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Abstract

A geophysical investigation using geo-electricaisgvity method was carried out in the Kassa VoiceField
(KVF) on the Jos Plateau to reveal the subsurfaeectaral lineaments as indicated in the satellitages
covering the area. The electrical resistivity meitlwilized the Schlumberger technique along 3 psfiA total

of 36 Vertical Electrical Soundings (VES) statiomish AB/2 (current electrode spacing) from 1.5 ttbgh with
intervals of 50m and depth penetration capabiliftyy@m was carried out. The results obtained rek8l®
lithologies sequence with thicknesses ranges bet@eleand 70m and resistivity values of betwee@8&tand
22220m. Nineteen major fractures at various depthsevitercepted at various VES stations and these are
probably the zones through which the basaltic lawpoured apart from the central volcanic venhe VES
results revealed heterogeneous nature of the dabsuyeological sequence. The geologic sequenaatiethe
study area is composed of hard pan top soil (clayelylaterite), weathered basaltic rock layerstiyparathered

or fractured and fresh basement rocks.

Keywords. Geo-electric section, Subsurface, Vertical Eleatri8ounding, Kassa Volcanic Field, Schlumberger
Array, Jos Plateau

1. Introduction

Kassa Volcanic Field is a geological edifice on Jles Plateau, north central Nigeria. This structumesists of
eight volcanic cones aligning in a NE-SW and NW18thds, each overlapping one another. The lavasflout
poured by these volcanoes covered a large superica of about 45.5 Km

Vertical electrical sounding (VES) has proved vpopular with groundwater prospecting and in geatex
studies of the subsurface. Resistivity images fmse been used in the studies which include sail keadrock
property characterization, detection of bedrocldsand fractures.

In the present research, data obtained were plotteli-log graphs and analysed both qualitativehd a
quantitatively by curved matching and computeraitien using the WinRESIST software to obtain therfation
strata and the actual depth to the bed rock irsthéy area. The results from the analysis of thlg filata were
interpreted to obtain the geo-electric sectionthefKassa Volcanic Field (KVF).

1.1 Geology of the Sudy Area

The Jos Plateau lies precisely within the Northt@rBasement Complex of Nigeria. The Basement Gexp
rocks of the lower Palaeozoic to Precambrian agekerlie about half of its entire landmass. Thesksaare
represented by gneiss-migmatites and intrusive timge Basement rocks are the Pan-African graaitdsthe
predominant Jurassic non-orogenic alkaline Youl@m@mnites (Turner, 1976).

Tertiary and Quaternary basaltic rocks are thengest in the area and overlie directly on the Basgrand in
some places on the Younger Granites (Wright, 19709 main basaltic subtypes have been distinguitizsgd
on their periods of emplacement and textural déffiees. They are termed as the Older (Tertiary)tla@dNewer
(Quaternary) Basalts (MacLeod et al., 1971, Lar Esadha., 2005).

Kassa the study area (Fig. 1), falls within RoppmPtex in the central region of the Jos Plateau emers
roughly triangular area of about 240 %rifhe area is characterized by four different rfmrknations, these are:
the Older Granite (Pan African), Younger Graniteirdsic), the Older Basalts, and the Newer Basalts
(Quaternary — Tertiary). The Older Granites isdltest formation in this area followed by the YganGranite
and then the basalts are the youngest. Lateritesnat actually substantial rock masses, but thejufe
prominently in northern and southern extremitieshef study area. The lava flow around Kassa Votckield is
believed to be erupted by about eight volcanic sahat appeared to be structurally controlled. $tethern
volcanic cones lava flows are dark grey, very fiagture and with olivine, plagioclase and augiteserals
appearing as phenocrysts even in hand specimese tre considered the Newer Basalts. Generally, ahe
aligned in the NNW-SSE directions correspondinthtotrend of dolerite dykes (MacLeod et al., 1971).
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Figure 1: The Geologic Map of the Kassa Volcanad-(study area)

1.2 Description of Sudy Area
The area under study is part of Naraguta Sheet3B8]t is bounded by latitude§ 861061 and 9361 101 N
and longitudes $53t 241t and 8553t 381L, |t covers an approximately 45.5laxtending from Heipang to
Kassa Hausa village. The area is accessible peltgipy the main road through Heipang — Kassa kBalradi
road, as well as several minor paths and the maihsplinking villages, farms and settlements. Mafsthe
secondary roads are motor able during the dry se@le®je, 1981).
The area has an average elevation of 1342m abaMesd. It falls within the semi arid zone of Nigeand lies
within the Guinea Savannah (lloeje, 1981).
The climate of the study area is characteristiteaiperate climate with two demarcated seasons krasathe
rainy (wet) and dry seasons. The rainy seasontigee® March and October while the dry season iwdxt
November and February. The latter is charactefigecbld, dusty and harmattan wind (lloeje, 1981).
2. Materialsand M ethod
A total of 36 VES using Schlumberger arrays wengiea out along 3 profiles.e 12 stations at each profile). A
direction of E-W direction cutting across the sudpd lineaments within the area of study was carmiet in the
orientation of the 3 lines of 215m, at intervalS6fm.
Two ABEM Terrameters (SAS 1000 and 4000) systermeevused and employing Schlumberger configuration
which requested 8 steel electrodes arranged antkegicollinearly into the Earth with the currentottede
spacing much greater than the potential electrasesensuring that AB/25 MN/2. Two Global Positioning
Systems were used to record the geographic cotediaad the altitude of the VES stations.
The largest current electrode spacing AB used was2that is %2 AB = 70m. The apparent resistivajuespa
measured with the geometric factor “G”(Formula 1).
[G=mL2/2L]. oo (1)

Current electrode spread AB/2 was also varies framid 65m. The apparent resistivity valugs' were
calculated by multiplier the resistance ‘R’ measgungth the geometric factor ‘G’ (Equation 2).

[G=L2/L] oo (2)
Where:
L =AB/2, and 1= MN/2
The apparent resistivity measurements at each \{&@®rss were plotted against electrode spacinghenbi-
logarithmic graph sheets. The resulting curves wiben inspected visually to determine the naturahef
subsurface layering delineated by the array. Thkelt® of the curve matching (layer resistivity ahttkness)
were fed into the computer as starting model pat@mia an iterative forward modelling technique nggi
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WINRESIST software (Vander Velper, 1988). The thdierent profiles generated revealed the geotatec
sections from the results interpreted (Fig 2). Tdeer parameter charts were also generated fronmethats

obtained from the interpreted results. WinResias wble to determine the smoothed resistivitiesthiociness

of other layers.
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Geologic Map of the KVF Showing the VES Profiles

3. Resultsand Discussion

The results of this research are presented as digides, tables and geo-electric sections. TheuBdterger
array data is presented in Table 1. The qualitativd quantitative analyses delineate three — fitferdnt
subsurface layers by field curves generated from dirays and nineteen prominent fractures were also
intercepted at some of the sounding stations.

Based on the lineament map derived from the sitdlinagery covering the study area (Fig. 2), thetic@l
Electric Soundings (VES) was carried out in 3 sigat profiles in E-W directions to reveal the gdectric
layers and subsurface geological structures bereathrea under study.

In the first layer, the lithologies subsurface detssof topsoil/laterite with a thickness rangimgrh 0.1 and 5m
and with resistivity value ranges from 173-5@n and weathered basaltic rocks with variable théslknof
between 0.1 and 50m which characterized by magmtdres intercepted in P1, P2, P5, P7, P8, P9aRrd(P11
(Fig.3).

The second profile (Fig. 4.) revealed 3 main geswteic layers which consists of topsoil/lateriteaatepth
between 0.9 and 5 m with resistivity value rangesveen 625 and 638m; the second depth ranges between
2.5-35m and characterized by resistivity value24{300Qm, the third layer consists of basalt/granite with
resistivity value of 123 to 920m within the fresh Basement/Granite layer. Majacfures were intercepted on
points P15, P16, P17, P18 and P23.

In profile 3 (Fig. 5), three main geo-electric laydave been identified with the first layer cotis of topsoil
and laterite at depth ranges between 0 and 6 miemistivity values ranging from 0-5m and also cheeazed

by the highest resistivity values that ranges betwg5 and 2222m. The second layer consists of weathered
basalt (clay) at depth ranges between 0.9 and 4@drcharacterized by resistivity value range of@682m.
The third layer consist a mixture of slightly weatkd and fresh basalts and granite with resistidtye range

of 70-656mity of them. Major fractures were intercepted at various kiemin P25, P27, P28, P29, P31 and
P32

The fractures systems delineated along profiledLZaimtercepted a good number of fractures arobadlusters

of the volcanic cones in the northern extremityttedf study area. This corresponds to the lineanmetitacted
from the Google Earth images covering the studg.are
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Figure 3: The Lineation Map covering the Kassa &blc Field, Jos Plateau
Each geo-electric soundings were interpreted aneetertric sequence produced (Fig. 4-6).
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Figure 3: The Lineation Map covering the Kassa ¥olc Field, Jos Plateau
Each geo-electric soundings were interpreted aneetgrtric sequence produced (Fig. 4-6).
3.1 Geo-electric Profile (Line 1)
Geo-electric profile (Fig.4) with VES Nos: P1-Plevealed two main geo-electric layers which conefst
topsoil/laterite with thicknesses of between 0.4 &m with resistivity values of 173-5@0n and weathered

basaltic rock with variable thickness of 0.1-50nd @haracterized by major fractures intercepted bnFR2, P5,
P7, P8, P9, P10 and P11.
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Figure. 4: Geo-electric Profile along Line 1.
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3.2 Geo-electric Profile (Line 2)

Figure 5 revealed three geo-electric layers witichsists of topsoil/laterite with thicknesses d-Bm and
resistivity values ranges between 625 and (685 the second depth ranges between 2.5 and 35m and
characterized by resistivity values of 24-800, the third layer consists of basaltic rock andnge with
resistivity values of 123 to 920im within the fresh Basement/Granite layer. Majacfures were intercepted on
P15, P16, P17, P18 and P23.
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Figure 5: Geo-electric Profile along Line 2
3.3 Geo-electric Profile (Line 3)

Fig. 6 revealed three geo-electric layer/sequentiehnconsist of topsoil and laterite from 0-6m widsistivity
values ranging from 0-5m and characterized by tiggisvalues ranges from 55 and 2223; the second layer
consists of weathered basalt (clay) from 0.9-40cheharacterized by resistivity value range of 36&m; the
third layer consists mainly of slightly weatherewtldresh basalt and granite with resistivity vataage of 70-
6562m. Major fractures were intercepted at various kigph P25, P27, P28, P29, P31 and P32 (Fig. 7).

E

w

P33 P34

(350" P30 P31 P:iz - i i
1320 P26 p27 P28 PP9 L 2R Ll e R R ATa

275, .- Y s Vi s
1310 Q’:§ T
1300 ;,
1290
1280
1270

e d Mo B R PR X Do Ruw

RN Rosd e W e SP0NemE e x‘ %

r{ X X *: x X :%5!2 ot R G R I i Sl
15.

12600 o X KR X openp w IR X O 0 % 6 SR X 90 X X X
- : : : 93, 3
1250:r,:::r,xxxx:gg;.><><3xs<3<y1:x;<x><xx>evv
1608y 196 w ¢ e w w v o w0y o T
50 100 150m
VES LOCATION
10 [-=lToPsoIL
20 - —JcLAY

30m, | {WEATHERED BASALT
BASALT
FRACTURE

32 |[RESISTIVITY IN OHM-|

Figure 6: Geo-electric Profile along Line 3
From the interpretations of all the soundings, sbirleg sections were constructed as examplegundis
below.
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Figures 7A-7F: Field Sounding Curves for some detkstations (1-6) in the Kassa Volcanic Field (RVF
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Tablel:Co-ordinates of VES L ocations

VESNO Longitude(°E) L atitude( °N) Elevation(m)
P1 8.89614 9.60292 1305
P2 8.89565 9.60296 1309
P3 8.89512 9.60299 1320
P4 8.89474 9.60304 1316
P5 8.894213 9.603097 1318
P6 8.89377 9.60325 1320
P7 8.89335 9.60330 1321
P8 8.89287 9.60348 1327
P9 8.89247 9.60354 1332
P10 8.89184 9.60371 1330
P11 8.89097 9.60374 1329
P12 8.889903 9.603705 1324
P13 8.888925 9.603632 1320
P14 8.88786 9.60353 1315
P15 8.88957 9.59575 1300
P16 8.89501 9.59608 1299
P17 8.89422 9.59639 1299
P18 8.89343 9.59672 1301
P19 8.89268 9.59701 1309
P20 8.89189 9.59734 1313
P21 8.89118 9.59757 1303
P22 8.89026 9.59783 1303
P23 8.88945 9.59814 1313
P24 8.89557 9.60891 1302
P25 8.89485 9.60883 1307
P26 8.89390 9.60874 1311
P27 8.89297 9.60863 1313
P28 8.89219 9.60857 1315
P29 8.89144 9.60850 1321
P30 8.89066 9.60840 1322
P31 8.88930 9.60825 1320
P32 8.88833 9.60829 1322
P33 8.88737 9.60834 1327
P34 8.88631 9.60849 1313
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Table 2: The Results of the Interpreted VES Curves

VES STATION RESISTIVITY (Qm) THICKNESS (m) DEPTH (m) CURVE TYPE
8160.6 0.6 0.6
1 289.4 2.9 3.5
1282.6 6.1 9.7
42.0 16.1 26.4
256.0 HKH
2 458.7 1.1 1.1 HA
33.8 3.6 4.8
65.0 49.3 54.]
669.8
564.3 1.0 1.0
3 181.1 5.3 6.3
185 11.3 175
320.4 487 66.p
111.8 QHA
4 2886.8 0.4 0.4 HK
74.7 17.8 18.7
185.2 28.9 47.]
18.1
5 173.8 3.7 3.7 H
25.0 18.4 22.7
85.3
6 143.3 0.9 0.9 H
60.5 62.1 63.0
346.6
7 634.5 0.5 05 QH
158.2 123 124
124.0 38.4 51.3
511.3
8 1967.1 1.1 1.1
88.2 6.8 7.9 H
177.3
9 145.3 05 0.5 HK
63.2 17.0 17.4
367.6 26.9 44,9
51.0
10 116.7 1.2 1.2 HK
35.0 6.1 7.3
322.3 25.7 32.
53.1
11 174.9 2.9 2.9 H
124.0 68.0 70.4
146.3
12 729.4 0.6 0.6 HQ
112.5 7.2 7.8
44.0 67.3 75.1
71.8
13 542.3 2.1 2.1 HQ
99.6 8.7 10.7
30.6 25.8 36.5
123.3
14 562.3 1.4 1.4 Q
2232 2.7 4.2
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48.8
15 479.3 1.1 1.1 HKQ
82.6 6.4 7.5
688.8 22.2 29.6
613.3| 29.6 59.2
282.6
16 1406.6 0.8 0.8 HKH
200.9 10.5 114
367.0 29.0 40.4
126.3| 24.9 65.3
729.7
17 173.6 8.5 8.5 Q
263.4 16.0 24 .5
228.3
18 741.1 1.1 1.1 HKH
28.1 7.7 8.8
3134 34.1 42.9
123.6| 46.9 89.8
138.2
19 625.2 1.3 1.3 H
315 22.6 23.9
1104.5
20 489.8 1.0 1.0 H
24.8 21.9 229
1163.9
21 441.6| 2.7 2.7 H
37.0| 30.7 33.4
920.0
22 669.0| 1.5 1.5 H
34.4| 24.9 26.4
1237.6
23 1847.8| 1.6 1.6 HA
33.1| 184 20.0
86.5| 58.9 78.9
116.1
24 266.3| 1.1 1.1 HAA
71.2| 55 6.6
291.7| 23.8 30.5
568.9| 31.3 61.8
1608.6
25 291.3| 2.1 2.1 QHA
599 | 3.2 5.3
16.7| 9.1 14.4
68.0| 10.4 24.7
106.9
26 275.7| 2.5 2.5 H
51.3| 32.7 35.1
656.1
27 104.2| 2.9 2.9 QHK
115.1| 9.3 12.2
36.7| 14.7 26.9
247.7| 56.3 83.2
133.9
28 212.2| 0.9 0.9 H
67.8| 12.6 13.6
177.5
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29 275.1| 1.1 1.1 Q
93.2| 51.4 52.5
63.0
30 359.6| 2.4 2.4
66.4
31 707.9| 1.7 1.7 Q
84.1| 11.1 12.9
70.2| 74.0 86.9
21.2
32 2222.1| 2.5 2.5 HK
325| 44.7 47.2
0.7
33 481.5| 2.9 2.9
26.4
34 379.8| 4.1 4.1 H
51.9| 39.8 43.9
154.4
35 1013.8| 0.8 0.8 HKH
446 | 1.7 2.5
880.5| 6.1 8.5
90.3| 21.7 30.2
378.6
36 55.3| 13.0 13.0 K
519.7| 22.2 35.2
36.2
4, Conclusion

A total of 36 Vertical Electrical Soundings (VESbpiag 3 profiles of 215m long and 50m intervals weagried
out in E-W direction cutting across the main volzawarm (Fig. 2 and 3). The geo-electric secti@wealed
lineaments which are predominantly N-S, NE-SW, N®/@rections which is in conformity with most ofeth
directions of dolerites dykes on the Jos Platealiadso with the lineaments exposed by the satefiiegeries
covering the study area. The volcanic cones frdrimdications are structurally controlled. The caloates and
elevations above sea level of the VES points oezhpidicated an average height of about 1340m abese
level as indicated in Tablel.

The result of this investigation revealed that K&énsist of 3-5 geoelectric sequences indicatingrbgeneous
geological formations. The first layer of the liheconsist top soil and laterite with average thesses of 0.1 to
5 m. A corresponding resistivity values ranges leetw173 and 54®m were recorded. The second layers are
weathered basaltic rocks with variable thicknesse6.1 to 50m and this was characterized by 8 pnemt
fractures encountered along the profile. Profio8sists of 3 layers of various thicknesses andtiaty values
ranges between 24 and 920 and 5 major fractures were delineated. 3 layemevencountered in profile 3,
various thicknesses ranges of 0 to 40m and rei$jstialues ranging between 36 and with a high tiegig
value of 2222Om were recorded along this profile.

This research, therefore, revealed subsurfacetstaldnformation of the Kassa Volcanic Field (KV#) have
fractures zones trending in E-W directiomBich served as conduits for the multiples eruggiepisodes in the
area.

The field curves and geo-electric sections, shothiednterrelationship between rock units in thedgtarea. The
cross plots of the interpreted parameters (layiektiess and resistivity) for the delineated layeese produced.
The results show interpreted parameters using 8itidwger arrays are in conformity with the strudtura
geologic features of this area.

5. Acknowledgements

The authors are grateful to Centre for Geodesy@@ddynamics, National Space Research and Develdpmen
Agency (NASRDA) for providing the equipment for tlgeophysical survey and also to the LONGRAND
CONSULT, Jos for carrying out the geophysical syraed finally wish to thank all staffs of Ground $&al
Systems Department CGG, Toro for their involvenard contributions in one way or the other during fileld
work.

159



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J WY |
Vol.4, No.10, 2014 NSTE
References

Adeleke, B.O. and Goh Chen Leong. (1978): CertificRhysical and Human Geography West African Ed.
Oxford University Press, Ibadan, Nigeria.

Anjorin, M. P. and Olorunfemi, M. O. (2011): Pacifiournal of Science and Technology, Volume 12. biem2.

Frohlich, R.K. and O.K. Rosenbach. 1986. “GeoeieatrDC Equipment GGA 30/31". Technical Bulletin No
22, 23 Pp.

lloeje, N.P (1981) : A New Geography of Nigeria,ngman Publishers Nigeria Limited.

Lar, U.A. and Tsalha, M.S. (2005): Geochemical @hteristics of the Jos Plateau Basalts, North akNigeria.
Global Journal of Geological Sciences. 3 (2): Pp-183.

Macleod, W. N. Turner, D.C. and Wright, E. P. (1@7he Geology of Jos-Plateau, Vo.1 General GegolGgol.
Surv. Of Nigeria. Bull NO. 32.

Rahaman, M.A., (1989): Review of the Basement Gpolaf Southwestern Nigeria In: Kogbe C.A. (ed Geglo
of Nigeria Rock View (Nig) Limited, Jos, Nigeria P§0 — 56.

Telford, W.M., L.P. Geldart, R.E. Sheriff, and D.Keys (1990): Applied Geophysics (Second Edition).
Cambridge UniversityPress: Cambridge, UK. Pp 344

Turner, D. C., Macleod, W.N., Buchanan, M.S. (197he Geology of Jos PlateaBSNN. Bulletin 32, Vol.2, Pp
107.

Vander Velpen, B.P.A, (2004): Resist Version IMsc Research Project, Netherlands.

Wright, J. B. (1976): A Critical Review of the Gegly of Nigeria. Edited by Kogbe, C.A. Elizabethan
Publisher Company, Lagos, Nigeria. Pp 309-317.

160



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros , . - I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

Ny _?ﬂ nh
s " \ Y i—-. '. .GE()R(;ET()“N UNIVERSITY
oclc &) WF {IBRARY

eeeeeeeeeeeeeeeeee UniverseDigitall
ccccccccc WorldCat R gy —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

