcctl-otlcs i l l  

order to I-educe thc contact resistance hct\vcc.~~ 11ic 

clcctroclcs and [he ground. 

l'he current electrodes arc han~~rlerccl drcp d o \ w  

into tlic ground (about 15 cm decp) li)r good 

clcctrical ~oritact with tlic ~I-OUIIO. 

The V-box and G-box were kept a t  a niaxinirttn 

separation of' 50c111 with thcir slior-t sidcs I':lci~lg 

c a ~ h  other. 

The cables were not allowed to totlcll 01. I .L I I I  

parallel for a long distance. 



Note the precautions ( i i i ) ,  ( i v )  and ( v )  \VCI-C done to 

avoid indi~ction effects. 

vi. 'I'he electrodes are made o f  st:linlcss s t c ~ l  ;~ncl 

about 30cm long. The platinum elcctroclcs ~nakc it 

possiblc to avoid elcctsoclicmical l'osccs p~,odi~cctl 

bctwccn the mct:~l clcctrodcs : ~ n d  t l i ~ '  ~ j l x ) l l l l d  :11ic1) 

also avoid cot-sosion. 

v i i .  C'lursc~it oscillator was switchctl ol'l' al ics tach 

changc o f  position was ~nade; to avoid :iccicl~nt c 

damage to cables wlien positio~ls wcrc cliangcd. 
... 

V I I I .  The traverses were r u n  along suitably sclcctctl 



I .  Wc made sure that the 'hrllls-cyc' kul-hlc \ v m  

centered. 
. . 
1 1 .  Al'tcl cvcry ~.cading, c u n ~ ~ i t  was s w i l c l d  01'1. lo 

avoid running h v n  ol'tlic hnttcrics. 
-.. 
I I I .  Mctallic objects that could intlucncc tlic niaglictic 

readings wcre not allowed in thc vicinity o!' 

mc;\suremcnt. 

iv .  ' fwo sets o f  readings l iw cacii st;ltioli we~-c clonc 

and the average taken. 'I'his was tlonc* by [ : l l i i ~ ~ p ,  

readings both in the east and west d i~ '~c t io l~s .  



CHAPTER SIX 

DATA ACQUISITION/ANALYSIS 

The field work was carried out intermittently between the 

months of June to November 2000, during this period both 

the electrical resistivity and magnetic methods were 

employed. 

RESISTIVITY AND MAGNETIC SURVEY 

6.1.1 Electrical Resistivity Survey 

Seven resistivity profiles (NSWRS 1 - 7) as shown in 

Figures (1 1 - 17) were obtained. The profile length 

are between 900m and 1OOOm (lkm) each. 

Essentially the profile lengths were run along the grid 

line as shown on the base map with the exception of 

NSIURS3 profile line running perpendicular (refer to 

Figs. l a  and 1 b in the pocket at the last page). 

Robert (1973) noted that since any subsurface 

discontinuity within the range of resistivity equipment 

may cause variation in the resistivity, it is important to 



consider the variations that are likely to be caused by 

faults in the earth's crust. He further stated that in 

steeply dipping faults, the resistivity properties may 

be divided into three distinct parts; viz, the resistivity 

of the blocks on each side of the fault and the 

resistivity of the fault zone itself. Various 

combinations are possible for example: 

1. The resistivity of the two blocks and the fault 

zone may be unequal. 

2. The two bloclts may be of equal resistivity 

while the fault zone between them is either 

more resistive or more conductive than are the 

blocks. However, it is known in nature that a 

fault zone rarely consists of a simple 

homogeneous material whose resistivity is 

uniform but more commonly consisting of 

materials that differ greatly in resistivity. 

From the resistivity profiles, it can be observed that 

both Resistivity highs and lows exist; the former is 

indicative of low conductive materials, e.g. laterite, 



dry sand etc while the latter is indicative of high 

conductive materials e.g. shales, clay, etc. 

A depth penetration of 5(m) was inferred for the 

horizontal profiling, which implied that only the 

resistivity contrast within that depth "window" can be 

detected by the equipment. Using the Wenner 

configuration, the electrode separation was selected as 

5m's apart. Note that this is also applicable to profiles 

NSIURS2, NSKlRS3 and NSWRS4 respectiveiy 

(refer to Figs 1 a and 1 b in the pocket at the last page). 

Further, it is assumed from the principles of resistivity 

profiling that an anomaly that indicates a fault or 

fracture is manifested by an abrupt contrast in 

resistivity values along the traverse lines. 

6 .11  (a) Profi Le NShZRSl 

The apparent resistivity readings from the field for 

NSWRSl were plotted against the center spread in 

meters as shown in (fig. 11 and table 2). The profile 

is along Ibeagwa Road on a bearing of 334'. 
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The profile length is 1050m's (1.050km) refer to Figs 

1 a and 1 b in the pocket at the last page. There is 

resistivity high between 615111 and 720m, 750m and 

1050m, resistivity values show a form of ascending 

sequence, while distortions and low resistivity values 

exist between 15111 and GOOm respectively. The high 

resistivity values within the area may be indicative of 

low porosity area, low conductive materials, 

consolidated materials and no fracturing or faulting. 

While the low resistivity values is indicative of high 

porosity with loose materials and high conductive 

materials as well as the presence of structures 

probably a fault, fracture or joint sets. 

6.1. 1 (b) Profile NSWRS2 

The survey was carried out opposite NSKmSl (refer 

to fig. 1) on a bearing of 124'. A total of 255m 

distance was covered. The apparent resistivity 

readings got were plotted against distance (see fig. 12 

and table 3). 

From the profile high resistivity values were observed 

between 150m and 240m with a sharp drop at 255m 



Resistivity Survey Table 3 

Traverse: NSKlIIS2 

L,ocation: Oppositc NSK/RSI 

Bearing: 124" 



D I S T A N C E  ( M  ETE R S  1 



distance. This high values indicate that tlw area o r  

region havc low concluctivc materials. while low 

I-esistivi ty vali~cs werc obscrvcd bet wecn :1 c l  istancc. 01'  

15m and 135111 indicative ol'lligli c o l ~ d ~ ~ c t i v i ~ y  rc'p.iotl. 

1:urthcl- slight distortions exist bctwccn 15nl :111tl 

135111 distance probably indicating a kind 01' joint set. 

I t  can be observed fi-om the profilc that the appal-cnt 

resistivity values tend to increase in an  ascending but 

gradual form. 

b 

6. I .  I ( )  Profile NSK/RXZ 

The survey was carried out on n ~ ~ e ~ ~ ~ ~ c ~ i c i i c ~ ~ l : ~ ~ ~  

direction to NSKIRSZ, on a bearing of' 55". A total 

distance of 225111 was covcrctl. ' I  Ile :~pp:~rcti t 

resistivity values was plotted against dis~ance ( w e  lig. 

13 and tahlc 4), and Srom tlw grapl~  : I ~ ~ : I I - C I I ~  

resistivity values tend to incrcasc i n  an asccrltlil~g 

pattern with low resistivity valuc r:lngirlg between 

151n and 9 h  and high values continuing li-om 105m 

to 225111. Fssentially, the interpretation givcn li\r higll 

and low resistivity values in previous intcrprctations 

is applicable to this profilc. 



Table 4 Resistivity SII rvcy 

Location: Perpendicular to NSKlRS2 

Bearing: 55' 

- . - - . . 

.. - -  . Q ,  (Ohm - Meters) 
28.76 

- - - - - - - - -.. . - . - -. . - 

8 1.84 -- - -. - - - . - -- - 

I I 1.73 
. - - - - -- - - 
-~ - 

192.35 
. .. 

- -. - . 
200-49 
246.09 6 

35 1 .79 
-- .- .- - - - . .- - . - - 

40 I .29 
- - - - - . . -. . . . - - - . . - . 

. . . - 
369.99 
502.50 
550.7 1 

. .- .. ~ -.. - . . - -  

494.46 - - - - . . . -. - - - 

533.2 1 
-- - . . . . . . . . - - 

574.23 
- - - - - -- --- - - - . - .  

753.85 .. - - . - 

SINo. 
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- 2 
3 

- .- - 

4 - 
5 

. - -- - 
6 . 

-. 
7 
8 
9 -- - .- - .- -. . 
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1 1  
-- 

12 
13 

. - - 

14 
15 

--..- 

Distance (M) 
- -- -- 

15 
30 
45 

- -- 

~- GO 

. 
75 

-- - -- - . 

~~ -- 
90 

. .  - 
165 
120 

-- -- .. - -- 

135 
. - - - - - - - - - - - 

150 .~ 

165 
- 

180 
- . 

195 
-. . - -. -. - -. -- . * 

210 . - - 

225 
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6 . 1 1  ( Profile NSWRS4 

The profile was carried out at a distance of 105m from 

profile NS WRS2 on a bearing of 1 10' and a distance 

of 3751~1 was covered (refer to fig. 1). A debth control 

of 5in was chosen and the apparent resistivity values 

got were plotted against distance. (Fig. 14 and table 

5) from the profile the resistivity values trend in an 

ascending form with low and high values of resistivity 

present. The low values are within the range of 15111 

to 120m while the high values ascend from 135m to' 

375m, between 210m and 345m there is a linear 

projection of resistivity values and then a sharp 

increase at 360m. The interpretation for the high and 

low values in this profile are similar to previous 

interpretations. 

6.11 (e) Profile NSWRSS 

This profile was carried out at the University poultry 

road (U.N.N) on a bearing of 139' Azimuth, a total 

distance of 930m's was covered. The apparent 

resistivity readings were plotted against center spread 

in meters as shown in (Fig. 15 and Table 6). 



Tablc 5 

Traverse: NSKlHS4 

Resistivity St~rvey 

Location: 105m from NSKlKS2 

Rearing: 1 lo0 
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Table 6 I3esistivity S ~ r v c y  

'Traverse: NSICIRSS 

Location: University Poultry Road 

p,, (Ohm - Mchtcrs) 







A depth control of 10111's was c.11osc.n li)r t?!c 

horizontal profiling, only resistivity contrast within 

that depth can lx detected by the equipment. l'llc 

electrode separation is IOm's apart and this was also 

used for profiles NSKlRS6 and NSI</I<S7 

respectively. 

From the graph i t  can bc obscrved that high ~.esistivity 

values cxist bctwecn 480111 and 000111, aid I ~ C I W C C W  

720m and 750111 rcsp~'~tivcIy wit11 O ~ ' ~ i t : ; i ~ l ~ i t l l y  14)n 

resistivity values as well as minor distortions hctwecn 

30111 and 4 5 0 ~ 1 ,  6301n and 090111, 780131 and 030111. 

'The high resistivity values show 01- indicate the 

presence of low conductive material. fi)r ins~ance. 

Iateritic material that exist within the study arc:), wliilc 

the low resistivity valucs is indica~ivc ol' high 

conductivc materials, e.g. shale, mud stones that c : ~  

be scen within the mapped area as well as faulting and 

l'racturing. 



6. I .  I (f) Prt,Ji/c NSK/KSb 

The traverse was carried out at Odcnigwc Koacl. o n  ;I 

bearing ol' 175" Azimuth (rel'cr to lip. I ). ' I  lir 

apparent resistivity values werc plotlctl :~g:~i~isl  

distances ( i n  meters) see jig. I0 and tablc 7, anrl a 

distance of  9301n's was covered. 

Resistivity high and low valucs wcrc obsc~-vcd i n  tlic 

graph betwcen 270111 and 300111. 300m and 3Wn1, an0 

then at 450111, 5 10m respectively 1111- the high val~~cr;.  

For the low values betwcen 30m and 180111 in a11 

ascending kxm, 3301~1, 420m and het\vcen 570111 t o  

930;n there is also distortions bet\wc.n tlic'se cli st21 lc:c's. 

'I'he interpretation given here is essentially silnil:tr to 

that given in profile NSKIIIS 5. 

fJ . l . l (g)  P r o f i l e N S K . S 7  

The apparent resistivity readings got ikon) thc licld l i )~ ,  

NSKlRS7 was plotted against thc ccntcr spread or 

distance (in metcrs) as shown in jig. 17 and t:hIc 3. 

The profile was run along the quarry site at hill top 



'Takle 7 Itcsislivity Su rvcy 

Traverse: NSKlHS6 

Location: Odenigwe Road 

Q:, (Olrnr - Mctcl-s) 





R E S I S T I V I T Y  S U R V E Y  

FIG.  1 6 :  TRAVERSE : N S K  / R S 6  

L O C A  T I C N :  O D  ENlGWE R O A D  



'Table 8 Resistivity Survcy 

Traverse: NSKIRS7 

Location: Quarry Site at Hill Top 1J.N.N. 

Bearing: 340'' 

Distance (M) 



Table 8 Cont. 







profiles also ran perpendicular. These are NSWMg 3 

and NSWMg 8. 

The principle of the method is that wherever there is a 

change in magnetic coordinates e. g from positive to 

negative or vice versa, an anomaly is detected by the 

magnetometer. Hence, one of the most useful 

applications of magnetic surveys is to map structural 

trends by following lineation in magnetic contours 

Dobrin (1976). The lineations may reflect the sttike 

lines of elongated intrusive features or the surfaces of 

faults reflected in the topography. For this work, the 

profiles were taken along the grid line as seen on the 

geologic or base map. Robert (1974) observed 

however, that the magnetic method is a relatively 

ineffective tool to detect and delineate faults, this 

nonetheless, does not necessarily preclude its 

effectiveness in environments where linear 

concentrations of magnetite occur along faults. 

The survey conducted was not a regional one and it 

was therefore not necessary to carry out corrections 

for diurnal, terrain etc. 



From the data obtained, graphs of vertical magnetic 

intensity (AZ) in gammas were plotted against the 

lateral distances in meters as shown in figures 18 - 28. 

An attempt to interpret the sections of the eleven 

profiles NSWMg 1 - 8 and LEJMg 1 - 3 revealed 

that the almost smooth regional could be indicative of 

a sedimentary environment which does not contain or 

possess magnetic susceptible materials. An assumed 
# 

arbitrary datum was determined for each profile and 

the range was between 5247 gammas and 5259 

gammas respectively, the average of all the individual 

readings. 

6.1.2(4 Profile NSKilMg I 

Figure 18 and table 9 show the profile for NSWMg 1. 

The profile was taken at a bearing of 334' and a 

distance of 1,120 meters was covered. A plot of 

vertical magnetic intensity (AZ) in gammas was 

plotted against the lateral distance in meters, and an 

assumed arbitrary datum of 5255 gammas was used. 



Table 9 Magnetic Sr~r\~ey 

Traverse: NSWMg 1 

Location: I beagwa Road 

Rearing: 334" 

- -- 
i l l  

- - -. - - -  

Distance (M) 



Table 9 Con t. 





From the profile, it is o b s c ~ - \ ~ d  tliat mag~lct ic lo \v  

exist between 120m, 400m t o  480111 and 080m wliilc 

magnetic highs existed between 100111 !o 240111, 520111 

to 84013. 720111 to I 120m. 

Change in polarity from positivc to negativc 

coordinate was observed between 360111, 540111 ~ I i i I c  

change in  polarity lion1 negativc to positivc is 

obscrvcd bctwccn 1 20111, 4801~1, 080m rcspcct i vcl y . 

# 

Minor distortions exist between tlle di~;t;~~lcc's ol'.',?l0111 

to 840m. 

The change in polarity from positive to ncpt ivc  or 

from negativc to positive coordinate is stlggestivc ol' 

probably minor fault or fracture points or evcn joints. 

The dcpression or distortions around 520111 to 84(h11 

may suggest areas of in1ic1-ent wcnkness (f'ractu~-c or- 

joints). 



6.1.2 (b) Profik NSUWg 2 

Figure 19 and table 10 show the profiles for NSKlMg 

2. The profile was taken at a bearing of 124' and a 

distance of 56Om was covered. It should be noted that 

the magnetic survey was carried out along the line in 

which the resistivity profiles were done (refer to fig. 

1). A plot of vertical magnetic intensity @Z) in 

gammas against the lateral distance in meters and an 

assumed arbitrary datum of 5257 gammas is shown in 

Fig. 19. # 

From the profile, it is observed that magnetic high 

exist between 40m, 1201n, and 200m, 360m and 

400m. Change in polarity was observed from 

negative to positive between 80m, 240m and 440m, 

similarly change in polarity from positive to negative 

was observed between 360m and 120m. Magnetic 

low exist between 240m and 350m. The changes 

from either magnetic "low" to magnetic "high" or 
/ 

from magnetic "high" to magnetic . "low" is interpreted 

as suggestive of fault or fracture points or contact 

between two rock types of different susceptibilities. 



'Table 10 Magnetic Survey 

Traversc: NSKIMg 2 

I ,oration: Olqwsitc NSIUMg I 

Rearing: 124" 





Magnetic high exist bctwccn 40111. I OOnj :rllci 200111, 

360n: and 440111 whilc magnetic Io\v cxist I~t\ \~cc.11 

80111 and 1201~1, 2401n and 320m, 4001n. 

4 

Change ill polarity f't-om ncg:~tivc to positive o c c ~ ~ r s  : \ I  

polarity from positivc to ncgntive cwwtlir~atc \ \  :IS 

ohscrvcci bct\veen 40m, 200171 and 360111. 

6.1.2(60 Prq jilc NSh7Mg 4 

Figure 21 and tat~le 12 show t l~c  131-ofilw 1i)r 

NSK/Mg4. A distance of' OOOm was covc~-ctl o n  a 



Table 11  Magnetic Survey 

Traverse: NSKIMg 3 

Location: Perpendicular to NSKIMg 2 

Bearing: 55' 

-- 
Distance (M) 





'Fable 12 - Magnetic Srrrvey 

Traverse: NSKIhlg 4 

1,ocation: 105m from NSKIMa, 2 

Distance (M) 



Table 12 Con t. 





bearing of 110' and an assumed datum of 5247 

gammas was used. 

Between 40111 to 120m, 200m to 400m, 470m to 

560m, 760111 to 880m and 960m magnetic highs can 

be observed, change in polarity between positive to 

negative can be observed between 120m, 400m, 

560m, and 880m respectively. While between l6Om, 

600111 and 720m, 920 magnetic lows exist further 

between 600m and 720 minor distortions can be 
# 

observed. Change in polarity from negative to 

positive was observed between 160m, 440m, 720111 

and 920m respectively. 

But worthy of note is the very extensive magnetic low 

(or anomaly) observed between 400m and 480m, this 

probably can be interpreted to be the metallic pipe 

used in channeling sewage from the University 

community to the central sewage system located 

within that area. 

The interpretation given in 6.1.2 (b) is also applicable 

to 6.1.2 (d). 



6.1.2(~)  Prof k NSKMgS 

Figure 22 and table 13 show the profiles for 

NSWMg5. A total distance of 1040 meters was 

covered for this profile on a bearing of 139'. An 

assumed datum of 5255 gammas was derived. 

Magnetic high were observed at the following 

distances 200m to 280m, 640m, 760m to 920m and 

1040 while magnetic lows existed between 80m, 
# 

4001n to 560m,720m, 960m to 1000m. 

Change in polarity from positive to negative was 

observed between 40m, 280m, 680m, 920m and 

change in polarity from negative to positive is from 

1 6Om, 600in, 720m, 1000m respectively. 

The change in polarity from positive to negative or 

from negative to positive coordinate suggest minor 

fault or fracture or joint set, or contacts between two 

rock types of different susceptibilities. 



Magnetic SII t-vey Tablc 13 

Traverse: NSKIMg 5 

Location: University Poultry Itoad 

Distance (M)  A ;(, (Gammas) 
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6.1.2v) Profile NSKilMg6 

Profile NSKIMg6 is shown in figure 23 and table 14. 

This was taken on a bearing of 175' along Odenigwe 

Road, Nsuklta, a distance of 1040m was covered 

(refer to fig. 1). A plot of vertical magnetic intensity 

@Z) in gammas was plotted against lateral distance 

in meters, assumed datum of 5253 gammas is given. 

Between 40111 to 80m, 16Om, 240in to 3201~1, 400m 50 
520m, 600m, 720m, 840m and lOOOm magnetic high 

is observed. Change in polarity from positive to 

negative was observed at 80m, 160m, 320m, 520m, 

640m, 720111 and 870 while between 1201n, 200m, 

360111, 560m, 680m, 760m to 800m and 920m to 

960m magnetic low was observed. Change in polarity 

from negative to positive was observed between 

1201n, 2001n, 360m, 5601~1, 680m, 800m and 960111 

respectively. 

The interpretation given in 6.1.2 (b) above is 

applicable to 6.1.2 (0. 



Table 14 Magnetic Survey 

Traverse: NSK/Mg 6 

I,octrtioa: Oclcnigwe ItoitiJ, Nsultkit 

Rearing: 175' 

. . . 

Distance (M)  



Ta hle 14 Cont. 





6.1.2(g) Profile .NSKZMg 7 

Figure 24'and table 15 represents profile NSWMg 7. 

It was taken on a bearing of 340' and a distance of - 

920m was covered. The traversing or profiling was 

performed at a discarded quarry site at hilltop U.N.N. 
' 

A plot of vertical magnetic intensity (AZ) in gammas 

versus distance in meters was plotted, an .assumed 

datum of 525 1 gammas is given. 

Magnetic. high was observed between 40m to 120m, ' , 
240m to 320m, 400m, 470m to 640m and 920 while 

magnetic low was observed between 160m to 200m, 

3601n to 440m and between 680m to 8E;Om. 

Change in polarity from positive,to negative was 

observed at 120m, 320m, 640m while change in 

polarity from negative to positive was observed at 

200m, 360m, 440m and 880111 respectively. 

The interpretation of the profile. is similar to the 

interpretation of the previous profiles. 



Table 15 

Traverse: 

Location: 

Ikiirir~g: 

Magnetic Survey 

NSK/Mg 7 

Quarry Site a t  Hill T o p  1J.N.N. 

Distance (M) A Z (Gammas) 



Table 15 Cont. 





6.1.2(h) Profile NSK/Mg 8 

Figure 25 and table 16 show the profile for NSWMg 

8. The prpfile was taken perpendicu1a.r to NSWMg7 

on a bearing of 265". A distance of 560m was taken 

and a plot of vertical magnetic intensity (AZ) in 

gammas versus distance in meters was plotted. 

'Assumed datum is 5259 gammas. 

Magnetic high was observed between 40m to 80m 
. # 

200m, 320m,- and 440m to 480111. Change in polarity 

from positive to negative was observed between 80m, 

200m, 320m 'and 480m while magnetic low was 

observed at 120m to 160m, 240m to 280m, 360m to 

400m and-S20m to 560m respectively. 

The interpretation of the n~agnetic high to low as well 

as cha~lge 'in polarity from positive to negative or 

probably minor f'aults, fracture or joints. 



Magnetic Survey 'FabIe 16 

Traverse: .NSK/Mg 8 

~ocat ion:  Perpendicular To NSKIMg 7 

Bearing: - 265' 

I Distance (M) A Z (Gammas) 



D I S T A N C E  ( M )  



6.1.2(9 Profile LE J M g  1 

Figure 26 and table 17 show the profile LEJIMg 1. 

The profile was taken at Lejja area. A total distance 

of 1040 was covered on a bearing of 340'. The 

vertical magnetic intensity value in gammas was 

plotted against distance in meters, the assumed datum 

is 5258 gammas. 

Magnetic highs were observed at, between 40m ~ 
640m, 800m to 920m while the magnetic low lie 

between 40m to 400m, 680m to 760m, 960m to 

1040m. 

Change in polarity from positive to negative 

coordinate was observed at 640m and 9201n while 

change in polarity from negative to positive was 

observed at 400m and 760m respectively. 

The interpretation for this profile suggests that the 

changes in polarity from positive to negative and vice 

versa could probably indicate minor fault or fracture 

point or contact between two rock types of different 

susceptibilities. 



Table 17 
r i  I raverse: LEJ/IVlg I 

Location: .Lejja 

Bearing: 340' 

- .  

S/N 0. I 

Magnetic Survey 



Table 17 Cont. 





6.1.20) Profile LEJMg 2 

Figure 27 and Table 18 show the profile LEJIMg2. 

The profile distance is 1040m and on a bearing of 

345'. The vertical magnetic intensity value (AZ) in 

gammas was plotted against lateral distance in meters. 

The assumed datum is 5255 gammas. 

From the profile magnetic highs were observed at 

480m to 760m and between 960m to 1040m while 
# 

magnetic low were observed at 40111 to 440m and 

Change in polarity from positive to negative 

coordinate were observed at 40m, 760m while vice 

versa. It was observed at 440m and 920m. 

The interpretation for the previous profile 6.1.2 (i) is 

applicable to this profile 6.1.2 0). 

6.1.2 (k) Profile L E J M g  3 

Profile LEJMg 3 is shown in figure 28 and table 19. 

It was taken on a bearing of 160' and a distance of 



Magnetic Survey 

Traverse: LEJ/Mg 2 

Location: Lejja 

Bearing: 345' . 

A Z (Gammas) SINo. Distance (M) 



Table 18 Cont. 

17 ,640 5286 





'h ble 19 

Traverse: LEJIMg 3 

Location: Lejja 

Bearing: 160' 

Magnetic Survey 

- 
%No. ' Distance (M) A Z (Gammas) 



Table 19 Cont. 





i 

1040 covered. A plot of vertical magnetic intensity 

(AZ) in gammas versus lateral distance in meters was 

plotted, and an assumed datum of 5253 gammas 

given. 

From the profile change in polarity from positive to 

negative coordinate was observed between 120m, 

440m, 600m, while change in polarity from negative . '  

to positive is between 280m, 560m and 800m 
# 

respectively. 

Magnetic high were observed between 40111 to 120m, 

320111 to 440in, 600m, 840m to 1040 while magnetic 

low were observed at I6Om to 280m, 480m to 560m 

and 640m to 800m respectively. 



CHAPTER SEVEN 

DISCUSSION 

Results of the resistivity interpretation and magnetic 
surveys, like those of many other types of geological or 
geophysical investigation, are interpreted by comparison 
with a catalog of reference surveys for different geologic 
situations. Further, we can employ the use of anomaly index 
diagrams, as is the case with only electromagnetic (Em) 
surveys (Strangway 1969, Joshi et al., 1984 in Mamah and 
Eze 1988). 
Seven resistivity profiles were carried out and a total of 
4,725 meters (4.725k.m) were covered. The apparent + 
resistivity in ohm-meters were plotted against center spread 
(distance) in meters and the profiles (fig. 11 - 17) 
interpreted. The profiles show resistivity highs and low with 
some distances showing minor distortions. Roberts (1973) 
observed that since any subsurface discontinuity within the 
range of resistivity equipment may cause variations in the 
resistivity, it is important to consider the variations that are 
likely to be caused by faults in the earths crust. Further, it is 
important to note the principles of this method of resistivity 
profiling which is that an anomaly which indicates a fault or 
fracture is indicated by an abrupt contrast in resistivity 
values got along the traverse line, Dobrin (1976). From the 
foregoing, the intermittent resistivity high and low along the 
traverse line show or suggest faulting, fracturing, joint sets, 
or primarily suggests differences in rock types or geology of 
the area. The general trend taken for the profiling is in a 
NW - SE direction. 



The magnetic survey was taken along the grid line (refer to 
figure la & b) on an aeromagnetic map 287, Nsukka sheet 
of 1965. It should be noted that the magnetic survey was 
taken along the same line in which the resistivity surveys 
were carried out, in effect the resistivity profile served as a 
complimentaiy survey for the magnetic survey and/or vice 

' versa. The principles of the magnetic method are that 
wherever there is a change in magnetic property, an anomaly 
is detected by the magnetometer, Dobrin (1976). From the 
profiles (fig. 18 - 28) magnetic highs and low were observed 
as well as changes in polarity from positive to negative 
and/or from negative to positive. These changes indicate or 
suggest minor faults, fracture or joints, or even contacts 
between two rock types of different susceptibilities. 
A total distance of 9,769 meters (9.7601~11) was covered, 
assumed datum was determined by averaging each profile 
reading. The trend of the profiling is in a NW - SE 
direction. 
Within point A in the aeromagnetic map, we observe close 
magnetic contours while the topographic map equally shows 
close contour with high contour values. This area is the 
quarry site at hill top U.N.N. Ground magnetic survey 
conducted within this area revealed no visible anomaly, this 
probably indicates that susceptible magnetic minerals within 
this area are either inexistent or have been completely 
quarried (refer to figure 24, 25 and table 15, 16). Within 
point B in the aeromagnetic map, we observe an open but 
elongated magnetic contour stretching towards the western 
section of the map while the topographic map 



though show no closure, but rather high contour values can 
be observed. Ground magnetic surveys carried out within 
this area revealed slight variations (refer to figure 26, 27, 28 
and table 17, 18, 19). 
Generally, cross-sections were drawn for the geologic map 
figure l(a) and aeromagnetic map figure l(b) (A - B and C 

.- B) to reflect their contours. The aeromagnetic map 
contours were of total magnetic field intensity in gammas. It 
was observed that the geologic map showed gradual increase 
in contour value with dome shape (see cross-section for A - 
B and C - B, geologic map). While the aeromagnetic map 
showed flat but linearly increasing shape, suggesting the 
presence of susceptible magnetic material. At the beginning 
of the cross-section (C - B) for the aeromagnetic map slight 
increase in form was observed suggesting probably presence 
of susceptible magnetic materials while towards the centre 
depression, suggesting absence of magnetic susceptible 
material and at the end increase in form was observed too. 
(see cross-section for A - B and C - B, aeromagnetic map). 

7.1 STATISTICAL ANALYSIS FOR THE 
RESISTIVITY AND MAGNETIC VALUES 

7.1.1 Cross Correlation Analysis 
Cross correlation deals with the comparison of two 
t h e  series. We perform cross correlation in order to 
determine the position of complete equivalence 
between the two time series. 
The equation for cross correlation is the same as that 
of the ordinary linear correlation coefficient. Ifwe 



designate the two series as Y I and Y 2  and define n as 

the number of overlapping positions, the cross 

correlation coefficient 'for match position In is given 

Interpretation of Cross Correlation @ 

'The cross correlation coefficient ranges from -1  to + 1 ,  and 

is a measure of the degree of linear associatioi-~ of the two 

time series. If the coef'ficient is equal to + 1 ,  Y I and Y2 are 

said to be perfectly directly or positively correlated; if the 

coefficient is equal to -1, Y I and Y2 are said to be perfectly 

inversely or negatively correlated; i l ' i t  is zero, Y I  and Y 2  are 

said to be uncorrelated, though this does not rnean that they 

might not be associated in some way other than linearly. 

7.1.2 Test of Significance of Cross Correlation 

Coefficient 

T o .  test the .significance of a cross correlation 

coefficient, r,, we calculate 



Davis, (1 973) 

And locate the values of t in the t-distribution table 

(table 20), for the appropriate value oS(n - 2) degrees 

of freedom. The null hypothesis is that the correlation 

between apparent resistivity and that of' the magnetic 

reading is zerq. This hypothesis is to be tested on the 
# 

assumption that it is true. The value of p 

corresponding to t as given by the table is the 

probability that a value of'r,,, could arise: from random 

sampling of the variables, Y I and YZ, Brookes (1953). 

It is custo~nary before starting any experiment on 

correlation to select some critical probability. 

'I'hcrcfbrc nul l  hypothesis ( I  l o )  states tllat r,,, is equal 

to 0 and the alternative hypothesis (HI) states that r, is 

not equal'to 0, at an a level ol'significance 5% & 1%. 





Decision rule: States that we reject Ho if teal is greater 

than trilh, otherwise we accept. 

I f '  p is greater than 5%, the null hypothesis is 

accepted; if p is between 5% an'd I%, the null 

hypothesis is rejected with reasonable confidence; if p 

is less than I%, the null hypothesis is confidently 

rejected; Brookes, ( 1953). 

@ 

7.2 (u) Cumpurison for NSK/RSI und NSWMgl 

The apparent resistivities obtained were correlated 

with the ~nagnctic: reading fbr NSWKSI and 

N S K I M ~ ' ~ ,  the first twenty nine (29) variables were 

taken from cach way. The mean and standard 

deviation h r  each profile gave 525.5.45 and 8.4159 

for the magnetic profile, while 276.28 and 148.7 12 for 

the resistivity profile. The correlation coefficient was 

given as -0.2 13 and the test of significance show that 

t has a 'value of - 1.132 for 27 degrees of freedom. 

This shows that the ahsoluie valw ~ t ' i , ; , ~  (-1.132) is 

. less than t i  (2.05 18), therefore we accept Ho and 

conclude that correlation cocl'ficient is not statistically 



significant or that null  hypothesis is true. P is ' 

between 0.10 and 0.20. 

7.2(b) . Compurison fbr NSK/RS2 uncl NSK/Mg2 

The apparent resistivities obtained were correlated 

with. the magnetic reading tbr NS WRS2 and 

NSK/Mg2, the first fifteen (15) variables were taken 

from each way. The mean and standard deviation for 

magnetic and resistivity values is 5257.47; 10.94 and 
# 

166.75; 1 18.85 respectively. Correlation coefficient is 

-0.267. and t is -0.999 for 13 degrees of freedom. 

'This implies that the absolute value (-0,999) is 

less than ttah (2.1604), we accept I j o  and conclude 

that the correlation coefficient is not statistically 

signific.ant or that null hypothegis is true. P is 

betweeri 0.10 and 0.20. 

7.2(c) Compurison for NSK/RS3 clnd NSWMg3 

The apparent resistivities obtained were correlated 

with the magnetic values for NSK/RS3 and 

NSKlMg3, the first twelve (12) variables were taken 

from each .way. The mean and standard deviation for 



magnetic and resistivity proliles are 525 1.167; 9.495 

and 295.088; 175.496 respectively. The correlation 

coefficient was given as -0.375 and t is -1.2795 for 

10 degrees of freedom. This implies that the 

absolute value of t,,, (-1.2795) is less than t,,b 

(2.228 l), therefore we accept Ho and conclude that the 

correlation coefficient is not statistically significant or 

that null hypothesis is true. P is between 0.10 and 

7.2 ((1) Comparison for NSURS4 and NSWreMg4 

Apparent resistivity values were correlated with the 

magnetic values for NSK/RS4 and NSK/Mg4, the first 

twenty-five (25) variables were taken from each way. 

The mean and the standard-deviation for each profile 

gave 5247.92 and 41.572 tbr the magnetic profile 

while 7 1.8.37 12 and 470.152 ibr resistivity prolilc. 

The correlation coefficient was given as -0.019 and 

tesi of significance show that t has a value .of -0.091 . 

for 23 degrees of freedom. This implies that the . 

absolute value oft,;,, (-0.09 I ) is less than t,i,l, (2.0687), 
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therefore we accept Ho and conclude that the 

correlation coefficient is not statistically significant or 

that null  hypothesis* is true. P is between 0.10 and 

0.20. 

Apparent resistivity values were equally correlated 

with the magnetic values for NSWRS5 and 

NSKIMg5, the first twenty-seven (27) variables were 
' .  

taken from each way. The mean and standard 

deviation liw magnetic and resistivity values is 

5255.44; 10.577 and 920.145; 662.52 respectively. 

Correlation coefficient is 0.0585 and t is 0.293 for 25 

degrees of freedom sincc the absol~lte value of t,,,, 

(0.293) is less than t,i,l, (2.0595), it calls for an 

acceptance of Ho and we conclude that there is no 

significant difference, or that the null hypothesis is 

true. P is between 0.30 and 0.40. 



7- 2 C/) C~mjxwisun Jiw NSK/RS6 und NSK/Mg6 

The two profiles were correlated NSKIRS6 and . 

NSWMg6 and the first twenty-seven (27) variables 

were taken from each way. The mean and.standard 

deviation for the magnetic and resistivity profiles is 

giver. as 5253; 8.4955 and 3 1.1.978; 185.08 

respectively. 

The correlation coefficient is given as -0.045 and t is 
* 

-0.225 for 25 degrees of freedom. P is between 0.40 

and 0.45 - 

This implies 

0.225) is less 

that since the absolute value of t,,, (- . 

; than ttab (2.0595), we accept Ho and. 

conclude that the correlation coefficient is not 

statistically significant or that nul l  hypothesis is true. . 

7.2(g) Compurison for N S W  and N S W g 7  

Two profiles were correlated NSKlRS7 and . ' 

NSKlMg7 and the first twenty-four (24) variables 

were taken from each way. The mean and standard 

deviation for the magnetic and resistivity profiles is 



given as 525 1.54; 12.007 and 125.3 18; 75.379 

The correlation coefficient is given as -0.18394 and t 

is -01877 for 22 degrees of freedom. P is between 

0.10 and 0.20. This shows that since the absolute 

value of teal (-0.877) is less than t,,b (2.0739) we 

accept Ho and conclude that the corrdation coefficient 

is not statistically significant or that the null 
@ 

hypothesis is true. 

A programme called S.P.S.S. version 7.5 was used to 

find the segments of the apparent resistivity and 

magnetic readings that gave the best correlation, it 

the results obtain by arithinetic/statistical calculations 

(see table 2 1 to 24) Ihr only the corrclation coefficient 

(r ,) .  Other parameters were derived by using their 

various formulas. 
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I QGLE 21 

Correlations for NSKlRSl & NSKIMgl 
Descriptive Statistics 

! OHM RS1 1 276.2845 1 1487117 1 29 1 

Correlations 

I GAMM- MGl  ( OHM-RSl 
Pearson } GAMM-MG1( 1.000 1 - . I77 

Correlations for . NSKIRS2 & NSUMg2 

Descriptive Statistics 

I I I Std. 1 I 

1 OHM RS1 1 166 74137 1 118 B4lN I 
GAMM-MG2 

(GAMM-MG2 ( OHM-RS2 
Pearson GAMM-MG2 1 1 000 ( - 267 

Mean 
5257.4667 

OHM-RS~ 
--- 

sig. . GAMM-MG;? 
(2-talled) ' OHM-RS2 

-- -- 
GAMM-MG2 

OHM RS2 

Deviat~on 
10.9405 

-.267 -1- ,336 -- -- - 
15 

15 

N 
15 



TSZLE 12 
Correlations for NSKIRS3 & NSKIMg3 

Descriptive ~ i a t i s t i c s  

I I - Std. I I 

Correlations 

GAMM-MG3 

~ G A M M  MG3 I OHM RS3 
Pearson GAMM-MG3 1 1 000 [ -.375 

I OHM RS3 '1 12 1 12 1 

Mean ' 

5251.1667 

Correlations for NSKlRS4 & NSKIMg4 

Dcscriptive Statistics 

Dewation 
9 4948 

I Mean I Dev~at~on I N 
GAMM-MG4 15247.9200 / 41.5721 1 2 5 

N 
12 

1 OHM RS4 1 717.5312'1 470.9300 1 25 1 

Correlations 

IGAMM-MG~ I OHM--RS4 
Pearson GAMM-MG4 I 1.000 1 - 020 
Correlation OHM-RS~ . 
Slg. GAMM-MG4 
(2-talled) OHM-RS4. 

N GAMM-MG4 

I OHM-RS4 

- -.020 

. 
,925 

25 

25 

1.000 -- 
,925 

, 25 
2 5 



T ~ & L =  1 3  
Correlations for NSKIRS5 & NSWMg5 

Descriptive Statistics. 

1 1 1 Sld 1 

1 OHM RS5 I 920 2559 / 662 51 51 1 27 1 
GAMM-MG5 

Correlations 

Mean 
5255.8148 

Correlations for NSWRSG & NSKIMg6 

Pearson GAMM-MG5 
Correlat~on OHM-RS~ ' ---- 
Sig. GAMM-MG5 
(2-talled) OHM-RS5 

N GAMM-MG5 

OHM-RS5 

Descriptive Statistics 

Deviation 
10.7347 

I I I Std. I I 

N 
27 

GAMM-MG5 
1 .OOO 

.I 12 

,577 

2 7 
2 7 

I Mean I Dcv~alion ] N 
GAMM-MGG 15253.5526 1 8.4955 1 2 7 

OHM,.RS5 
. I  12 

1 .ooo 
,577 

27 

27 

Correlations 

I GAMM-MG6 I OHM-RS6 
Pearson GAMM-MG6 1.000 1 -.045 
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Correlations for NStVRS7 & NStVMg7 
Dcscriplivc Slalistics ' 

( OHM -RS7 1 175 31 79 1 75 3786 / ? 4 

GAMM-MG7 OHM-RS7 
Pearson GAMM-MG7 1.000 - . I 84  

-. 184 1 .OOO 
~ 

GAMM,-MG7 ,390 
(2-talled) OHM-RS7 

---a- 

,390 

GAMM-MG7 24 24 

OHM RS7 24 24 



CHAPTER EIGHT 

SUMMARY AND CONCLUSION 

The combination of resistivity profiling and magnetic 

surveys has proved a good pair for the study of fault or 

-facture points. It is equally noted from the study that 

horizontal resistivity profiling and magnetic methods can 

only at best determine the location of faults but cannot 

determine fault displacement or identify wall rock or 

Formations flanking a concealed fault. This method of , 
geophysical resistivity and magnetic profiling is of prime 

importance in detecting and delineating faults and may be 

considered a reconnaissance tool to indicate areas where 

more intensive geophysical work might be useful. Further, 

they are minor subsurface lineament associated with fault 

zones which are often picked during profiling as minor 

continuous anomaly or distortions. 

Resistivity profiling has helped in the intensive demarcation 

of the geologic boundary which is usually difficult when 

done with only geologic survey. The resistivity profiles 

have established that the Nsukka Formation was generally 

highly resistive, thus poorly conducting because of the 

tortuous path of current flow in the surfacial lateritic rock 



cover of the Nsukka Formation and fermguzed sandstones 

overlying the Ajali sandstone. Whlle the magnetic survey 

have revealed that the magnetic 'hlgh' and 'low' and vice 

versa is suggestive of fault, fracture or contact between two 

rock types of different susceptibilities. 

Worthy of note is that the magnetic survey was done for 

vertical magnetic intensity and not total magnetic intensity. 

Furthermore, the survey area is close to magnetic equator 

and the earth ., field might be near horizontal. Appreciable b 

vertical field measurement may not be obtained making 

geological conclusion very difficult. 

Susceptibility of sedimentary rocks to magnetic changes are 

relatively small, compared to tllat of an igneous rock below 

the sediment, we may expect low magnetic relief in a 

sedimentary rock environment. In sedimentary regions 

especially where the basement depths is roughly between 

5000ft - 10,00Oft, the magnetic contours are normally 

smooth and the variations quite small. Here the magnetic 

anomalies are reflections of the basement rocks rather than 

near-surface features. Also the larger anomalies are usually 

caused by susceptibility variations rather than topographic 

relief in the basement Telford (1 978). 



The statistical comparison showed that the two- variables 

magnetic and resistivities were uncorrelated for most 

profiles, beir ~i were less than their tbb calling for an 

acceptance of J&. Most of the profiles showed no statistical 

significance and their p values revealed that they were 

greater than 5%. 
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