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ABSTRACT

The middle Benue Trough has been studied on a natssance stage, no detail subsurface modelingvemat
basin configuration has been undertaken. TwelvefE2pmagnetic maps on a scale of 1:100,000, cogeha
middle Benue Trough were digitized and processédgusomputer techniques which include; map merging,
polynomial filtering, power spectrum, forward andvérse modeling. Eight (8) profiles were modeled to
determine the structure of the basin and the poesefipossible intrusives. The results indicateptesence of
twenty three (23) intrusives; seven (7) are basaltile sixteen (16) are rhyolites. The Saki maz®@ifiguration
reveals average sediment thickness ranging bet@ger 4.0km, these represent horst and grabentstesc
These variations are also revealed in the powertspa depth estimate, which shows a range betwe2r- 1
2.7km. The Doma and Agana areas have the largestadations of sediment thickness (0.5 — 4.0km)eciog
about 40km, other areas have shallow depths (@.Bkm), and cover distances between 19.5 — 23.8hase
later areas are less favorable for hydrocarbon raagtation. The Doma and Agana areas remain the most
favorable areas for hydrocarbon exploration basetheir thick sediment accumulation. However, thassas
reveal the presence of seven (7) intrusives; they wause high geothermal temperatures that maybeot
favorable for hydrocarbon accumulation.

INTRODUCTION
The area of study is the middle Benue Trough whidks the upper and lower Benue Trough. It is détch by
latitude 730" and 00'N and longitude ®0" and 1800'E and covers an area of 142,992 sq km (fig. 1). The
area forms part of the Benue Trough which is aalineretaceous sedimentary basin that extends tewhsd
north from the east. It is approximately 1000 kmdoand 2.5 — 4.5 km thick (Ojoh, 1992, Fairhead and
Ofoegbu, 1990, Benkhelil, 1988, Burke, et. al 1%t#] Obi et, al 2008).

The cretaceous rifting of the Benue Trough ingdhtdifferent cycles of depocenters which were
influenced by subsidence and sea level changesuth 8merica drifted away from Africa (Ojoh, 199Grant,
1971). The area of study has not been extensivetliexl geophysically. Although, earlier works (Cddez and
Ofegbu, 1989, Murat, 1972, Ofoegbu, 1985, Nur, 2@$€azuwa, et. al. 1981 and Adighije, 1981) hidttkgl
the stratigraphy, tectonics and basin thicknesgeineral. This study is aimed at providing a detathsurface
model of the basin configuration, possible typembiisives and sediments thickness.

GEOLOGY

The Benue aulacogen has four main stages thatsesgreéhe evolutionary trend of this basin (Ojoh92)9
During these stages of development different sediiamg cycles prevailed. The middle Benue Trough
experienced two major types of sedimentation cyclHse first sedimentary cycle deposited shales and
limrstones (albian - cenomenian) along Wukari ahavéna (fig. 2.0). These sediments lie unconformatsly
the Precambrian basement rocks (biotite granitsbende gneiss). Along Makurdi areas turoniardstomes
also overlie the basement directly. The secondnsentiary cycles started from the upper coniaciatate
maestrichian depositing shales, limestones, samelstand ironstone around Lafia, Agana and par&ehdam
(fig. 2.0). Other areas around Wamba, Akwanga (BlaraVaiye), Shendam (Peshiep, Kuragwi) and Lafia
(Dudugu), are characterized by undifferentiatedhigea, migmatites, gneisses and tertiary — recelctwics.

MATERIAL AND METHODS
Twelve aeromagnetic maps on a scale of 1:100,000 aeguired from the Nigerian Geological Survey Age
Kaduna. The survey was conducted along E-W profiiéis a flight line spacing of 2.0 km and a tiedispacing
of 20 km. all the maps were based on data acqair@dnorminal flight elevation of 0.5126 km abovean sea
level. The geomagnetic gradient was removed udieglmternational Geomagnetic Reference Field (IGRF)
formula of £' January, 1974. Also, about fifteen software prograobtained from United States Geological
Survey (USGS) potential field version 2.2 were usethis study (Phillip, 1997). A hard copy of tgeologic
map of Nigeria was obtained from the Nigerian Ggmal Survey Agency, this map was digitize with the
GIS software using the coordinates of the studg &ogoroduce the geologic map of the study arga2{fi

The first step in the data analysis was to digittz® maps at 1.0 km interval to avoid the problédm o
frequency aliasing. The digitized data was in thg,x format where x is the latitude, y the longie and z the
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total magnetic field. Batch software program (A2XYZETOUR, GEOCON, P2GRD, and CONTOUR) was
used in gridding and contouring the data to obtfaéntotal magnetic field of each of the digitizedpnSince alll
the maps were obtained at the same flight elevatimre was no continuation method applied. Mapgimegrof

all the twelve sheets was accomplished using thewfing software: Addgrd and Gmerge where the ifdiral
grid outputs of each sheet was added along rowsdduce single grids output for Gmerge to sum grtd
outputs and merge them with no interpolation (RE|11997). The output of Gmerge grid file is camtmd using
another software (PC contour) to produce the to@dnetic field intensity map of the study area.(8y The
power spectrum technique and forward and inverkernsadeling techniques were used in this studyaidebf
the theoretical background of these techniqueshateer explained in Obi et, al 2008, Olagundoy€)42@nd
Phillip 1997.

Anomaly separation into regional and residual comgmbs was carried out using the polynomial fitting
technique software SURFIT (Phillips, 1997) whichaigpolynomial fitting algorithm to produce the casl
maps fig.4 which was then used for depth estimadiath P-depth and SAKI software for modeling. Thihad
software programs (mfnit, mfdesign) were used i plower spectrum analysis. The residual grid wasl as
the input to mfinit which is accessed by the mfdesivhich produces cut off filters and produces atpuot file
accessed by mffilter to generate the average pspectrum depths of the various layers. Layer onesiglly
the depth to the sediment thickness. The procetieseribed above was applied to the residual gridideal; this
data was subjected into blocks of 0x50.5’ and 0.28 x 0.2% sizes in overlapping positions to produce over
ninety (90) grid cells vis-a-vis ninety depth psinfThese depth points were then positioned in theiual
positions as in the residual map and then contotoregt the power spectrum depth map of the stueg €ig.
5).

The forward and inverse modeling was done by ugiregresidual grid of fig. 4.0 where eight (8)
profiles were extracted in perpendicular directiorobserved magnetic anomalies. The extractiondeag by
using a software (PROFILEX),, this was then usedragput file to the Pdepth program which doesftihe/ard
modeling. The modeling parameters include; incloratdeclination, total field Azimuth, no of bodjesagnetic
susceptibility and assumed depths of placed bdthede 1). These parameters are used to genecaiewdated
curve that best fit the observed curve and wherrdbemean square error (RMS %) is less than 5fégveard
model profile is created prior to the inverse SAKbdeling (table. 2.0). the inverse modeling prog(&AKI)
utilizes the forward model file from Pdepth andwiibput parameters same as in forward modelingerfes of
mathematical iterations are made and with severadtions the RMS error reduces to a minimal 1%catthg
an almost perfect model of the subsurface.

RESULTS AND CONCLUSION
Magnetic source depth determination through powectum analysis over the middle Benue Trough 8ig.
indicates a thick pile of sediments (2.5 — 2.7knguad Doma and Agana areas, also the area aroukdrithas
a thick pile of sediments (2.0 — 2.4km). Other araeound Wamba, Shendam, Akwanga and Akari hage les
sediment accumulations (1.2 — 1.6km). These aréhsl@gs sediment accumulation are not favorabigetafor
hydrocarbon exploration, while those areas witkekbi sediment accumulations remain the favoralées $or
further hydrocarbon exploration activities.

Modeling of local anomalies using the SAKI forwamdd inverse modeling software was performed on
eight profiles (A- H) along prominent anomaliesoAdj each profile the structure and the type of algim the
study area was determined.

Profile A-A": this profile is about 22.8km (fig. 6) and runs NSE along Kwola. There are two
intrusives with susceptibilities value of 0.025 @045 S.| towards the NW end of the profile vatipossible
sediment thickness of 2.0 — 2.2 km and extendsa fdistance of 5km. The areas around the SE cog&tance
of about 17.0km and have depths between 0.5 — 1.0km

Profile B-B" this profile runs in the NW-SE orientation and1®.2km long (fig. 7). It has only one
intrusive with susceptibility value of 0.025 towarthe SE end. The sediment thickness (0.5 — 1.5kwgrs a
distance of about 15km. Towards the SE end sedithéckness of about 2.0km is reached. This are&rmsov
only a small distance of about 2.5km.

Profile C-C: this profile runs in the NW-SE orientation and2i3.8km long (fig. 8). The area has five
intrusives with susceptibilities of 0.0035, 0.0@BP02, 0.003 S.I. The sediment thickness is betwkén—
1.0km. This area is less attractive for furtherrogdrbon exploration.

Profile D-D" this profile runs in the NE-SW orientation andatsout 27.0km long (fig. 9). The area has
three intrusives with susceptibilities of 0.0028)A25 and 0.0025 S.I. The area has a thin sediatenimulation
of about 0.5 — 1.2km. The area is not a good tdogdtydrocarbon exploration.

Profile E-E: this profile runs in the NW-SE orientation an®2&0km long (fig. 10). The area has five
intrusives with susceptibilities values of 0.0085)075, 0.015, 0.0095, and 0.0085 S.I. A thick reedit pile
covering a distance of about 5km with a depth raofg22 — 2.4km is attained. The area has goodpeus for
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accumulation of hydrocarbons but the large numlbéntousives may introduce high geothermal tempeest
that may hinder hydrocarbon accumulations.

Profile F-F:this profile runs in the NW-SE orientation and 48.0km long (fig. 11). It has two
anomalies with susceptibility value of 0.0025 She sediment thickness (2.5 — 3.5km) is the higheshe
study area. This thick pile of sediment covers stagice of about 10km. The two intrusives are aliéudkm
apart and are situated in areas of 2.0 — 2.2kmhdepb their effects may be minimal on the sedimavitich
range between 2.5 — 3.5km. This area remains th& prospective area for further hydrocarbon expiona
activities.

Profile G-G": this profile runs in the NE-SW orientation anci&0km long (fig. 12). The area has two
intrusives with susceptibilities values of 0.0151dh025 S.I. the profile is characterized by herstl grabens.
The sediment thickness range between 1.5 — 2.0khinwthe grabens and 0.5 — 1.0km within the horsts
This area is not attractive for further hydrocarleaploration because of its shallow depth of sediary rocks.

Profile H-H": this profile runs in the NW-SE orientation and2&.0km long (fig. 13). It has three
intrusives with susceptibility values of 0.020, 260 and 0.0075 S.l. The sediment of 2.0km is extenfor
about 10km. Other shallow areas with sediment tiesk between 0.5 — 1.0km are at the flanks of toftig
The three intrusives are sitting directly on thdisent pile (2.0km), also these shallow depth matysupport
the favorable conditions for hydrocarbon accumatsi

The modeling susceptibility value used indicateat tthe intrusives were mostly basalts and the
extrusives were rhyolites in the study area. Thimdeting has been done in other areas (Obi, et0ar,2
Olagundoye, 2004, Shemang, 1998, Philips, 1997)cdnclusion, basement depth to the source magnetic
anomalies has been determined using the powerrapeaind the forward and inverse modeling. These
techniques identified the areas around Doma tow#gana as potential targets for further hydrocarbon
exploration activities, based on their sedimentkhess (2.0 — 3.5km). However, modeling of locadraalies
revealed the subsurface configuration to be thahakt and graben structures. The twenty threaisives
identified in the study area reveals the tectowttviies that followed the rifting processes dugritihe formation
of the Benue Trough. About seven intrusives wertandb (probably basaltic) within these Doma and Agana
areas, this makes the area susceptible to highhgeoal temperatures and may cause over-maturithef
sediment producing more gas than oil.
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TABLE 1: Magnetic susceptibility of common rocksdaores (S| units)

COMMON ROCKS MAGBETIC SUSCEPTIBILITY
Slate 0-0.002
Dolerite 0.01-0.15
Greenstone 0.0005 - 0.001
Basalt 0.001-0.1
Granulite 0.0001 - 0.05
Rhyolite 0.00025 - 0.01
Salt 0.0 - 0.001
Gabbro 0.001-0.1
Limestone 0.0000 — 0.0001
ORES
Hematite 0.001 — 0.0001
Magnetite 0.1-20.0
Chromite 0.0075-1.5
Pyrrhotite 0.001-1.0
Pyrite 0.0001 — 0.005
After John Milson 2003
TABLE 2.0: MODELING STASTISTICS
Towns No of| No of | Depth of | Magnetic Type of intrusive Max/Min Distance of
Bodies Intrusives sediment susceptibility of amplitude of| profile
thickness intrusives profile nT (km)
Wamba 14 5 1.0-1.2 0.003 Gneiss/ Rhyolites 68/20 23.8
0.002 “
0.003
0.0035 “
0.002 “
Akwanga 8 1 15-23 0.025 Basalt 62/-15 19.2
Lafia 10 3 0.8-1.6 0.0025 Gneiss/Rhyolites 74121 27.0
0.0025 “
0.0025
Wukari 11 3 1.0-2.2 0.020 Basalt -62/-166 27.0
0.025 Basalt
0.0075 Gneiss/Rhyolites
Doma 10 5 05-24 0.0025 Gneiss/Rhyolites -30/-85 26.0
0.0075 “
0.0095
0.15
0.0085 Basalt
Agana 9 2 22-40 0.0025 Gneiss/Rhyolites 8.8/-3.3 40.0
0.0025 “
Makurdi 10 2 05-23 0.015 Basalt -10/-78 27
0.025 “
Kwola 10 2 05-22 0.025 Basalt 79/-155 22.8
0.0045 Gneiss/Rhyolites
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