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Abstract 

Tectonic structures controlling mineralization in some parts of Southeast Nigeria 

were evaluated using airborne potential field data. High and low frequency filters 

and depth determination tools were adopted to evaluate short and long 

wavelength anomalies, resolve the spatial spreading of igneous intrusions, depths 

to geologic sources and basin topography. The high frequency results exhibited 

high concentration of short wavelength anomalies in the Obudu Plateau and 

Ikom-Mamfe Rift.  The underlying main tectonics of the area elucidated by the 

low frequency results caused the widespread occurrences of short wavelength 

geologic structures that are revealed by the high frequency maps. The study area 

is characterized by comparatively thin (~13.0 to <3000 m) sedimentation. The 

observed thin thickness is as a result of the massive Precambrian basement 

outcrops in some locations in the Obudu Plateau and the proliferation of igneous 

intrusions within this part of the Lower Benue Trough. The 2-D models showed 

the undulating nature of the underlying basin topography, the location of 

intrusions, domal structures and related normal faults. The locations and 

neighbourhood of intrusions and/or short wavelength structures are viable sites 

for lead-zinc-barite, brine and metallogenic minerals.  
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HIGHLIGHTS   

  Lineaments serve as potential pathway for hydrothermal fluid migration 

and mineralization 

 The deeply buried long wavelength anomalies caused the surficial short 

wavelength anomalies  

 Zones of intrusions and short wavelength anomalies are possible areas of 

mineralization. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

1.0 Introduction 

The evolution of the Nigerian Basement Complexes and Benue Trough were 

considered in the light of tectonothermal and global tectonic events respectively 

(Agbi and Ekwueme, 2018; Burke and Dewey, 1974). Over time, geologic 

structures in the Precambrian basement rocks were caused by the intrusions of 

Mesozoic calc alkaline ring complexes that is, younger granites (Woakes et al., 

1987). Similarly, the Cretaceous Lower Benue Trough (LBT) was vastly invaded 

by basic and intermediate intrusives of the Santonian Abakaliki Anticlinorium 

and Quaternary-Recent Cameroon Volcanic Line (Ekwok et al., 2019; Benkhelil, 

1987). These happenings resulted to the development of various geologic 

structures, chemical processes and hydrothermal variations of the host rocks.  

A number of researchers like Haruna (2017), Woakes et al. (1987), Orajaka 

(1973), Routhier (1976), Olade (1980) etc. have investigated the metallogeny of 

the Nigerian basement. Also, the presence of coal, limestones, ironstones (Ene et 

al., 2012; Oladapo and Adeoye-Oladapo, 2011; Ugbor and Okeke, 2010 etc.), and 

the coexistence of brine fields alongside barite veins and lead-zinc have been 

documented in the LBT (Uma, 1998). The mineral belts are related to deep seated 



 

 

 

 

 

 

structures perhaps outspreading down to the upper mantle (Haruna, 2017). The 

geologic features function more as channels for hydrothermal fluid movement 

and mineralization. The intensity, localization, features of hydrothermal 

mineralization plus the direction and character of groundwater migration are 

controlled by faults, fractures, fissures etc. (Ekwok et al., 2020a; Ekwok et al., 

2020b). The enhanced use of geologic concepts and geophysical investigations in 

a completely integrated programs have been successful in the determination of 

buried geologic structures and location of new mineral deposits (Woakes et al., 

1987). The Nigerian Geological Survey Agency has been in charge of large scale 

geological mapping and acquisition of airborne geophysical data. These datasets 

offer a valuable base for further detailed geoscience investigations. Delineation 

of subtler geologic anomalies are possible because of the availability of high 

speed and robust computer program (Oha et al., 2016; Elkhateeb and Eldosouky, 

2016).    

Generally, a lot of geophysical techniques provide a fast approach for exploring 

near surface magmatic intrusions similar to the ones investigated proximal to 

brine fields in the Benue Trough (Uma, 1998). Magmatic intrusions which caused 

hydrothermal variations and structural control are often linked to mineralization 

(Dill et al., 2010; Airo, 2002). Delineating geologic structures in conjunction with 

hydrothermally altered rocks are required for mineral prospecting purposes 



 

 

 

 

 

 

(Eldosouky et al., 2017).  Currently, airborne magnetic and gravity data are 

considered as key constituents of mineral research programs (Ekwok et al., 2019; 

USGS 2013, Telford et al., 1990). The mapping of disparities in rock 

magnetizations and densities are made possible by these data.  

The magnetic technique is an effective exploration tool anywhere magnetization 

is comparatively strong and there are somewhat disparities among the various 

rock units (Eldosouky and Elkhateeb, 2018). Features such as rock boundaries, 

surficial regional geologic borders, faults, fractures and dykes can be mapped on 

enhanced gridded data (Ekwok et al., 2019; Elkhateeb and Eldosouky, 2016). 

Also, the gravity prospecting is commonly used as a reconnaissance tool in 

hydrocarbon survey (Kearey et al., 2002, Telford et al., 1990), and constraints in 

seismic interpretations (Telford et al., 1990). Gravity anomalies can reveal the 

subsurface form of igneous intrusions (Bott et al., 1958), locate sedimentary 

basins, and provide important information on mechanisms of basin formation 

(Kearey et al., 2002). However, it can also be employed in engineering and 

archaeological investigations (Kearey et al., 2002), hydrogeological search 

(Ekwok et al., 2020b; Van Overmeeren 1975) and as a follow-up technique 

applied on a targets well-defined by electromagnetic and magnetic anomalies in 

joint base-metal explorations (Telford et al., 1990).  



 

 

 

 

 

 

This investigation seeks for magnetic and gravity anomalies from variations 

related to the mineralized regions and/or some certain geologic location of 

mineralization. In general, it has been documented by several workers that 

regions of tectonothermal activities and hydrothermal alterations have extensive 

magnetism and density to the adjoining parts of somewhat free tectonisms 

(Elkhateeb and Eldosouky, 2016; Gunn and Dentith, 1997; Bott et al., 1958). To 

reassess mineral potentials of some parts of Southeastern Nigeria, high resolution 

airborne magnetic and gravity data were employed. In this study, we used image 

analysis, potential field enhancement methods and 2-D modelling to map 

hydrothermally modified rock zones, identify probable geological site of 

mineralization and basin framework in the study area. 

1.1 Location of the study area 

The investigated area covers some parts of the Cretaceous Lower Benue Trough 

(LBT) and Precambrian Obudu Plateau (OP). It is part of Enugu, Ebonyi and 

Cross River States of Southeastern Nigeria. It is positioned between longitude 

7030’E and 9000’E and latitude 6000’N and 6030’N. The topographic map (Fig. 

1) of the region indicates that elevations is in the range of 29.4 -186.5 m with the 

northwestern and eastern flanks having highest elevations.    

1.2 Geologic settings of the study area 



 

 

 

 

 

 

Based on geological age, the investigated area occupies two out of the three 

geological provinces in Nigeria that is, the Precambrian Obudu Plateau and 

Cretaceous Lower Benue Trough (Fig. 2).  

1.2.1 Obudu Plateau 

The Nigerian Basement Complex is said to have evolved as a result of a series of 

tectonothermal happenings of which at least three phases of distortion have been 

documented (Rahaman and Lancelot, 1984). The basement complex is generally 

described under three lithologic groups: A migmatite-gneiss complex, the schist 

belts and older granites sets. The Cretaceous-Recent sedimentary series are well-

preserved in structurally controlled basins (Niger Delta, Benue Trough, Calabar 

Flank, Ikom-Mamfe Rift, Afikpo Syncline, Dahomey, Bida, Sokoto and Chad). 

The Migmatite-gneiss complexes are thought to be the oldest rocks of the 

Nigerian Basement Complex (Haruna, 2017). Substantial portion of the complex 

is understood to be altered older crust of possibly Liberian age, which have been 

further transformed by later orogenies such as the Eburnean (2000 + 200 Ma) and 

the Pan African (600+150 Ma) with addition of the schist and granitoids belts 

(Haruna, 2017). Even though evidence of sedimentation and distortion in Kibaran 

(1300-1100 Ma) have been described (Haruna and Mamman, 2005), no magmatic 

event of this age have been documented. The Kibaran was accompanied by ages 



 

 

 

 

 

 

ranging from 900-450 Ma signifying the imprint of the Pan-African occurrence 

which gave rise to gneisses, migmatite, older granite intrusions and related 

lithologic components (Haruna, 2017).  The middle and late Paleozoic age is not 

represented by any magmatic or depositional event. The Mesozoic is marked by 

uplift and intrusion of a series of anorogenic, alkaline, shallow sub-volcanic 

intrusives labelled as the younger Jurrasic granites which fall in a north-south 

narrow belt in the western part of the eastern province and lengthens north ward 

towards the Republic of Niger. 

The Obudu Plateau which is an annex of the Bamenda Massif, is one of the 

Nigerian Precambrian basement outcrops in southeast Nigeria (Agbi and 

Ekwueme, 2018). The lithological disparities in the area involve high grade 

metamorphic rocks comprising predominantly of schists and gneisses that have 

been migmatized and intruded by unmetamorphosed dolerites, granites and 

quartzo-feldspathic veins (Agbi and Ekwueme, 2018). Also, associated with these 

rocks are insignificant occurrence of amphibolites, metaquartzites and 

metagabbros. Archaean, Eburnean and Pan-African ages have been gotten from 

rocks of this area (Ukwang et al., 2012). The relatively close match between the 

lithology of rocks and ages of the Southeast Nigeria, Northern Cameroon and 

Central African Fold Belt basement complexes (Ukwang et al., 2012) made 

researchers to infer that the existences of Nigerian Southeast basement 



 

 

 

 

 

 

evolutionary history is related to the Pan-African mobile belt in Central Africa 

(Agbi and Ekwueme, 2018).  The Pan Central African belt in Central Africa is 

due to a continent-continent collision that involved the northern edge of the 

Congo Craton as the passive margin and the Adamawa-Yade and western 

Cameroon domain as the active margin (Agbi and Ekwueme, 2018; Toteu et al., 

2004). The OP is dominated by migmatitic gneisses that have been grouped and 

described as garnet-sillimanite gneiss, garnet-hornblende gneiss, or simply as 

migmatite gneiss (Agbi and Ekwueme, 2018; Ukwang et al., 2003).  

1.2.2  Lower Benue Trough 

The tectonic development of southern Nigeria continental basins and indeed, 

other basins situated in the West and Central African Rift systems, have been 

traced to the polyphase fragmentation of Gondwana supercontinent in the Late 

Jurassic to early Cretaceous into the present Africa and South America Plates 

(Bumby and Guiraud, 2015; Wilson and Guiraud, 1992). This breakup preceded 

other significant activities like the drifting of the continents and subsequent 

opening of the South Atlantic. These events were followed by the initiation and 

development of the mid-Atlantic Ridge. A rise in mantle plume in St Helena 

Hotspot between 130-100 Ma around the Niger Delta region, which later became 

the centre of the rift, was a significant tectonic event that generated the pre-



 

 

 

 

 

 

breakup stress of the rocks (Cratchley et al., 1984; Lehner and De Ruiter, 1977; 

Olade, 1975). Later, additional stresses created by the concurrent outpouring of 

volcanic fluids from a deep mantle plume linked to the then Tristan da Cunha 

Hotspot resulted to the final separation of the African and South American 

Continents between ~100-105Ma. In general, subsidence persisted up to the 

Santonian that was characterized by repeated phases of widespread regional 

deformation (Benkhelil et al., 1987). These sequences of rifting, magmatism, 

thermo-tectonic and extensional events happened at both the continental margin 

and within the African Continental Plate. 

The Benue Trough and all its flanking basins like the Ikom-Mamfe Rift, Anambra 

Basin, Calabar Flank, Afikpo Syncline, Bida Basin etc. are some of the 

sedimentary basins that developed from those post breakup tectonic events. 

Foremost researchers have established that the Benue Trough is a failed arm of 

the triple junction rift system connected with the parting of Africa from South 

America in Aptian/Albian period (Cratchley et al., 1984; Burke et al., 1972).  

Lower Benue Trough is a fraction of the northeast-southwest trending linear 

structure called Benue Trough of Nigeria. The region is covered by dense buildup 

of Cretaceous sedimentary successions deposited under fast changing 

environments. A series of transgressive-regressive phases in the trough initiated 



 

 

 

 

 

 

sedimentation which were influenced by combined effects of eustatic rise in sea 

level and local diastrophism (Kogbe, 1981). The oldest and basal Asu River 

Group (ARG) is made up of Abakaliki Shale and Ebonyi Formation. They involve 

variable thicknesses of shale, siltstone, sandstone, clay and limestone. It may 

perhaps be that the upper portion of the ARG is of Cenomanian age (Kogbe, 

1981), else no sediments of Cenomanian outcrop in the LBT (Agumanu and Enu, 

1990). Overlying the ARG is the Turonian Eze-Aku Formation predominated by 

shales, sandstones and limestone (Agumanu and Enu, 1990). The dark-blue 

Nkporo/Enugu Formation constitutes part of the pro-deltaic environment which 

turn out to be even more limited upwards in the Mamu Formation. This is made 

up of basal coal seams in addition to black shale that is overlain by white fine-

coarse-grained Ajali sandstone. It is overlain by interchanging sequences of fine-

grained shale and sandstone with some rare coal seams of the Nsukka Formation 

(Doucet and Popoff, 1985).  

3.0 Materials and method 

3.1. Data acquisition 

The airborne magnetic and gravity data were acquired and assembled by Fugro 

Airborne Surveys, Canada between 2005 and 2010. These data were collected 

using Flux-Adjusting Surface Data Assimilation System with flight-line space of 

0.1 km, tie line space of 0.5 km and terrain clearance ranging from 0.08-0.1 km 



 

 

 

 

 

 

along 826,000 lines. The observed potential field data were of very high 

resolution when likened to the 1970 aero-geophysical data. These recent potential 

field data were noticed to be suitable for mineral and petroleum investigations as 

well as geological mapping.  

The regional field in the magnetic and gravity data were subtracted by applying 

the tenth (10th) generation of International Geomagnetic Reference Field (IGRF) 

and International Gravity Standardization Net 1971 (IGSN71) Programs 

respectively, by Fugro Airborne Surveys, Canada. The key benefit of the IGRF 

and IGSN71 is the consistency they provide in potential field survey practice 

beginning from when the IGRF and IGSN71 became available and generally 

accepted (Reeves et al., 1997). Also, they carried out all other required potential 

field data treatments and reductions. The data used for this study were processed 

to the form of total magnetic intensity and Bouguer gravity gridded data displayed 

as imageries in color raster format (Fig. 3).  

3.2. Methodology 

The potential field data were emptied into the World Geodetic System 84 (WGS 

84) and Universal Transverse Mercator coordinate system at zone 32 of Northern 

hemisphere (UTM 32N) in Oasis Montaj program. The data directories were 

hosted in MAGMAP, source parameter imaging, Euler deconvolution and GM-



 

 

 

 

 

 

SYS tools which created control files that were employed in the different 

enhancement and modelling procedures. 

Filtering of the potential field data are procedures that consist of enhancing 

algorithms which carefully attenuate the anomalies from one set of geologic 

sources relative to anomalies due to other geologic sources (Milligan and Gunn, 

1997).  Typical potential field data filtering methods consisting of first vertical 

derivative (Blakely and Simpson, 1986), total horizontal and tilt angle derivatives 

(Verduzco et al., 2004; Miller and Singh, 1994; Roest et al., 1992; Hood and 

Teskey, 1989), analytical signal (Roest et al., 1992) and upward continuation 

(Nabighian, 1984; 1972) were applied in this investigation.  To map the spatial 

distributions, and determine the different anomaly source depths, Euler 

deconvolution and source parameter imaging (Smith et al., 1998; Thurston and 

Smith 1997) procedures were done. Likewise, the 2-D joint modelling was used 

to estimate depth to basement and delineate the basin framework as well as related 

intrusions and faults.  

Computation of the first vertical derivative on potential field data involves the 

enhancement of near-surface magnetic and gravity sources, and generating an 

improved resolution of closely-spaced sources (Pal and Majumdar, 2015; Reeves 

et al., 1997). Higher order vertical derivatives can equally be computed to achieve 

this effect more, although the noise in the dataset becomes more prominent than 



 

 

 

 

 

 

the signal at above the second vertical derivative (Reeves et al., 1997). The 

equation of the wavenumber domain filter to create nth derivative is: 

    1n
F    

A frequently applied edge detection filter is the total horizontal derivative (THD) 

(Blakely, 1995; Cordell and Grauch, 1985) and is defined as:  
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where A is the magnetic or gravity anomaly, 
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 are the two orthogonal 

horizontal derivatives of the potential field respectively. 

The tilt angle derivative (TDR) is less sensitive to noise than other filtering 

techniques using higher order derivatives (Akın et al., 2011). It is applied to show 

the borders of geologic structures generating magnetic and gravity anomalies. 

TDR is defined as the ratio of the vertical derivative of anomalies to the horizontal 

derivative. Mathematically it is given as: 
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where  yxTHD ,  is defined in equation 2. 

The analytical signal (ASIG) technique (Nabighian, 1984; 1972) creates 

maximum responses over magnetic and gravity anomalies. This method is 

typically employed at low magnetic latitude because of the inherent difficulty 



 

 

 

 

 

 

related to reduced-to-pole technique. Roest et al. (1992) showed that the 

amplitude of the ASIG can be got from the three orthogonal derivatives of the 

potential field as: 
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where A  is the observed potential field.  

Upward continuation method is applied in assessing the regional magnetic and 

gravity structures coming from deep seated potential field sources. The 

expression of the wavenumber domain filter to create upward continuation 

(Telford et al., 1990) is basically:  

5)(  h
eF
  

where is h is the continuation height. This function drops gradually with 

increasing wave-number, reducing the higher wave numbers more severely, 

therefore making a map in which the more regional anomalies predominate 

(Reeves et al., 1997).  

The Euler deconvolution technique depend on Euler’s homogeneity equation: 
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where (x0,y0,z0) is the position of a magnetic/gravity source whose total field is 

observed at (x,y,z), while B is the regional value of the potential field.  The 



 

 

 

 

 

 

homogeneity degree N is taken as a structural index (Reid et al., 1990; Thompson, 

1982). Unlike numerous other computer-aided procedures before it, Euler 

deconvolution doesn’t assume any certain geologic model. The procedure can be 

valued and interpreted even when the geology cannot be appropriately defined by 

dikes or prisms (Casto, 2001). As well, this process may perhaps be applied 

directly to the gridded data (Thompson, 1982). 

Source parameter imaging (Thurston and Smith, 1997) output are commonly 

imageries from which depth can be gotten (Smith et al., 1998). This technique 

evaluates the properties of analytic signal and second derivative responses (Smith 

et al., 1998). Geologic model can be acquired correctly from the analysis, and just 

like the Euler deconvolution, depth approximation is not dependent on any 

assumptions about the geologic model (Smith et al., 1998). Also, the depth 

solution results are not reliant on the declination and inclination of the magnetic 

field, so it is inessential to use a reduction-to-pole input grid (Thurston and Smith, 

1997). Interpretation procedure involving magnetic and gravity data are made 

significantly simpler especially when one properly understand the local geology 

(Thurston and Smith, 1997). The estimations of depth using source parameter 

imaging is typically from the wavelength of the analytic signal. Nabighian (1972) 

defined the analytic signal A1(x, z) as 
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M(x, z) is the magnitude of the anomalous total magnetic/gravity field, j is the 

imaginary number, and z and x are Cartesian coordinates for the vertical and the 

horizontal directions perpendicular to the strike, respectively.  

Two dimensional forward modelling using the GM-SYS package of Oasis montaj 

was involved to define depth to basement and delineate the basin framework of 

the area. The process involves computing the magnetic/gravity responses, 

creating hypothetical geologic model (Talwani and Heirtzler, 1964; Talwani et 

al., 1959) and applying the algorithms described by Won and Bevis (1987). The 

data used for modelling were obtained along carefully drawn two profiles in the 

East-West direction on the total magnetic intensity and Bouguer gravity datasets 

(Fig. 3). The profile placements were informed after the various enhancement, 

Euler deconvolution and source parameter operations were carried out. These 

procedures served as a guide that ensured profiles were drawn perpendicular to 

the regional magnetic and gravity anomalies in the investigated area.  

4.0 Results 

Generally, interpretations involving qualitative and quantitative procedures of 

potential field data can provide valuable information in mineral explorations, 

hydrocarbon surveys, archaeological and engineering studies, and can offer 

constraints in seismic interpretation. Areas predominated by complex geologic 

structures are ordinarily connected with short wavelength anomalies and 



 

 

 

 

 

 

mineralization (Ekwok et al., 2019; Arinze et al., 2019). High frequency filtering 

involving first vertical derivative (Fig. 4) showed that the OP is defined by 

compactly packed red-pink colour caused by high density biotite-gneisses and 

granites (Arinze et al., 2019) characterized by magnetite. An extension of the 

Ikom-Mamfe Rift (IMR) into the LBT displays high magnetisation and density 

initiated by Quaternary-Recent tectonism connected to the Cameroun Volcanic 

Line (Akpan et al., 2014).  The anticlinal anomaly that runs in the north-south 

direction related to the Abakaliki Anticlinorium (AA) in the LBT was properly 

elucidated by the gravity map (Fig. 4b), and short wavelength locations at the 

western flank of the area matches very closely (Fig. 4). The total horizontal 

derivative results (Fig. 5) correlate with Fig. 4, although Fig. 5b successfully 

delineated source body location, boundary and direction within the investigated 

area.  It displays a collection of symbols in linear pattern signifying the possible 

nature of contacts between rock units and expressing the different geometrics of 

the causative bodies. The tilt angle derivative maps (Fig. 6) show lineations 

(denoted by thin white broken lines) and they are very prominent in the OP and 

IMR geologic regions. The structures trend majorly in the NE-SW direction (Fig. 

6a) and correspond with the direction of the Nigerian Benue Trough.  These 

geologic features are caused by the tectonism that activated the intrusions of 

unmetamorphosed dolerites, granites and quartzo-feldspathic veins (Agbi and 



 

 

 

 

 

 

Ekwueme, 2018; Woakes et al., 1987) and Quaternary-Recent basaltic intrusions 

(Ekwok et al., 2019; Akpan et al., 2014) into the Precambrian basement and 

Cretaceous sediments of the OP and IMR respectively. In addition, Fig. 6b 

validates the findings of Fig. 5b.  

To detect the limits of magnetic and gravity source bodies, analytical signal 

procedure was carried out on the magnetic and gravity data (Fig. 7). The process 

creates maximum directly over discrete bodies as well as their edges (Elkhateeb 

and Eldosouky, 2016). From analytic signal results, magnetic and gravity low 

(blue) and high (red-pink) intensities can easily be noticed. Apart from the OP 

and IMR (Fig. 7a) with high intensities, they exist short wavelength structures 

(described by red-pink) unevenly distributed in the LBT representing dyke-like 

basic and intermediate intrusions. Also, some pockets of low magnetic and 

density signatures characterized by various blue colours specify the locations of 

long wavelength anomalies. To assess these tectonic structures clearly, the 

magnetic and gravity datasets were upward continued to 5000 m (Fig. 8) to 

remove the magnetic and gravity effects emanating from near-surface geologic 

sources. This filtering procedure elucidates the main crustal blocks and intrusions 

that exist in the region. Fig. 8a shows deeply buried N-S trending intrusive body 

(described by red-pink colour) that coincide with location of the Abakaliki 

Anticlinorium. This structure extended to the western flank (Fig. 8b) of the study 



 

 

 

 

 

 

area. Similarly, the eastern end of the study area that matches with the OP region 

is dominated by deeply buried high magnetisation and density structure that 

trends in the NE-SW direction  although, Fig. 8a feature stretches up to the 

Ndibinaofia in the NW-SE direction. The extensive major tectonics observed in 

the area are related to the previously reported Santonian and Quaternary-Recent 

tectonic activities of the area (Agbi and Ekwueme, 2018; Oha et al., 2016; 

Woakes et al., 1987; Benkhelil, 1987; Burke and Dewey, 1974). Also, Fig. 8b 

showed distinctly the NE-SW weak zone (defined by blue and lemon green 

colours) that trends in the same direction with the Nigerian Benue Trough. The 

structure represents the border between the Precambrian basement and the 

Cretaceous sediments. 

The Euler deconvolution and source parameter were applied on the potential field 

data to determine the locations and depths of anomalies of geologic origin (Figs. 

9 and 10). The gridded imageries show wide-ranging colours indicating different 

magnetic susceptibility and density contrast in the investigated area.  The map 

successfully showed the distribution of deep and shallow magnetic and gravity 

sources in the investigated area. According to Thurston et al. (2002), the negative 

sign in the colour legend bar signifies depth measurement from the Earth’s 

surface downward. The various results revealed depths in the range of ~13.0 m 

to ~2570.2 m. The main blue colour zone (with depths more than ~2000 m) 



 

 

 

 

 

 

located at the neighbourhood of Bansara (Figs. 9 and 10) and some pockets of 

blue colour scattered all over in the investigated area indicates low frequency 

structures. The Precambrian OP and Cretaceous IMR as well as regions that have 

experienced some minor tectonic events (Agbi and Ekwueme, 2018; Oha et al., 

2016; Akpan et al., 2014; Woakes et al., 1987) are thinly covered by sediments 

(~13.0 – ~942.9 m), whereas intermediate depths in the range of ~942.9 and 

~1782.9 m were witnessed over the remaining areas.   

The potential field curves gotten from the 2-D models (Figs. 11 and 12) are 

defined by breaks on the signatures. These breaks show key weak zones within 

the basement rocks that created spaces for magmatic intrusions. The positions of 

these lineaments match closely with each other signifying the extended nature of 

the weak zones. The lineament system are regarded as syn-rift structures initiated 

during the rifting episode that created the Cretaceous Benue Trough and other 

inland sub-basins (Ekwok et al., 2020a; Ekwok et al., 2019). Also, towards the 

eastern flank of these models, the breaks indicate the border line between the OP 

and LBT. The major post-depositional intrusions that defined the Abakaliki 

Anticlinorium and Ikom-Mamfe Rift were captured around Okpoto-Agu and 

Igboji, and close to Mbok and Agbaragba (Figs. 11 and 12) areas respectively.  

These geologic structures related to the Santonian Abakaliki Anticlinorium 

(Ekwok et al., 2020a) and Quaternary-Recent Cameroun Volcanic Line (Akpan 



 

 

 

 

 

 

et al., 2014) caused extensive uplifts, faulting, fracturing and baking of 

sedimentary series (Ekwok et al., 2020b; Arinze et al., 2019; Oha et al., 2016) in 

these locations and adjoining areas. Fig. 11 captured a dyke-like structure in the 

OP basement suspected to be dolerite, granite or quartzo-feldspathic intrusion 

(Agbi and Ekwueme, 2018).  From the depth results obtained from Figs. 11 and 

12, the sediment thicknesses are generally less than 3000 m. Extrusive basaltic 

rock previously reported by Ekwok et al. (2019) in the IMR was observed within 

Agbaragba in the IMR whereas the OP basement outcropped near Kakube. The 

OP basement is reported to have witnessed tectonic disturbances creating 

geologic structures intruded by dolerites, granites and quartzo-feldspathic (Agbi 

and Ekwueme 2018; Haruna, 2017; Woakes et al., 1987; Orajaka, 1973; Routhier, 

1976 and Olade, 1980). 

5.0 Discussion  

The investigation area characterized by tectonothermal events is dominated by 

varied forms of long and short wavelength anomalies of geologic origin. The 

metallogeny of the basement rocks (Haruna, 2017; Woakes et al., 1987; Orajaka, 

1973; Routhier, 1976; Olade, 1980) and the existence of coal, ironstones, 

limestones and the simultaneity of brine fields near lead-zinc and barite veins in 

the LBT (Ene et al., 2012; Oladapo and Adeoye-Oladapo, 2011; Ugbor and 

Okeke, 2010; Uma, 1998) have been studied and well documented. Regions of 



 

 

 

 

 

 

dense concentrations of high frequency anomalies caused by tectonisms were 

properly revealed by the enhanced magnetic results (Figs. 4a, 5a and 6a). The 

short wavelength anomalies are compactly packed in the IMR and OP geologic 

regions. These findings which agreed with the results obtained by Arinze et al. 

(2019) and Oha et al. (2016). These regions described as hydrothermally altered 

(Ekwok et al., 2020a; Oha et al., 2016) are characterized by faults, fractures, 

fissures, dykes, sills and baked Albian shales (Ekwok et al., 2019). Likewise, 

similar enhancement on the Bouguer gravity data (Figs. 4b, 5b and 6b) mapped 

clearly the N-S trending Santonian Abakaliki Anticlinorium (Oha et al., 2016; 

Benkhelil, 1987), Quaternary-Recent basaltic intrusions (Akpan et al., 2014), and 

Precambrian OP rich in magnetite and intruded by dolerites, granites and quartzo-

feldspathic (Agbi and Ekwueme, 2018; Haruna, 2017; Woakes et al., 1987). The 

origin of these high frequency anomalies (Figs. 4a, 5a and 6a) were elucidated by 

Figs. 7 and 8. These anomalies (Figs. 4, 5 and 6) are linked to the main tectonic 

structures of the area (Figs. 7 and 8) possibly extending to the upper mantle 

(Haruna, 2017). These geologic structures function as pathways for hydrothermal 

fluids (super enriched metalliferous brines) migration (Mineral resources of the 

western US, 2017; USGS, 2013; Dill et al., 2010; Airo, 2002; GSC, 1994 and 

GSC, 1992) and deposition.  



 

 

 

 

 

 

Sediment thicknesses results which were generally observed to be less than 3000 

m (Figs. 9, 10, 11 and 12) correlate strongly with each other. In the LBT, 

researchers have estimated depth in the range of ~2.5-8.0 km (Ekwok et al., 

2020a). The thin sedimentations observed in the area is due to the proliferation of 

post-depositional intrusions (Figs. 9 and 10) in this part of the LBT (Ekwok et 

al., 2019; Arinze et al., 2019; Akpan et al., 2014) and massive outcrops of the 

basement in the OP (Agbi and Ekwueme, 2018; Ukwang et al., 2012). The 2-D 

models (Figs. 11 and 12) mapped the depth, basin topography and showed the 

locations of the intrusions associated with the AA, IMR and OP. These magmatic 

intrusions which have been revealed by Figs. 7 and 8, have considerably boosted 

the geothermal gradients and initiated doming, baking and deformation of 

overlying Cretaceous sediments (Ekwok et al., 2019; Akpan et al., 2014). They 

are several reports that magmatism is related to mineralization (Ekwok et al., 

2020a; Ekwok et al., 2019; Arinze et al., 2019; Mineral resources of the western 

US, 2017; USGS, 2013; Haruna, 2017; Dill et al., 2010; Airo, 2002; GSC, 1994; 

GSC, 1992 etc.). Igneous intrusions are believed to be responsible for large 

deposits of base metals and brine fields in the LBT. Also, the OP seems to be a 

feasible site for metallogenic mineral exploration.  

 

 



 

 

 

 

 

 

6.0 Conclusion 

Potential field data enhancement and modelling procedures adopted elucidated 

short and long wavelength structures initiated by tectonic events in the 

investigation area. The main tectonics of the area were imaged, and they are 

believed to be the main caused of short wavelength structures prominently 

observed in the IMR and OP geologic regions. Relatively thin (~13.0 to <3000 

m) sedimentation covers the basement and intrusive rocks. This is caused by the 

extensive outcropped Precambrian basement in some locations in the OP and the 

proliferation of magmatic intrusions in the LBT. The 2-D GM-SYS joint models 

revealed the underlying basement topography, the site of intrusions, anticlinal 

structures and related normal faults. These intrusions and associated geologic 

structures are commonly associated with base metal, brine and metallogenic 

mineralizations.  
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Fig. 1: Digital elevation map of the study area. 

 

Fig. 2: Geologic map of the study area. 



 

 

 

 

 

 

 

Fig. 3: (a) Total magnetic intensity and (b) Bouguer gravity gridded maps. 
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Fig. 4: First vertical derivative maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data. 
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Fig. 5. Total horizontal derivative maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data. 
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Fig. 6: Tilt angle derivative maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data. 
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Fig. 7: Analytic signal maps of (a) total magnetic intensity and (b) Bouguer 

 gravity data. 
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Fig. 8: Upward continued to 5000 m maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data. 
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Fig. 9: Euler deconvolution maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data (structural index=1.0; max. % depth tolerance=15.0, 

 window size=10). 

Agbani

Onuba 

Nenwe  

Uburu  

Okpoto-Agu

Amechi Nkpuma 

Ameke 

Abakaliki 

Nsobo 

Ndibinaofia Bansara 
Mbok

EdorOfurekpe

Obubra
Agbaragba

Odumekpang

Iso-Bendegheg

Kakube

Agbani

Onuba 

Nenwe  

Uburu  

Okpoto-Agu

Amechi Nkpuma 

Ameke 

Abakaliki 

Nsobo 

Ndibinaofia Bansara 
Mbok

EdorOfurekpe

Obubra
Agbaragba

Odumekpang

Iso-Bendegheg

Kakube

AA

OP

IMR

AA
OP

IMR

a

b
7 30ʹ E 8 00ʹ E 8 30ʹ E 9 00ʹ E

6
 0

0ʹ
 N

6
 3

0ʹ
 N

6
 0

0ʹ
 N

7 30ʹ E 8 00ʹ E 8 30ʹ E 9 00ʹ E

6
 3

0ʹ
 N



 

 

 

 

 

 

 

Fig. 10: Source parameter imaging maps of (a) total magnetic intensity and (b) 

 Bouguer gravity data. 
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Fig. 11: 2-D joint magnetic and gravity model obtained from profile one. 

 

 

Fig. 12: 2-D joint magnetic and gravity model obtained from profile two. 
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Figures

Figure 1

Digital elevation map of the study area. Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 2



Geologic map of the study area. Note: The designations employed and the presentation of the material
on this map do not imply the expression of any opinion whatsoever on the part of Research Square
concerning the legal status of any country, territory, city or area or of its authorities, or concerning the
delimitation of its frontiers or boundaries. This map has been provided by the authors.

Figure 3

(a) Total magnetic intensity and (b) Bouguer gravity gridded maps. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 4

First vertical derivative maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 5

Total horizontal derivative maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 6

Tilt angle derivative maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 7

Analytic signal maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.



Figure 8

Upward continued to 5000 m maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note:
The designations employed and the presentation of the material on this map do not imply the expression
of any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 9

Euler deconvolution maps of (a) total magnetic intensity and (b) Bouguer gravity data (structural
index=1.0; max. % depth tolerance=15.0, window size=10). Note: The designations employed and the
presentation of the material on this map do not imply the expression of any opinion whatsoever on the
part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.



Figure 10

Source parameter imaging maps of (a) total magnetic intensity and (b) Bouguer gravity data. Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 11

2-D joint magnetic and gravity model obtained from pro�le one. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.

Figure 12

2-D joint magnetic and gravity model obtained from pro�le two. Note: The designations employed and
the presentation of the material on this map do not imply the expression of any opinion whatsoever on
the part of Research Square concerning the legal status of any country, territory, city or area or of its



authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by
the authors.


