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Abstract- Recently, the Nigerian Geological Survey Agency (NGSA) acquired high resolution airborne data over Nigeria and have
commenced surface geological mapping in some parts of the country. This research becomes imperative taking into account time
consumption and the risk associated with geological field mapping in recent time which includes difficulty in terrain coverage,
abduction of field workers and insurgency in some part of the country. In this research an attempt was made to carry out litho-
magnetic mapping and delineation of surface structures from inter pretation of high resolution aeromagnetic data within northern Bida
basin and environs. High resolution aeromagnetic data of the study area was subjected to regional residual separ ation, analytical signal,
vertical derivative, tilt angle derivative, horizontal tilt derivative and upward continuation filters in the Oasis Montaj Version 7.0.1
Geo-softwar e environment to enhance data for interpretation. Results from the total magnetic intensity (TM1) and residual data shows
that magnetic intensity values range from 33,961.54 nT to 34,124.84 nT and -37.75nT/m to 124.08 nT/m respectively. Results of litho-
magnetic mapping on the basis of magnetic susceptibilities helped in demar cating lithologies associated with Basement Complex and
sedimentary terrains. Structures mapped in the study area are faults which trends in the NE-SW and NW-SE dominant directions and
other minor direction are in the E-W. These results put together assisted in the preparation of a comprehensive litho-magnetic and
structural map of the study area.

Keywords- High Resolution Aeromagnetic; Litho- Magnetic; M agnetic Susceptibility; Northern Bida Basin; Structures.

| .INTRODUCTION rocks tends to decrease with increasing acidityhav acid
igneous rocks, although variable in their magnetic
behaviour, are usually less magnetic than basiksr¢t].
Metamorphic rocks are also variable in their maignet
character. If the partial pressure of oxygen iatre¢ly low,
magnetite becomes reabsorbed and the iron and oxamge

incorporated into other mineral phases as the gmafde

In recent years, high resolution aeromagnetic dsita
playing a prominent role in earth sciences througyealing
surface and subsurface information. Aeromagnetipsna
generally show the variation in the magnetic fieldthe
earth, therefore, mapping the variation of the talus
magnetic field mainly due to susceptibility of tkeustal

rocks has greatly assisted in geological mapping.

The magnetic susceptibility of most rock forming
minerals is low, and the magnetism in rocks is assalt of
the presence of magnetic minerals [1]. The presenfce
different types of magnetic minerals in various positions
in rock formation results in different rock formati having
different magnetic susceptibility values. Basicagus rocks
are usually highly magnetic due to their relativédigh
magnetite content. The proportion of magnetitegnebus

metamorphism increases. Relatively high oxygen igdart
pressure can, however, result in the formation afnetite

as an accessory mineral in metamorphic reactiofs [2
However, sedimentary rocks are effectively non-neign
unless they contain a significant amount of mad¢meti the
heavy mineral fraction. Where magnetic anomalies ar
observed over sediment covered areas the anonwmlées
generally caused by an underlying igneous or metphio
basement, or by intrusions into the sediments If2ja nut
shell Sediments and acid igneous rocks have small
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susceptibilities whereas basalts, dolerites, gabband
serpentines are usually strongly magnetic. Weatberi
generally reduces susceptibility because magneiste
oxidized to hematite, but some laterites are magnet
because of the presence of maghemite [1]. Besides t
presence of a magnetic mineral in a rock unit thatld

result in a magnetic anomaly, other common caudes o
magnetic anomalies include dykes, faulted, folded o
truncated sills and lava flows, massive basic Bitms,
metamorphic basement rocks and magnetite ore hodies

Table 1 gives the magnetic susceptibility of some
common rocks and minerals.

Table 1: Magnetic Susceptibility Values of some omon Rocks and Minerals [3][4][5]

S/No. Rocks/Minerals Susceptibility Range (SI)
1. Sandstone 0-20

2. Shale 0.01-15

3. Schist 0.3-3

4. Gneiss 0.1-25

5. Slate 0-35

6. Granite 0-50

7. Basalt 0.2-175

8. Gabbro 1-90

9. Quartz -0.01 -0.02
10. Calcite -0.0011 -0.01
11. Haematite 0.5-35

12. Magnetite 1200 - 19200

In the year 2004-2009 the Nigerian Geological Syrv
Agency (NGSA) has acquired various high resolutions
airborne data sets over Nigeria and has startedpimgp
some parts of the country. However, surface gecédgi
mapping could be time consuming and will take mpegrs
before completion. Taking into cognizance time
consumption and the risk associated with geologiieddi
mapping in recent time which include difficulty terrain
coverage, abduction of field workers, insurgencysame
part of the nation and many other factors. Thiseaech
attempt to carry out a litho-magnetic mapping and
delineation of surface structures from interpretatf high
resolution aeromagnetic data in an effort to coreser

mapping time and minimize the risk factors assedatith
field work.

The study area is the northern sector of BidarBasd
environs located in the north-central part of Nigend falls
within Longitudes 80’ to 700°E and Latitudes 80’ to
10°30’'N.  Major towns within the study area include:
Kontagora, Zungeru, Bida, Lapai, Minna, Wushishi,
Enagi,Sapkpe, Mokwa Pategi, Agena Agiea (Fig.1l)e Th
geology of northern Bida basin and environs coasi$tthe
Basement Complex rock, flanking a central sedimgnta
basin. Lithologies in this basin consist of Bidan&stone,
Sakpe Iron stone, Enagi Siltstone and Batati Irtones
Formations [6] [7].
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I.MATERIALSAND METHODS
2.1 Materials

Sixteen (16) high resolution aeromagnetic data each
scale of 1:100,000 which were provided in both gaitd
data based format were used for this work. The dats
acquired by Fugro Airborne Survey Ltd. in the yeaon4-
2009 using 3X Scintrex CS3 Cesium Vapour Magnetemet
with the following flight parameters: flight lingoacing was
500 metres, terrain clearance was 80 metres, ftlghttion
was in the NW-SE, tie line spacing was 2 kilometand tie
line direction was in the NE-SW direction. Additain
materials used include Oasis Montaj Version 7.0nt a
Surfer 11 softwares.

2.2 Methods
2.2.1 Litho-magnetic and Structural Mapping

To enhance data for interpretation, this researohkw
utilises MAGMAP filters within the Oasis Montaj \Vi&@on
7.0.1 environment such as regional residual separat
analytical signal, vertical derivative and tilt dag
derivatives:

a) Regional Residual Separation

The residual magnetic field data was separated frem
regional magnetic field data using the regionalidnes
separation method. Residual magnetic field data was
obtained as the deviations of the fitted plane aa@ffrom
the total magnetic intensity. This method unlike thther
methods does not change the amplitude of the shallo
features or change the shape apart from the renuduhie
long wave lengths. The regional residual separafiiber
was applied to the total magnetic intensity field/().

b) Analytical Signal

[9] developed the concept of analytical signal of
magnetic anomalies which was calculated by takimg t
square root of the sum of squares of the data aléres in
the x, y, and z directions of magnetic field asdiak:
IA(.Y)| =((dT/dx)*+ (dT/dy)*+ (dT/dz)’)" 1)

The resulting shape of the analytic signal whichs wa
centered on the causative body is independent ef th
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orientation of the magnetization of the source.sThtter is
advantageous because it is immune to IGRF fielection,
that is, you do not need to precede this calculatiith a
reduction to equator filter, however in this worket
analytical signal was directly applied on the TMI.

c) Vertical Derivative:

Computation of vertical derivative to an aeromagnet
data is equivalent to observing the vertical grnadiirectly
with a magnetic gradiometer and has the same aalyanas
enhancing shallow sources, suppressing deeper anes,
giving better resolution of closely-spaced sourc@scond
vertical derivatives were computed using convolutfiiter
and Laplace’s equation related by the followingatn:

VZf =0 so, 2

o _ (9%, 9%
922 _-(sz +6y2) ®)

Once the Fourier filtering techniques becomes alatgl
the n" order vertical derivative is computed using the
following relationship:

ED)=wrn @

Where F is the Fourier representation of the fatd k
is the wave number or frequency.

Vertical derivative filter was applied to the dédaedetect
the edge of shallow features on the magnetic gndl this
filter was able to clearly bring out the geologibalundaries
and their discontinuities on the map.

d) Tilt Angle Derivative

The tilt derivative method which is the ratio ofsfi
vertical derivative to the horizontal gradient emtes subtle
and major features evenly. The tilt derivative arsdtotal
horizontal derivative are useful for mapping shallo
basement structures and mineral exploration tard&€,
[11] defined the tilt derivative as:

o |
0= tarilI 9z /a_M | (5)

oh

Where 2—IZ = (2—";)2 + (2—";)2 (6)

and OM/Ox, OM/9y, OM/Oz are derivatives of magnetic
field M in the x, y, z directions.

88_1: = 2KFc sin dh cos(ZI—d—;j;))_'——Zzszin(ZI—d—90) (7)
c
z_[: = 2KFc sin dzccos(21—d—’?zoi—zhjin(ZI—d—‘)O) (8)
c

Where K is the susceptibility contrast at the contk is
the magnitude of the magnetic field, ¢ = 1%iosir? A, A is
the angle between the positive h —axis and the stagn
north,i is the ambient field inclination, tan | = tan i&cA, d
is the dip (measured from the positive h-axis) aaid
trigonometric quantities are in degree.

And for vertical contacts:

oM _ h

o7 2KFC—h2 T 2.2 (9)
oM _ Zc

on = 2KFe 2 (10)

Substituting equation 12 and 13 into equation &sgjiv
0 = tan' [ / z.] (11)

In this work the tilt angle filter was applied tesidual
data this brings out the basement fractures arehients
clearly which was used as a guide in the preparatioa
comprehensive litho-structural map of the area.

I11.RESULTSAND DISCUSSION
3.1 Results

To obtain the actual total magnetic intensity (TMI)
values on figure 2, 33,500 nT was added to eachnatiy
intensity values therefore, from (Fig.2) the aergntic
intensities range from 33,961.54 nT to 34,124.84 Tfis
range of magnetic intensities implies that the wtacka is
characterised by high to low frequency of magnetic
intensities. The total magnetic intensity (TMI) mgfg.2)
reveals that areas of high magnetic intensity \alue
represented by red to magenta colours are foundndro
Bakoji, Katcha, Wushishi, Tshipo, lasnlu Esa, arategeri.
The low magnetic intensity values represented lepdaue
colour, occurs in areas around Pandogeri, Dobinh&ua.
Kuta, Ibeto, Masagamu, Wando, Tenenge, Safo, Zunger
Agie Jima Doka, and Age. Whereas, the remaining qiar
the study area comprising of Enagi, Gulu, Lemuk®ai
Bakoni, Fashe, Minna and Alawa areas exhibit modest
magnetic intensities. The residual map over thdysarea
(Fig.3) shows attributes of positive and negatiseraalies
scattered in different parts of the map.
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Using two set of filters within the Oasis Montaj
environment, analytical signal (AS) and first veali
derivative (FVD) the high resolution aeromagnetiatad
covering the study area was analysed to enhanee fdat
litho-magnetic demarcation. Figure 4 is a map oé th
analytical signal of TMI, from figure 4 six (6) d&frent
anomalous zones representing different lithologic
discontinuities were identified. Anomaly labell&ds seen
to occupy the central region of the study area,ath@emaly
has low magnetic susceptibility of the range 0.01mmto

0.04 nT/m (deep blue to orange colour). The second
anomalous zone labelledl S also exhibits low magnetic
anomaly of 0.01 nT/m (deep blue colour) were seavctur

in the north-eastern part of the area. AnomalibslladMV

are of moderate magnetic susceptibility and weren ge
occupy the north-western, north, north-eastern smuth-
western parts of the study area. They are obvioosticed

on the map by deep yellow colour with deep bluetso
their centre depicting a decrease of magnetic ptibilay

[

o8

5 10000 0 10000 20000 30000 5 -
(meters) Total Magnetic Intensity (TMI) Map ofNorthem BidaBasin and Envions
e (Add 33,500 nT to obtain the actual TMI Values)

Fig. 2: Total Magnetic Intensity (TMI) Map of Northern Bida Basin and Environs
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towards the centre and have a susceptibility rasfge.04
nT/m to 0.06 nT/m. Anomalies labelledG were
characterized by a circular to near circular shapésbiting

moderate high anomaly of the range 0.06 nT/m t8 0.0
nT/m. These anomalies which were represented by tigd
colours with magenta colour spots in their centrdidate
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anomaly increase towards the centre. The higheghetiz
susceptibility of the range of 0.11 nT/m to 0.38mTdeep
red to magenta colour), labelldd GC is the dominant
lithology occupying the south-western, north-wester
north-eastern and even the eastern part of thg siea.

Vertical derivatives tend to sharpen the edges of
anomalies and enhance shallow features hence ituseds
to delineate high frequency features more cleaHgne they
are shadowed by low frequency features. A coloadsh
scale was applied to the first vertical derivativkeda and
this has aided in the demarcation of the diffeteghblogic
boundaries within the sedimentary basin as showfigime

5. Both positive and negative anomalous zones withe
sedimentary basin were depicted from figure 5. Aalgm
labelledA has a positive magnetic amplitude of O nT to 10
nT, the second anomaly within the area demarcadethe
sedimentary basin labelled anomaly with magnetic
amplitude of 10 nT to 20 nT occurs in the northwesbt
anomaly A. Anomaly labelledC extending from the
northwest to the southeast records a positive amogliof 20
to 30 nT/m and negative anomaly amplitude of -40taF
10 nT/m. The highest and positive anomalous zobellkd
D with amplitude of 40 nT/m occurs at the extremetisou
eastern corner of the map.

nTkﬂ

1000

oo Snaa WP of 2 Vetingl Cerivative ower NoghernSica Bxinand 2wos

Fig. 5: Colour Shaded Map of 15! Vertical Derivative over Northern Bida Basin and Environs
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The enhancement of magnetic anomalies associatbd wi
faults and other structural discontinuities wasiewdd by
the application of tilt angle derivative filter.dm figures 6
and 7 the anomaly range of tilt derivative map atsd
horizontal derivatives (HD_TDR) are -1.23 nT/m t@34
nT/m and 0.001nT/m to 0.009 nT/m respectively. Stral
trends from these maps are not discernible probaddpause
they are shadowed by low frequency anomalies. By
subjecting the tilt derivative and its horizontaridative to
an upward continuation to 1 km to filter out loveduency

anomalies and then generating their correspondiaglex
relief maps at a sun angle of%ructural lineaments can
now be identified. Figure 8 shows structures supeoised
on the shaded relief map of tilt derivative, a majtvucture
labelledF1 trending in the NE-SW direction cutting across
the study area is delineated. Other structurestifoih in
figure 8 include those labelled Bsvhich trends dominantly
in the NW-SE, NE-SW and E-W as minor trends, ambé¢h
labelledSF. Figure 9

99

)

nT/m
L 1.39
T 118
1.01
0.83
0.64
0.44
0.22
-0.01
0.25
-0.48
0.72
-0.96
1.23

| 5

5 530 6

(meters)
S

Tilt Derivative Map over Northern BidaBasin and Envions

630 [

Fig. 6: Tilt Derivative Map draped on the StudyAr

Vol. 7 No. 2 March 2018

ISSN: 2509-0119

142



Litho-Magnetic and Structural Mapping from Interpretation of High Resolution Aeromagnetic Data over Northern Bida Basin and Environs
North-Central Nigeria

nT/m
0.009
0.006
0.005
0.004
0.004
0003
0003
0002
0002
0002
0001
0001
0001

5 530 6 630" ”

5 530
0000 010000 20000 30000
T —

(meters) Structures Superimposed on the Shaded Relief Map of Tilt Derivative of Northem BidaBasi and Envions

Vs 9/ 0T 20

Fig. 8: Structures Superimposed on the Shadedff\dip of Tilt Derivative

Vol. 7 No. 2 March 2018 ISSN: 2509-0119 143



Litho-Magnetic and Structural Mapping from Interpretation of High Resolution Aeromagnetic Data over Northern Bida Basin and Environs

North-Central Nigeria

(meters) Structures Superimposed on Shaded ReliefMap of HD_TDR of Northemn BidaBasin and Envions
/U

Fig. 9: Structures Superimposed on the ShadeeéfRéép of HD_TDR

Further revealed other structures, example is aomaj
structure labelled2 which trends in the NW-SE off—setting
F1. Other structural trends labelled Rsvere also identified
(Fig. 9).

Combination of results from analytical signal (A8)st
vertical derivative, (FVD) Tilt angle/Horizontal deatives
(HD_TDR) was used in the generation of the lithognetic
and structural map of the study area (Fig.10).

3.2 Discussion

The magnetic field of northern Bida Basin and eowér
as revealed from form the total magnetic intensitgp
(Fig.2) is a contribution of short, medium and long
wavelength anomalies. The residual map (Fig.3) @i
both positive and negative magnetic anomalies. pidsitive
anomalies recorded within Bida basin and envircargeha
value range of 70.06 to 124.08 nT/m. This posidnemaly
is an indication that the lithologies within theseeas
contain in them some magnetic grains hence thetip®si
anomalies [2]. A negative anomaly of the range 7870 -
4.55 nT/m is an indication of the absence of feooferri-
magnetic substances in the lithologies within thesas [2].

Result of the analytical signal over northern Besin
and environs (Fig.4) shows a clear demarcation é&&tvithe
basement/sedimentary contacts and to some extemd th
different Basement Complex lithologic boundaries.the
interpretation of these anomalies the geologicab wiathe
study area was also taken into cognisance. Fromp4(Fi
different lithologic discontinuities labelled S, MBIV, 1G,
and MGC was mapped on the basis of magnetic
susceptibility contrast and these were compareth wiat
obtained from table 1 for interpretation purposEsom
analytical signal map, the formation labell8decorded the
lowest magnetic intensity and low magnetic intgnsg
generally associated with sediments [2]. This satggthat
the lithology labelledS which is indicated by deep blue
colour is made up of sedimentary rocks. Within area
demarcated as Basement Complex terrain lithologies
labelled adv S also records low magnetic anomaly and was
depicted by deep blue colour this suggest thatitihelogy
could have its source from sediments and this was
interpreted to be meta-sedimentary schist belt. &rerage
magnetic signatures registered in some parts withia
Basement Complex terrain labelled BBV suggest that,
these lithologies are meta-volcanic schist beltsorAalies
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labelled IG and MGC vyielded the highest magnetic
anomalies and were interpreted as igneous rockstland
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Fig. 10: Litho-magnetic and Structural Map of Northern Bida Basin and Environs

The first vertical derivative map has helped iniwief
the different lithologies associated with the sestitary
basin. From the colour shaded map Bfvértical derivative
(Fig.5) both positive and negative anomalies ewighin
area demarcated as the sedimentary basin in norBida
basin and are labelled A, B, C, and D. Anomalywith
positive anomaly range of 0 to < 10 nT/m was intetgd as
Bida Sandstone Formation, according to literatuinés t
formation consist dominantly of sandstone othdwlibgies
include breccias, argillaceous rock and occasibaalds of
ferruginized dark-brown sandstone [6] [12] [7]. The
ferruginous sand stone could have contributed & ldiw
positive anomaly observed in this formation. AnonBal
records a magnetic anomaly of 10-20 nT/m and was
interpreted as Sakpe Ironstone Formation. This d&ion
consists dominantly of oolitic and pisolitic ironse with
occasional claystone at the base [12]. This ispibssible
reason why this formation is associated with higisifive
magnetic anomaly. Anomaly €xhibits both positive of 10-

30 nT/m and negative anomaly ranging from -40 t6 -1
nT/m. The positive high anomaly C observed north of
anomaly B could have resulted from chemical weéatler
and precipitation of iron from the nearby iron ri€akpe
Formation and the negative anomaly is an attrilofitéhick
pile of sedimentary rock absence of magnetic graiss
anomaly was interpreted to be associated with Enagi
siltstone Formation which consists mainly of site and
other subsidiary lithologies include sandstonestitie
admixture with massive claystone and shale. Thédsg
and positive anomaly of 40 nT/m labelledaas interpreted
as Batati Ironstone Formation. Its lithology cotsi®f
argillaceous, oolitic ironstone with ferruginouisébne and
shaly bed intercalation. [12] showed that this fation
occupy a rifted sink (graben) hence, areas covbyethis
formation presents the thickest sedimentary pild this
could be the possible reason for the circular sthamgh
positive anomaly.
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Tilt derivative and its horizontal derivative &hs were
used to analyse the structural disposition wittia study
area. Structures superimposed on shaded reliefiltof
derivative and HD_TDR (Figs.8 and 9) shows major
structural feature labelle@1 running from Ode Babanla
through Lafiagi, Enagi, Kutigi, Wushishi Tegina and
Pandogari trending in the NE-SW direction was prteted
to be a major fault cutting across the northernaBidsin
and environs. Other structural features identifrethding in
the same NE-SW direction (labelld®) interpreted to be
faults and fractures are those recognized in atidas
Mokwa, Gurrnana, Gbaki, Shonga and Jima. Additional
structures interpreted as fault and fractures drese
trending in the NW-SE direction and occur in ardéi&e
Ibeto, Kontago, Mariga, Gbaki, Bakoji, Wuya etc.héxt
structures labelle®F interpreted as strike-slip faults were
also identified. The strike-slip fault as obseniedareas
around Alawa, Bida and Rogun Kpada are major sslie
faults and are seen to exhibit a general dextrabeseof
movement. From the shaded relief map of HD_TDR,omaj
structural feature trending in NW-SE direction and
traversing through Marara, Paiko, Mariga, Bobi and
Kontagora was identified and labelled @& This feature,
which was also interpreted as a major fault was seeff-
setF1 at Zungeru and this resulted to a strike-sliptfaglof
F1 with a dextral sense of movemeR® is believed to be
the extension of a major sinistral strike slip faeported by
[13] as Boko transform fault. Other minor trends o
structures interpreted as fault and fractures ifiedt on
both maps of structures superimposed on shaded oéfiilt
derivative and HD_TDR are in the E-W direction. frthe
structural trends of NE-SW, NW-SE and E-W direcsion
the area can be said to have been effected by thaeger
tectonic episodes.

IV.CONCLUSION

This research work has demonstrated the usefulmiess
high resolution aeromagnetic data interpretation
mapping different lithologies and structures asseci with
both Basement Complex rocks and the sedimentaiy bas
the basis of magnetic susceptibility. Litholog&ssociated
with the Basement Complex environment in the stacha
example migmatite gneiss, schist and igneous iioings
were mapped. Also those formations associated thith
sedimentary basin (Bida Sandstone, Sakpe Ironstomagi
Siltstone and Batati Ironstone Formations) were padpon
the basis of magnetic susceptibility. Structureshsas fault
and fractures were also mapped. In respect to dhigho-
magnetic/structural map of the study area was prediu
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