Available online at www.pelagiaresearchlibrary.com

K Pelagia Research Library
K&

Advances in Applied Science Research, 2015, 6(30-63

Library

Library

ISSN: 0976-8610
CODEN (USA): AASRFC

Interpretation of aeromagnetic data over the Bida Bsin, North
Central, Nigeria

Obi D. A, llozobhie A. J?and Abua J. U?

'Department of Geology, University of Calabar, Niger
’Department of Physics, University of Calabar, Niger

ABSTRACT

The Bida basin in the North central Nigeria is satlusing two (2) aeromagnetic sheet with a scalg: 00,000
(sheet 184 and 185). The data was acquired at tigerld Geological survey Agency and subjected taumh
digitization of fifty four (54) lines from where tatal of 2398 data points were obtained. The dates when
subjected to both manual and computer processedysinawhich involved map merging polynomial filkeyi
lineament analysis and depth to magnetic sourcinabns. The results from manual lineament treedeals a
major NW-SE dominant trend and a minor NE — SWdirehis agree with regional trend of NW — SE from
computer processed analysis. The merged totalsitiefield map and the residual also revealed éosntour S at
Bida areas typical of sedimentary basins and tiglpthcked contourS at Paiko representing areas foasement.
The depth to magnetic sources reveals two depasefk@ataeregi and Datoraki) with depth 4.4km an@ldn
within the Bida area, Other areas within the paif@pai 0.6km, Nagadi 9.8km, and paiko 0.8km) hadlmlv
depth sources typical of basement areas which asgiitable for further hydrocarbon exploration. TBala areas
with sediment thickness reaching depth 4.8km acoel gargets for further hydrocarbon exploration adies.
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INTRODUCTION

The Bida basin is often referred to as the mid gelbasin or the Nupe basin, it is delimited in & and SW by
the basement complex and merges with the AnamtdaSakoto basin to the SE and NW respectively [He T
study area is located between latitud®0 to 9.30 N and longitude’®0 and %00 E.

The Bida basin has not been extensively studietjudéep subsurface geophysical tools when comparsaidies
made from the adjourning Anambra basin and the ®okasins, this research intends to add value dosttare
literature of the geophysical study of the Bidaibas

However, earlier studies in the upper Benue trougheals the existence of a deep seated centriivpasnomaly
flanked by negative anomalies typical of rift stures [4], [10].

Also, average sediment thickeness from previougityrand magnetic studies in adjourning Afikpo ma#Anambra
basin, and upper Benue trough reveals that theageesediment thickness within these area is 3.50 km
[3],[41,[14].[17],[29]. The present study shall éeinine the depth to magnetic sources vis-a-visnseulis thickness

of the Bida basin and the structural trend of thedments in the area.

GEOLOGICAL SETTINGS
The Bida basin is a gentle down-warped trough vtishorigin closely connected to Santonian orogenimvement
in the south east Nigeria and the Benue Trougf8]7The origin of the basin is connected to simiktffset along
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the NE-SW axis of the Benue trough which led to rémectivation of mega- shears in the Precambriaerant
which created fault patterns trending North eaSbuth west and North west to south east to fornBila basin at
high angle to the Benue Trough. [4],[7].

The study area has northwest and a southeast tfilfigsaphic successions of cretaceous sedimerss afre

correlated to the facies of the Anambra basin .imduthe campanian-maastrichtian, the south-Atlamgéthys sea
transgressed through the mid—Niger basin [11],[T8E southern Bida basin comprises of campanianstnictatian

Lokoja and Patti formations. The patti formationsiscceeded by Abaja ironstone formation [1], thexselateral
equivalents of the North west Bida formations dépsaironstone, Enagi siltstone and Batati ironst@amdstone), .
These successions together form lateral equivatfnteampanian to masstrichtian manu, and Nsukadtoms in

the adjacent Anambra basin. The Basal Lokoja ftiomgcampanian) non conformably overlies the Pmdmédan

crystally basement migmatites, schist, and grar{figs1.0) [2]. The Lokoja formation consist of aglomerates,
sandstones and claystones; which were depositaliuivial fan to shallow marine environments.[5].vedlying the

Lokoja formation is the mastrictian patti formati@rich consist of shale—claystone and sandstonéshwiere

deposited in a meandering river , [2] .
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Fig.1 Geologic map of the study area(modified fronGeologic map of Nigeria,1994)
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MATERIALS AND METHODS

The materials used for this study include, twog2¢et of Aeromagnetic maps (sheets 184 and 185 gredlogic
maps of Nigeria, both obtained from the Nigeriarol@gical survey Agency (NGSA) Kaduna. A mathematss,

a calculator, a drawing board, T- square, pencdsirtg papers, erasers, marking tapes, the protréctthe

mathematical set is used for angular measuremériiseaments orientation, while other items mentidrabove
where used for digitization of x, y and z valuesary software applications were used these incluaéed states
geological services (U.S.G.S) potential field saftev version 2.2 used for processing and interpoetadf

aeromagnetic maps.

(i) Golden software grapher 8.0 used for depth estiplate and lineament orientation Rosettes.
(ii) Golden software surfer 8.0 used in plotting depthdurce of magnetic anomaly map.

Method of Study

The method used in this study are both manual angpater processed. The manual method include zhgjibin,
lineament trend analysis, petters half slope andirmam slope methods. Digitization involves the axtion of
discrete points along flight lines on aeromagnati@l intensity field map at 1.0 cm intervals, wharalues of
longitude, latitude and total field values are doeamted as x y and z. This method is adapted te st USGS
processing software subroutine programmes.

Lineament analysis involves a desk table analysisrevmeasurements of orientations of anomaly trangisnade,
an overlay of transparent paper is placed on thenzegnetic map and all the anomalies traced anelddbtheir
width’s, lengths, and orientations are measuredmyidation of frequencies of occurrence and pergenta
frequencies of angular measurement are determifteel.above procedure produces lineament maps anettRos
diagrams.

Also, manual depth estimate using Petter's halfesland maximum slope methods, are used,[18]. Degitmates
using Petter’'s half slope involves the manual exiva of values of total field (z) and their compesding distance
(m) along a profile line often choosen to cut asrpsominent anomalies. In this study 10 profileefinwill be
choosen in each map. The Petter half slope methadvies choosing a point that in half the maximwanomaly
and it's corresponding distance taken as the depthe magnetic anomaly. The Petters maximum stopthod
utilizes the maximum point of deviation from an avady curve, the inflection points of deviations &aced to their
corresponding distances, which are regarded a& degburce of anomalies.[9], [12], [18].

The computer processed method include map mergeggpnal and residual filtering using polynomiagression
software “ SURFIT” map merging involves using thgitized x, y, z, data, since the flight elevatismas same in
both maps, no continuation was applied. The x yta drom both maps will be typed in word pad aratest as a
single file to be used in the following USGS softes (A2xy2, DETOUR GEOCON, GMERGER, P2GRD,
SURFIT and PC CONTOUR, (Phillips 1997. The prodesslved map merging, residual and regional se pavaif
anomalies and their various maps contoured.

RESULTS AND DISCUSSION

The process of manual digitization was appliedhte two sheets along flight lines extracting 2,3%8ugs of
longitude X, Latitude Y, and total field z at 1.0émervals. This data is stored in a typed filengsword pad for
further computer processed analysis. Manual amalysvolved the numbering of all the anomalies and
measurements of their orientations, widths, andjtlen (Table 1.0) The overlay showing the lengthsthaf
anomalous trends is shown as lineament trends rff@p2a,b). Also, the frequency of occurrence obaly
orientations was used to plot rosettle diagramswstgp major lineaments trends for both Paik and Bidaas.
(fig.3a,b,).

Computer processes software gk, was used on the word pad xyz digitized data toved the data from binary
to ascii, this creates a post binary file used BFTDUR, P2GRD, GMERGER and Pc contour software talpce a
merged total intensity field aeromagnetic map 4figThe produced total field grid file was usedhe “SURFIT”
software to produce the residual and regional nadpke study area (fig.5,6). The mathematical esgions of the
polynomial regression analysis is expressed in[[B}]. Manual depth was computed using Petters ¢$laffe and
maximum slope methods on ten (10) profile lineseanh sheet of the aeromagnetic maps. The illustrati depth
computations using different methods is shown afilprplots (fig7) and results are displayed inahular form (
table. 2) .
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The coordinates of the depth points along the lerdifies were then digitized, at the computed degutitions to
obtain each calculated depth point latitude, lardgtand depth value from which the golden softwgatter 9.0 was
used to contour the depth to magnetic basementofridue study area (fig.8).

Fig.2a Lineaments Trend map of Bida area
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Fig.2b Lineament Trend map of Paiko area
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TABLE ia: Frequency distribution of lineaments in the Bida sheet

Orientation(°) Frequency | Length (km) | Normal length (L/LT) | % of normal length (L/LTx100/1)

1-10/180-190 - - - -

11 -20/191 - 200 - - - -

21 -30/201 - 210 - - - -

31 -40/211 - 220 - - - -

41 - 50/221 -230 3 15.6 0.052 5.28

51 - 60/231 - 240 1 5.7 0.0193 1.93

61 - 70/241 - 250 3 19.8 0.0670 6.7

71 —80/251 - 260 12 66.9 0.2266 22.66

81 - 90/261 - 270 7 42.4 0.1436 14.36
91 — 100/271 - 280 10 51.0 0.1727 17.27
101 —110/ 281 - 29( 12 54.2 0.1836 18.36
111 - 120/ 291 - 30( 3 8.3 0.0281 2.81
121 -130/301 - 319 1 4.8 0.0162 1.62
131 - 140/311 - 320 1 15.5 0.525 5.25
141 - 150/321 - 330 1 5.5 0.0186 1.86
151 —160/331 - 349 2 5.5 0.0186 1.86
161 —170/341 - 350 - - - -
171 -180/351 - 360 - - - -

Total 295.2 99.96

Table ib: Table Showing Frequency Distribution of Lineament in Paiko Sheet

. . % Of Normal Length
Orientation(°) Frequency | Length, L (km) | Normal length (L/Lt) (L/LTX100/1)
1-10/180 - 190 - - - -

11 —20/191 - 200 - - - -

21 —30/201 - 210 - - - -

31 - 40/211 - 220 1 8.1 0.0587 5.87

41 - 50/221 - 230 - - - -

51 — 60/231 - 240 1 4.5 0.0326 3.26

61 —70/24 - 250 6 355 0.2574 25.74
71 - 80/251 - 260 3 5.9 0.0427 4.27

81 - 90/261 - 270 6 22.8 0.1653 16.53

91 —100/271 - 280 6 35.5 0.2574 25.74

101 - 110/281 - 290 5 15.6 0.1131 11.31

111 - 120/291 - 300 2 7.0 0.0507 5.07

121 - 130/301 - 314 - - - -

131 — 140/311 - 32¢ 1 3.0 0.0217 2.17

141 - 150/321 - 330 - - - -

151 - 160/331 - 340 - - - -

161 —170/341 - 35( - - - -

171/180/351-360 - - - -
Total 137.9 99.96
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Fig.4 Total Magnetic field intensity map of the stdy area (contoured at 50nT)
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Fig. 7a lllustrative plots of petterS maximum slopeand half- width depth extimation methods along préile line 11 Bida sheet
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Table ii: Depth Estimation for the Different Profil es from Bida and Paiko areas
Depth estimation for Bida using Peter’s half slop@nd maximum slope methods
S/n Profile No Maximum Slope(Km) Half Slope (Km)
1 Line 4 34,20 19,23
2 Line 7 19,44 15,42
3 Line 11 4.8,4.2,2.0 13,18, 1.9
4 Line 15 34,13 2.0,15
5 Line 21 12,17 10,21
6 Line 25 36,21 39,18
Depth estimation for Paiko using Peter’s half slop and maximum slope methods
1 Line 5 1.0,1.9,0.9 14,03,10
2 Line 8 0.6,1.6 0.3,0.7
3 Line 10 0.8,0.9,05 0.3,0.3,0.2
4 Line 12 3.0 2.3
5 Line 15 16,18 17,10
6 Line 20 0.9,0.6 0,5,0.8
9.5

9.4+

9.3

9.2

914

6.9

6.0

Fig.8 Depth to Magnetic Basement Map of the studyrea (contour intervals 0.2km)
DISCUSSION

The study area has a total magnetic field intensitych range between 7750nT to 7785nT, and a nadjifield

which range between 7810 nT to 7870nT (fig.4). Téwdual field decreases from (17) positive anomvalyes in
the south east (Paiko) to 14 negative values imthth west Bida indicating increasing sedimentgatals the North
West (bida) area (fig.5). The lineament trends ysislindicate two dominant trends which reveal®mitant NW-
SE and a les pronounced NE-SW trend. However,itlearhent analysis unreaveled two faults identifiedhe

area using criteria such as abrupt changes in aooiientation, spacing of contour lines and changeamplitude
amount of total magnetic field intensity, [9],[18R]. The first fault stretches from Gbangba toghdiouring
Kataeregi while the other lies between Paiko angadaarea (fig.5).

The depth estimates from the study area revealsdgpocenters which are the Kataeregi and Dalonadsawith
depths of 3.2 and 4.2 km, these areas are sepdmatdthllow depth areas which range between 0.2Lendwhich
include Paiko, Lapai, and Nagadi, Generally theasireith depths considered good for hydrocarbon rg¢ioa
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include Bida (2.2-2.4km), Datoraki (3.2 4km), eig8le (2.2-3.2km) and Gbangba (2.2-2.6km). Debegla/eber
(1990), Cordel and Grauch (1985) (fig.8).

Other areas with depths to magnetic source les®OknRare not favourable for further hydrocarbon lesgtion
[14],[16].

CONCLUSION

Conclusively, aeromagnetic interpretation of thda@basin has revealed the dominant lineament trends in the
NW-SE, two major faults within the Gbangha and Baikeas and a maximum sediment thickness of 4.4ihinw
the Bida (Datoraki) area. Also all depth estimatethe area greater than > 2.0km are favourabl¢éhddpr potential
hydrocarbon deposits provided other geological d¢@ms remains favourable. So its recommended findher
geological and geochemical investigations should dome in the study area prior to seismic explomatio
investigations.
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