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ABSTRACT

A renewed interest to continually search for hydirtbon prospects in the deep offshore West Afritacoted after
the discovery of a rewarding oil prospects aroune tleep offshore basin of Mauritania. However, nectatistics
showed that, viable prospects along this regioniaceeasingly becoming difficult to locate and thiatture success
will greatly depend on identifying ‘structural arstratigraphic traps’ within prospective areas. this study,
digitised aeromagnetic data covering part of Niglta was processed and gridded to generate thidwakmap
as well as the depth to basement maps. On thess, mpatential areas for hydrocarbon traps were dedited
accordingly. Oasis Montaj geophysical software weed throughout the data processing and analysie T
average thickness of the sediments or depth tontbasevaries from 0 km on the outcrops to as muchOas km
within the study area, large enough for hydrocartamecumulation. In addition to that, eleven intriesvwere
mapped from 2.5D forward and inverse modeling, Watleral extents of 1.5 km - 6.0 km. The preseridhese
intrusives made parts of the study area less faadderfor hydrocarbon exploration. The structuralbw areas
were also outlined from the depth to basement magerestingly, most of the oil producing fieldsreveeportedly
located within the structurally low areas of thesba Hence, it is recommended that a detailed Seipnospecting
be carried out around the structurally low areastime new frontiers’

Key words: Aeromagnetic, Residual Map, Basement rock, Souwcks, Intrusives and Hydrocarbon traps.

INTRODUCTION

Airborne magnetic survey was initially employed faydrocarbon exploration especially in regions wheil-
bearing sedimentary layers are primarily controlbgdtopographic features, such as faults, ridgesartl can also
be used for direct detection of hydrocarbon [1]ve®al oil fields have been located using this mdiHike the
Hobbs in the New Mexico [4].

Magnetic susceptibility is basically the fundaménpmrameter of magnetic survey, used for hydroaarbo
exploration, as it reflects changes in the subserigeologic structures [19] and this property afkeovary from
place to place below the earth’s surface. Thisatim in the magnetic susceptibility can cause kmalgnetic
variation in the magnetic fields of rocks measuradhe surface [10]. Weak anomalies or low magrreticiings on
the residual map may reflect the presence of al lmdeef on the basement surface which are to balyaed
guantitatively [15]. It can also indicate the pmese of oil traps in some cases [1].

In hydrocarbon exploration, residual maps also pl&gy role in identifying the presence of intresiylava flows
and igneous plugs, which are areas to be avoid#teicourse of an exploratory exercise [17]. Howewgrusives
are not completely detrimental to the hydrocarbpeissebut could also provide the geothermal energy ne:éolie
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the maturation of petroleum source rocks [12]. Rnobarises only when they are in large quantity mregthat,
more geothermal energy will be released, whicly iead to over-maturation of source rocks. At thisnt, the
temperature window for hydrocarbon generation cbadxceeded, thus, affecting the quantity to megeed. The
presence of Intrusives may also serve as hydrondrhps or reservoir rocks [16].

There are lots of challenges confronting viablelesgiory oil and gas prospects in the Offshore WAdsica as
reported by PGS geophysical with Niger Delta incleig14]. Repsol Oil Company maintained a consfaesence
throughout the year 2011 exploring deep OffshorestWdrica, but the results of its seismic databesesaled a
disturbing outcome as no viable prospects wasghtsHowever, they are hopeful that the deeperhofis basin
between Benin and Senegal seemed to be promisirigdky’ [18]. In addition, reports of the expldmay exercise
by PGS Geophysical indicate that series of welkated around the Offshore Niger Delta revealedigtucbing’

outcome, with no viable prospects in sight. Thoeffbrts are being shifted to the Miocene sandhefbasin, for
direct “hydrocarbon indicators”, after a huge digay of oil deposits by Chevron Texaco in OPL 24¢hin the

deeper Oligocene sand sheets [14] .

This study is part of the efforts being made toradsl some of these daunting challenges in a bidcate new
hydrocarbon prospects in the Niger Delta. The abjes are to map out potential areas suitabléjoirocarbon
accumulation; to estimate the average thicknesst#s®esediments throughout the study area; to datam some of
the intrusives and their corresponding lateral mtsteand finally to effectively outline ‘structuballow’ areas for
detailed seismic prospecting within the study area.

Location and the geology of the study area

The study area lies between longitud®8® E and 730’ E, and latitudes 4°0 and 5.8 N, with an approximate
area of 35000 ki(Fig. 1 and Fig. 2) respectively. About 14,375%mon the onshore while 20625 kis in the
deepwater offshore. The Niger Delta sediments (Bigre divided into three distinct units of EocéndRecent ages
that form major transgressive and regressive cydlles upper part, which is the Benin Formation, poses of the
continental fluviate and backswamp deposits withaaerage thickness of 2500m.This unit is overlantloe
Agbada Formation (the main petroleum reservoir)ctviis of paralic, brackish to marine, coastal -im&adeposits,
with an average sedimentary thickness of 34000murigerlying Akata formation is of marine prodeltays with
an average thickness of 6500m. The Shale of themdton (Akata) forms a world — class source rock fo
hydrocarbon [14]. Fig. 4 shows a typical structiyredw area in the Niger Delta [9].
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Fig. 1: Geological map of Nigeria Showing the locadn of the study area (modified from Obaje, 2009)
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Fig. 2 Outline geologic map ofNiger Delta showing the sand sheets withithe study area(Modified from
TechLink, 2006)

Fig.3: Seismic Stratigraphic Sections of the NigebDelta basin showing the three formations (Modifiedrom
TechLink, 2006)

865
Scholars Research Library



1. Ali et al Arch. Appl. Sci. Res., 2012, 4 (2):863-874
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Fig. 4: Slope edge normal fault simulation for theNiger delta showing a typical structurally low area
(Modified after Michele et al. 1999)

MATERIALS AND METHODS

Digitized aeromagnetic data covering the study ames obtained from Nigerian Geological Survey Agenc
(NGSA). The flight lines are 2 km apart in the NW-8irection, with an elevation of 150m and a tieeliof 20km.
Oasis montaj geophysical software [5] was usedHerdata analysis, processing and interpretatibe. raw data
was gridded to produce the Total Magnetic Intensitgp (TMI). Upward continuation filter was usedal®
smoothen the data in order to suppress the effdécthallow features and enhance deeper ones. THagfitlwas
upward continued to 10 Km and the resulting gricwaed to plot the Reduction to the Equator (RTEp,making
into account the geomagnetic field elements ofiiation (1) = - 18.8, Declination (d) = - 6.5 and Total Magnetic
Field (F) = 31,463.8nT .The Regional field, knowsl&RF, was removed from the data by upward coation of
RTE grid to 40 km. The resulting grid was then safted from the original grid of the RTE to generegsidual
map. Spectral Analysis for depth estimate wasedhout on the residual map. This map was dividéol 14 blocks
and the average depth of each block was estimaied WMagmap module of the software. These depimatds
were utilised in generating depth to the basemesfior the first and the second layers respegtivehally, GM-
SYS module was used for the 2.5D forward and ireveredeling to map out some of the intrusives withm study
area.

RESULTS AND DISCUSSION

Total Magnetic Intensity Map (TMi) This map (Fig. 5) shows that the study area @&aitterised by high, low and
intermediate amplitude anomalies. It is generadyidved that zones of low magnetic intensity cqroesl to
sedimentary rocks, while intermediate intensityresponds to granitic rocks, and those of high ratignntensity
values are associated with igneous rocks (intrusiegtrusive ) [13] .The study area falls withhretthree zones
with the northern, north-western, south-western smuthern parts dominated by intermediate intassifThe high
magnetic intensity, with a value of 59.1nT, wasorded in the northern and southern parts of théystwea. The
dashed lines indicate the presence of magnetiarieats or local fracture zones within the studgare
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Fig. 5 Total Magnetic Intensity Map of the study area

Reduction to Equator (RTE): This technique transf®the magnetic anomaly to ttwhich will be obseved at the
pole. Anomalies arerlown to be simplified and easy interpretas the earth’s main field becomes vertical at

pole. Moreover, it also centres the anons directly over their causative bodi&§sual inspection of Fig. shows

that, there was a northward shift in the anomallée geomagnetic field elements used in this tansdtion are

the angle of inclination (I = -18.% and the angle of declination (d = 6)5and theyare knovn to greatly influence
the shapes ainomalies to be forme

LATITUDE

LONGITUDE a2 Bncaments
Fig. 6: Reduction to the Pole Map of the Study Are

Removal of Earth’s regional MagnetField: This operation removes a wdkfined model of the regional field
the Earth Known as the Geomagnetic Reference F@&RF) [8]. The regional fieldvhich was removed from the
data by upward continuation of the RTE gridded dath70km to obtain serief paralle lines (Fig. 7). These field
lines correspond to model magnetic fields of thelethat areundisturbed, which need to be removed from the
in order to get the residual or lodalds.
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Fig. 7: The regional field of the study area
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Figure 8: Residual Anomaly Map of The study Area

Residual Anomaly Map The high amplitude anomaly, with a value of 25.9(Ri.8) was observed in the South
part, south-eastern, soutlestern, north eastern as well as north centrdab pdrthe map respectively. This hi
magnetic value is associated with igneous inon onto the basement surface or within the sediangrgection

The

igneous and the granitic rocks are believegetintruded onto the basement surface or withirsddmentan

layer, resulting in the observed magnetic anom@lthe Earth’s main field easured on the surface. More so,
lineaments denoted by dotted lines, trendinc-SW correlated with that of Niger Delta itself anek @aid to b
formed during the opening of the N-Atlantic Ocean in the late Jurassic to early Credas times [6] . hese
features are characterised by steep magnetic gtadie sharp susceptibility contrasts are gendbaligved to exis
across a fault or fracture zone, due to the diidaf magnetite to haematite |
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The points P, Q, R, S areas characterizy a ‘Magnetic Low’ or weak anomalies, are attrilsiteo the presence
potential hydrocarbon traps or a local relief

Spectral Analysis: \Wen a collection of magnetic sources exist arousgexific depth, then a plot of the natt
logarithm of @ergy against wavenumber of thcsourcess a straight line with a slofof - 4 h [3]. Results from
Spectral Analysis showed a sedimry thickness ranging from 2.9 km - 4.7 kithe depth estimate for bk 1 is
as shown in Fig. 9. Line land L, represent the first and the second magnetic lagspectivel .These values are
in agreement witprevious investigatic [2]. The depths to the basemeactk, for the second layer, win the study
area varied from 5.31 -10.7 kamdprevious work estimated the depths to blasement rangit from 6km to 12km
for the whole basin [2].
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Fig. 9: Radially average power spectrum for block 1

Depth to Basement Map$hesemaps(Fig. 10 and Fig. 1Ioepresent the average basement topography ofutg
area and als@rovide information abo the thickness fothe sedimentary basin w respect to the basement
structures. The average depth estimates of theditd seconimagnetic layerdor the stud area were utilised
separately using spectral analyssult. These maps showed some featuresdhatstructurally high while othe
are low. On the dmh to the basement map of the study area for l& (Fig. 10) structuraly high areas were
noticeable in NENW and SW parts of the study area, with only orstiniit structurdy low area labelled A. This
continued to the second layer kig. 11 corresponding to another structurdtdy areaC. On the depth to the
basement map for the second layerig. 11, there are two distinct areas thatsanecturallylow labelled B and C.
The structurallylow areas on both ms are potential hydrocarbon trapsthin the study area and seve¢ olil
producing fields wereeportedly located around these areas withirbasin e.gBonga Fiel([2].

Magnetic Modelling: The presence of some igneotrsisions on the basement surface and/ or withiimssaary
basin is visible on the residual map (Fig. 8). Etirceate these intrusives, a 2.5D forward and se modeling was
carried out. Three profiles were taken in the - SE direction across the anomalous zones on théuadsnap ir
Fig. 12 below using GMBYS module of Oasis Montaj. This modeling techniquemlves generating a magne
field, using an outpudata extracted from a profile, then comparingvith an observed field to obtain a ma
between them and obtaining a minimum error bar l{tteein red colour). The parameters used for phiscess ar
shown in table 1 below. Caution was taken to mise the error by taking into consideration the ggglof the
study area, the depths to the basement, and thepilslity of the sedimentary section to obtaie time of best fit
The susceptibilities of the sedimentary and theslveesnt rocks respecely were also varied in the in this exerci
as contained in Table 2.
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Fig. 10: Depth to the basement map for the first mgnetic layer
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Fig. 11: Depth to the basement map for the secondagnetic layer

Table 1: Modeling parameters

9
95
10
105

Depth (km)

S S Total No. of . i Magnetic susceptibility of No. of
Profiles Incllr}atlon Decllglatlon Field Basement Mag_netlc SUSCGFI)(T.IbIhty of ? basement ch))cks / subsurface
) ) (nT) blocks sedimentary rocks (c.g-s) (c.0.8) Intrusives
A-A’ -18.5 -6.5 31,463.8 8 0.001-0.003 0.0000160.0 4
B-B’ -18.5 -6.5 31,463.8 8 0.001-0.003 0.0000160.0 3
c-C -18.5 -6.5 31,463.9 7 0.001-0.003 0.00001B00 4
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Fig. 12: Residual Anomaly Map Showing the three priles

Table 2 Magnetic susceptibility of some selected earth materialdModified from Ahamefula, 2005)

Rock (Mineral) Type Susceptibility (c.g.9
magnetite 0.3t00.8
Pyrrhotite 0.028
liminite 0.044

Iron Formation 0.056
Basalt 0.00295
Rhyolite 0.00112
Granite 0.00047
Other Acid Intrusives 0.00035
Slates 0.00005
Sedimentary 0.00001 to 0.001

)

M

i~

141 -

ERR=2 812

Fig. 13 2.5D Forward and Inverse modeling for profile A-A’
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Fig. 14 2.5D Forward and Inverse modeling for profile BB’

TOAGE
i

s af Bt

Sedimentary Basin

Fig. 15 2.5D Forward and Inverse modeling for profile C-C’
CONCLUSION

There are four locationsn the residual magFig. 8) labelled P, Q, R, Bharacterised by weak anomalies ¢
magnetic low These are potentials traps hydrocarbon or locaielief on the basement surface. P«Q, extending
from the north central to the north eastpart, correlated with part of the Miene sands of the Nigdelta,

explored for direct hydrocarbandicators Fig. 2) [14].
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Altogether , eleven intrusives were mapped (Fig.Fi§. 14, and Fig. 15) respectively and theirrdatextents range
from 1.5 km to 6 km. Due to their presence, parthef study area are less favourable for hydrocaebmtoration
especially the northern and north central partsoAouthwest, southeast and parts of the soutdaaménated by
these features. In essence, the more the intrysheesnore the geothermal energy to be releastiteteource rocks
and the more likelihood for them to become over atured as the geothermal temperature window foir the
maturation is exceeded. Consequently part of thrgianic matter contents such as kerogen will b&rayed which
will invariably affect the quantity of hydrocarbém be generated.

Careful and thorough comparison of both the residlily. 8) and the depth to the basement maps {&ignd
Fig.11) respectively, along the longitude in thaethern parts, revealed some interesting correlstidhe positions
of magnetic low areas R and S on the residual maglated favourably with those of the structurddiy areas A,
B, C ( Fig. 10 and Fig. 11) respectively. More ali$avas reported that several oil producing fieldsre reportedly
situated around the structurally low areas of thigeN Delta basin e.g. Bonga Field [2]. In view tbfs, the
structurally low areas are therefore recommendeddétailed prospecting in ‘the new frontiers’ usiagismic
methods.
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