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ABSTRACT

Aeromagnetic data interpretation of the Yola arm of the Upper Benue Trough has previously been carried out.
However, no detail modeling of the Crustal Structures has been undertaken. Two composite reduced Aeromagnetic
maps on a scale of 1:250,000 were digitized and processed using cemputer techniques. Analytical Signal, Power
Spectrum and Upward Continuation methods were used prior to modeling of the subsurface structures. Forward and
inverse modelings were done to determine the subsurface basin configuration. The result shows two sub-basins; the
Lau and Yola sub-basins. The variations in sediment thickness within the Lau sub-basin is in the range of 2.0 — 4.5 km
and in the Yola sub-basin 2.0 — 3.0 nim respectively. The basin configurations from the modeled profiles depict that of
horst and graben features resulting to variation in sediment thickness evident in Lau (Barwa to Yanga) subsector and
Yola (Muleng) iaxis. The upward continuation revealed lineament trends in the NE-SW Yola (Muleng) axis and NW-SE

Lau (Barwa to Yanga) subsector.

KEYWORDS: Upper Benue Trough, Basin configuration upward continuation, Analytical signal, power spectrum.

INTRODUCTION

The Yola Basin is located within the Upper
Benue Trough and is part of the failed arm of a
Cretaceous Triple Junction {Burke and Dewey 1973,
Ofade, 1975). The basin is closely associated with the
separation of Africa from South America and the
opening of the South Atlantic Ocean (Okereke and
Ofoegbu, 1989, Wright, 1981).

The study area lies within latitudes 9° 00' —
10°00'N and longitudes 11°00' — 13°00'E and covers an
area of about 260 sq km (Fig. 1). Earlier aeromagnetic
study of the Yoia Basin by previous workers such as
Okereke and Ofoegbu 1989, Nur 2000 has been carried

out for the mapping of lineament trends and depths to
magnetic source. No detailed attempt on the modeling of
the basin structure has been done.

Therefore, the main intent of this study is to use
aeromagnetic data to model the structure of Yola Basin
and estimate the sediment thickness overlying the basin
floor. To accomplish this objective therefore, both
qualitative and quantitative analysis were performed
using 12 software programs in producing analytical
signal, power spectrum and upward continuation
subsurface maps (Ferdi and Santis 1977, Philips, 1987,
Jacobsen 1987). The depth estimates obtained from the
above methods aided the forward modeling of the
subsurface basin configuration.
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Fig. 1: Location map of the study area (modified from corridor, 2005)

GEOLOGY

The study area has mainly Upper Cretaceous
Sediments that is overlying an ancient crystalline
basement rocks (Fig. 2). The Cretaceous rocks cover
about 90% of the study area and cons:s® of the Bima
formation which is Aptian-Albian in age. It is alsu the
most widespread of all the formations, sitting directly on
the magnetic basement rocks. Overlying the Bima
Formation is the Yolde Formation. which consists of

Caleareous beds interbeded with shalysandstones,
found around Gatem and Gren areas. This ed is
overlain by Dukul and Jessu Formation cons:stmg of
thick shales and sandstones.

The Numanha Formatior s the topmost unit
with massive deformation of shale deposits as a result of
intense igneous activittes (Granrouds) between Lau and
Yola areas (Fig 2)
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FIG,2: Geologic Map of the study area. Mcdified from Geological Map of
Nigerio, {(19941), ’

DATA ANALYSIS |

Two composite reduced one degree by one.

- degree aefomagnetic total intensity field maps on a
scale of 15250,000 were acquired from the Geological
Survey agency, Kaduna. The Survey was conducted
along E-W profiles with a flight line spacing of 2.0 km
and a tie line spacing of 20.0 km and a flight elevation of
0.5216km @above sea level. The Geomagnetic gradient
was removed using the International Geomagnetic
Reference | Field (1.G.R.F.) formula of first Janurary,
1974.

The first steps in the data analysis was to
digitize the/maps at 1.0 km interval to avoid the problem
of frequenay aliasing. This was followed by map merging
directly without any continuation since both maps were

- flown at the same elevation above sea level. The
following puter software programmes were used for
this study | P2GRD, MINC, Surfit, Addgrid, Jmerger,

the total magnetic field intensity map of the study area
(Fig. 3). Regional and Redidual anomaly separation was
performed using the surfit software and the residual
anomaly field used for further modeling of the
subsurface structures (Fig 4). Upwards continuation was
performed using the Fast Fourier Transformation
software “FFTFIL" with a view to studying the
subsurface deep fracture trends (Jacobsen 1987, Dobrin
and Savit 1988, Naidu, 1970) (Fig. 5). Power Spectrum
depth to the source determination from magnetic
anomaly was performed using the software Mfinite;
Mfdesign and Mffilter (Philips 1997, Hahn et al., 1976,
Nwogbo et al., 1991), which by extension relates to the
sediment thickness overlying the basin floor. The data
was subjected to 0.25° by 0.25° grids at overlapping
positions to generate over thirty five (35) depth points
whose positions were digitized and contoured to show

Contour, FIL, Pdepth, Mfinite, Mf filter, Mf design the sediment thickness variation within the study area
and Saki. For a detail understanding of the applications (Fig. 6). The analytical signal technique was employed
of these prpgrammes the interested reader should refer using the Pdepth software. This was done by taking four

-P2GRD and Minc programmes, the two grids were
merged uging Addgrid and Jmerger which does an
arithmetic pperation on point by point basis (Webring,
1985). The! merged grided file is contoured to produce

(4) profiles along prominent anomalous bodies seen on
the residual map (Fig. 4), and the modeled profile
digitized and contoured as analytical signal depth map
(Fig 7). The result of the analytical signal computed
depths was used to constrain the “Pdepth and Saki"
forward and inverse modeling (Webring 1985, Nabighian
1972 and Shuey, 1972).
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Fig. 4: Polynomial Residual Map of Yola Basin (Contour Interval: 20nT)
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Fig. 5 Upward Continuation Map at 4 Okm of Yola Basin Basin iContour interval: 20nT)
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Fig. 7: Analytical Signal Depth Map of Yola Basin Basin (Contour Interval: 0.2km).
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The modeled profiles (Fig. 8a-d) were generated 0.000005. and basement rocks = 0001 - 0.0003 are
using the software Pdepth. Saki and IGRFPT. The basic S 1 units (Dobrin and Savit 1988). The above
' parameters gave a goed fit between the calculated and

foliowing modeiing parameters as inchnation = 4,
declination = 4°, and total field = 33541 60nT were the observe fields with low root mean square error of

generated wusing the IGRFPT software. While <1 0%

suysceptibilities  of intrusive = 0.012. sedments =
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Fig 8a: Legend: | Sedimentany Rocks
203007 basement rocks magnetics
4.5 Intrabascment Intrusive

2.5D Madelled profile 1 along Yola Sub-sector

.
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2.5D Modclled profile 4 along Barwa (L.au Basin subsector)
RESULTS intensity field from +23nT - +44nT " The modeled profiles

The residual anomaly map (Fig. 4) shows low
magnetic contours of
sedimentary rocks from Yola to Muleng axis trending NE
- SW while the closely spaced positive anomaly at the
NW of muleng represents probably exposed basement
rocks. The Lau (Barwa) area also has low magnetic
cortour of -10 to -20nT of sedimentary origin which
trends NW-SE and terminates towards Yanga area with
high positive magnetic contours of +40nT. this trend
runs from Yanga cutting between Lau (Barwa) and Yola,
this 1s probably the Laminde Anticiine

The upward continuation map (Fig 5) reveals
two major ineament trends. The Yola to muleng axis
indicates a NE-SW trend while the Lau (Barwa) to
Yanga axis indicate a NW-SE trend The deeper
lineament trends are better revealed and ther
orientation expressed clearly since the upward
continuation filtering technmique has eliminated shallow
seated lineament trends Results from the spectral
analysis and analytical signal depth maps (Fig 6 - 7)
reveals two sub-basins. which are the Lau sub-basin
with an average sediment thickness ranging from 2 0 -
3.5km, and the Yola sub-basin whose sediment
thickness ranges between 2.0 to 2.5 km The above
results correlate well ‘with depth estimates from the
modeled profile (Fig 8a —d). which indicates that the
basin configuration is that Horst and Garben with normal
faulting  Sediment thickness increases in the
downthrown blocks (Graben) with -total intensity field
values of -10nT to -30nT and decreases in the upthrown
blocks (Horst) with values from -5nT to +23nT Intrusive
rocks are .characterized by higher values of total

-20 to -40nT representing .

indicate that the Yola sub-basin is characterized by four
intrusive bodies with a sediment thickness that ranges
from 2.1 km along Muleng to 2.8 km at Yola (Fig. 8a -
b). ' :

The Lau area of Barwa to Yanga has no
intrusions and indicates a sediment thickness of 1.6 km
to 2 3km over the Grabens and 12 to 10 km on the
Horst. The sediments increase in thickness from the
Yanga towards the Barwa areas (Fig 8c - d).

The above models gave a gnod match between
the calculated and the observed c.rves thus yielding a
good structural configuration of the subsurface features,
(Olagundoye. 2004). * )

DISCUSSION/CONCLUSION

The Yola arm of the Upper Benue Trough has
been studied to some detail using ‘aeromagnetic data to
unrave! the subsurface basin configuration Prior to this
work no detailed modeling of the subsurface structures
was made. The result obtaned in -this study
corroborates that of other workers n adjacent sub
basins (Okereke and -Ofoegbu 1989, Nur 2000,
Shemarg et al 1989) in terms of orentation of the
lineaments trend and average depth estimates. This
study however highlights structure and basin
configuration that has never been revealed The study
reveals an anticlinal feature of a pos uve magnetic high
within the area with latitudes 9°5'tc 3°7' and longitudes
11°5 to 11°7" This feature s prominent on residual and
basement depth maps The area with basement and
intrusive rocks are gererally sh.aiower as a result of the

tectonic uphftment/empiacemer * of the<= "ocks
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The rasult has identified two sediment filed
Troughs which may have good hydrocarbon prospects
given that the areas has an appreciable sediment
thickness of 2.0 -3.5 km as revealed by the spectral
analysis and ianalytical depth maps. However, the
identified intrusives within the Yola — Muleng areas
makes it less favourable for hydrocarbon prospecting
than the Lau — Yanga axis which has no intrusives. The
Yola area may generate hydrocarbons but with the
presence of numerous intrusive bodies, such generated
hydrocarbon is likely to be "Overcooked” or well pass
the oil window to produce only gas. The Lau area
remains the best area for hydrocarbon exploration given
that it has no intrusive and has an appreciable depth of
20-35km.

In conclusion the major lineaments are revealed
along two directions - the NE-SW and the NW-SE and
the modeled architecture reveals an increase in
sediment thickness of 2.0 km to 35 km toward the
South-west and South-eastern portions with a
decreasing depth of 1.0 km to 15 km towards the
Northeast_and Southwest portions. The Basin thins
Northwards and deepens Southwards
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