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\ bstruct 
il)Jn)gcophysi~al i11\'CStiga1i_on c_ntplo)'. ing electrical n1ethod ,vas adopted for ground\li•aler explorati?n in Otu~po. 
D.11.1 rollt~,·tt·d lron1 geophysical 1nvest1ga1ions and front one borehole ,vere used in this research. Six (6) Yert~cal 
l:l-'·1ri r .1l Soundings_ (\ 11.:S) ,,·~re carried out in the study area using the Schlun1berger conl~guration or electncal 
n~i~ti\' ity n11:thod \\'1th a n1ax1111un1 AB/2 of 600111. Quali tative and quantitative interpre1a11ons of th~ data ,~ere 
,·Jnil·d ,1111 cn1ployi11~ the traditional curvc 1natching and the digital con1pu1er iteration 111e1hod_s. The \tES readin~s 
in1n1 ~hJllo" · subs11rlacc lo the depth of about 500111 of the YES stations ranges front 3 On1 to ) 2)~ 0111, interpreted 111 

th.: nn·:1 u.~ loess sand, silty-sand, clay. shal t: and sandstone fron1 top 10 bo1to1n based on theres1s11v1ty data. The deep_er 
cr0und11 atcr systen1 in the a.r~a is confined at an approxi1nn1e depth of 500111. A shall?"'. sea_sonal unconfined aquifer 
(:14ui t.1rd ) and a deeper con lined aquif"er arc the t,vo princip~I. tyres of aquifer ~x1st1ng 1n the stu~y area. Future 
~)n:hok· in the area that \\'Ould tap ,val er f"ron1 the confined aquif er likely to be tenn1nate? al a d_epth ol about 450 111 to 
SOO n1 Oased on the dctai led geophysical investigations ,vhich confin11ed the sandstone lonnatton. 

Kl'j,•'flrd: 0 111kpo. Gro1111Cl11·a1er Sys1e111s, Geophysical i111•es1iga1io11s . 

lnrroduction 

Th~ u·c hydrogeophys icnl n1ethods in ground,va!er 
m1~sti1•ntion has been on the increase due 10 the desire 

" l~ rl'ducc the risk or drilling abortive boreholes and olso 
lo onset the costs assoc i:-itc ,vith poor ground,vater 
r<plorn1ion and exploitation (Alnadi et al, 20 12; 
R6~h:ird, 2006; D,vain, 2~ 15). Ground,vatcr, :~,; 

1 
a 

rm:1ous nn1ural resource 1s scarce nnd llll l: \ l:l1 Y 
d. · I · 1cr1l ·ind tstnbutc<l ,vithin the Bcnuc 1'roug 1 111 gei ' ' 
lower Bcnuc Trough in particular (Offodilc, 2002)_- The 
s~di - k 1- Ot kpo 1·s the I actor ' n1entnry trnn1e ,vor , o u . 
C'l'ntrollin~ the distribution of ground,vatcr 111 the area. 
ih I ~ . ~ 1 ground,vater 

e ocal geology contr1but ~~ ? 
~ci:uinulation, n1oven1l!nt nnd cxplo11otion. 

Tb" . ·b t d ground,va1er 
~ search for the unevenly d1str1 u e . 

rt· 1 · e en1ploy1ng 
~0urccs by geophysical tee 1niqu . . 

£t0e1 . tx-: · nt 111 solving " cctnc 1nethod has very e I icie . . d 

S
ground,vater problen1 (Amadi et al, 20 l S; Phihppda~ 

tefa. ., . d ,ater den1an ,or 
n. -011 ). The increase 111 groun '' . 

'arious hu1nan activities in Otulrpo and enviroi~s a~e: 
tesultof scarcity of surface ,vater has n1ade grottn ,va or 
~Ploration and exploitation a necessity. Due to p~ a 
~ow1 d , I gy in the a1e ' 
Ill.a" · _e ge of the subsurface g~o O has been 
a1..~0~1y of the borehole drilled tn the area . Id As a 
uon1ve hiJ ti 1 J1ovc low y1e . t%I , ,v e the success u one_s 1 d ,vith the 

it1cret of_ the upsurge in population coup ~ industries, 
1h ase m the number of agro-based cottag · of 
e need rf: onfigurat1on 

the a . to understand the subsu ace ~ ns cannot be 
fJ>. quifcrous unit in On1kpo and cnviro 

erernphasized. 
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A requisite requiren1cnt for locating, assessin~, 
developn1ent and utilizing ground,vater resource 1s 
equipped ,vith a detailed hydrogeological and 
hydrogeophysical kno,vledge of the subsurface to guide 
placcn1en1 of boreholes or \Valer ,veils (Reinhard'. 2006; 
o,vnin, 20 15; Unucvho ct al, 201 6 ). Understanding the 
local geology ,viii lead to delineation of tl1e aquifers in . 
the area. and it ,vi ii greatly reduce the high rate of 
borchol~ failure in the area. This is the crust of tl1e 
present research. 

Study Arca 

The study area is located within the southern portion of 
Benue State, Nigeria and it geologically falls witl1ii1 tl1e 
Lower or Southern Benue Trough. It lies withi11 latitude 
7°08"N 10 7°15"N and longitude 8°05"E to 8°15"E on an 
average altitude of 270m above sea level (Fig. 1 ). The 
area is topographically part of sl1eet 270 SW and 
classified under the Lower Benue River Basin 

' hydrological area of ~igeria. The area is majorly 
drained by Okpokwu River which is a tributary of the 
Benue River. The area lies within the Guinea Sava11nah 
vegetation zone. Tl1e area has a 1nean annual rainfall 
range of l 500n1m to 1800mm a11d a monthly 
temperature range of 25°C to 33°C (Nigerian 
Metro logical Agency, 2018). Tl1e prevalent clinlatic 
condition in the area comprises tl1e rainy (March to 
Octobet). and dry . (November to February) seasons 
character~zed by _h1_gh temperatures, low pressure and 
high relative hum1d1ty throughout the year. . . 
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Otukpo is underlain by Cretaceous sediments of the 
Be11ue Trough. Tl1e Be11ue Trough has often been 
described as an intracontinental Cretaceous basin 
(Obaje, 2009). The basi11 is said to be occupied by up to 

· 6,000m of marine and fluvio-deltaic sediments that 
have been compressionally folded in a nonorogenic 
shield environment (Nwajide 2013). The Cretaceous 

Proceedings of NMGS, Ibadan 2020 

sediments of the Otukpo area are composed of the Asu 
River the Eze-Aku and the A\vgu groups \Vhich are 
presu~e to unconfonnably overlie the Precambrian 
basement rocks (McDonald el al, 2008; Reyment, 
J 965). The Jithologic unit that ch_aracterise the area 
includes clay, shale, sandstone and limes tone (Offodile, 

2002). 
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Fig. 1: Location Map of the Study Area 

Materials and Methods 
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Existing published literatures on the regional geology 
and hydrogeology of the study area were carefully 
studied. Reconnaissance preli,ninary assessn1ent of the 
research area and terrain familiarization was carried out. 
A fact map· of scale I :25,000 was developed from a 
topographic map of scale I :50,000 ofOtukpo Sheet 270 
SW. A~EM S_AS. 4000 Terrameter, a digital signal 
e11banc1ng device incorporated with a 1rucroprocessor 
was used to obtain the geophysical data. 

With the colJinear arrangement of four electrodes, the 
current electrodes A and B on t!1e outside while the 
potential electrodes M and N on the inside 
Schlumberger configuration was used for the on~ 
dimensional IP and Vertical Electrical Soundings (VES) 
of the deeper subsurface. A number of key geological 
nnd cultural factors were considered prior to the 
cstublishment of the geoelcc1ric methods, these 
incJudcn: nature of the target, anticipated depth of burial 
of rarGCI, 1ncHsurc1ncnt station interval and calibrulion 

I • 

I 
> 

• ·. . b_,_, 
,;• -: •. :. .. .. . . . 

• • • 

••• • • • 
♦ • • • .. 

• . . . 
• 

j 

I 

' I 
L_ _ __!~--- - - ~ ---J 

. 
• • • 

•~Nigeria 
• =!Benue State 
· ==::;Otukpo 

?f the ?ata. A maxin1umAB of 1,200m (AB/2=600) ,,·as 
investigated and a total of six (06) sounding stations 
,ve_re evenly e5r_ablished ,vithjn tl1e study area. The 
pa1a1ne_ter used in qualifying the JP and VES are the 
no1mah2ed chargeab·1·t 1 1 )' n1easured meters per ,e-cond 
(111sec) and the appa • . . -. · rent res1st1,•1t)' 111easured in Obn1s 
1neter respectively Tl IP ( .. . . · 1e cbargeab1l1t)•) is c'-)1lec1ed 
using convent1onal 1 •. · . . •. coilfi . • e ec tlical res1st1v1I)' clcclrl)Je 

1gwat1on ,vhere the , l . 
d 

'o tagc bet\Vl~Cn clcct1\1d~~ ts 
n1easure as a decay ft . . . . 
s,vitched on (Bleil 

19
1~lClton ,vi_th t_1n1c as the cun·cnt 1s 

interpretations f •
1 

, .))). ~ualttat1,·c and yu:111ti1a1i,·c 

generati'ng 111 ° t ll; obr~ined data \\'ere can·ied uut; 
e geoelect computer 1·tei·nt · nc ntoJcl curves usinu the 
• ion tcchn · , \\ • . ' Van dcr nnd S H.1uc ( ' 111rcs1st soll\varl'l b, 

• po1ry (199)) r -
chargcability val ' . ~ or the rcsistivi1y {iar:1 :ind 
electrode scpni··iti· uc .111 111sec ,vas plotcd :1t.rni11:-t the 

• • on 111 n1 t · ~ I progran1 for the IP d· e ers us1ng the ~1 icm~,, t1 l'.:., i.'.'.' 
calibrate the gco 

I 
ata_. A 120111 b<lrcholc ,,·;1:- dril{ .. 'li t, 

ascertain the 1,-111 1
P 1YsicaJ dnta ohtninl..'.d and :iJ,,, i ,, 

o og·ly's d , . . ofthearea. un 1.:rl)1tng the 11c:11 iHI ,u1!,\".' 
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Results, Interpretations and Discussions cap_3cit)1 and higher condu~tancc surfit1.·e nnd n,incrnls 
,vl~ich hel~ in the p:irticle charging p n.1l'CSS but in this 
ca:se neg:111,,e chnrgeabilitv ,•:1 lue.s ,,·e1-c rt--conted. l 'hc 
lo,v-resistivity and ne~~ti\'e chnr--!eahi lity lnvers 

A arcful analys is of the resisti, 1ity and charg b.1. . 
"' I (T bl 1) b ea i It)' in the ID resu t a . e s O\VS tl1a t the Observed lo,v 

sistivity values dtd not reflect distinct and r I C 1 

l
~gh chargeabi lity values. Clay is expected toe a 

1
d\'e Y 11 • • pro uce 

high chargeab1hty ano1naly dtte to cation exchange 

.... .... . ,. 

corresponds to pure clav/shale l:1vcrs \Yhilc lo,v• 
rcsistivit)1 and 111e d iu n 1 to hi!!h char1!e!1bili1y lavcrs 
depicts satumted s:indslonc laye;. - ~ 
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Table I : Appo t R• · . . rcn cSJSlivity :ind Ch:irgeobility 001:1 
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ABa:Current Elei.: trode l\1N-=Potential Electrode K -=- C.'on~1n111 to- Apparent Resistivity 

~:e Otukpo subsurface characterization indicated that chargeability _i~ h~t\vccn the r~nges of -1.63 n,scc to -
~le ~op part of the near subsurface is composed of 634 . n1s~t:. r 1 :it: ho11_on1 o_f investigated subsurface 
app:'r~ntand . s~lty-sand at variable locationds. ~The con~~~eli~) a a~·l:;· ,v1:h resist ivity ranged lron1 ~4 01n 
lrJ3 0( resistivi ty of these top layers range i~o1n bto 111. \\ '.' r t le nonnali1rd chargral)ilit)' is 
'-h~r· !mto 1462.0 0m while thevaluesofnonnahzcd ct\vcen ranµl' ,ii 10 inscc and 4110 111 , , Tl , lcub·1· ' Tl of sa1t11 .. ,1 · I t t . 1 "' l . H.: i)rrsrncc 
''~UI . Illy ranged from O .83 msec to 7 5 • 6 mScc. . ,e . ' " ""

11 
s one uc pus11, ., 1 , h ,· 1, ,11 

" " • 1 
'·ill c or the aqu ifer system consisted of a layer with nught be responsible for the "PP•"' i111 ·1k " ' : . ayer 
futtr/'2"'' clay /shu le content, and the res isti vi I y ranged appo rent res is Ii vi t y and an ;t 1,, " I' t ,· h. "; '' . I ,, " , I\C 'n th , 

.(J Clrn ttJ 
49

.
0 

nm, while the nonnalized to positive nor1naliz1..·l.'h:,rF,· ·•' , ,, • cl.: 

1
••11111'-·~a t i , ·\:' 
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The results of 1101,nalizcd chnrgcahili1y sho,v II c.: lenr 
trend or decreasing (negative) vnlucs in lnycrs ,vith high 
clay/shale content, and lo,vcr positi ve va luc.:s ,vhc.:11 
coarse n1aterinl of sandstone is thr 11111i11 lit hologicnl 
content at the botton1. This is supported by the lintlings 

<if 'l_'or_lc_if 1111d Mc11/J, (2()1 5) :111~J lc1~1 auu l c1 t1 (2()J~ 
l{cs1s1 1v11y vult rcH :rf 1ltc t,,r> layer 1111gl1t he <1',toci· J 

\Vith J:ilcrilic.: soil 11 11d 1-1i/1y-H11ncl; at Ilic rnidc.Jlc hiy "
1
e,j 

111ighl he :illrihulc<i I<> cl,1 y/nlwlc wl1i le at the b, ~:I '1 
lnycr ii is 1111 rih111cd to ant urntcd sandst1mc. ·, ,.,, 
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Fig. 2: Chargeability VES M d ' o el Cu rve nnd Gcoclcct . L nc ayers 
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The YES results reveal th . 
five (5) distinctive layers a~~II the curve types Jlosse 
of the field curves gives· QHe morphological anal ~s 
cu~e types. This curve t , QHK, KJ-JA and Kys1s 
sedimentary environm . ypes are synonym QH 

h b 
· ent 1ndi r . ous to 

t e su surface materials ca ing tnhomogcn · . . . city 1n 

..... ...,_ ,_ .... --·-... , .. , ..... ,, ... 

• 

IP OTK OS 

I : · 
i ; t--1 ~.~.-. - .. ---~ - (_ 

J 
,_ I • "'' iv• ,. 
•• I 

. .. I 
~ ... _, -

•• . 
, .. .... """" "-

-i. 
t . ..... ,. 

' "'•• JII 
I.. 

...... '-, .. , ...... 
I I, 

'., 
I 

L • :l• 
_,. __ 

' • 
·,, " . I . • 

' •· • 
• ., 

•• •• t-,1,,o,..., • •• -----··---

-• • 
- 1 
d • -. 

• -=- ~ • -~ ' ----
I 

I .,_ 
,--

/ . r ,.,,, •., ., ., ..... 

1-- I 
. M - D 

' • 
. __ ., 

• ·-• -
• 

I ' • . I 
I . 

.,. I 
. 

l , 
I .. ' . . 
' " ·-· I 
I -- ~ - • --- -----

... 

Conclus· IOn 

Litholo . 
have g,caJ in ho . been mogcneit · • investigat' unravelled . ics of Otulp\) ~· .,_ .. ,.. ~ 
resistivity •~vn. The elect t~1_rough '1)-tln1t;.:l'i' ' . ~ 

ere used f ni.:al n)crh '<l" ('t IT •,· 
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