
International Journal of Geosciences, 2014, 5, 313-323 
Published Online March 2014 in SciRes. http://www.scirp.org/journal/ijg  
http://dx.doi.org/10.4236/ijg.2014.53031  

How to cite this paper: Raimi, J., Dewu, B.B.M. and Sule, P. (2014) An Interpretation of Structures from the Aeromagnetic 
Field over a Region in the Nigerian Younger Granite Province. International Journal of Geosciences, 5, 313-323.  
http://dx.doi.org/10.4236/ijg.2014.53031  

 
 

An Interpretation of Structures from the 
Aeromagnetic Field over a Region in the  
Nigerian Younger Granite Province 
J. Raimi1, B. B. M. Dewu2, P. Sule1 
1Department of Physics, Ahmadu Bello University (ABU), Zaria, Nigeria 
2Centre for Energy Research and Training, Zaria, Nigeria 
Email: raimi.jimoh@yahoo.com, bbmdewu@yahoo.com, psule@yahoo.com 
 
Received 24 December 2013; revised 23 January 2014; accepted 22 February 2014 

 
Copyright © 2014 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

   
 

 
 

Abstract 
An interpretation of high resolution aeromagnetic data was carried out to provide new informa-
tion about the study area. Located between latitude 10˚30'N and 11˚00'N and longitude 8˚30'E and 
9˚00'E, the interpretation revealed previously unknown folds and magnetic anomaly with a signa-
ture that is similar to those associated with ring complexes in the study area but without the sur-
face manifestation that is associated with the complexes. Qualitatively interpreted as unexposed 
ring complex, the magnetic anomaly is underlain by cross-over of major lineaments; implying 
presence of weak zone that probably allowed the volcanic eruption that initiated the emplacement 
of the source of the anomaly. A depth that ranges from outcrop to 1200 m and from outcrop to 
1800 m is respectively suggested for the unexposed ring complex and folds by the Euler deconvo-
lution results. 
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1. Introduction 
Several geological and geochemical studies have been carried out in a study area that is bounded by latitude 
10˚30'N and 11˚00'N and longitude 8˚30'E and 9˚00'E [1]-[5]. Situated within the Nigerian younger granite 
province (Figures 1 and 2), the studies were mainly carried out because of the economic importance of some of 
the ring complexes in the area. The earliest gravity surveys were used to delineate and provide information 
about the ring complexes [6]-[10]. However, the studies have failed to provide information on structural setting  
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Figure 1. Simplified geological map of Nigeria showing the generalized geological setting of 
the Younger Granite complexes and the study area (modified after Ofoegbu and Hein, 1991).  

 

 
Figure 2. Geological map of the study area.                                                             
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because of the sparse station density of the surveys; which additional data set would have provided. In view of 
the relevance of the additional data set, the aeromagnetic data of the study area and beyond, acquired in 1974 by 
the Geological Survey of Nigeria (at nominal flight height of 152.4 m, along N-S flight lines that were spaced at 
2 Km interval), have been interpreted [11]-[15]. Much could not be deduced because the data only represent 
anomalies greater than 4 km (twice spatial sample interval, because of aliasing effect) and the interpretation 
techniques that were used [16] [17]. The interpretation by [14], which mainly focused on the study area, was 
general and it related the distinct magnetic character as the expression of ring complexes. The study also re-
vealed lineaments that trend along NW-SE and NE-SW direction. Interestingly, high resolution aeromagnetic 
data of the study area, whose interpretation will reveal subtle anomalies, have been acquired by the Nigerian 
Geological Survey Agency (NGSA). However, the data have not been studied to fill the gap created by the limi-
tations of the previous geophysical studies. As such, the broad aim of this study is to use the high resolution air-
borne magnetic data to provide new insight on the structural setting of the study area. 

2. Summary of Geology and Structural Setting of the Study Area 
Detailed studies of the geology of the study area have been carried out [1]-[5]. However, only the aspect that is 
relevant to aeromagnetic interpretation has been summarized. Also, because Younger granites are often asso-
ciated with distinct surface exposure, topography of the study area has also been included in the review (Figure 
3).  

As revealed by the geological map, the study area is largely covered by basement rocks while the rest is cov-
ered by ring complexes.  

The basement rocks consist of two groups; the ancient metasediments that are considered to be older than 
2000 m.y and the group that mainly consist of migmatites, granite-gneisses and Older Granites that is believed 
to have resulted from remobilization during the Pan-African orogeny [9]. This basement has been subjected to 
different episodes of folding and faulting. The dominant foliation is roughly north-south with variations between 
NW-SE and NE-SW [18]. Fractures and shear zones also characterize the basement. They consist of E-W trend-
ing fractures, which are perhaps the oldest fractures and almost obliterated. Others are N-S fractures that re-
sulted from brittle deformation and twin conjugate sets of NE/SW and NW/SE and the NNE/SSW and NNW/ 
SSE sets, produced by transcurrent movements [18].  

The ring complexes are mainly associated with surface exposure that raised between the range of 500 and 
1350 m above mean sea level (Figure 3). Three complete complexes, namely Ririwai, Gamawa and Zuku, and 
parts of Banke, Ningi and Tibchi-Yeli complexes outcrop in the study area. Their evolution and those in the 
province follow the same pattern. They began with volcanic phase that was associated with eruption of large 
volume of rhyolites via ring fractures, then followed by formation of ring dykes of granite-porphyry upon sub-
sidence of the rocks interior to the ring fracture. Intrusion of arfvedsonite and biotite granite belonged to the 
plutonic phase that ended the evolution [2]. While ring fracture and cauldron subsidence are considered as the 
major controls that governed the emplacement of the Nigerian Younger Granites [2] [4] [19], the sites of the 
emplacement have been suggested to be influenced by lineaments; a feature whose origin have been differently 
suggested [20] [21]. [20] relates the emplacement sites of ring complexes with the ancient lineaments that are 
associated with the separation of Africa from South America. [21], on the other hand, believed that the sites of 
emplacement and the mineralization that are associated with them are influenced by the NE-SW and NW-SE li-
neaments that originated from the reactivation of the Pan-African shear zones and transcurrent faults. 

The economic importance of the ring complexes include cassiterite and columbite that were mined in com-
mercial quantities. Other minerals that are also associated with the complexes are wolframite, tungsten, zircon, 
sphalerite, thorite, etc. 

3. Results and Discussion  
3.1. Processing and Interpretation of High Resolution Aeromagnetic Data  
The high resolution aeromagnetic (HRAM) data of the study area, named sheet 126, were sourced from the Ni-
gerian Geological Survey Agency (NGSA). The data, covering half-degree sheet and in scale of 1:100,000, were 
acquired at a flight altitude of 80 m, along NE-SW flight lines that were spaced at 500 m. The effect of regional 
geomagnetic field (IGRF; 2004) has been removed, implying that the sourced data are HRAM anomaly or resi-  
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Figure 3. Digital elevation map of the study area.                                

 
dual field. Noise was removed by upward continuation of the aeromagnetic anomaly field to a height of 125 m 
before producing the upward continued aeromagnetic anomaly map of the sheet, in coloured (Figure 4) and 
shaded relief (Figure 5). Several processing techniques were also applied to the upward continued aeromagnetic 
anomaly data but only the enhancement with optimal information for the intended purpose of this paper was 
considered for interpretation. 

Punctuated by pockets of distinct magnetic anomalies, almost circular in shape, the upward continued aero-
magnetic anomaly map (Figure 4) is mainly characterized by regional NW-SE trending pattern that is consistent 
with the Pan African structural trend of the basement complex [18]; except at the extreme north of the map 
where the trend is an E-W orientation. The distinct magnetic anomalies, clearly revealed in Figure 5, coincide 
spatially with outcropping ring complexes of the study when the geological and the shaded relief of the upward 
continued aeromagnetic anomaly maps of the study area are overlain (Figure 6). Also, an anomaly with the 
same feature with the anomalies of the ring complexes is also revealed by the overlain map (indicated with 
question marks) but without an associated surface manifestation (outcrop). This anomaly, bounded by longitude 
8˚32'E and 8˚38'E and latitude 10˚32'N and10˚40'N, is believed to be an intrusion, probably a ring complex 
without a surface exposure, similar to that suggested by [9] in the north eastern part of the province and by [22]- 
[25] in central Brazil. 

The north eastern part of Banke ring complex, in Figure 6, is characterized by undulating wavelike-shaped 
feature that extends towards Ririwai ring complex, which is consistent with anomaly pattern of a fold. Axis of 
the fold trends in the NE direction. Smaller pattern of such fold also trend along the same direction from the SSE 
flank of the non outcropping anomaly towards southern part of Ririwai ring complex. The rocks of the area with 
the inferred fold structure are granite gneiss and migmatite gneiss. Field and laboratory studies of the rocks re-
vealed trend of folds in different directions [18], including the direction that coincide with the direction of the 
folds inferred from Figure 6. Positions of the inferred folds close to the few ring complexes could imply that the 
emplacement of complexes constitute additional perturbation that allowed the observed folds. The study area, 
revealed by Figure 5, is characterized by lineaments and is more obvious on shaded relief of First Vertical De-
rivative of the aeromagnetic anomaly map (Figures 7(a) and (b)). An overlay of the lineaments in Figure 7(a) 
on those on the geological map draped with the shaded relief of the upward continued aeromagnetic map 
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(Figure 8) shows that majority of the lineaments trend along NW-SE and NE-SW directions. Some are overlain 
by some discrete anomalies that were earlier interpreted to be due to ring complexes. This may imply that the 
lineaments probably influenced the emplacement sites of the ring complexes by serving as the conduits that 
guided the location of the volcanic eruption that initiated each of the ring complex. This suggestion is shared by 
numerous scholars [15] [20] [21] [26]. In particular, a major lineament in the NW-SE orientation, overlain by 
both the anomalies due to Banke and the identified unexposed ring complex, appears to be part of the large 
northwest-trending lineament that extends into the Benue trough and beyond, which [27] described as one of the 
possible lineament systems that relates to magmatic occurrences. This lineament has been revealed by the map 
to be crossed over by a NE-SW lineament at the identified unexposed ring complex. 

3.2. Depth to Structural Features 
Euler deconvolution technique; used to determine depth and location of features that represent structures, is 
based on Euler’s homogeneity equation, where the homogeneity equation relates magnetic field to the location 
and depth of its sources with the equation:  

( ) ( ) ( )0 0 0
F F Fx x y y z z NF
x y z

∂ ∂ ∂
− + − + − = −

∂ ∂ ∂
                          (1) 

The homogenous function F in Equation (1) is the observed field at location (x,y,z) caused by the anomalous 
source at location ( )0 0 0, ,x y z  and N, degree of homogeneity, interpreted as structural index (SI), is directly re-
lates to the shape of the source of the field [28]. 
 

 
Figure 4. Upward continued aeromagnetic map of the study area.                       
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Figure 5. Shaded relief of upward continued aeromagnetic map of the 
study area.                                                      

 

 
Figure 6. Geological map draped with shaded relief of upward continued aeromagnet-
ic map.                                                                  
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(a) 

 
(b) 

Figure 7. (a) Shaded relief of upward continued FVD map, (b) 
Lineaments delineated on shaded relief of upward continued 
FVD map.                                            
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Figure 8. Draped map of the study area overlain with inferred lineaments.                                

 
The technique was applied to the upward continued aeromagnetic anomaly data to determine depth of ring 

complexes and folds in the study area. Structural index 2, which represents cylindrical shaped body, was chosen 
because magnetic field of alkaline intrusion (ring complex) can be inferred with the body [8] [24]. This index 
was ran with window lengths of 10, 15 and 20 and a combination of 20 × 20 window size with the index was 
used for the interpretation because it gave the tightest cluster of solutions that fitted the expected geological 
structure [29]. The result is displayed in Figure 9. 

The results of the Euler solutions indicate that the depth of the ring complexes range from outcrop to 1800 m. 
For the inferred unexposed ring complex, the depth range from outcrop to 1200 m. It also revealed tightest clus-
ter of solutions along inferred folds with depth that range from 0 to 1800 m.  

4. Conclusion  
Results of the study revealed details that are not previously known about the study area. The map in Figure 8 
revealed presence of folds and magnetic anomaly with characteristics that is similar to those associated with ring  
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Figure 9. Euler deconvolution for structural index 2.0.                                                          
 
complexes in the study area but without the surface manifestation that is associated with the complexes. The 
observed magnetic anomaly underlain by cross-over of major lineaments may suggest presence of weak zone 
that probably allowed the volcanic eruption that initiated the emplacement of the source of the anomaly, unex- 
posed ring complex. Because of the historical knowledge of the mining activities at the neighbouring complexes 
in the study area, the unexposed ring complex may be associated with economic minerals. Depth of the inferred 
unexposed ring complex has been revealed by the Euler deconvolution results to range from outcrop to 1200 m. 
It also revealed tightest cluster of solutions along inferred folds with depth that ranged from 0 to 1800 m. 
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