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Abstract

The middle Benue Trough is the central segment of the Benue Trough, an elongate northeast orientated intracratonic
rift basin in Nigeria. This study provides new information on the morphology/geometry of the upper lithospheric
structures (Moho, crystalline crust thickness and crustal stretching factor) and tectonics in the middle Benue Trough
and adjacent basement complex regions by analysis and three-dimensional (3D) inverse modelling of satellite
Bouguer gravity anomaly data. Results from 3D inverse modelling reveal Moho depths varying fromc. 24 +2to 32 +
3 km and crystalline crustal thickness values ranging between c. 20 + 2 and 32 + 3 km. Shallow Moho and thin crust
occur beneath the Trough axial region, whereas deep Moho and thick crust underlay the basement complex regions
and the Trough northwestern region. It also shows the presence of a prominent northeast-southwest (NE-SW)
orientated, shallow Moho structures (c. 24 + 2 to 27 + 3 km deep) and thin crust (c. 20 + 2 to 26 + 3 km thick) within the
Trough axial region. Comparisons of Moho depths with topography and Bouguer gravity anomaly values using
profiles highlight that the observed broad, longer-wavelength near-positive Bouguer gravity anomalies over the
Trough axial region are strongly associated with elevated (shallow) Moho and isostatic effect of lower topography.
Crustal stretching factor () values obtained across the area range between c. 1.03 and 1.59 with moderately high
values (c. 1.25 — 1.59) occurring in the Trough axial region. The tectonic implication of the results is that the
crust/lithosphere beneath middle Benue Trough has been strongly affected/modified by intense regional, extensional
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and/or wrench (strike-slip) tectonics associated with pastrifting events.
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Highlights

e The 3D inversion applied to the satellite BA grid data reveals remarkable lateral variations in Moho depths and/or Moho

morphology beneath the study area

e The imaged Moho and crystalline crust structures beneath the Trough axial region exhibit a major NE-SW orientation which is
strikingly similar to the orientation of the Benue Trough, structures and regional Bouguer gravity anomalies.

e  The study reveals that the shallow faulted crustal basements, shallow Moho and thin crystalline crust that characterised the Trough
axial region were mainly formed through (regional) extensional tectonics which affected the underlying crust/lithosphere during

rifting events in the Early to Late Cretaceous.

Introduction

The middle Benue Trough is the central segment of the
Nigerian Benue Trough, an elongate large (c.1000 km
long, ¢.120 -150 km wide) northeast trending
intracratonic rift structure that formed by rifting of the
Precambrian crustal basement of a Pan-African mobile
belt in the Late Jurassic to Early Cretaceous and its
formation is associated with the Equatorial and South
Atlantic opening (e.g. Burke and Whiteman, 1973;
Burke and Dewey, 1974; Olade, 1975; Wright, 1976,
1981; Whiteman, 1982; Fairhead and Binks, 1991;
Guiraud and Maurin, 1991, 1992, 1993; Janssen et. al.,
1995; Guiraud et al., 2005 Obaje, 2009; Nwajide, 2013,
Anudu, 2017; Anudu et al., 2020 and reference therein,;
cf. Figure 1). Imaging the morphology/geometry and
understanding the characters of the underlying upper
lithospheric structures (e.g. Moho, crystalline crust
thickness) beneath intracratonic rift basins (such as the
Benue Trough) as well as crystalline basement
complexes in different parts of the world are typically
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obtained through the analysis/modelling of seismic
refraction, teleseismic and/or gravity datasets (e.g.
Stephenson etal., 1994,2017; Fichleretal., 2011; Bocin
et al., 2013; Jordan et al., 2013; Blakely et al., 2014;
Damiani et al., 2014; Curto et al., 2015; Fairhead, 2015;
Anudu, 2017). Also in areas of the world where seismic
refraction or teleseismic datasets are lacking, sparse or
irregular, the analysis/modelling of any available
medium- to high-resolution gravity data remains a
robust approach to image the morphology/geometry of
upper lithospheric structures and their characters (e.g.
Fichler et al., 2011; Bocin et al., 2013; Jordan et al.,
2013; Blakely et al., 2014; Curto et al., 2015; Anudu,
2017; Stephenson etal., 2017; Kusznir etal., 2018).

In the Benue Trough and adjoining basement
complexes, several geophysical studies previously
conducted at different points, locations and/or along
different profiles have reported the presence of an
elevated Moho (c. 22 — 27 km deep) and thinned crust
beneath the Trough, as well as Moho depths and/or
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crustal thickness estimates of c. 29 — 35 km beneath the
basement complexes (e.g. Adighije, 1981; Stuart et al.,
1985; Fairhead and Okereke, 1987, 1988, 1990;
Okereke, 1988; Tokam et al., 2010; Gallacher and
Bastow, 2012; Akpan et al., 2016). These
aforementioned previous works on the upper
lithospheric structures across the Benue Trough and
adjacent basement complexes have been based on
gravity data (Adighije, 1981; Fairhead and Okereke,
1987, 1988, 1990; Okereke, 1988) and limited available
seismic refraction (Stuart et al., 1985) as well as
teleseismic (Tokam et al., 2010; Gallacher and Bastow,
2012; Akpan et al., 2016) data. These studies have
focused on its upper (northeastern) segment as well as
lower (southwestern) segment where teleseismic data
and/or seismic refraction data are available (Figure 1).
In contrast, teleseismic data and/or seismic refraction
data are completely lacking in the middle Benue Trough
segment and the few studies that have been done on its
upper lithospheric structures are based from the analysis
of ground gravity data along one or two profiles
(Adighije, 1981; Fairhead and Okereke, 1987; Okereke,
1988). Accordingly, these few previous studies were
unable to determine and/or map in detail the
morphology/geometry and lateral extent of the upper
lithospheric structures (e.g. Moho, crystalline crust
thickness) across the middle Benue Trough and
adjoining basement complexes, due to the limitations of
ground gravity data as well as gravity profile (2D)
forward modelling method. Hence, the detailed
morphology/geometry and lateral extents of the
underlying upper lithospheric structures across the area
are still relatively poorly known.

Therefore, this present study is aimed at providing new
and more detailed insight on the morphology/geometry
and lateral extents of the underlying upper lithospheric
structures (e.g. Moho, crystalline crust thickness) in the
middle Benue Trough and adjoining regions by three-
dimensional (3D) inverse modelling of the (moderate-
resolution) satellite Bouguer gravity anomaly data.
Specific objectives are interpreting the Bouguer gravity
anomalies, determining Moho depths/morphology,
estimating crystalline crustal thickness and crustal
stretching factor values across the area, as well as their
variations and tectonic/geodynamic implication.

Geology and Tectonics

The study area is flanked in the north and southeast by
the Northern Nigerian Basement Complex and the
Eastern Nigerian Basement Complex, respectively
(Figure 2a). It is underlain by four distinct rock types:
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basement complex rocks, Younger Granite complexes,
sedimentary rocks and magmatic rocks (e.g. Offodile,
1976, 1989; Ajayi and Ajakaiye, 1981, 1986; Benkhelil,
1989; Obaje, 2009; NGSA, 2009; Nwajide, 2013;
Anudu et al., 2014, Anudu, 2017; Figure 2a). The
basement complex rocks (Precambrian-Early
Palacozoic/Pan-African in age) consist mainly of
migmatites, gneisses, granite-gneisses, granites and
schists (e.g. Ajibade et al., 1989; McCurry, 1989;
Rahaman, 1989; Dada, 1999). These rocks have been
affected by the well-known Pan-African orogenic
events (600 + 200 Ma), as well as intruded by dolerite
dykes and the Jurassic Younger Granites complexes
(composed mainly of microgranites, biotite granites and
rhyolites) particularly in the Northern Nigerian
Basement Complex region (e.g. Bowden and Kinnaird,
1984; Badejoko, 1986; Bowden et al., 1987; Obaje,
2009). Also sedimentary rocks (Cretaceous in age) are
found only within the Trough region and composed of
the following: Asu River Group, Awe Formation, Keana
Formation, Ezeaku Formation, Markudi Formation,
Awgu Formation and the Lafia Formation (e.g.
Offodile, 1976, 1989; Offodile and Reyment, 1977;
Benkhelil, 1986, 1989; Obaje and Hamza, 2000; Obaje,
2009; Nwajide, 2013; Anudu et al., 2014, Anudu, 2017;
Figure 2a). Sedimentary rocks older than the Late
Santonian have been affected by the Late Santonian (ca.
86 Ma) compressional event which resulted in the
formation of numerous NE-SW trending folds, faults
and uplifts observed across the Trough (e.g. Benkhelil,
1989; Nwajide, 2013). Mafic to intermediate magmatic
rocks (Early Cretaceous-Late Palacogene in age)
intruded the sedimentary rocks (Figure 2a) and they
consist mainly of basalts, dolerites, diorites, gabbros
phonolites, syenites and trachytes (Benkhelil, 1987;
Benkhelil, 1989; Nwajide, 2013). These magmatic
rocks occur mainly around southwest of Gboko, Awe,
Arufu, Igbor, Kegh and Makurdi located within the axial
region of the Trough (Offodile, 1976, 1989; Adighije,
1981; Umeji, 1985, 2000; Benkhelil et al., 1988;
Maluski et al., 1995; Obiora, 2002; Nwajide, 2013;
Anudu et al., 2014, Anudu, 2017; cf. Figure 2). Also,
recent detailed magnetic studies conducted by Anudu et
al. (2014) and Anudu (2017) identified and mapped
numerous (mafic to intermediate) magmatic rocks
(volcanic, sub-volcanic and intrusive) around Awe,
Arufu, Igbor, Kegh and Makurdi as well as across the
southwest of Gboko area situated within the Trough
axial region; their published magmatic rock distribution
map is presented in Figure 2b. Furthermore, several
field geological studies revealed that numerous
economic mineral deposits (e.g. barites, lead-zinc
sulphides), salts, coals and warm to hot (thermal)
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Fig. 1: Simplified regional geological map of Nigeria and surroundings showing the Benue Trough and adjoining basement complexes. The surface
geology is largely modified and/or redrawn from Woakes et al. (1987), Obaje (2009) and International Geological Map of Africa 1:5,000,000 (Third
Edition 1985 — 1990) with additional information from Wright et al. (1985), Benkhelil et al. (1988) and Anudu (2017). Insert is a map of Africa and
South America showing the location of Nigeria and its surrounding regions in Africa. The Benue Trough subdivisions: lower, middle and upper are
also shown. Location of the study area (middle Benue Trough region) is outlined with a white box (and this area is shown in Figure 2a). Blue
triangles indicate the teleseismic stations of Akpan et al. (2016) with their names and Moho depth estimates (in bracket); red triangles mark the
teleseismic stations of Tokam et al. (2010) and Gallacher and Bastow (2012) with their names and Moho depth estimates (in bracket). Profile AA'
(thick blue line) indicates the seismic refraction profile (Stuart et al., 1985); profiles BB'— DD' (dashed white lines) mark the gravity profiles of
Fairhead and Okereke (1987, 1988, 1990) and Okereke (1988); profiles EE'— HH' (dashed white lines) indicate gravity profiles of Adighije (1981a);
profile II' (dashed white line) indicates gravity profile of Cratchley et al. (1984). The Yola/Garoua Rift, Cameroon Volcanic Line and Central
Cameroon Shear Zone (CCSZ) are also shown.

springs/brines are found at different locations within the
axial region of the Trough (e.g. Offodile, 1980;
Whiteman, 1982; Wright et al., 1985; Akande et al.,
1988, 1989; Nwajide, 2013; Anudu, 2017). In addition,
several published field geological works (e.g. Rahaman
et al., 1984; Maurin et al., 1986; Ajibade et al., 1989;
Ajibade and Wright, 1989; Benkhelil et al., 1988; 1989;
Guiraud et al., 1989; Guiraud, 1990; Aina et al., 1996;
Rahaman, 1989; Obaje, 2009) and magnetic studies
(e.g. Benkhelil et al., 1988; 1989; Aina et al., 1996;
Anudu et al., 2012; 2014, 2020; Anudu, 2017) reported

the presence of numerous geological structures (mainly
faults/fracture systems and shear zones) exhibiting NE-
SW, NNE-SSW, NW-SE, ENE-WSW and ESE-WNW
major trends with minor N-S and E-W trends across the
Trough and adjoining basement complexes (Figure 2).
Most of these field observed major faults/fracture
systems and shear zones are (mostly) Pan-African in age
(e.g. Rahaman et al., 1984; Maurin et al., 1986; Ajibade
et al., 1989; Ajibade and Wright, 1989; Benkhelil et al.,
1989; Guiraud et al., 1989; Rahaman, 1989; Obaje,
2009).
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Fig. 2: (a) Geological map of the study area (extracted from Figure 1 with additional information added from Offodile, 1976; Ajayi and Ajakaiye,
1981, 1986; NGSA, 2009; Nwajide, 2013); locations of outcropping dolerites, diorites and gabbros recently identified/mapped by Nwajide (2013)
have been indicated with a pink, blue, and yellow cross, respectively. (b) Magmatic rock and structural distribution map of the area (after Anudu et
al., 2014; Anudu, 2017); it was delineated and mapped from detailed magnetic studies by Anudu et a/. (2014) and Anudu (2017). Rose plot of the
trends of structures derived from detailed magnetic studies (Anudu et al., 2014, 2020; Anudu, 2017) across the area depicts NE-SW, NNE-SSW,
ENE-WSW/E-W and NW-SE/NNW-SSE trends with the NE-SW as dominant structural trend. Note that the dashed black lines outline the
basement-sedimentary contact in both figures and other subsequent figures in this paper.

Datasets and Methods
Datasets

The datasets used in this study consist of the digital
airborne topography data, basement depth data and
satellite Bouguer gravity data. The airborne topography
(surface digital elevation) data are part of the recent
global 3-arc-second (~ 90 m resolution) topography grid
(SRTM 90m) database of the Earth acquired by the
Shuttle Radar Topography Mission (SRTM) (Jarvis et
al., 2008; http://www.cgiar-csi.org/data/srtm-90m-
digital-elevation-database-v4-1). This data grid was
extracted/downloaded from the CGIAR-CSI SRTM
data centre server (http:/srtm.csi.cgiar.org/) and re-
gridded/re-sampled at 1.5 km grid interval employing
the minimum curvature gridding method (cf. Billings
and Richards, 2000; Nabighian et al., 2005; Anudu,
2017) to generate the relief topography (surface
elevation) map of the study area shown in Figure 3a.

The basement depth data used in this study is the same
depth to basement (sediment thickness) grid data
recently obtained by Anudu (2017) and Anudu et al.

(2020). This basement depth data is the mean depth to
basement (sediment thickness) result computed from
the integration of numerous depth estimates obtained
from the detailed analysis of preconditioned high-
resolution aeromagnetic data using three grid-based
semi-automated depth-estimation methods- total
gradient (TG), horizontal gradient magnitude (HGM)
and Source Parameter Imaging™ (SPI"™) (cf. Anudu,
2017; Anudu et al.,, 2020). The aforementioned
basement depth grid data has a grid size of 1.5 x 1.5 km
and was re-gridded/re-sampled in the same way as the
topography data, and the resulting basement depth map
of'the study area is presented in Figure 3b.

The satellite Bouguer gravity data used in this study is
part of the moderate resolution World Gravity Map 2012
(WGM2012) satellite datasets obtained through the
compilation of numerous regional terrestrial (ground),
airborne and marine gravity surveys as well as satellite
gravimetry of the Gravity Recovery and Climate
Experiment (GRACE) mission (Bonvalot et al., 2012
and references therein). Important gravity data
reductions/corrections applied to the data to derive the
Bouguer gravity anomalies have been discussed in
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Balmino et al. (2012) and references therein. The
Bouguer gravity anomaly (BA) data grid was released
for this study by the Bureau Gravimétrique International
(BGI) France (http://bgi.omp.obs-mip.fr/) and re-
sampled/re-gridded in the same way as the
aforementioned topography and basement depth grid
datasets. The resulting Bouguer gravity anomaly (BA)
map of the study area is shown in Figure 3c.

Methods

Regional - Residual Bouguer Gravity Anomaly
Separation

Bouguer gravity anomalies are characterised by a
shorter-wavelength anomalies (known as residual
Bouguer gravity anomaly; i.e. residual-BA) arising
from shallower geological bodies, which are
superimposed on a longer-wavelength gently varying
anomalies (known as regional Bouguer gravity
anomaly; i.e. regional-BA) associated with deeper
(deep-seated) geological bodies and/or crustal
structures (cf. Telford et al., 1990; Sherift, 2002; Hinze
et al., 2013; Fairhead, 2015). Thus, regional-residual
Bouguer gravity anomaly separation is basically a
process of separating the BA fields into its components
(i.e. regional-BA and residual-BA) in order to get a
better understanding of the subsurface geology and
crustal structures (e.g. Telford et al., 1990; Sheriff,
2002; Hinze et al., 2013; Fairhead, 2015; Anudu, 2017).
It is commonly carried out using different methods,
namely: graphical, polynomial fitting, upward
continuation, and wavelength filtering (e.g. Dobrin and
Savit, 1988; Jacoby and Smilde, 2009; Nabighian et al.,
2005; Hinze etal., 2013; Fairhead, 2015).

In this study, the wavelength filtering method (through
the application of a Butterworth low-pass filter based on
result derived from spectral analysis of the BA data grid)
was used because it is a better method than the others
since it can be used to identify the best separation point
between the deeper and shallower sources (e.g.
Nabighian et al., 2005; Hinze et al., 2013; Fairhead,
2015; Anudu, 2017). The result derived from spectral
analysis of the BA data grid is shown in Figure 3d. Thus
based on the spectral analysis result (Figure 3d), a
Butterworth low-pass filter with a cut-off wavelength of
120000 m (120 km) (which corresponds to anomalies
originating at an average depth of about 28000 m) was
chosen and applied to the BA data grid to produce the
required regional-BA map presented in Figure 4a. This
map (Figure 4a) contains Bouguer gravity anomalies
with wavelengths greater than 120 km, since the
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aforementioned filter applied has removed most
anomalies with wavelengths shorter than 120 km.
Subsequently, the residual-BA grid of the area (shown in
Figure 4b) was derived by simply subtracting the
regional-BA grid (Figure 4a) from the BA grid (Figure
3c); the resulting residual-BA grid/map (Figure 4b)
contains Bouguer gravity anomalies with wavelengths
shorter than 120 km.

Three-Dimensional (3D) Bouger Gravity Anomaly
Data Inverse Modelling

This section involves a three-dimensional (3D) inverse
modelling of the BA grid data to estimate the Moho
morphology and depth information beneath the study
area. It is important to state that the 3D inverse
modelling of BA grid data also has been widely used for
estimating the Moho depths and/or Moho morphology
in different parts of the world, especially in areas with
sparse/irregular or no seismic/teleseismic datasets (e.g.
Braitenberg et al., 2000a, 2000b, 2006, 2008; Ebbing et
al. 2007; Oakey and Stephenson, 2008; Aitken et al.,
2009, 2013; Aitken, 2010; Mazur et al., 2012; Van der
Meijde, 2013; Steffen et al., 2011, 2017). The 3D
inverse modelling of BA grid data has been conducted,
in this study, using the LithoFLEX 2.0 software package
(Braitenberg et al., 2008; Braitenberg, 2012). The
LithoFLEX 2.0 software package implements and/or
utilises the inversion algorithm by Parker and
Oldenburg (Parker, 1972; Oldenburg, 1974) and uses
the following input parameters: BA grid data, reference
depth, density contrast and cut-off wavelength, in order
to estimate the morphology/depths of a single layer
interface (e.g. Moho) during the modelling task.

The approach adopted during the 3D inverse modelling,
in order to accurately determine the morphology/depths
of Moho, include:

1. Selection of BA grid data larger (wider) than the
present study area (shown in Figure 2) in order to
give adequate control on regional structures (e.g.
Moho) and their responses as well as to avoid edge
effects on the Moho depths. The spatial size of the
selected area spans from longitudes 7°00' Eto 11°E
and latitudes 6° N to 10° N (see Figure 1 for
location).

2. Assigning a reference depth to the crust-mantle
interface (Moho). The reference depth, which
represents the average Moho depth beneath the
area, is set to 27 km (i.e. 27000 m) and was
determined beforehand from spectral analysis of
BA grid data (cf. Figure 3d) as well as from
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Fig 3: (a) Topography map of the study area. Note that the three NW-SE profiles (P1—P3; thick white lines) shown on the topography map were used
in this present study for the comparison of predicated Moho depths with the corresponding topography and Bouguer gravity anomaly values as well
as in the generation of two dimensional (2D) crustal structures across the area. (b) Depth to basement (sediment thickness) map adopted from the
basement depth grid data of Anudu (2017) and Anudu et al. (2020). (c) Bouguer gravity anomaly (BA) map. (d) Spectral analysis result of the
Bouguer gravity anomaly (BA) grid data spectrum; the gravity layer of interest, in this figure d, is the layer number 4 which is associated with the
underlying Moho structures and therefore, a low-pass filter with a cut-off wavelength of 120000 m (120 km) was selected (which corresponds to
Bouguer gravity anomalies originating at an average depth of about 26537 m) to emphasise/accentuate the longer-wavelength anomalies due to

Moho in the BAmap of the area, as discussed in this paper.
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Fig. 4: (a) Regional Bouguer gravity anomaly (regional-BA map), and (b) residual Bouguer gravity anomaly (residual-BA) map. Both figures were
produced from the spectral analysis result of the Bouguer gravity anomaly (BA) grid data spectrum.

published nearby seismic refraction (Stuart et al.,
1985) and teleseismic (Tokam et al., 2010;
Gallacher and Bastow, 2012; Akpan et al., 2016)
Moho depth results. It represents the average Moho
depth beneath the area.

3. Assigning a density contrast between the crust and
mantle. The density contrast is set to 0.3 g/m’, after
testing several standard density contrast ranges of
0.2-0.5g/m’.

4. Selection of cut-off wavelength for the Hanning
low-pass filter to be used in the removal of shorter-
wavelength anomalies (signals) emanating from
shallow crustal (upper-crustal) bodies with different
densities, so as to emphasis the longer-wavelength
anomalies (signals) required in assessing the Moho.
The cut-off wavelength is set to 120 km and was
also determined beforehand from spectral analysis
of BA grid data (cf. Figure 3d). However, other
wavelengths (80, 100, 110 and 130 km) were also
tested but generated somewhat similar results.

5. Examining and refining the derived Moho depths
by varying the input parameters for the 3D inverse
modelling of the BA grid data, as well as comparing
them with the previously published Moho depths
from nearby seismic refraction (Stuart et al., 1985)
and teleseismic (Tokam et al., 2010; Gallacher and
Bastow, 2012; Akpan etal.,2016) studies.

6. Varying the input parameters for the 3D inverse
modelling of the BA grid data in order to examine

their effect on the result as well as to ascertain an
estimate of uncertainty in the final Moho depths.

7. The accepted final predicated Moho depths/model
presented in Figure Sa, which is considered the most
reasonable Moho depth values, is produced with a
27 kmreference depth, 0.3 g/m’ density contrast and
120 km low-pass filter cut-off wavelength. It was
regarded to be the most reasonable because it is in
good agreement with previous Moho depth
estimates from nearby seismic/teleseismic studies
(Stuart et al., 1985; Tokam et al., 2010; Gallacher
and Bastow, 2012; Akpan et al., 2016) and also it
was generated with the parameters derived
previously from the spectral analysis of the Bouguer
gravity anomaly data grid; cf. Figure 3d). Estimated
uncertainties (errors) in the final Moho depths is +2
to 3 km. Furthermore, a 3D perspective view of the
final predicated Moho model for the study area is
shown in Figure 5b, and it highlights further the
striking variations in Moho morphology across the
area.

Also comparisons of the derived Moho depths with the
topography (terrain elevation) and Bouguer gravity
anomaly values were conducted utilising three profiles
(labelled P1 — P3) (Figure 6), from the appropriate
respective grids (cf. Figures 3a, 3c and 5), to throw more
light on their relationships across the area.
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Fig. 5: (a) Predicated Moho depth model/map derived from the three-
dimensional (3D) inverse modelling of the Bouguer gravity anomaly
(BA) results for the study area. (b) 3D perspective view of the
predicated Moho depth model; it gives an impressive visual view of the
Moho morphology/geometry across the area. Both figures indicate
that the morphology/geometry of Moho structures underlying the
Trough exhibits a general northeast-southwest (NE-SW) trend
strikingly similar to the trends of the broad, long-wavelength axial
positive anomalies observed on both the BA and regional-BA maps.
They further depict that the Trough axial region are characterised by
elevated Moho structures (shallow Moho depths).

In addition, the crystalline crustal thickness grid of the
area (shown in Figure 7a) was determined by simply
subtracting the basement depth (sediment thickness)
grid (Figure 3b) from the Moho depth grid (Figure 5a).
This approach has been employed by a number of
seismic and/or gravity studies in the estimation of
crystalline crustal thickness values in different
geological and/or tectonic settings (such as continental
rifts, passive margins) around the world (e.g. Oakey and
Stephenson, 2008; Mazur et al., 2012; Fairhead, 2015;

Journal of Mining and Geology Vol. 57(2) 2021.

Anudu, 2017; Kusznir et al., 2018). Furthermore from
the resulting crystalline crustal thickness grid, the
crustal stretching factor () grid of the area (presented in
Figure 7b) was generated utilising a reference crustal
thickness of 33 km (i.e. 33 km thick unstretched crust
prior to rifting) as seismically imaged by Stuart et al.
(1985), Tokam et al. (2010), Gallacher and Bastow
(2012) and Akpan et al. (2016) for the basement
complex terrains close to the study area (cf. Figure 1).
This aforementioned method has been used by several
seismic and/or gravity studies in the determination of
crustal stretching factor (B) values across the world (e.g.
Su et al., 1989; Tiberi et al., 2005; Maguire, et al. 2006;
Mazur et al., 2012; Allen and Allen, 2013; Ahmed,
2014; Anudu, 2017).

Results and Discussion
Semi-Quantitative Interpretation of the Topography

The topography map (Figure 3a) shows that the
variation in terrain elevations across the region is a
product of regional tectonic activities and geology. The
Trough region underlain by Cretaceous sedimentary
rocks, that had been intruded by numerous (Late
Cretaceous — Palaeogene) magmatic (volcanic/sub-
volcanic and intrusive) rocks of mafic to intermediate
composition (cf. Offodile, 1976, 1980, 1989; Adighije,
1981; Umeji, 1985, 2000; Benkhelil et al., 1988;
Benkhelil, 1989; Obiora, 2002; Nwajide, 2013; Anudu
et al. 2014; 2020; Anudu, 2017; Figure 2), is
characterised by elevations in the range of 50 to 230 m
above sea level with the exception of a smaller area
around Gidan Rai with altitude of more than 406 m
(Figure 3a). Lower elevations occur mostly along the
river channels (of the Benue River, Mada River, Dep
River and Kastina-Ala River), with the lowest value (c.
50 m) observed on the western end of the Benue River
channel (Figure 3a). In contrast, the basement complex
regions are mostly characterised by elevations greater
than 250 m with average values between 250 and 550 m
(cf. Figure 3a). The highest elevations (550 — 1100 m)
occur around Mada — Nasarawa Eggon — Akwanga —
Wamba areas that correspond to the position of the high-
level anorogenic, Jurassic Younger Granite ring
complex that intruded the low-lying Precambrian
basement rocks of the Northern Nigerian Basement
Complex situated in the northwestern region, as well as
around Takum area in the southeastern region which is
situated within the Eastern Nigeria Basement Complex,
an eastern portion of the uplifted Adamawa Massif
(Figures 2 and 3a).
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Fig. 6: Comparison of Moho depths with the topography and Bouguer gravity anomaly values along three NW-SE profiles (P1 - P3) in the study
area. (a) Profile P1, (b) Profile P2 and (c) Profile P3. Topography (green line), Bouguer gravity anomaly (red line) and Moho depth (blue line) values
were extracted along these aforementioned three profiles from their respective grids/maps (Figures 3a, 3c and 5a). This figure shows that areas with
deeper Moho depths are typically associated with higher topography reliefs and broader longer-wavelength negative Bouguer gravity anomalies,
whereas those with shallower Moho depths are generally associated with lower topography reliefs and broader longer-wavelength positive to near-
positive Bouguer gravity anomalies. NNBC = Northern Nigerian Basement Complex, and ENBC = Eastern Nigerian Basement Complex. Names of
cities/towns very close to the profile locations are also shown. Locations of profiles are shown in Figure 3a.

Semi-Quantitative Interpretation of the Bouguer
Gravity Anomalies

The BA map (Figure 3c) shows that smaller shorter-
wavelength and broader longer-wavelength, positive to
near-positive anomalies generally characterised the
axial region of the Trough, whereas a broader negative
anomaly occurs over the Trough northwestern region
(Obi—Gidan Rai areas). It also reveals that the adjoining

(Precambrian) basement complex regions are largely
characterised by broader, longer-wavelength negative
anomalies (Figure 3c). These aforementioned
anomalies are greatly highlighted on either the regional-
BA map (Figure 4a) or residual-BA map (Figure 4b) as
the case may be and thus, are further interpreted utilising
both maps.

The regional-BA map (Figure 4a) reveals more clearly
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stretching factor (B); it was produced by dividing the reference crustal thickness of 33 km (as seismically estimated to be the original thickness of
unstretched crust prior to rifting; e.g. Stuart ez al., 1985) by the predicated crystalline crustal thickness grid obtained in this study (Figure 7a).

the presence of (extensive) broader, NE-SW to ENE-
WSW orientated, longer-wavelength positive to near-
positive and negative anomalies with amplitudes and
widths greater than 20 mGal and 140 km, respectively,
across the study area. These broader, longer-wavelength
anomalies (whether positive to near-positive or
negative) typically reflect the variations in lateral
densities across deeper large-scale crustal features, and
are, in this study, interpreted to be associated with the
Moho and upper mantle bodies as well as crustal
thickness variations across the area. Furthermore, based
on the Airy compensation mechanism (cf. Hinze et al.,
2013; Long and Kaufmann, 2013; Anudu, 2017), two
interpretations are made: (1) the broader, longer-
wavelength positive to near-positive anomalies along
the axial region of the Trough (Figure 4a) indicate the
presence of thinner crust, shallower Moho and,
probably, isostatic effect of lower topography; (2) the
broader, longer-wavelength negative anomalies over
the adjoining crystalline basement complexes as well as
the Trough northwestern region (Obi — Gidan Rai areas)
(Figure 4b) reflect the presence of thicker crust, deeper
Moho and isostatic effect of higher topography. These
interpretations are supported by published gravity
(Cratchley and Jones, 1965; Adighije, 1978, 1979,
1981a; Osazuwa et al., 1981; Fairhead and Okereke,
1987; Okereke, 1988; Anudu, 2017), seismic refraction

(Stuart et al., 1985) and teleseismic (Akpan et al., 2016)
studies in the Benue Trough and adjoining basement
complex regions. Additionally, the broader longer-
wavelength negative anomalies with amplitude of up to
-28 mGal in the Trough northwestern region (around
Obi — Gidan Rai areas) may also be related to shallower
to deeper crustal flexural responses, since this particular
area is situated between a high and low (synclinal)
topographic features (cf. Figures 3a and 4a).

The residual-BA map (Figure 4b) greatly highlights
numerous smaller, shorter-wavelength, positive to near-
positive anomalies across the Trough axial region.
These shorter-wavelength, axial positive to near-
positive anomalies generally coincide with many
locations where numerous (mafic to intermediate)
magmatic rocks have been identified/mapped through
field geological (cf. Offodile, 1976, 1980, 1989;
Adighije, 1981; Umeji, 1985, 2000; Benkhelil et al.,
1988; Benkhelil, 1989; Obiora, 2002; Nwajide, 2013)
and magnetic (cf. Anudu et al., 2014; 2020; Anudu,
2017) studies (compare Figure 2 and 4b). They also
generally coincide with locations having several
uplifted basement ridges and/or shallow magnetic
basement depths (cf. Anudu, 2017; Anudu et al., 2020;
cf. Figure 3b) as well several occurrences of dense
hydrothermal mineral deposits (e.g. galena, sphalerite,
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and barite) (cf. Offodile, 1980; Wright et al., 1985;
Akande et al., 1989). Thus, these shorter-wavelength,
axial positive to near-positive anomalies generally
reflect the lateral density variations within the shallower
upper crustal region and are interpreted to be associated
with occurrences of dense intra-sedimentary/intra-
crustal magmatic rocks, uplift basement ridges/horsts
and dense hydrothermal mineral deposits (e.g. galena,
sphalerite, and barite) within the Trough axial region.
Also, several localised, shorter- to intermediate-
wavelength, negative anomalies observed over the
Trough and adjacent basement complexes on the
residual-BA map (Figure 4b) are mainly associated with
the occurrences of (low density) granites, granitic rocks
and felsic gneisses in these regions. This interpretation
is supported by published field geological studies which
showed the presence of numerous Pan-African granites,
Jurassic younger granites, Precambrian felsic gneisses
and granitic gneisses (of the Migmatite-Gneiss
Complex) within these regions (e.g. Woakes etal., 1987;
Rahaman, 1989; Obaje, 2009; NGSA, 2009; Nwajide,
2013; Anudu, 2017).

Moho Depth Model

The predicated Moho depth model/map (Figure 5a) and
its 3D perspective view (Figure 5b) clearly show
prominent lateral variations in the estimated Moho
depths and hence, they strongly reveal remarkable
changes in the Moho morphology across the study area.
They also reveal a striking elongated (ridge-like),
shallow (elevated) Moho structures orientated
approximately NE-SW beneath the entire axial region
of'the Trough (cf. Figure 5). The position and orientation
of this Moho structures coincide remarkably well with
the Trough axial region characterised by broader, NE-
SW trending, longer-wavelength positive to near-
positive anomalies in both the BA map (Figure 3c) and
regional-BA map (Figure 4a); thus, it clearly indicates
that the broader, NE-SW trending, longer-wavelength
positive to near-positive Bouguer gravity anomalies
observed along the Trough axial region are strongly
associated with this elongated, shallow
(uplifted/elevated) Moho structures imaged in this
study. This interpretation is in good agreement with the
semi-quantitative interpretation of the Bouguer gravity
anomalies previously made in sub-section 4.2.

The Moho depths are shallower along the Trough axial
region, and deeper beneath the adjoining Northern and
Eastern Nigerian Basement Complex regions as well as
the Trough northwestern region (Figure 5). Generally,
the Moho depths range between c. 24 £ 2 and 32 + 3 km
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(Figure 5). The shallowest Moho depths (c. 24 =2 to 26
+ 3 km deep) are found in and around the Gboko — Igbor
— Wanunne — Kegh — Akwana — Wukari areas within the
Trough axial region (Figure 5) which are typically
characterised by lower topography reliefs (Figure 3a),
broader longer-wavelength positive to near-positive
Bouguer gravity anomalies (Figures 3c and 4a), and are
also strongly affected by the rifting events. This
indicates that there has been a large amount of crustal
and/or lithospheric extension in the axial region of the
Trough. The deepest Moho depths (c. 28 — 32 + 3 km
deep) occur beneath the Trough northwestern region
(e.g. Gida Rai, Amaku, Doma, Lafia, Obi, Keana),
Northern Nigerian Basement Complex region (e.g.
Mada, Gudi, Akwanga, Nasarawa Eggon, Kwolla and
Shendam) and the southeastern end (e.g. Takum) of the
Eastern Nigerian Basement Complex region (Figure 5);
these above-mentioned areas typically exhibit higher
topography reliefs (Figure 3a), broader longer-
wavelength negative Bouguer gravity anomalies
(Figures 3cand 4a), and are also generally less affected
by the rifting events.

Furthermore, these aforementioned Moho depths,
obtained in this study, are in good agreement with
(and/or comparable to) those determined in the
adjoining lower (Akpan etal., 2016) and upper (Stuart et
al., 1985; Fairhead and Okereke, 1987, 1990; Okereke,
1988; Tokam et al., 2010) Benue Trough regions, as well
as the flanking basement complex regions (Stuart et al.,
1985; Tokam et al., 2010; Gallacher and Bastow, 2012;
Akpan et al.,, 2016). Recent teleseismic studies by
Akpan et al. (2016) derived Moho depths of c. 22 — 23
km underneath the lower Benue Trough and c. 33 — 35
km beneath the unrifted adjacent basement complexes,
far away from the Trough (Figure 1). Also seismic
refraction (cf. Stuart et al., 1985), gravity (cf. Fairhead
and Okereke, 1987, 1990; Okereke, 1988) and
teleseismic (cf. Tokam et al., 2010; Gallacher and
Bastow, 2012) studies conducted in and across the upper
Benue Trough (particularly in its Yola/Garoua Rift area)
estimated Moho depths of c. 23 — 25 km beneath the rift
basin area and c. 30 — 35 km across the unrifted
adjoining basement complex areas (cf. Figure 1).

Comparisons of Moho Depth with Topography and
Bouguer Gravity Anomaly Using Profiles

In this section, the derived Moho depths were compared
with the topography and Bouguer gravity anomaly (BA)
values along three selected profiles (labelled P1 — P3;
Figure 6), to throw more light on their relationships
across the area. Profiles were constructed to transect the
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Trough and the adjoining Northern and Eastern
Nigerian Basement Complex regions. Position of the
three profiles (labelled P1 — P3) are shown in Figure 3a
and the respective Moho depth, topography and BA
values extracted along these aforementioned three
profiles are presented in Figure 6. The aforementioned
Figure 6 clearly further highlights that the observed
broad, axial longer-wavelength near-positive Bouguer
gravity anomalies over the Trough are strongly
associated with elevated (shallow) Moho and isostatic
effect of lower topography, whereas the large longer-
wavelength negative anomalies across the surrounding
basement complexes and northwestern region of the
Trough (Obi — Gidan Rai areas) are largely due to deep
Moho and isostatic effect of higher topography. The
above-mentioned information obtained from the
comparisons of Moho depths with the topography and
BA values along these three profiles is strongly in
agreement with the well-known Airy compensation
model (cf. Hinze et al., 2013; Long and Kaufmann,
2013; Anudu, 2017).

Crystalline Crustal Thickness Model

The predicated crystalline crustal thickness model/map
(Figure 7a) strongly shows a remarkable lateral
variations in the crystalline crustal thickness across the
study area, and these variations are products of regional
tectonic activities and geology. The crystalline crustal
thickness values are smaller beneath the Trough axial
region which were strongly affected by the rifting
events, and larger underneath the adjoining Northern
and Eastern Nigerian Basement Complex regions as
well as the Trough northwestern region (Figure 7a)
which were less affected by the rifting events. In
general, the crystalline crustal thickness values across
the study area vary from c. 20 = 2 to 32 = 3 km. The
thinnest crystalline crust (c. 20 — 24 + 2 km thick) is
found beneath five sedimentary sub-basins (Azara-
Shemankar Sub-basin, Wukari-Zaki Biam Sub-basin,
Wanunnue Sub-basin, South Oturkpo Sub-basin, and
South Kegh Sub-basin), recently identified/mapped
from detailed magnetic studies (cf. Anudu, 2017; Anudu
et al., 2020), located within the Trough axial region (cf.
Figures 3b and 7a). Thus, this shows that the maximum
thinning of the crust (and/or the lithosphere) occurs
beneath these aforementioned sub-basins areas. Also it
reveals that the areas of maximum crustal thinning
(and/or lithospheric thinning) coincide with those of
uplifted (elevated) shallow Moho within the Trough
axial region (compare Figures 5 and 7a), and therefore,
strongly indicates that the main rift axis of the Trough
lies within this region. Moderately thin crystalline crust
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(c. 25 —27 £ 3 km) occurs beneath the north, northwest
and southeast areas located few kilometres away from
the Trough axial region (Figure 7a). The thickest
crystalline crust (c. 28 —32 + 3 km thick) occurs beneath
the Trough northwestern region, Northern Nigerian
Basement Complex and southeast area of the Eastern
Nigerian Basement Complex (Figure 7a), similar to the
deepest Moho, where the surface topography reliefs
exceed 250 m and the longer-wavelength Bouguer
gravity anomalies are generally negative (cf. Figure 5).
This finding is in good agreement with the semi-
quantitative interpretation of the BA map (Figure 3c)
and regional-BA map (Figure 4a) (cf. sub-section 4.2)
and, furthermore, it is generally consistent with Airy-
type compensation model that suggests thickening of
the crust caused by the isostatic adjustment resulting
from higher topography (Hinze et al., 2013; Long and
Kaufmann, 2013; Anudu, 2017).

Furthermore, the above-mentioned crystalline crustal
thickness values obtained in this study are consistent
with crustal thickness estimates of c. 18 — 35 km
identified underneath the Trough and its flanking
basement complex regions by previous seismic
refraction (cf. Stuart et al., 1985), gravity (cf. Fairhead
and Okereke, 1987, 1990; Okereke, 1988; Anudu, 2017)
and teleseismic (cf. Tokam et al., 2010; Gallacher and
Bastow, 2012; Akpan etal., 2016) studies.

Crustal Stretching Factor Model

The predicated crustal stretching factor () model/map
(Figure 7b) reveals a sufficiently great lateral variation
in the crustal stretching factor () values across the
study area. The crustal stretching factor () varies from
c. 1.03 within the Trough northwestern area and
adjoining basement complex regions to c¢. 1.59 in the
Trough axial area (Figure 7b). Thus, this study, shows
that the study area generally exhibits moderately high
crustal stretching factor () which resulted from the
cumulative effects of several extensional and wrench
(strike-slip) tectonics associated with past rifting events
that have strongly affected the crust/lithosphere beneath
Trough. Also, it indicates that the crystalline crust
and/or the entire lithosphere beneath the Trough axial
region (particularly in the sedimentary sub-basins areas)
has undergone significant stretching. The moderately
high stretching factor () values combined with
available geological information suggest that the
Trough is likely to be characterised by numerous,
relatively high to moderate angle normal faults and
strike-slip faults with several associated sub-basins and
uplifted, faulted crustal basements. This interpretation
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is in agreement with results from detailed magnetic
studies in the area (Anudu, 2017; Anudu et al., 2020)
and field (outcrop) geological studies in contiguous
upper and lower Benue Trough segments (Maurin et al.,
1986; Benkhelil, 1989; Guiraud, 1990; Guiraud and
Maurin, 1992; Wilson and Guiraud, 1992), as well as
seismic studies (Avbovbo et al., 1986; Suleiman et al.,
2017) in the Bornu Basin to the northeast (cf. Figure 1),
which is genetically associated with the Benue Trough.
In addition, the crustal stretching factor () values
indicate that maximum crustal thinning occurred
primarily within the Trough axial region, suggesting a
good correlation of maximum crustal stretching region
with the uplifted (elevated) shallow Moho region.
Furthermore, the crustal stretching factor values (p =c.
1.03—-1.59) obtained in this study are in good agreement
with (and/or comparable to) those determined in several
continental rift basins across the world, particularly the
Main Ethiopian Rift within the East African rift system
(B=c. 1.2 -2.0, Tiberi et al., 2005; B =c. 1.1 — 1.7,
Maguire, et al. 2000).

Two-Dimensional Crustal Structure Models

In the section, two-dimensional (2D) crustal structure
models (Figure 8) along the previously selected three
profiles (labelled P1 — P3) were produced to further
highlight the morphology/geometry of shallow crustal
basement (cf. Anudu (2017; Anudu et al., 2020) and the
Moho, as well as their relationships across the area. The
shallow crustal basement and the Moho depth values
along the three profiles were extracted from the
basement depth (sediment thickness) grid map (cf.
Anudu, 2017; Anudu et al., 2020; Figure 3b) and the
Moho depth map (Figure 5), respectively, and the results
are shown in Figure 8.

The Figure 8 reveals that several sedimentary sub-
basins (depocentres), shallow (uplifted) faulted crustal
basements, shallow Moho and thin crystalline crust
characterised the Trough axial region and these features
are interpreted to have been formed through (regional)
extensional tectonics associated with rifting events
which affected the underlying crust/lithosphere in the
Early to Late Cretaceous. It can also be observed that
shallow (elevated) Moho depths occur beneath most of
the imaged sedimentary sub-basins areas found across
the Trough axial region and thus indicates that the areas
with shallowest Moho coincide with areas of maximum
basin depths where the crust is thinnest. Also it shows
that the zone of crustal thinning coincides with zone of
crustal basement faulting across the Trough (Figure 8).
Furthermore, the Figure 8 also reveals that the geometry
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of the thinned crust obtained in this study is typically
consistent with ductile necking and the near-uniform to
uniform stretching of the crust/lithosphere (cf. Anudu,
2017). All of the above-mentioned features and/or
observations seem to be more characteristic of, or
compatible with, the well-known McKenzie (1978)
extensional rift basin model (i.e. McKenzie model) in
which lithosphere extension (stretching) is by brittle
failure (faulting) in the upper crust and ductile flow
(distributed plastic deformation) in the lower crust and
upper mantle. This interpretation is in good agreement
with several studies conducted across the Benue Trough
(cf. Fairhead and Green, 1989; Fairhead and Okereke,
1987, 1990) and other genetically-related intracratonic
rift basins referred to as the West and Central African
Rift Systems (WCARS; cf. Bermingham et al., 1983;
Fairhead and Green, 1989; Mohamed et al., 2001;
Fairhead etal.,2013).

Tectonic and Geodynamic Implications

The Moho and crystalline crust structures imaged
within and/or beneath the Trough axial region exhibit a
major NE-SW trend (Figures 5 and 7a) which is
strikingly similar to the trend/orientation of the Benue
Trough, the offshore Chain and Charcot oceanic fracture
zones (cf. Figure 1) as well as structures (cf. Figure 2b)
mapped from detailed magnetic studies by Anudu et al.
(2014) and Anudu (2017). Thus, the imaged NE-SW
orientated Moho and crystalline crust structures
strongly indicate that a major NW-SE regional
extensional tectonic stress field coupled with a NE
oriented transcurrent stress components were more
dominant at the time of stretching and/or rifting across
the middle Benue Trough region during its geological
evolution (cf. Anudu et al., 2020). Additionally, the NE-
SW major trend of the Moho and crystalline crust
structures is similar to the trend of major regional faults,
fracture systems and shear zones (mostly Pan-African in
age) observed in the field across the Trough and
surrounding basement complexes of Nigeria (e.g.
Rahaman et al., 1984; Maurin etal., 1986; Ajibade etal.,
1989; Ajibade and Wright, 1989; Benkhelil et al., 1989;
Guiraud et al., 1989; Rahaman, 1989; Obaje, 2009;
Anudu, 2017; Anudu et al., 2020); this implies that the
major pre-existing tectonic fabrics or zones of weakness
(Late Pan-African in age) within the underlying crustal
basement/crust/lithosphere across the study area
generally exhibit a dominant NE-SW regional trend and
are thought to have controlled the orientation of the
Benue Trough and its internal structures (cf. Anudu,
2017; Anudu et al., 2020). Furthermore, the areas with
shallow Moho structures/depths and/or thin crystalline
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Fig. 8: Two-dimensional (2D) crustal structure along three NW-SE profiles (P1 - P3) in the study area. (a) Profile P1, (b) Profile P2 and (c) Profile
P3. The respective profiles were extracted from both the depth to basement (sediment thickness) map (cf. Figure 3b) of Anudu (2017) and Anudu et
al. (2020) and the Moho depth map (cf. Figure 5a). White line represents the Moho (crust-upper mantle interface) depths along profiles. The figure
clearly shows the variations in crustal basement morphology and Moho topography/geometry across the middle Benue Trough and adjoining
regions. NNBC = Northern Nigerian Basement Complex, and ENBC = Eastern Nigerian Basement Complex. Names of cities/towns very close to
the profile locations are also shown. Locations of profiles are shown in Figure 3a.
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crust coincide remarkably well with areas intruded by (cf. Offodile, 1976, 1980, 1989; Adighije, 1981; Umeji,
numerous (mafic to intermediate) magmatic rock bodies 1985, 2000; Benkhelil et al., 1988; Benkhelil, 1989;
which have been mapped from field geological works Obiora, 2002; Nwajide, 2013) and detailed magnetic
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studies (cf. Anudu et al., 2014; 2020; Anudu, 2017)
across the Trough axial region (Figure 9). The
coincidence of these areas underlain by shallow Moho
structures/depths and/or thin crystalline crust with those
having numerous magmatic rock bodies and structures
(as shown in Figure 9) suggest that melts accompanying
the tectonic extension of the crust/lithosphere and
passive upwelling of mantle materials during the
Trough's evolution seems to have followed several
deep-reaching, pre-existing crustal discontinuities (e.g.
faults/fracture systems) of (mainly) Pan-African age
that have been reactivated at various geological times
(cf. Maurin et al., 1986; Fairhead and Green, 1989;
Ziegler and Cloetingh, 2004; Cloetingh et al., 2015;
Anudu, 2017).
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Fig. 9: Map showing the relationship between the shallow Moho
structure/depths and areas of magmatic rock bodies in study area. It
clearly reveals that the areas underlain by shallow Moho
structure/depths (and/or thin crystalline crust) coincide remarkably
well with areas intruded by numerous (mafic to intermediate)
magmatic rock bodies. It was produced by superimposing the
magmatic rock and structural distribution map derived from the
detailed magnetic studies (after Anudu et al., 2014; Anudu, 2017; cf.
Figure 2b) on the predicated Moho depth model/map (cf. Figure 5a) of
the area.
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Summary and Conclusions

The topography and BA maps show that the variations in
terrain elevations and Bouguer gravity anomalies,
respectively, across the study area are products of
regional tectonic activities and geology.

Regional-residual BA separation was done employing
wavelength filtering method based on the result derived
from spectral analysis of the BA data grid. The 3D
inversion applied to the satellite BA grid data reveals
remarkable lateral variations in Moho depths and/or
Moho morphology beneath the study area. The imaged
Moho depths vary from c. 24 £ 2 to 32 & 3 km across the
study area, with the shallowest Moho depths (c. 24 — 26
+ 2 km deep) occurring beneath Gboko — Igbor —
Wanunne — Kegh — Akwana — Wukari areas within the
Trough axial region. The crystalline crustal thickness
values computed range between ¢. 20 +2 and 32 + 3 km
with the thinnest crystalline crust (c. 20 — 24 + 2 km
thick) found beneath five sedimentary sub-basins
(Azara-Shemankar Sub-basin, Wukari-Zaki Biam Sub-
basin, Wanunnue Sub-basin, South Oturkpo Sub-basin,
and South Kegh Sub-basin) located within the Trough
axial region. The crustal stretching factor (B) values
vary from c. 1.03 to 1.59 with smaller values (B =c. 1.03
to 1.25) occurring within the Trough northwestern area
and adjoining basement complex regions and larger
values (B =c. 1.26 to 1.59) in the Trough axial area. The
imaged Moho and crystalline crust structures beneath
the Trough axial region exhibit a major NE-SW
orientation which is strikingly similar to the orientation
of the Benue Trough, structures and regional Bouguer
gravity anomalies. Also this study reveals that the
shallow faulted crustal basements, shallow Moho and
thin crystalline crust that characterised the Trough axial
region were mainly formed through (regional)
extensional tectonics which affected the underlying
crust/lithosphere during rifting events in the Early to
Late Cretaceous.
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