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ABSTRACT 

E l e c t r i c a l  r e s i s t i v i t y  p r o f i l i n g  was conduc ted  a round  

Ogbodu-Aba t o  l o c a t e  s u s p e c t e d  s u b s u r f a c e  c a v i t i e s  o f  

a r c h a e o l o g i c a l  i n t e r e s t .  The method employed was t h e  Wenner 

e l e c t r o d e  s y s t e m  and t h e  t r i p o t e n t i a l  t e c h n i q u e ,  which i n v o l v e d  
r 

m e a s u r i n g  3 r e s i s t a n c e s  ( a t  a  s t a t i o n )  c o r r e s p o n d i n g  t o  t h r e e  

d i f f e r e n t  e l e c t r o d e  a r r a n g e m e n t s :  CPPC, CCPP and CPCP, The 

c( 
P 

I + r e s i s t a n c e s  were d e s i g n a t e d  a s  R , R and R* and t h e  

c a l c u l a t e d  a p p a r e n t  r e s i s t i v i t i e s  d e n o t e d  a s  @d , eb and e l  

r e s p e c t i v e l y ,  

S P l o t s  o f  @N and e a g a i n s t  m i d p o i n t s  were  made For  

e v e r y  t r a v e r s e ,  w h i l e  a t h i r d  p l o t ;  t h e  p e r c e n t a g e  r e s i d u a l  

100 r e s i s t i v i t y  ( pd- @ - e* x -1 a g a i n s t  m i d p o i n t s  was a l s o  ecx 
made f o r  e a c h  t r a v e r s e .  The d i a g r a m s  were s t u d i e d  and a f t e r  

d u e  c o n s i d e r a t i o n s ,  e i g h t  a n o m a l o u s , z o n e s  were d e l i n e a t e d .  

Eased  on a v a i l a b l e ,  r e l e v a n t  g e o l o g i c a l  and a r c h a e o l o g i c a l  

i n f o r m a t i o n ,  t h e  a n o m a l i e s  were a t t r i b u t e d  t o  t h e  p o s s i b l e  

p r e s e n c e  o f  h o l l o w  c a v i t i e s  ( a n c i e n t  b u r i a l  s i t e s )  i n  t h e  

s u b s u r f a c e .  The s i z e s  and d e p t h s  o f  b u r i a l  o f  t h e  i d e n t i f i e d  

c a v i t i e s  r a n g e d  from 1.5 t o  6m and 0.55 t o  1.5m r e s p e c t i v e l y .  



:aL chamber had a cone 

an ovoid-shaped chamber. 



Chiliwendu (1980) noted th:lt the bu i lde r s  of the  chambers 

first of a l l  sunk a hole  through the  top s o i l .  O n  reaching 

the  l a t e r i t i c  l a y e r s ,  the  hole was widened and continued 

downwards f o r  about 1.5 t o  2 metres. F'.rom this p o i n t ,  t he  

chamber i t s e l f  was made t a n g e n t i a l  t o  the  o r i g i n a l  s h a f t  

s o  t h a t  on completion, i t  looked like a.Wenver bird's'nest. 

The c a v i t y  was t h e n  compacted f u r t h e r  by m a l l e t t i n q  and' 

the  e n t i r e  s t r u c t u r e  then srnoltcd t o  d e s s i c n t e  it. ' =clence 

for -.e smoking was provided by the  presence of soot' ins ide  

the  chambers and by the  enormous ash  and -charcoal hea'ps . 

ou t s ide  the  chambers. Each chamber was connected t o ,  tile 

o the r  by a l a b y r i n t h  of underground t u h e l s .  After  t h e ,  

body was bu r i ed ,  t h e  tunnel  was closed - w i t h  wet l a t e r i t e  : 

and t h e  v e r t i c a l  s h a f t  covered w i t h  a b i g  l a t e r i t l c  stone.  

O f  much i n t e r e s t  were hhe types of ma te r i a l s  r e c o v e r ~ d  

f r o m  t h e  chambers. Prominent among these. were hbman sku1l.s 

fouu~cl i n  p o t t e r y  bowls and remnants of the  bones and f e e t ;  

Alga.; t 211 t he  bu r i a l  chambers contained an assortment  .of . 

grave-goods,  a l l  rnsde of i r o n ,  These included c ra ta l - l ike  

implements, barhed spear heads,  axes,  zdze-1Fke implements 

and i r o n  s p i r a  c o i l s .  



The excavated c h a m b e r s  described above and t h e  a r t e f a c t s  

recovered from t h e m  were a l l  on t h a t  p o r t i o n  o f  t h e  h i l l  

d i s t u r b e d  by t h e  r o a d  c o n s t r u c t i o n .  On t h e  r i g h t  s i d e  o f  t h i s  

road was a n o t h e r  p o r t i o n  o f  t h e  hill y e t  undisturbed by t he  

c o n s t r u c t i o n .  However, a f e w  o f  the cavities a l r e a d y  exposed 

extended i n t a  t h i s  u n d i s t u r b e d  zone. The a rchaeo log i s t s  

s u s p e c t e d  t h a t  a good number o f  t h e s e  b u r i a l  chambers may be 

p r e s e n t  within this u n d i s t u r b e d  zone. A f e w  e x c a v a t i o n s  were 

l a t e r  made on t h i s  zone and similar c a v i t i e s  and m a t e r i a l s  

were discovered.  

The ent i re  area is currently o f  immense a r c h a e o l o g f c a l  

importance and i n t e r e s t .  Chikwendu (1980) noted  t h a t  the 

p e a p l e  who constructed t h e  Ogbodu-Aba chambers were ingen ious ,  

The cho ice  o f  s i t e ,  t h e  method o f  t h e  construction, t h e  p a i n s  

t a k e n  t o  dessicate t h e  chambers t o  enhance  p r e s e r v a t i o n ,  the 

e l a b o r a t e  mortuary items - a l l  p o i n t  t o  an i n d u s t r i o u s  and 

i n t e l l i g e n t  p r e h i s t o r i c  community. He has a l s o  h i g h l i g h t e d  t h e  

tourist p o t e n t i a l s  o f  t h e  area .  The archaeologists hape t o  

open some of t h e  b u r t a l  chambers i n  t h e  u n d i s t u r b e d  portion a f  

t h e  hill, a n d  organize  them i n t o  a t o u r i s t  c e n t r e .  They hope 

t h a t  t h e  p u b l i c  would visit t h e  site with a v i e w  t o  r e v i v i n g  

t h i s  mode o f  b u r i a l ,  which is n o t  only t r a d i t i o n a l ,  bu t  also 



+cry d ign i f i ed .  However, be fo re  t h i s  could be a.chi~ved, 

3 proper d e l i n e a t i o n  of t h e  subsu-sface, cav i t i e s -  is , 

required. This, would then f a c i 1 i t a t . s  t h e  excavation. 

Such proper  d e l i n e a t i o n  c a l l s  f o r  the  in t roduct ion  df 

geophysical  methods f o r  the  p r e c i s e  l o c a t i o n  of t h e .  

subsurface c a v i t i e s  of i n t e r e s t .  

1.2 Objectives of the  present  s t w  

The major ob jec t ive  of this work was' t o  d e l  i r ~ e a ~ t e  

unrjerground bu r i a l  c a v i t i e s  wl . th in  the  undis turbed port ion '  

of t h e  Asnba hill i n  Ogbodu-Aba using t h e  e l e c t r i c a l  
1 

r e . , i . . ; t i v i ty  method. It i s  expected t h a t  a succqssful. I 

d c l h e 2 t i o n  of these  c a v i t i e s  would assist th?  a r c h 2 e o l ~ c i s t s  

I n  t h e i r  excav3tions and thus con t r ibu te  t o  rnevting thr:ir ' 

u1 tinlate goal  i n  the en t i r e  a r c h a e o l o g i c a l ~ v e n t u r e .  

The work involved hor izon ta l  r e s i s t i v i t y  p r o f i l i n e  '. 

11sin: t h e  t r i p o t e n t i a l  technique, comput:ition of r e s i s t i v i t y  

values from measured r e s i s  tnnces  , presen ta t ion  of dzta i n  

pl.otr: .,nd i d e n t i f i c a t i o n  and i n t e r p r e t a t i o n  ,of  nom ma lo us 

zones 2nd discussion of t h e  r e s u l t s  Irl terms o.f their 

archneological  s igh i f i cance ,  

1.3 Loc2tion of t h e  Ares 

The studied a rea  i s  loca ted  on the nor th-eas tern  p a r t  of 



Asaba v l l l a g e  i n  Ogbodu-Aba i n  Isu-Uzo loc2l Government 

Are,? of Anambra S t a t e .  The site i s  t o  be found ' t o  t h e  

r l y ; h t  along Ogbodu-Aba - Akpoga road a t ' a p p ~ o x i r n n t e l y  half 

a k i l o m e t e r  from Ogbodu-C.ba market. Figu re  1 g ives  t h e  ' 
> 

a c c e s s i b i l i t y  d e t a i l s .  

The s tudied  por t ion  of t h e  hill rnexsures about  90 x 
2 45m thus covering an a rea  of about @Sam . The work 

involved c lose  r e s i s t i v i t y  rneasurement,s' f o r  n r c h a e n ~ o g i c ~ i  
< 

purposes  along t r ave r ses  a t  ve ry  c l o s e  in- tervals  and w l t h  

e l e c t r o d e  spac ing  as small a s  3m n lon i  t r ' l ve r ses  o f ew 
. - 

rnc t res  apa r t .  

The Ogbodu-Bba - Akpaga road  forms the n o r t h e r n  

bourlrlary of the s i t e .  Three pathways (leadink: t 6  ho~xses 

located on t he  h i l l )  also cut across t h e  stuciy:sren from 

the Ozbodu Aba - Alcpoga road. At; l e a s t  three hou:;!?s s t ;md 

wit l l in  the survey premises which are  devoted mrtinly t o  

f:;r,ni.nz by the owners of the h n d .  

In t h i s  area loamy t o p s o i l  c o n s t i t u t e s  the over-burden 

an(! t h e  t s r g e t  of the  survey. This over-burden fs nr; t h  

as 3m and rests on s h a l y  l aye r s .  This was the  'dominant 

Li thology oh5 erved throughout the h i l l .  Sometimes the 



i I k753 - ;  7'ovation Contours _ - - .  

Fig. 1:Sk~tch  Kay Ciowina d ths Lcrn,fion 0'. the 
Sfuc'y A v c .  



rs:;-ts d i r e c t l y  on clayey h y e r s .  The thickness  'of t h i s  

over-burden increases  a t  t h e  nor thern  p o r t i o n  of t h e  h i l l -  

w h r e  a l t e r n a t i n g  l a y e r s  of s h a l d c l a y  and- sandstone could  

bc observed c l e n r l y  along t h e  s l o p s .  , A s p r i n g  occurrs  , 

llone one of t h e  clay/sands tone boundaries ot approii tnately 

14 metres from the t o p  of the hill. Thls roughly,. agrees 

w i t h  t h  d e p t h  to the water table (1 5rd, measure in n well. 
I 

durr im the survey area.  b 

The loamy t o p s o i l  overlying shaly or clayey layers 

:il.so cons ti tutes the doninan t l i t h o l o g y  observed w i  t h i n  . 
* .  

t'xl-! c n t i r e  Ogbodu Aba. Sands and grxvels  were. a l s o -  secn 

along slope:; and sometimes at the f o o t  bf hills. 
a 

Tho e n t i r e  region l i e s  within the, Nsultlca Formation 

w h i c h  is a major geo leog ica l  formation found i n  the '  lower 

Benue trough. I t  c o n s i s t s  of a l t e r n a t i o n s  of  sands tont?s 
c 

( sowt imes  cross  bedded), sha les  ~2nd t h i n  coal- se3rns, 

A t  the  t o p  of t h e  sequence, t h i n  sequences of lirne:~;tonos 

occur. Table 1 shows the  p o s i t i o n  of t h e  Nsukka Formatiqn 

within t h e  Cret,+ceous and T e r t i a r y  sequences or." 

South-ens tern Nlgerla. 

The formation has  been given d i f f e r a n t  ages by d i f f e r e n t  

authors .  An age of Maestr icht ian t o  Palaeoceng has been 

assigned t o  it. 'I'he l'orrnation w a s  deposited ~ i n d e r  pa r a l i c  

:qhich prevai led during the- second pos t -Santonlon 

tr n:;grer,sive cycle.  



1 Recent 

01 i pow@-Miocene  

Lud i a n  

Paleocene 

Dan I:] n 

Macs t r i c h t i n n  

CampanIan 

Coniacian-Santoriar 

Turonian 

Cenomanian 

Marine. d e l t a i c  d e p o s i t s  

Ben i  n Form:] t f o n s  

O n w a s h i - A s a h  Formation 

Not renresentxd - 
Pass ibly upper ,past o'f 

Ameki Forma tion 

Ameki  orm math on' , 

Possibly part bNnnka 

Imo Shale* 

Nmkka Form:] tion 

A j a l i  Sands tone 

Enugu trkporo Shalc 

Shale nwcu S h a l e '  

Eze-Aku Shale 

Unnamed Forma tion 

~ h a k a l - i k i '  Asu River 

S h a l e  Group 



1.5 A Revjew of t h e  U s e  of' E l  ~ c t r i d  Methods in 
Archaeol o g i c n l  Investi~ations 

1 

' .., 
E l e c t r i c a l  r e s i s t i v i t y  prof i l inj :  has beqn i n  use f o r ,  

ovpr 60 y e a r s  but its application t o  a rchaeologica l  sxplo- 

r , :~ t ion ,  especially in the  d e t e c t i o n  of eavTties has  

received l i m i t e d  coverage i n  the  l i t e r a  h i re .  

'dynn (1  986) reviewed t h e  geophysical  methods used in 

nrchnelofi ical  prospecting and pointed out ;  that the r e s i s t i v i t y  

measurements were very u s e f u l  i n  supplying infcjrmntion , 
C 

,>bout t h e  s u b s ~ r f a c e  content  of archaeological s i t e s  especially 

i n  the l o c a t i o n  of buried d i t c h e s ,  s tcne foundat ions,  

b r ~ r i n l  holes and c a v i t i e s .  

b&clowell (1  975) pointed ou t  t h a t  t h e '  Success of any 

ys : r t ; i cu la r  geophysical  method f o r  l o c a t i n g '  filled s i n k  .holes 

and o t h e r  bur ied  c a v i t i e s  depended upon t h e  c o n t r a s t  i n  t h e  

a p p r o p r i a t e  physical  p roper t i e s  of t h e  i n f i l l  and the  h o s t  

m.1 t e r i q l .  According t o  McCann e t  a1 (1'87) , there .  i s  t;he 

nced trn i n v e s t i g a t e  the  background n o i s e  with,in t h e  survey 

.?yea hefore  t h e  actur-il f i e l d  measurement. The backgrourld 

noise re fe rs  t o  t h e  inf luence of near  su r face  irregularities 

o n  t h e  rr;.si:;tivity readings.  This background no i sc ,  i f  n o t  

p r ~ n r ~ r l y  r; tud: ed , may mask t h e  r e s  i s t i v i  t y  annm::lics t h a t  



fkroduced by the archaeologica l  f ea tu res .  They can al-so 

introduce d i s t o r t i o n s  on the recorded r e s i s t i v i t y  readings .  

This i s  p a r t i c u l a r l y  importaht when the a r c h a e o l o g l c ~ l  

fe~3tures  being searched occur wi th in  shallow depths,  

Maxwell ( 1  976) found o u t  t h a t  a w i d  would j u s t  be 
' 

1 

d e t e c t a b l e  by t h e  e l e c t r i c a l  p r o f i l i n g  method 3f the  d e p t h  

of cover was less than the radius  of the void.' This view 

i s  a l s o  i n  line with  an e a r l i e r  s tudy by VaU, Nostrand ' 

( 1  953) who showed t h a t  a spher i ca l  cav i ty  wi th  depth more 

t h o , n  t h e  width cannot be detected by oonventional 

resistivity s y s  terns. According t o  Habberjam ( 1  969) sand 

McCann et a1 ( 1  9871, f o r  a s p h e r i c a l  cav i ty  t o  be 'de tec ted ,  

t h e  radius  should be l e s s  than o r  e q u a l r  t o  e l ec t rode  spac ing  

end  t he  e lectxode spacing should be l e s s  than  twice the  
, 

rad ius  . 
% 

KcCann e t  al (1 987) have a l s o  discussed two ' e l e c t r i c a l  

s ~ r v t - y i n e ;  techniques t h a t  a r e  s u i t e d  t o  t h e  c i f3 tec t idn  of 
. 7 

cr .v i t ies .  These include systems with l i m i t e d  depth cof :  

I n v e ~  t i g a  t i o n  used  f o r  near-surface l a t e r a l  w ~ r i a t i o n s  2nd 

systems with spec ia l i zed  e lec t rode  arrays' f o r  greater  depths 

of inver; t i g h t i o n  and b e t t e r  r e so lu t ion .  They showed t h a t  

cavities have a higher r e s i s t i v i t y  than hos t  rock .when zir 

f l l l e d  and a lower r e s i s t i v i t y  when water o r  sediment f i l l e d .  



. . . , 7 ;  .:., ;: ,.. .... - u u r 7 k e r s  hod actually u s e d  a i f  f e r e n t  measur ing  

arraiigcmcr.lts f'rw de tec t l . ng  cavities. P a l m e r  ( ' I g S t )  used a  

Uenncr  or . ! i~r i r ! i rq  t o  show t h e  e f f e c t s  o f  an a i r - f i l l e d  c a v i t y .  

.- . , 
I-:WGJ i.::;;;!~. j :!secf hienner suur~d ings and f i x e d - s e p a r a t i o n  Wenner 

Lrevt?~~,::, m z r  s o l u t i o n  c a v i t i e s  and s i n k  h o l e s  a l o n g  s highway 

r a u t e  a n u  was a b l e  t o  d e t e c t  likely c a v i t i e s  u s i n g  t r a v e r s i n g  

.rba tht-?r L.tar: exl;lianding s o u n d i n g s .  lyicDo~iell C 7975 and  G r e e n f i e l d  

('1.979) ~ r c  ~ih;c t o  d e t e c t  a c3,ijy f l i l i r ? d  ! 

a i r - f  i i l o u  cave r e s p e c t i v e l y  u s i r i y  c ano ta r  

Elristow (19661 used  a p o l e - d i p o l e  method : 

cans t ruc t  i a n ~  t c  i n d i c a t e  t he  pusition o f  

Gwen nr:rl S U I I X E ~  ( lF18Dl successfully de tec l  

u s i n g  EJ rnau i f ica t ion  of Oristowvs method. 

uscfi whot rrz c a l l e d  a g r a d i e n t  a r r ay  o r  rf 

4 
e l c c t r u d c  arrangement and has shnwn t h a t  1 

r e s o l u  t i ~ n  anc  a e p t h  at' i n v e s t  igat i a n  t h a r  

a r r ay .  

Th? above methods have m e t  c l~i th s u c c ~  

irowevr?r, mno method, t h e  t r i p o t e n t  i a l  resj 

e x t r a  acvar i tagc  o f  c h e c k i n g  i n s  trurnuntal E 

!,:?IS i n t r c d u c e d  ny Roman 11931) and review€ 

<;;A~,J~~~;\.~ .-!~,d b'3ber jar, ( , ! ( - x l \  , J,U 1. : ;~ r rw  ( 

t r i p ~ L ? c ' ; i ~ l .  p r o s p t ' c t i r i y  method. The a1 

1961) s t u d i e d  a m o d i f i e d  

z t & l  a p p l i ~ a t  i o n  o f  this 



rnctnas t i 1  detection oP s p h e r i - c a l  cavities was done by 

HabcrJam (1469)  ~ h n  i d e ~ t i f i c d  t w o  parameters der ivable  from 

t hc  p l o t s  am1 which c o u l d  be used  F a r  estimating the sizes and 

depth; a f  b u r i a l  o f  cavities. H i r k  (1977) p o i n t e d  out  t he  

USE f u  .!.rzss cP u h a t  he cal;ed "pe rca  n tage r e s i d u a l  res i s t i v i ty"  

i n  t r i p o t e n t i a l  s u r v e y s  I n  d e t e c t i n g  t h e  l o c a t i o n ,  surface  

w i d t h  and approximate minimum d e p t h  o f  fracture zones (also 

2 p r 1 l b c z ~ l ~  t u  c a v i t i e s )  especially i n  s h a l e  - sandstone t e r r a i n s ,  



CELZPTKR TWO 

The Geophysical method employed in this surve; was-the 

e l e c t i c : ~ l  r e s i s t i v i t y  sys  tern employing t h e  'denner t r i p o t e n t i n l  

technique.  The basic  p r i n c i p l e s  of the e l s c f r i c s l  r e s i s t i v i t y  

method ; the Wenner s y s t e m  and t h e  t r i p o t e n t i a l  techniqi;tes 

a re  described i n  t h i s  chapter.  

2.1 R-jqic P r i n c J n I e s  of the E l e c t r i c a l  R e ~ t r ~ t i v i t v  F:F?thod .- 

The e l e c t r i c a l  r e s i s t i v i t y  method utilizes the concept . 
of  e l ~ c t r i c  cu r ren t  f low i n  the ground. .'The basis  af t h i s  

i.; Ohm's Lnw which s t a t e s  that 

V = P o t e n t i a l  d i f f e r e n c e  between m y  hvo p o i n t s  

I = Current flowing i n  the conducting medium 

R = Resis tance of t h e  medium between these  

two points .  

T h e  r e s i s t i v i t y ,  g , of  t he  ma te r i a l  i s  defined'ns t he  

rcq i r ; t .~nce  across  a u n i t  cube of' t h e  m a t k r i a l .  So i f  c u ~ r e n t  

is ?lowing between two points  of a conductor of  cro!;s-sectinnal 

:irpa A, a d i s t ance  a p a r t ,  then the res is tan 'ce  hemeen these 

h ~ o  p o i n t s  i s  given by the f o rmla :  



Parasnis (1966) has shown t h ~ t  if I is t h e  c ~ r r r e n t ,  

p 3 r ; s i . n ~  throu,q;h a p o i n t  e l e c t r o d e ,  plnc'ed on 7, f l a t  semi- 

i n f i n i - t e  e a r t h  of r e s i s  tiviLy 4 , the el'ctrir poten t i : r l  

at p o l n t  P, a distance d, from the e lec t rode  is:. 

In the r e s i s t i v i t y  m e t h o d ,  and electric current  i s  

,qnci tw  p o t e n t i a l  d i f f e r e n c e  bedxeen two p o t e n t h l ,  e l e c t z o d ~ s  
1 

is me.::;ured. The 3 irpples t method of conducting 'a resistivity 

survcy is t o  arrange the  Your e lec t rodes  i n  a '  s t r q i g h t ;  lint? 

on t ! l ~  su r face  of the ground. Th i s  is shown in FPzure 2. below, 

Fig. 2: The Four e l e c t r o d e  array in resistivity' prospecting 

(vingoc 1 972) 

F m m  the above d i q y a m  it can be shown t h a t  



T h e r e f o r e  the p o t e n t i a l  d i f f e r e n c e  be tween  p o i n t s  PI and 

P is: 2 

_ T h e r e f o r e  t h e  r e s i s t i v i t y  becomes: 

AV  OR^ = 2,, - I .... ..**.*.....-...*,me**... ( 5 )  

I n  e q u a t i o n  5, H r e p l a c e d  t h e  whole e x p r e s s i o n  i n  p a r a n t h e s i s  

i n  e q u a t i o n  4, I t  is te rmed t h e  g e o m e t r i c a l  f a c t o r  and is 

c a l c u l a t e d  f rom t h e  a p p r o p r i a t e  d i s t a n c e s  be tween  t h e  e l e c t r o d e s .  

On inhomogenous g round  t he  r e s i s t i v i t y  ( e  ) c h a n g e s  i f  

t h e  e l e c t r o d e  c o n f i g u r a t i o n  is a l t e r e d  o r  moved t o  a new l o c a t i o n ,  

T h e r e f o r e ,  on inhomogenous g round ,  t h e  v a l u e  o f  f' o b t a i n e d  

f r o m  e q u a t i o n  5 on i n s e r t i n g  t h e  a p p r o p r i a t e  q u a n t i t i e s  is known 

a s  t h e  a p p a r e n t  r e s i s t i v i t y ,  and is u s u a l l y  d e n o t e d  by e a. e 

is e q u i v a l e n t  t o  t h e  t r u e  r e s i s t i v i t y  o f  t h e  ground o n l y  when 

t h e  g round  is homogenous. 



2.2 T}lc Wenner Arr i~rer r len t  

In a c t u a l  p r a c t i c e  a numDer 01' d i f f e r e n t  surface 

c n n 7 i ~ u r : ~  Lions  a re  used f o r  the current  : ~ n d  .po ten t h l  ; 

e l~!c t rod i>s .  The c u r r e n t  electrccles a r e  genera l ly  ' p ~ s c c d  

on t k ~ e  o u t s i d e  of' t h e  p o t e n t i a l  e l e c t r o d e s ,  a l t hough  the 

o p p o s i t e  arrangement should be equLva1 ent in p r i n c i p l e .  

One of t h e  most widely used conYiguration..; i s  the 

~dcnnt.r r ; le@trode configuration. This is illus t ra  t e d  in 

F i z u r e  3 below. 

The electrode separa t ions  (a) :ire {equal. Us i i - q  

I P1 
P 

2 
C 

2 

equa t ion ;  4, the  apparent  r e s i s t i v i t y  (pa) become; :. 
1 

a 

1 .  3: The TcJenner e l ec  trocte c o n f i g u r a t i o n  ( h b r i n  1976) . 

a -  a ' 

il 
' 



The Wenner e l e c t r o d e  s y s t e m  i s  used  f o r  d e p t h  p r o b i n g  

and a l s o  f o r  l a t e r a l  r e s i s t i v i t y  i n v e s t i g a t i o n .  I n  t h e  f o r m e r ,  

t h e  c o n f i g u r a t i o n  c e n t r e  is f i x e d  b u t  t h e  s e p a r a t i o n  o f  t h e  

e l e c t r o d e s  i s  p r o g r e s s i v e l y  i n c r e a s e d .  I n  l a t e r a l  r e s i s t i v i t y  

i n v e s t i g a t i o n ,  t h e  e l e c t r o d e  s e p a r a t i o n s  a r e  f i x e d ,  and t h e  

a r r a y  o f  e l e c t r o d e s  is moved l a t e r a l l y  a l o n g  a p r o f i l e  w i t h  

c o n s t a n t  s e p a r a t i o n .  The c a l c u l a t e d  a p p a r e n t  r e s i s t i v i t y  values 

a r e  p l o t t e d  a g a i n s t  t h e  m i d p o i n t s  of t h e  c o n f i g u r a t i o n ,  The 

b e h a v i o u r  o f  t h e  p l o t  is s t u d i e d  and a n o m a l i e s  a r e  p i c k e d  and 

i n t e r p r e t e d ,  somet imes  u s i n g  r e s i s t i v i t y  mode l l i ng .  From t h i s ,  

t h e  s o u r c e  of  t h e  a n o m a l i e s  a r e  deduced  and t h e i r  s i z e s  and 

d e p t h s  c a l c u l a t e d .  

The Wenner e l e c t r o d e  s y s t e m  h a s  been  used  s u c c e s s f u l l y  

i n  d e t e c t i n g  s u b s u r f a a c e  f e a t u r e s .  The t y p e  o f  f i e l d  p r o c e d u r e  

d e p e n d s  on t h e  o b j e c t i v e  of  t h e  survey. For  t h e  d e t e c t i o n  o f  

c a v i t i e s  s u s p e c t e d  i n  a n  a r e a ,  t h e  l a t e r a l  r e s i s t i v i t y  p r o f i l i n g  

is i d e a l ,  T h i s  h a s  b e e n  d e s c r i b e d  b r i e f l y  i n  s e c t i o n  2.2. 

Love (1966), McDowell (1975) and G r e e n f i e l d  (1979) have 

s u c c e s s f u l l y  used t h i s  methcd in l o c a t i n g  f i l l e d  s i n k  h o l e s ,  

F i x e d - s e p a r a t i o n  Wenner t r a v e r s e s  were r u n  o v e r  t h e  s u s p e c t e d  

a r e a s .  The s i z e s  o f  t h e  c a v i t i e s  and d e p t h  o f  t n v e s t i g a t i o n  

( d e p t h  o f  b u r i a l  o f  t h e  c a v i t i e s )  d e t e r m i n e d  t h e  e l e c t r o d e  spacing, 



I n  Wenuer array, t h e  d e p t h  of investigution i s  a p ~ ~ r o s i m a l e l y  

thc-sane  as the e l e c t r o d e  separation. The sizes of  t h e  

ctavi;;ies a l s o  determine the  d i s  tance bew t w e m  . the mmsured 

s t s t i o n s  and i n t e rva l s  bedween the  t r ave r ses ,  

The i n t e r p r e t s  t i o n  or  anomalies obt:~inc?d i n  Wenner 

e l e c t r o d e  t r ave r s ing  may involve complex mt;tllernatical 

modelling. I n  this case the  c a v i t l e s  a r e  regarded as 

spheres ; insulating spheres when t h e y  cont:iin conduc tivc 

my1 t e r i a l s  ( e g  . Clays).  

The a b i l i t y  oS the o r d i n a r y  Wenner system i n  d e l i n e a t i n g  

subsurface c a v i t i e s  canno t  be over-emphasized. H~wever ' - 
c e r t : t i n  problems and l i m l t a t l o n s  ~ D & u ~ Q . -  An example m a y  

I 

be the complex mathematical modelling involved ' i n"  the , 

i n t e r p r e t a t i o n  of anomalies. 

To avoid t h i s  approach w e  r equ i re  some s l i g h t  modifi- 

cati t-n i n  t h e  Conventional Wenner. We also would like 

t o  achleve b e t t e r  r e s o l u t i o n  and avoid instrumental e r r o r s .  

One mehhod f o r  achieving this is t o  use t h e  wenner' 

Tr i p o  t e n t i a l  Rests t i v i t y  appcoach which ' is  descr ibed  in 

gre : i  ter d e t q i l  below. 



. . 
2.2 The Wenner T r i p o t e n ~ a ~  Hesis t x v ~  tv Method 

The t r f p o t e n t i a l  method of resistivity prospect ing .  

c o ~ l d  be described as follows: In a four e l s c t ~ o d ~  

confjguration, a l l  the  four e lec t rodes  can be cvnnected 

i n  three d i f f e r e n t ;  manners to g e t  d i f f e r e n t  va3ues of 

r c s i s t i v i t y  a t  a measuring p o i n t .  These p r i n c i p a l  methods 

of' connecting t h e  four  e l ec t rodes  to a current  source 

( 2 )  and a potential measuring device (p l  are, CrK, CCPP 

and CPCP and w i l l  be designated respectively as t h e  

a, and & configurations w i t h  t h e  c o r r e s p o m i n g  a p p a r c n t  

Fi,r:ure 4 shows the configurations. 



O( - Configuration 



Tn t he  Wenner t r i p o t e n t i a l  s y s  tern t h e '  e l e c t r g d e '  
- 

sepa ra t ions  are the  same. Using equation 4 in s e c t i o n  

2.1 , the apparent  r e s i s t i v i t i e s  are derived as fb l l ows :  

a = Constant e l e c t r o d e  separat ion.  



Thus the apparent  r e s i s t i v i t i e s  for the 3 electrode 

c o n f i g u r a t i o n s  are:  

= 2-X. 

= 6% aR b 

= 3 Z a R r  

a = e l e c t r o d e  s e p a r a t i o n  

R& , R' , R' = measured d( , f i ,  

re s i s tances .  



Carpenter  (1  955)  s t u d i e d  the th ree  resis t m c e s  

B ( R ~  , R' , R ) and has derived the f o l l o w h g  ' r e l s t i o n :  

Subs t i t u  t ing  t h e  values of  the  apparent  r e s i s t i v i t i e s  i n  

t h e  above r e l a t i o n ,  he obtained another  r e l a t i o n ,  

I t  i s  t h e r e f o r e  seela that if e6 d i f f e r s  f ro tn '  eO( by an 
B arnonnt Y then e w i l l  d i f f e r  from f K  by an amount -2y. 

The above r e l a t i o n s  a re  c a l l e d  t h e  t r i p o t e n t i a l  condi t ions. .  

This i s  o b v i o u s l y  true i n  the  case oS homogenous and 

i s v  t r o p i c  e a r t h  bounded by plane surface. Carpenter (1.955) 

found ou t  t h a t  any deviation from these cond i t fons  i n  

r ez i f ;  t m e c s  measured i n  the f i e l d  and i n  the  calculxtad 

res i s  t l v l t l e s  ind ica tes  : 

( 1  ) Ins trumental o r  observat ional  e r ro r  

( 2 )  Lateral inhomoeenlety l i k e  the presence of  a sink. 

The t r i p o t e n t i a l  technique therefore  avaluable 

a r z p i d  meaw of iden t i fy ing  l a t e r a l  variations i n  

subsurf s ce f e a t u r e s  from the  measured r e s i s t a n c e s  without 

havin: t o  convert  them t o  their corresponding 

resistivities. These are 



the  x c u l i n r  advantages of the  technique. The e x t r a  Labour 

Involved I n  measuring th ree  r e s i s t a n c e s  r a t h e r  than the  . 
A .., 

conventional s i n g l e  res i s  t snce  is  very small ,  s i n c e  once 

the  cables  have been l a i d  ou t ,  a l l  the  terminal  changes 

can be  made a t  the  instr.utnent i t s e l f ,  
. . 

The t r i p o t e n t i a l  technique has been appl led 

successCully t o  some f i e l d  problems. Carpenter ( 1  955) 

a p p l i e d  t h l s  technique t o  long i tud ina l ;  t r ave r s ing  

perpendicular  t o  the  s t r i k e  of a  t h i n  v e r t i c a l  i n s u l a t i n g  

shee t  and t o  another  t r ave r s ing  acrosg the  s t r i k e '  of a 

simple v e r t i c a l  r a u l t .  The t h r e e  apparen t ,  r e s i s t i v i t i e s  

were p l o t t e d  a t  the  midpoints oT measurements. Be s tud ied  

the  behaviour of the  th ree  p l o t s  and f;omd t h a t  whm , 

t he  e l ec t rode  l i n e s  c ross  a  l a t e r a l  r e s i s t i v i t y  
: M  d i s c o n t i n u i t y ,  the apparent  r e s i s t i v i t i e s ,  f and '"of t e n  - 

as f b d e c r e a s e s  and v i c e  versa.  The eSfec t  of l a t e p a l  

r e s i s t i v i t y  v a r i a t i o n  will be c l e a r l y  shown. If  only 

the  conventional curve is used, the  e f f e c t  of l a t e r a l  

r e s i s t i v i t y  v a r i a t i o n w o u i d  be m u c h l e s s  obvious, and .. 

may lead t o  erroneous i n t e r p r e t a t i o n .  Therer'ore- p l o t t i n g  

the  t h r e e  a p p a r e n t  r e s i s t i v i t i e s  l eads  t o  a b e t t e r  . 

delineation of anomal-ous zones. 

Another approach t o  t h e  t r i p o t e n t i a l  techniques was 

introduced by Kirk (1977) who a l s o  appl ied th'e method 

t o  the  d e t e c t i o n  of 



feactrrre zones. This a l s o  involved running l a . t e r a l  t r a v e r s e s  

across  the  s tudy a rea  and taking t h e  thxee r e s i s t s n c e  

r ead ings  i n  

"Percentsge 

( 

every s t a t i o n .  Kirk introduced what he c a l l e d  

r e s i d u a l  r e s i s t i v i t y ' '  defined as.: 

The value obtained is  p lo t t ed  akainst  hor i zon ta l  distance 

i n  survey p r o f i l e .  The behaviour of t h e  curve i s .  s tudied 

and f r a c t u r e  zones can be located by the  t h e i r  r e s i s t i v i t y  

anomalies. The anomaly i n t e r p r e t a t i o n  can be done by 

r e s i s t i v i t y  modell ing of f r a c t u r e  zones. Kirk a l so  po'inted 

o u t  t h a t  the  percentage r e s i d u a l  r e s i s t i v i t y  metilod proved . 

most useful  i n  de tec t ing  the  l o c a t i o n ,  su r face  width and 

approximate d e p t h  of f r a c t u r e  zones. The method i s  

p a r t i c u l a r l y  good i n  shale-sandstone t e r r a i n .  

A v a r i a n t  of the  technique Tor d e t e c t i n g  c a v i t i e s  by 

t h e  t r i p o t e n t i a l  method was described by Rabberjam (1  969) . 
This invol.ved car ry ing  ou t  t r i p o t e n t i a l  trqverseq over an 

a rea  s u s p x t e d  t o  conttiin subsurface c a v i t i e s ,  I n  this 

approach o n l y  t h e ~ a n d x  r e s i s t i v i t y  values a re  ' i m p o ~ t a n t .  

The tKand  values a r e  p lo t t ed  aga ins t  midpoints of 

me; s~lremen ts a long  t h e  t raverses .  From the  D( and 5 curves, 



t o  t h e  presence o f  subsurface c a v i t i e s  can .be  delineated. 

These anomalies produced on t h e  two curves: can f u r t h e r  be 

used t o  es t imate  the  wZdth and ciepth of 3buriaP of t h e  

cavities. According t o  Habberjam (1 9691, thls i s  done by 

us ing  two parameters, de r ivab le  from the cu rves ,  and which 

vary  wi th  h/r  and a/r .  "h" i s  the depth of b u r i a l  of  t h e  

cavities. "rtl i s  the  r ad ius  of the  c a v i t i e s  (the c a v i t i e s  

a r e  regarded as spheres) . "a" i s  t h e  e l ec t rode  spacing. 

The two parameters are  ca l l ed  t h e  "g -maximumN and I' 6 - 
fcactiari. I' > 

The I' bC -maximum1' is the  r a t i o  o f .  t h e  cent raL 

maximum value of O( - r e s i s t i v i t y  t o  the value of t h e  

M i - c e s i s t i v i t y  a t  a  t h e o r e t i c a l l y  i n f i n i t e  d i s t ance .  from 

the  sphrhre. Mathematically, t h i s  i s  expressed as 

The c e n t r a l  maximum value of & - r e s i s t i v i t y  i s  the  - 
0 ( ' - r e s i s t i v i t y  value over the  centre;-df t h e  cav i ty  o r ,  

sphere .  The r e s i s t i v i t y  a t  t h e o r e t i c a l l y  lnf  i n i t e  d i s t a n c e  

from t h e  sphere (cavi ty)  i s  the  0( - r e s i s t i v i t y  l e a s t  

influenced by the  sphere o r  the  K - r e s i s t i v i t y  o f  the  

med2um without  the  sphere (cavi ty)  



The " 6 - f r a c t i o n H  i s  the  r a t i o  of the  mean value of 

t h e  5 - r e s i s t i v i t y  a t  a d i s t ance  from the  su r face  c e n t r e  

of t h e  sph.ere ( cav i ty )  equal  t o  t h e  e l ec t rode  separa t ion 

a, t o  the value of t he  - r e s i s t i v i t y  a t  an i n f i h i t e  

d i s t a n c e  from the aphere. The su r face  cen t re  of t h e  sphere 

i s  a p o i n t  on the  surface d i r e c t l y  above t h e  ' cen t re  of 

sphere. Mathematically this parameter i s  e ~ p r c s s e d  as: . 

P', 

The sphere  i n  these definitions r e f e r s  t o  t h e  cav i ty .  The 
x: 

1.1 - rcs i s  tivity a t  t h e o r e t i c a l l y  i n f i n i t e  d i s t m c e  f rom the  

sphere  is  s imply  the  - r e s i s t i v i t y  value of the medium 

w i t h o t i t  the sphere (cavi ty)  . 
It  i s  obvious from these definitions that t h e  d - m a x i m  

and -fr:ction can be ca lcu la ted  from t h e  anomalies ~ r o d u c e d  

by the  c a v i t i e s  (regarded as spheres i n .  the  def  i n i t fons  

above) on the  0( and x curves r e spec t ive ly .  Values of t hese  

parameters for values of a/r ranging frorfl 0.5 t o  5 and 

values of h / r  ranging from 0 t o  2 were obtained from tank 

experiments" conducted by Habberjam ( 1  969) ' and the  results 

werp u s e d  to cons t ruc t  the curves of' equal d -maximum . 

values and equal )( - f r s c t i o n  values. ~ h f s i s  shown 



in fugure 5. Within the observed ranges, each member of 

-f q m i l y  of curves c u t s  any member of thi 8 -f Emily of 

curves only once. Thus, from any s p e c i f i c  value of  t h e  

H -maximum and 8 - f r a c t i o n ,  a s i n g l e  i n t e r s e c t i o n  i s  - 
obtained from which  the a / r  and h / r  values are found. . 

Si r~cc?  llall would be known, r and h can be c a l c u l a t e d .  - 

The t~ipotential technique has ppoved very useful, i n  

d e t e c t i n g  subsurface c a v i t i e s .  In t h i s  work t h e  percentage 

resic1u:~l r e s i s t i v i t y  method and Ihhberjarn 's  a p p r m c h  i n  

t h e  i n t e r p r e t a t i o n  have been ~ d o p t e d .  ; 



"?" 
intt?rprr: t a t i o n  ' of # and 3. Configuration Wenner Resistivity d a t a  ovei' r 

a burled sphere.(Dashed lines represent d - curves while solid curves 
B 



3 -a 1 :  L. ,. Instrumenta t i o ~  

The equipment used i n  the  work was the Abem Terrameter .  

It c o n s i s t s  of a G-box and  a V-box. The G-box c o n t ~ i n s  t h e  

c u r r e n t  s1;rp~ly unit ;  cons i s  tihe; of a transis t o r i s e d  o s c i l l ~ t . o r  

T:rith I w t t e r i e s  and o p e r a t i n g  c o n t r o l s .  The V-box c o n t a i n s  

t h e  p o t e n t i o m 1  rnecisuring un i t s  and t h e  r e f r r e n c s  paten- 

tinmctcr c i r c ~ ~ i t .  The 1nyout;s of t h e  G-box and V-box c o n t r o l s  

:lrcL ~ L I D W ~ L  i n  fjqure 6. 
m Onerati.nn of tt.e c ? r r : y m e  t,?r 

From the  V-box, t h e  coarse ~ 7 ~ i n  c o n t r o l  was set t o  

p o s i t i o n  0.1 , t h u s  s w i t c h i n g  t h e  a m p l i f i e r  on,  and a mornen- . 

t - i r y  d e f l e c t i o n  on t h e  meter was observed. The o i ~ t p u t  

vol t r i r -e  s e l e c t o r  i n  G-box w a s  then  s e t  t o  1 / 2  c u r r e n t  

f l c e r  w:ls ind icc j ted .  This depended on t h e  t o t a l  r ~ s i s t a n c e  

i n  th r .  o u t e r  c i r c u i t .  The s e l e c t o r  coi l ld  bs set; t o  1 / 1  o r  

.i h i g h e r  v o l t a g e  when needed. By swi tch ing  x.R c o n t r o l  t o  

p o s i t i o n  X ,  a m p l i f i e r  was connected t o  p o t e n t i a l  e l e c t r o d e s ,  

:mrl the meter ind ic - I  t e d  a r e l a t i v e  vx lue '  of vol1,age 'Jx. 

IF oril?r t~ o b t a i n  a t h r ee -gua r t e r z  fall s c a l e  d e f l e c t i o n  

on t11c mete r ,  tki- f i n e  2nd coarse eq7Jn controls w e r e  adjusted; 

. i r , t l  h y  s e t t i n g  XR s w l t c h  t o  p c l s i t i c n  R, t h c  r e l a t i v e  v::lue 

of vol trice VX was  measured. 

T h o  rc : f  ~ r c n c e  po t e n t i n m e  t e s  a~ld  p o t e n t  i o n e t c r  r:inl:e 

c n n t r o l  were contlnua1l.y ad jus t ed  u n t i l  t h e  m e k r  deflection 

wjs (7':)s rved. When meter read2.ng w::s too low, t h e  



potentiometer knob was turned clockwise t o  incrr:ise 

R - r t ) , ~ r l  i n g  , conversely, t h e  d i g i t a l .  poteritiiil. w:~s  t u rned  

c o l m t ~ r - c o c i  s to  decrease  2 - read ing .  

G a i n  c o n t r o l  was s e t  i n  the same p o r ; i t i o n  as tilt? 

p o t c n t i o n e t e r  t o  obtain t i e  sane read ing  f o r  p o s i t i o n  X 

1 R. Wklen g a i n  c o n t r o l  was resr t ,  b o t h  X and R n o s i  Lion.; 

werc checked again .  

T h e  readings were ohserved on the poten t iomete r  

sc<:!le ;ind potentlo~neter range  setting. 10 - t u r n  scale 

rt?!~cl f r o m  0 to 1000, number i n  s ca l e  window indicating 

h m r i  rt:;i s . T h i s  w:: s m - ~ ~ l t i p l i e d  by f a c t o r  inr1ica:;ed on t h e  

r 7 n r e  knob. 

Xf  t e r  me~surements, the timplif i e r  was switched off 

tjy s e t t i n g  thc g a i n  conkrn l  switch t o  posi.-ti.on "OFF". 



. IG-box coutrole  

Current binding p o s t s  5 .  1 t t - f r r c ~ 1 1 ~ 1 ~  I I I I I ( J I I I ~  p r ) q t q  

IJilttery Indlcntcrr 6 .  Outlntt v < r l t ; l ~ r  s t - l r r t r ~ r  
V~r tpu I  p o w e r  svlrc t o r  7 .  D e s l c r ; ~ t o r  
Output currcr l i  lndlcntor 

, . - --..- - -  . 
. . 

". I ; V-box controls 



Preliminary survey and c ~ r c h n e o l o g i c n l  d l  t u  sh&ed 

ti!,:t the c z v i t i e s  were m o s t l y  conccrr,trateci r,.ithin t h e  

ovcrlnlrdcn wi th  a msximum depth  of 3 m  f r o n  tile surf:>ce.  

Dcptt :  p r o b i n g  w , ~ s  n l s r .  ca4rriec'  o u t  ear l i ; . r  to tlcterrriine 

v e r t i c a l  r e s i z t i v i t y  variation w i t h i n  the '  area.  

The .!hove j n f ~ r m x t i o n  a s s i s t e ?  i n  t h e  s e l e c t i o n  of an 

e l e c t o d e  s p a c i n g  of 3m for t h e  survey. 

Thus t!lc! 1en::th o f  ti t y p i c 3 1  a r m y  was gin. The . inter-- 

e l ec t rode  sp2ci.n: o f  3m was deerned suifaGle for 

c ~ p l o r j n g  s u b ~ u r € ' ? ~ c e  d e p t h s  tc the tune of 3m. The 

7-roll1 [.I-r ~ w ?  s i;o know w h e t h e r  t h i s  spacing 



was s u i t a b l e  f o r  t h e  s i z e s  o f  t h e  c a v i t i e s ,  McCann e t  a1 (1987) 

have  remarked  t h a t  c a v i t i e s  whose w i d t h s  were l e s s  t h a n  the  

e l e c t r o d e  s p a c i n g  c a n n o t  b e  d e t e c t e d .  Some o f  t h e  c a v i t i e s  

a l r e a d y  exposed  by t h e  e x c a v a t i a n  w i t h i n  t h e  s t u d y  a r e a  have  

sizes s m a l l e r  t h a n  3m. T h i s  posed a problem b e c a u s e  s m a l l e r  

e l e c t r o d e  s p a c i n g  c o u l d  n o t  have been  used  f o r  t h e  s u r v e y  a s  

t h i s  would have  become u n s u i t a b l e  f o r  t h e  d e p t h  o f  i n t e r e s t  

which was 3 m ,  However, it was b e l i e v e d  t h a t  p a r t  o f  t h e  

o b s e r v e d  c a v i t i e s  may have  been  c o v e r e d  by l a t e r  d e p o s i t s .  

T h e r e f o r e ,  t h e  s i z e s  of  t h e  c a v i t i e s  may be  b i g g e r  t h a n  o b s e r v e d ,  

p robab ly  a s  b i g  a s  3 m .  F u r t h e r m o r e ,  it was s p e c u l a t e d  t h a t  

t h e  c a v i t i e s  may b e  3rn o r  more s i n c e  t h e y  were b u r i a l  h o l e s .  

It was on t h e s e  a s s u m p t i o n s  t h a t  a  s p a c i n g  o f  3 m  was s e l e c t e d  

a s  i d e a l  f o r  t h e  s u r v e y ,  

The p r o f i l i n g  was conduc ted  along t r a v e r s e s  a t  a b e a r i n g  

o f  2 4 0 ' ~  ( s e e  F i g u r e  7). The i n t e r v a l  between t h e  t r a v e r s e s  v a r i e d .  

The Western p o r t i o n  o f  t h e  s u r v e y  a r e a  had  t r a v e r s e s  l o c a t e d  

a t  d i s t a n c e s  r a n g i n g  f rom 2 t o  3m. T h i s  was p a r t i c u l a r l y  t h e  

a r e a  o f  i n t e r e s t  where most o f  t h e  c a v i t i e s  were t h o u g h t  t o  be 

c o n c e n t r a t e d .  L a r g e r  i n t e r v a l s  were used  i n  t h e  e a s t e r n  p o r t i o n .  

P r o f i l i n g  a l o n g  a t r a v e r s e  began a t  t h e  n o r t h e r n  end of 

t h e  t r a v e r s e ,  e x a c t l y  f rom t h e  Ogbodu Aba - Akpoga r o a d ,  The 





tr::vcrr;er, v:;ry i n  length, r a n g i n g  f rorn  45r!i t c  tho:;e 
I .  

T h e  i n t e r v a l  between t h e  mc;isured p o s i t i o n s  along 

ri tr; ver-,e wzs 3m. A t  eacll p o z i  t i o r  , 3 r e s i s t a n c e  

v. lucs  were obtained c o r r e s p o n ? i n g  t p  t h e  t h r e e  d i f f c r m t  

* 
c.1 pctrode rirr~ngernerit.; de sc r ibed  i n  s s c t i o n  2.2.  L .  T h i s  

t lss i r ed  ~ l r r a n g e r n e n t .  

Af tcy the  1:is t r e : ~ d i n g  R (C P C P ) has  been o b t a i n e d  1 1  2 2  

f nll e:lch pos i t ior , ,  t h e  electrodes ware broueht Zmck t o  

tllc f j 1.3 t arrangement (C ' P P C 1. E;lci?' el.ectrot.!e wr3.s 1 1  2 2  



s u c c e s s i v e  m e a s u r i n g  positions would  be: 

'I - 9m (1s t  position) 

3 - 72 (2nd p o s i t i o n )  

6 - 15 (3rd p o s i t i o n )  etc. 

2.4 i 2 r c c 3 t ~ t i n n s  taken in'the f i e l d  

. The ~ l e c t r o d c s  were d r i v e n  deep  i n t o  t h e  g r o u n d  t o  e n s u r e  

good e l e c t r i c a l  contact w i t h  t h e  g r o u n d .  

2. Tha survey was conducted d u r i n g  t h e  r a i n y  season. This 

ui~sured enaugh ground  moisture and t h u s  enhanced elec t r ice l  

c c n d ~ c t i v i t y  

3. I n  a r e a s  wher 

~ s l t y  watcr  was duuru L U  U I C  yruul lu aruullu I,IIE rrrtihruur 

p o s i t i o n b .  This e l s a  ensured good e l e c t r i c a l  

t h e  ground. 

h .  Thc V-anx and 

o i  SCcm w i t h  

5. Thp c a b l e s  we 

f o r  a very lo 

6 .  The r c c l s  a f  

way % h a t  t h e y  

N/R. r r e c a u t i o n s  4 ,5 ,6  were also done t o  avoid i n d u c t i o n  ef fects .  



7. The  wires  t i e d  t o  t h e  e l e c t r o d e s  wer 

t o  make s u r e  t h e y  were i n - t i g h t .  Th 

r c q u l a r l y  checked t a  ensure t h a t  no 

a l c n g  ttlem. 

8. Large s t ~ n e s  and o t h e r  canducting ma 

p o s i t i u n  OF t he  e l e c t r o d e s  were  remo 

ir r t :qular  i nP luenceo  on t h e  read ing . .  

and 

conu 

g iv f?  

Thc e x p r e s s i o n s  f o r  t h e  a p p a r e n t  re:  

r e s i s i a n c e s  were g i v e n  as: 

PcC = 2 %  aR 

cb = 6 X aR 

ed = 3-X. aR 

u h f r e  Cr , e@ and ed a re  a p p a r e n t  

electrode ar rangements  C P P C 1 1 2 2 '  C:C2F2P 

w h i l e  4 , H' and R '  a r e  t h e i r  corm 



Usi.nc the ahove d e r i v a t i m s ,  t h e  appa ren t  resirzti-.  - . - 
vi. ti e:; f o r  t h e  175 res is t ance  values werc cor~pxt,eii. 

T h c c e  ,-Ire presented in t a b l e  2 of  t h e  i ~ p p e n d i x .  Ti le  

.-?ppnrt-?n t r t t s i s - t i v i t i e s  w r e  ;tl.c;o r , ~ r i  t t c n  :i;:c~'in>;t l ; ' i !eir 



CHAPTEE THREE 

INTERPRETAT I O N  

Tlte L n t ~ r p r c t a t i ~ n  pruccdures  a d a p t e d  he r e  were b a t h  

qualitative and  q u a n t i t a t i v e .  The major aim was t o  i d e n t i f y  

any ~lnomalous zones w i t h i n  t h u  area and t o  a n a l y s e  t h e m  and 

~ ~ t i r x z t c  chc dimensions and depths o f  b u & l  o f  any cavities 

t h u t  may bc present. 

3.7 P l o t t i n s  DF R e s i s t i v i t y  Values  - 

For  cvery t r a v e r s e ,  t h r e e  types of  plots have been made 

using t h ~ !  apparent  r e s i s t i v i t y  v a l u e s  obtained a l o n g  the traverse. 

The t h r e e  types of  p l o t s  are: 

( 7 )  The iY---plot  

( 2 )  The 1 .- p l o t  

( 3 )  The percen taqe r e s i d u a l  r e s i s t i v i t y  p l o t .  

T h e  & - p i o t  is a p l o t  of  t h e  c a l c u l a t e d  adapparent 

. . 
rc5 LL : ~ r l  t y  v a l u e s  f o r  a n y  t r a v e r s e  a g a i n s t  the midpo in ts  o f  

measurerneqts a l o n g  t he  t raverse.  

The Y - p l o t  is also a p l a t  af t h e  8- e p p e r e n t  r e s i s t i v i t i e s  

f 9 r  21y : rwerse  a g a i n s t  t h e  m i u p a i n t s  o f  measurements a l o n g  



d . ~ f  i ned t h e  anornalol s zones a long  any traverse. Furthcr- ' 

more, they  were the only p l o t s  used in 'the calcul_s t ion of ' , 

the dimensions of the identified cavities given in chaptor 4. 

The three t y p e s  of p l o t s  have been -m2iJe f o r  t r a v e r s ~ s  

1 ,  ?, 3, 4,  5, 5 ,  19, 2 0 ,  21, 22, 23, 24. Few readings . 

l.qJer2 obtained a l o n g  traverses 6 and 7 thus no plot:  have 

henn m.irle for t hese  t raverses.  Traverses 9 t o  ~ j - a n c f  1 4  

to -1.3 vcre two s c t s  of short trnver:;es infront-and behind . 

Ezz's cornpo~~rcl respectively ( S ~ P  F i z u r e  7). O n l y  one ' .  

9 

I - , E c ~ ~  t : : ~ ~ n .  TI. le~r; .   re callccj prof3 I.es 3 and I I) ~er;pc: : i ; - iv~:~~.  



The behaviour of' t h e  DC , and percent.tge re;lf-7ix~l 

rc.; 1s t i v i t y  curves f m any tr,?verse were studied and compared. 

Anon:i7. i - we se t hen  d e l i n e y t e d  t a k i n g  in Lo con:: il?er:: t ion 

the r.11-lowing poin t s  . 
1 . The ac-h la l  behaviour of t h e  curves thus n o t i n g  any. p o m t s  

t h a t  showed n s ign i f i can t  d e v i a t i o n  prom t h e  general trend. 

2. The Overall agreement of t h e  d , -and - p e ~ c e n t a g e  . 

rcsidual resistivity curves f o r  any t rxverse ,  

. T h e  f u l f i l m e n t  of t h e  t r i p o t ; e n t i . i l  condi t ion  by the: 

res i? t m c e  values used in c a l c u l a t i n g  t5e ~ p p n r e n t  

rcs is  t i v i t l e s  tna t were p l o t t e d  around the d e v i ? t i n g  po in t ,  

The non-fulfilaent of t h i s  c o n d i t i o n  iz an i n d i m t i o h  

of l :~ te r* . ! l  inhorno,yeniety w i t h i n  the  .?round. ,. 

Basccl on these c o n s i d e r ~ t i o n s  6 t raverses  were corxitlereci 

s ip;ni:f icant because of the ~norna l i e s  picked a long  them, Theso 



The remaining t r ave r ses  showed no anornalie;. The 

r e s i s t i v i t y  va l~zes  obtained along them renged between ' 300 

and 600 2 m. This corresponded td that of loamy s o i l  whlch 

was i n  fact the  dominant l i t h o l o g y  of the s t u d y  area,  In 

many of t he  t r a v e r s e s ,  the 0( and 8 p l o t s  showed good 

2g reemen t s .  Some tended t o  be flat whiJe o t h e r a  showed 

undu.L~t1ng behaviour. This undulat ing behaviour was - 

a t t r i b u t e d  t o  t he  e f f e c t  of irregularfties on the  readings.  

F ieures  10a: *b)' Traverse 5 ( 

The OC and x curves showed a  good match. An anomaly 

occurred on both curves bemeen 4.5m and 10m. This  was 

a high r e s i s t i v i t y .  anomaly as both curves ro se  abcve the 

genora l  t rend between these  d is tances .  In the case of 

thc  ,-?rcentage r e s i d u a l  r e s i s  t l v i t y  curve,  t h e  anomaly 

occurred a t  the  edge of t h e  curve a t  4.5m. Here, i t  

showed a  lower value then the general '  trend. The . 

Resis tance values  obtained wi th in  t h i s  anomnlous zone 
tx b r ,; 

a l s o  d i d  n o t  obey the  t r i p o t e n t i a l  conh.itlon i R  = R. +R 1. 
8 8 (R' - (R -R 1) values f o r  t h e  two measured s t a t i o n s  

w l t n l n  tne zone (1 -9m and 3-1 2m) are 7.20 and 6.23. : 

These a re  anomalous s ince  t h e y  deviated very w e l l  from zero.  

Based on t h i s  ~ o r n p ~ ~ r i s o n ,  the  anomaly occur r ing  on t n i s  , 

t r a v e r s e  was de l inea ted  between 4.5m and 1 Om. The ceh t re  

and peak oi' tne anomaly occurred at 7.5m alonglthe t r a v e r s e ,  



The t r ave r se  covered a distance o f  'ItTrn. The p e r c e n t s y  

r e s i d u a l  r e s i s t l v l t y  curve showed a complex behaviour; 

The r e s i s t a n c e  values between dis tances  6 t o  bTm .were 

a l s o  confusing. A l l  the  values did' n o t  oDey the  tripo-t;- 

e n t i q l  condi t ion ,  apparent ly  i n d i c a t i n g *  many anomalies. ' 

The seemingly numerous anomalies were however compared 

w i t h  those on the O!. and 8 curves and a b e t t e r  d e l i n e a t i o n  

was made. un the o v e r a l l ,  two  prominent anomalies were 

piclr?d. These occurred between 13.5 and 19.% and between 

31.5 :Ad 40.5~1, T h e i r  cen t res  I:.nd peaks occurred a t  

16.6111 and 37.5m respect ive ly .  

I$ P r o t m  9 Cb'Qlares 11 a .  

This was the  praYile t h a t  c u t  across  t r ave r se  9 t o  13.; 

I t  covered a d i s t m c e  oS lkm. The th ree  curves showed a 

h i g h  anomaly a t  5m along the prof ize .  Another high a~ornaly  

w ~ s  :;nown by t h e  DC and 8 curves a t  1 l m .  This  anomaly was 

also..shpwn. a s  a low anomaly on the percentage r e s i d u a l  

r e s i s t i v i t y  curve a t  I l m .  The IR%R'=R')) values  of 5 . 

and 3.4 obtained around the two anomalies were ' a l so  ~. 
anomalous s ince  they deviated s i g n i f i c a n t l y  from zero. '  

P r o f i l e  10 (Fk. I l a ,  a,) 

This was the  p r o f i l e  t h a t  c u t  across  t r a t e r s e s  14 t o  ' 

18, It  a l so  covered a d i s t ance  of 14m. The & , 2( and 

percentage residui i l  r e s i s t i v i t y  curves.  showed a high 



anc .laly between 5 and 8m. The centee and peak value of 

t h i s  -anomaly was taken t o  be at 6.3m glong the prof ilea 

This anomaly cor re la t ed  very well with t h e  anomalous value 

of (R@ - (E@-R' 1) obtained w i t h &  the  zone. Thn vaiue. 

was 3.85. 

Traverse 19 (Firuren Q), -. 

A dis tance  of  b5m was covered by t h i s  t raverse.  : The 

th ree  curves showed a  prominent high r e s i s t i v i t y  anomaly 

wi-th c e n t r e  and peak value a t  1 0 . ~ m .  The t r ipo tea t i - a1  

conflition was also n o t  fulfil-led wi th in  t h i s  zone (diktance, 

6-1 TKI) B 8 ( R ~ ( R - R  1) value ob ta ined  was. 3.001 The 0( and' 

8 curves remained f l a t  along the  res t  of the  t r ave r se .  

However, the percentage r e s i d u a l  r e s i s t i v i t y  curve showed 

a vepy low value a t  the right; edge of t he  'curve. The 
7 

p o s s i b i l i t y  of an anomaly was ru led  ou t  when t h i s  was 

compared w i t h  t h e  a and curves. 

Traverse 21 (Fimres 1 3 a ?  h) 

The t r a v e r s e  a l s o  covered a d i s t a n c e  of 4-511. The 

th ree  curves showed high values a t  t h e  l e f t  edge of the 

t raverse.  Details of this anomaly could not be known s ince  

it occurred a t  the edge. I t  was therefdse  not  considered . 

s i g n i f i c a n t .  Another anomaly was observed on the three 

curves a t  22.5~1. The a(. and 8 curves shdwed this as a 

h i g h  anomaly while t h e  percentage residual r a s f s  t jv i . l ;y  

curve showed t h i s  as a low anomaly. 
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F i g u r e  12b: percent~ge r i s d u n l  r e s i s t i v i t y  plots 
l 'or t r ~ v e r s e s  19 snd 20. 









T a b l e  3: Delineated Anomalous Zones 

T r a v e r s e  

4 ,  P r o f i l e  9 ( t r a v e r s e  9 
t o  13) 

5 ,  P r o f i l e  9 ( t r a v e r s e  9 
to 13) 

6 ,  P r o f i l e  10 ( t r a v e r s e  14 
t o  18) 

7, 19 

C e n t r e  and l o c a t i o n  o f  
peak o f  anomaly a l o n g  t h e  
t r a v e r s e  



CHAPTER FOUR 

4.1 D i s c u s s i o n  o f  t h e  R e s u l t s  

The major zone  o f  t h e  s u b s u r f a c e  i n v e s t i g a t e d  i n  t h i s  

work was t h e  o v e r b u r d e n  which h a s  a n  a v e r a g e  t h i c k n e s s  o f  a b o u t  

3m. H y d r o g e o l o g i c a l  d a t a  f rom t h e  a r e a  i n d i c a t e  t h a t  t h e  

w a t e r  t a b l e  o c c u r s  a t  much d e e p e r  l e v e l s  (710m). I n  t h e  i n t e r -  

p r e t a t i o n  o f  t h e  r e s i s t i v i t y  a n o m a l i e s ,  one can  r u l e  o u t  

t h e  i n f l u e n c e  o f  g roundwa te r  ( i n c l u d i n g  t h e  p o s s i b i l i t y  o f  

w a t e r  f i l l e d  s i n k - h o l e s )  i n  t h e  a r e a .  It  a p p e a r s  r e a s o n a b l e  

i n  t h e  l i g h t  of  a r c h a e o l o g i c a l  i n f o r m a t i o n  f rom t h e  a r e a  t o  

i n t e r p r e t e  t h e  d e t e c t e d  anomalous z o n e s  i n  terms o f  c a v i t i e s  

l o c a t e d  w i t h i n  t h e  overburden .  The c a v i t i e s  and t h e i r  c o n t e n t s  

o f  b m a n  b a n e s  and i r o n  t o o l s  a r e  a t t r i b u t e d  t o  be  t h e  s o u r c e s  

o f  t h e  r e s i s t i v i t y  anoma l i e s .  T a b l e  4 g i v e s  a summary o f  t h e  

d i m e n s i o n s  o f  t h e  i n t e r p r e t e d  c a v i t i e s  whose l o c a t i o n s  a re  

i n d i c a t e d  on t h e  c o n t o u r e d  map shown on f i g u r e  . The sizes 

and d e p t h s  o f  b u r i a l  o f  t h e  c a v i t i e s  were e s t i m a t e d  u s i n g  

H a b b e r j a m r s  t e c h n i q u e  d e s c r i b e d  i n  c h a p t e r  two. The c e n t r e s  o f  

t h e  anomalous zones  were r e g a r d e d  a s  t h e  c e n t r e s  o f  t h e  c a v i t i e s .  

The r e s i s t i v i t i e s  o f  t h e  c a v i t i e s  were a l l  c o n s i s t e n t l y  

much h i g h e r  t h a n  t h o s e  o f  t h e  hos t  r a c k s .  The c a v i t i e s  can 

t h e r e f o r e  be b e t t e r  i n t e r p r e t e d  a s  h o l l o w  o r  a i r - f i l l e d  c a v i t i e s .  



S/HO Traverse Resistivity Radius Depth 

value over c e n t r e  of, 

of  t h e  c a v i t y  cav i ty  bu r i a l  

5 P r o f i l e  9 590 

6. P r o f l l e  10 500 

7. 1 9  31 0 

8. 2 1 500 

The 'qve e i g h t  poss ib le  c a v i t i e s  iden t i f ed  have been 
L.. 

based on the momalies observed on the curves. Two, ou t  of 

t h i s e  e i g h t  were known cav i t i es .  These are  cav i t i e s  nos.; 2 

and 6. The r e s i s t i v i t y  value over c a v i t y  nd 2 was n o t  as h i g h  

as those of o t h e r  cavities. The r e l a t i ve ly - l ower  v d u e  may . 
I 

be caused by some i n f i l l s .  



Ir. s p i t e  of  e r rors  t h a t  would be p ~ e s e n t  in  the 

f n t c r p r e  t a t i o n ,  t h e r e  is a h igh  p r o b a b i l i t y  that gevcral 

of t h e  i d e n t i f i e d  c a v i t i e s  may a c t u a l l y  be p'resent within 

t h e  de l . inea ted  a r eas .  C a v i t y  no. 1 for ins tance  showed 

a h igh  r e s i s t i v i t y  anomaly o f  6002 rn t h a t  s tood  o u t  

prominently from t h e  general trend i n  r e s i s t i v i t i e s  which: 
' . 

aver:iged 4 5 0 4  m a long  the  t r -verse.  The estimated rad ius  

of  2rn i s  c o n s i s t e n t  with t h o s e  of  t h e  known c a v ~ t i k s .  

Although t he  ca lcula ted  dep th  of b u r i a l  i s  :smal!. (0.8d, 

one may n o t  ru l e  out t h e  inf luence of sueh fad ' tors  like 

survace eros ion  i n  reducing t h e  dep th  t o  the  subsvrface 

c s v i t i e s .  This i s  most probable  cons ider ing  that t he  

c a v i t d e s  were loca ted  on top of a hill. 

Cavi ty  no. 3 showed except ional ly  l a r g e  radius. There 

i s  a very l i t t l e  p r o b a b i l i t y  o f  hav ine  a c a y i t y  w i th  this 

s i z e  w i t h i n  the  s t u d y  area. The a c t u a l  presence gf this 

c 2 v i t y  i s  t h e r e f o r e  doubt fu l ,  Perhaps,, 'chis was t h e  

l o c 3 t i o n  of a discused p i t ,  f i l l e d  up w i t h  L ~ t e r  d e p o s i t s  . 

and t!ms appeared anomalous on the  p l o t s .  .Cavi ty  numbers 

'+ and 5 showed high r e s i s t i v i t y  values (590fl' rn) that stood 

out nrominently above the general t rend .  along the i r  t r t iverses  . 
The s i z e s  and dep th s  were a l s o  c o n s i s t e n t  with those  of the  

known c a v i t i e s ,  Cavities nos. 7 and 8 showed r e s i s t i v i t y  

values s l i g h t l y  above the 



general  t rend  a long  t h e i r  respect iva  t raverses .  While this 

did no t  yrovidc a strong evidence for the '  a c t u a l  presence 

of these  c a v i t i e s ,  t h e  relatively the low .v:ilues, probably 

may h3ve been caused by some i n f i l l i n g  material .  

On the whole, one would recornmend that 3 ou t  of the . 

3 p o s s i b l e  cavities be exc,vated. The recpr~~mended d r i l  l i n g  

loca t ions  a r e  c a v i t i e s  nos. I ,  4 and 5. 

4.2 Conc lus ion  and Recornrnendqtion 

This work has i d e n t i f  l e d  eight anomalous locations 

thou{;ht to  be poss ib ly  caused by t h e  presence o f  bur ied 

cavi  t;ics in the s tudied  area. The anomalies w e r e  attributed 

t o  the presence of buried cavities based on available 

; ; e o l o ~ i c a L  and a r c h a e o l o ~ i c a l  information, Furthermore, 

thc estirnntion of dep th s  and s i z e s  of these  c a v i t i e s  have 

:!lso hcqn rn~ide on the assumption t h a t  these f e a t u r e s  a r c  

- 1  l e d .  L i k e  o the r  geophysical surveys of this type,  

t ! ~ e  ro.;ults presented here  a re  s u b j e c t  t o  confirmat ion i n  

t;:c f c l r m  of t c s  t-exc:iva tion in the  de l inea ted  area. Lol:i s t i c  

p r c b l ~ m s  , nd non-avai laSi l i ty  of funcis hindered the  inclusion 

oJr t h i s  confirmatory test i n  thi:; work. 

Ilowever, c x v i t i e s  1 ,  Lt and 5 arc s t r o n g l y  recomendtsci 

f o r  d i ~ g i n g  s ince  theyS)\owed the greatest possibility of 

t ;ual ly  being p r e s e n t  i n  t h e  area. 
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TABLE 2: R E S I S T I V I T Y  DATA , . . 1.5; 
1 

- 

40' es DISTANCE MID POINT PERCENTAGE r- 
?&VERSE S/No- MEASURED 

OF 
R X  8 R R.. (-Q m 1 (am ( x m >  b~5wuA.t. ALONG MEASURED R ~5 1 ~ 7 i  v F l r  

TRAVERSE DISTANCE . 



DISTANCE M I D  POINT 
'RAUERSE S/NO. MEASURED eb PERCENTAGE b 0 F 

R~ P If 
~ s a L I R . ~  

ALONG MEASURED R R ( d m >  (Am: d - m )  
TRAVERSE DISTANCE 

RESISTN 17- 





:RAUERSE S/Noo DISTANCE M I D  POINT PERCENTAGE 
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