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Abstract

Verical electical sounding (VES) was carmed out insouthern Paiko, north central Nigeria,
using Abem Terrameter model SAS 4000, The sludy was carried out with & view of determining
the subsurface laver parameters (resistivily, depth and thickness) which werg employed- in
delineating the sifes for building construction. A folal of six transverses with ten VES slations
slong each fraverse, having separatfon of 50 m apart werg investigaled. [t has a maximum
currant alectrode separation (AB2) of 100 m, Three lo four distinct geoeleciric layers were
ohsarved namely, Top layer, weathered/fractured layer, and fresh basemenl. The observed
frequencies in curve lypes include 21.6% of H, 0.6% of HA, 2.4% of K, 0.6% of A, 3.6% of KH,
6% of QA and 1.2% of HK, Eight VES siations were delinealed for building site construction,
having depths o bedrock varying between 0.63 mand 3,99 m.

Key words; Vertical electrical sounding, site, construction, resistivity, depth, geoelectric layer,
bedrock, Abem Terrameter

Introduction

Paika (the study area)ls the headguarter of Paikoro local government area in Niger state, North
Central, Nigeria. The population of Paiko is increasing rapidly as a result of people migrates
from rural areas to urban towns to earn a living, As such, there is need for more estate
development to accommodate the growing population of the area. Howewver in Nigeria
Presentily there are several cases of building collapse and cracking of walls as a result of poor
foundation and lack of site investigation. There is need to search for the areas where the
consolidated basement is shallow which can provide strong base for building construction,
Therefore, the aim of this work is to applied geophysical method to determing sites where the
fresh basement is intruded close to the surface that can support foundations to bulldings.
Prasently, there is only one known geophysical survey canducted in the area (Dangana, 2007).
Ameng several geophysical methods emplayed in determine depth to bedrock (electrical
‘esistivity, gravity, seismic, magnetic, remote sensing, and electromagnetic), the electrical
resistivity method is the most effective {Keareyet al,, 2002). Itis an effective and a reflable tool
i slicimg thie earth into geselectric layers. It has the advantage of non-destructive effect on the
ervironment, cost effective, rapid and quick survey time and |ess ambiguity in interpretations
of riesults when compared to cther geophysical survey metheds (Todd, 1980). The vertical
electrical sounding (VES) technique provides information an the vertical variations in the
resistivity of the ground with depth (Ariyo, 2005). Itis used to solve a wide variety of probiems,

such as: determination of depth, thickness and boundary of aquifer (Asfahani, 2006; Belio &
Makinde, 2007},

Geology of the Study Area
The study area is located within the north central Nigerian basement complex. [t has an
slevation of 304 mabove sea level with population of about 736,133 people as at 2006 census.
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It is bounded by latitudes 5°25°'N and 9°27"N and longitudes 6° 37'E and 6" 39'E.Generally, the
area mapped forms part of the Minna - granitic formation that consists of Metasediment” and
metavolcanics. The Metasediment include guartzites, oneisses and the metavolcanics are
mainly granites, Among the main rock groups are granites which occur at the central and
northern parts of the area, while on the sbuth and east, cobbles of quartzite are found
espedislly slong the channels and valley, However the other bodies like pegmatites and guartz
weins also otcur within the major rock types (Figure 1), The racks are mainiy bictte —granites
with medium to coarse grained, light colored rocks with some variation in biotite content. The
mineral constituents are leucooratic to mesocratic, However, the biotile minerals are thread like
and are arranged rough parallel streak, although some are disoriented in the groundmass, The
feldspar minerals occur as fine to medium grained, though grains are cloudy as a result of
aiteration mostly along the twin planes, while the quartz minerais are constituents of the
granitic rocks which show strong fracturing In the granitic rocks of the area {Ajibade, 1980).

The raining period runs from April to October with the highest amount of ainfall recorded in
August while the average annual rainfall Is between 1200mm- 1300mm (Niger Siate Water and
Sanitation Board, 2001). The mean annual temperature Is between 22°C to 25°C. The pericd
between November and February ara marked with the NE trade wind called the harmattan,
which often causes very poor visibility during this period.
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Figure 1: Geological Map of Paiko area {Modified after NGSA 2010)

Methodology

This research has utilized the electrical resistivity method in delineating the shallow
consolidated basement of the study area, Sixty vertical electrical soundings were carried oul
using SA5 4000 moded Terrameter and its accessories, The conventional Schlumberger array
pattern with hall electrode spacing (AB/2) varying from 1 m o a maximum of 100 m was
adopted. The apparent resistivity was computed using equation 1

p. = KR ) (1)
Wherg
0y 15 an apparent resistivity
R= '—" is thi earth reslslance \2)
BT Mt
K=} '-.ﬁ‘_ is the geametric factor (3
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The apparent resistivity values ebtained from equation (1)} were plotted against the half current
glectrode separation spacing using IPIZWIN software. From these plots, vertical electrical
sounding curves were obtaingd (Figure 2) and gualitative deductions such as resistivity of the
lavers, the depth of each layer, the thickness of each layer, number of layers and curve types
were made.

Analysis, Results and Discussion

The summary of the Interpreted electrical resistivity survey is presented in Tables |, 2, 3 and 4.
Table 1 consists of VES stations A toC,, while table 2 comprised of VES stations D, to F,. Tables 3
and 4 show the depth to consolidated basement. The geoelectric section {Fgure 3 a-f) reveals
that the area is characterized by 3 to 4 gecelectric subsurface layers. Six profiles with sixty VES
stations were covered and their subsurface geoelectric sections were presented in Figure 3.
From the figure, 3- layer type occurring more and are characterized by H curve type, Some are
characterized by A and K curve types. The 3- layer geoelectric sections are generally made up
of topsoil, weathered/fractured layer and fresh basement rock from top to the bottom with
variable depths, thicknesses and resistiviies. The 4- layer geoelectric sections are
characterized by HA; OQA, KH and HK curve types. The observed frequencies in curve types
include 21.6% of H, 0.6% of HA, 2.4% of K, 0.6% of A, 3.6% of KH, 6% of QA and 1.2% of HK.
The 4- layer geoelectric section is made up of topsoll, weathared layer, fractured layerand fresh
basement rack, Generally, the topsoil of the area is made up of loose sand, gravels, sandy clay,
laterite and clay. In a basement complex terrain, areas with fresh basement layer depth of 4 m
and below are good for bullding construction.
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Figure 2b: VES Curve D,
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Table 3: Depths to Fresh Basemaent of the Area

VES Latitude Longitude  Elevation  Depth to Bedrock
STATION _ (degrees) (degrees) (m) (m)
& (9.41662 (0661831 256 758
Ay (9.41675 006.61790 300 12.50
Ay 09.41687 006.61747 297 9.32
Ay 09.41715 006.61671 294 9.40
A (9.41725 00661631 294 5.85
A 09.41749 006.61580 297 9.54
A7 (941767 006.61548 295 12.60
Ag 09.41774 (06.61507 296 2670
Ay 09.41783 [006.61461 297 2340
Ao 09.41804 (06.61410 256 59.60
B, (15.41615 006.61822 299 22.00
By 00.41629 006.61772 301 25.00
By 09.41635 006.61732 303 16.00
iy 09.41646 006.61650 294 14.50
B: 09.41660 006.61646 1% 21.00
B; 19.41639 (0661587 297 24.80
By (9.41653 (0661548 295 2150
By 09.41700 00661519 299 7.16
B 05.41700 (06,51474 299 13.20
By 0941688 006.61424 301 20.40
Gy - (9.41498 00661760 296 47.90
G 09.41505 006.61715 264 1.33
Gy 09.41500 (0661663 287 15.50
G 09.41502 (6.61623 246 12.50
G 09.41535 106.61672 301 3.64
C 09.41510 00651634 302 4,67
G 09.41483 006.61597 302 3462
G (19.41458 (06.61562 301 9.18
Ca (941424 006.61528 258 3.99
L1 09.41383 006.61491 296 2.79
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Table 4: Depths to Fresh Basement of the Area

VES Latitude
STATION  (degrees)
D, 09.41425
D, 05.41437
Dy 09.41456
(b 09.41469
Ds 09.41483
D; (9.41504
Dy 0041515
Dy 0941552
Dy 09.41575
D 09.41588
E 09.41379
E (9.41402
E; 09.41420
E (9.41440
Ee 09.41452
E: (9.41475
E; £9.41489
Eq (9.41994
Eq (9.41511
Ein (941528
Fi (941335
Fs (19.41362
Fy 09.41386
Fs (9.41402
F [0.41423
Fs (19.41454
Fs 09.41467
Fs 09.41468
Fs 09.41490
Fio 09.41498

Longitude Elevation  Depth to Bedrock
(degrees) {m) (m)
006.61774 250 3.66
006.61752 292 12,70
006.61714 289 3.07
006.61676 291 11,70
(06.61633 293 21,00
006.61570 208 23.4
006.61550 292 27.10
006.61475 301 18.00
006.61440 286 4.51
006.61356 296 191
006.61769 289 14,6
006.61705 289 17.70
006.61666 287 12,40
006.61623 291 9,67
006.61581 287 8.79
006.61539 280 10.40
(06.61500 254 10.00
006.61456 298 32.10
(06.61409 293 20.20
(06.61363 302 11.00
(06.61747 285 4.2b
(106.61750 275 11.00
006.61090 282 10.20
006.61565 292 18.70
(006.61529 294 (.63
(06.61494 204 10.00
(06.61450 304 £5.70
006.61401 313 12.70
006.61370 236 9.62
006.61315 284 3260
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Figure 3a: Geoelectric Section for Tranverse A Profile Length
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Figure 3b: Geoelectric Section for Tranverse B
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Figure 3e: Geoelectrie Section for Tranverse C Profile Length
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Figure 3d: Geoelectric Section for Tranverse DD Profile Length
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Table 5: Areas Delineated for Building Construction

VES Latitude Longitude Elevation Depth to Bedrock
STATION (degrees) { degrees‘:i : i m) —— {m)
R - 9.4 1505 D06,61715 284 - L.33
C 08 46535 O06.63672 305 3.64
& 09.46483 006.63597 306 3.62
Gy 09.464924 006.63528 308 3.99
Cin 09.46383 D06.63491 296 279
D, 09.41425 006.61774 290 3.66
Dy 09.41456 006.61714 289 3.07
Fs 09.41423 006.61529 294 0.63

Elght VES stations were delineated for bullding construction having depths to fresh basement
varylng between (.63 m and 3.99 m, where consolidated basement is shallow (Table 5).In
Investigating the continueus variation of resistivity with depth, iso-resistiity map using Gaolden
software (Surfer 11.0) version were obtained for the layers (Figure 4). It shows the color range
carresponding 1o resistivity range of the earth materials, The iso-resistivity map of the first
layer reveal that blue represent gravels, sky blue represent sand, green correspond to laterite
and yellow represant alluvial deposits (Figure 4a),

The Iso-resistivity map of the second layer shows that blue color corresponds to clay and sky
blue represent laterite (Figure 4b). Third laver Iso-resistivity maps reveal that blue represent
granite, sky blue represent gneiss, green comrespond toigneous rock, yellow regresent gabbros
rock and red correspond to ultramafic rock (Flgure 4¢),

Tha depth to consotidatad basement map shows the depth distribution within the area (figure
5). From tha map, the-area with black and blue coloration corresponds to depth range-of D mito
8 m and therefore be the sultable areas suggested for bullding construction.
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Figure 4 a: Iso-resistivity Map at First Layer
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Figure 4 b: Iso-resistivity Map at Second Layer
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Figure 4 ¢: Isoresistivity Map at Third Layer
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Figure 5: Depth to Basement Map of the Ares
Conclusion

The use of various electrical resistivity parameters (resistivity of the layer, depth of the layer
ang thickness of the layer) were employed to determing the sultable site for builcling
canstruction. Three to four distinct geoelectric layers were abserved namely: Top layer,
weathared laver, fractured layer, and fresh basement layer, The obsarved frequencies in curve
types include 21.6% of H, 0.6% of HA, 2.4% of K, 0.6% of A, 3.6% of KH, 6% of QA and 1.2%
of HE. Eight VES statlons were delineated for building construction, having depths to fresh
basement varying between 0.63 m and 3.99 m.Government and estate developers inPalko ara
encouraged to make use of the results of this study for building construction site selection o
reduce the problem of bullding collapse and cracking of walls. More research work in this area
would contribute to soiving the problemof collapse of building complately.
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