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Abstract 
our ground and six aeromagnetic profiles were run across the Kalanga Fault System (KFS). The 

profiles were laid perpendicular to the strike of the fault (NW-SE), in order to obtain good 

result and also to conform to the modeling assumption. The estimated depth of the fault from 

the aeromagnetic profiles ranges from 2 to 12 Km along the profiles (with an average value of 6.5 

Km), while that of the ground magnetics vary from 130 to 700 meters (with an average value of 310 

Km). The variation in depths can be attributed to difference in length of the profiles taken as the 

depth calculated by the techniques depends on the length of the profile. The KFS must have been 

deeply penetrating at the time of its gold and rare metal pegmatite mineralization process as the 

present study has revealed its depth to about 12 Km, corresponding to the brittle to plastic / viscous 

transition zone thought to be between 10 to 15 Km. The fault would have connected directly at this 

depth with generally broader system of anastomosing shear zones. Hence mineralizing fluids exhale 

from deep crustal and probably upper mantle sources under pressure can diffuse through this 

shear/fault system. The Fault/Shear zones are also zones of higher temperature than in the 

immediately surrounding rocks at the same structural level; and the higher temperatures are 

dominantly due to heat transport by fluids, rather than frictional heating. The high angle of the fault 

as demonstrated by this study suggests also that the fluid will be flowing at high pressure. Brittle 

deformation is accompanied by a periodic fluctuation of fluid pressure, prior to brittle failure, with 

the fluid pressure increasing and then dropping to a minimum after failure. This establishes a 

transient pressure gradient between the fault/shear zones, with relatively constant fluid pressure, 

and the subsidiary structures with periodically varying fluid pressure; resulting in a net fluid flow 

into the latter. Interaction of the fluids with suitable wall rocks or structures caused gold deposition, 

while fractionation of the late-tectonic melts lead to the crystallization of peraluminous granites 

and played a role in concentrating lithophile elements and rare-metal mineralization in pegmatites. 
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INTRODUCTION 

Nigeria lies in an extensive Pan-African (650-450 Ma) mobile belt which separates the West African 

and Congo cratons (Fig.1). Since the recognition of the suture along the eastern margin of the West 

African craton a collision type orogeny has been suggested, involving the Pan-African region and the 

craton with an eastward dipping subduction zone (Burke and Dewey, 1972; Betrand and Caby, 1978; 

Black et al., 1979; Troumpette, 1979; Caby et al., 1981). The Nigerian schist belts are thought to have 

been deposited on a back-arc basin which developed after the onset of the subduction at the cratonic 

margin (Holt, 1982; Turner, 1983). Closure of the ocean at the cratonic margin about 600 Ma and 

crustal thickening to the east led to the deformation and metamorphism of the sediments, partial 

melting of the upper mantle and lower crust and the subsequent emplacement of the Older Granites 

in Nigeria (Black, 1984; Ajibade et al., 1989). Uplift in the Anka area led to the post tectonic deposition 

of coarse clastic sediments with associated rhyolitic and dacitic volcanics rocks, about 500 Ma 

(McCurry and Wright, 1977; Holt et al., 1978). 

 

The Nigerian Pan-African belt has been considered as the southern prolongation of the central 

Hoggar (McCurry, 1976). The last stage of the Pan-African orogeny in the Hoggar and Nigeria was 

characterised by brittle deformation represented by a conjugate strike slip fault system, consisting of 

NE- SW dextral and NW-SE sinistral trending sets of faults. These are considered to be the result of a 

horizontal maximum stress axis σ1 orientated E-W. Both fault directions have consistent trend and 

senses of displacement; a NE-SW trending system having a dextral sense of movement, and a NW-

SE trending system a sinistral sense. Both sets cut all the major Pan-African structures, including the 

N-S trending shear zones and the late orogenic granites.   
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Fig. 1: Simplified map of Nigerian Shield, and Adjacent Areas (Ball, 1980). 

Both directions of the conjugate system exist everywhere in the belt. 

 

The two major fault systems in Nigeria are known as the Anka-Zuru fault and the Kalangai-Ifewara 

fault and are often associated with locally developed subsidiary (NW-SE) sinistral faults and are 

considered to be a conjugate system of late Pan-African brittle deformation that occurred after about 

530 Ma on a continental scale (Ball, 1980). The extensive length of the lineaments (usually >100 km) 

and their association with magmatic bodies also suggest that they are transcrustal structures 

extending into the lower crust and mantle (Eisenlohr et al., 1989; Wright, 1976; Ajibade and Wright, 

1989). These fault systems have been suggested to have an important control of gold mineralization 

as the main conduits from which the gold mineralising fluids were subsequently focused into the 

subsidiary structures, along which interaction of the fluids with suitable wall rocks or structures 

caused gold deposition (Garba, 2000). The Kalangai fault system cuts and displaced the 

metasedimentary successions in the northern part of Kushaka schist belt which is known to host both 

gold and rare metal pegmatite mineralization.    

 

Despite the prominance of this fault in the Kushaka belt and the Nigerian Pan-African basement, it 

has not been studied, especially with regards to its subsurface nature. The present level of knowledge 

on the Kalangai fault system has been limited to its extent, the scale of movement and displacement 

and its associated rocks units (e.g Ajibade and Wright, 1989, McCurry and Wright, 1977). The present 

study is aimed at carrying out werner deconvolution analysis of both ground and aeromagnetic data 

across the Kalangai Fault system within the Kushaka schist belt in order to determine its depth and 

the possible implication on gold mineralization in the area. 

 

GEOLOGY OF THE AREA 

The study area forms part of the Kushaka and Birnin Gwari schist belts in north-western Nigeria. The 

area is cut and displaced by the Kalangai transcurrent fault system and is underlain entirely by Pre-

Cambrian rocks (Fig.2). Broadly, these can be divided into the metasediments, with which are 

associated with minor meta-intrusives, and the Older Granite suite. The metasediments form a 

succession at least 13,000 ft thick. Within the succession three formations were identified. The lower 

formation is composed essentially of psammitic or migmatitic rocks in the west and of migmatites of 

more varied host further east. The two upper formations which are probably stratigraphically 

equivalent to one another consist predominantly of semi-pelitic and pelitic schists and phyllites. The 

succession has been both folded and metamorphosed (Truswell and Cope, 1963). The Older Granite 

suite includes embrechitic and anatexitic migmatites, and metasomatic and intrusive granites. 

Porphyroblastic granite characteristically forms prominent inselbergs. Other rock types in the suite 

include fine- and medium-grained biotite- and biotite-muscovite-granite, granodiorite and diorite. A 

late orogenic phase led to the development of NE-SW tear faults. One of these, the Kalangai fault, 

was mapped for 50 miles by Truswell and Cope (1963).  

 

MATERIAL AND METHODS 

Six aeromagnetic profiles (AA-AA1,…AF-AF1) were selected across the Kalangai fault system (Fig.2). 

The profiles run in an NW-SE direction perpendicular to the strike direction of the fault. The profile 
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data were generated from the aeromagnetic data by the use of ‘Surfer’ software, hence the 

degradation of the data cause by manual digitisation is 

 
Fig 2: Geology of the Kushaka schist belt (Northwestern Nigeria) with areas of gold mineralisation (Modified after 

Truswell and Cope, 1963) in Garba, 2002. 

 

minimised. The data was first interpolated before plotting for graphical representation. Four ground 

magnetic profiles (Fig.2) were run across the Kalangai fault system within the Kushaka schist belt. 

The profiles were also laid perpendicular to the strike direction of the fault so as to obtain good result 

and to conform to the assumption of the modelling programme. A Portable SCINTREX ENVI PRO 

Magnetometer was used to obtain the total ground magnetic intensity field along the profile. The 
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total magnetic field data were recorded at every three meter interval and the data is automatically 

stored in the system which was later downloaded for further processing and analysis. 

 

Werner Deconvolution 

Werner deconvolution modelling technique for automatic analysis of magnetic data is a powerful 

tool for the interpretation of magnetic data on profiles. In particular, the technique is valuable aid to 

the interpretation of deep crustal structures beneath the continental margin which frequently lie 

below the penetration of all but the most high-powered seismic reflection technique. The analyses of 

profiles allow the interpretation of data as recorded. However, the direct interpretation methods must 

assume that the profiles are normal to the strike direction and that the bodies extend to large distances 

on either side of the profile. The Werner deconvolution technique assumes a dyke model for geologic 

features such as fault. The technique produces points whose depth corresponds to the top of the dyke. 

Clustering of such points is an indication of a strong source and gives a good estimate of the depth, 

susceptibility, dip angle and location of the feature along the profile. However continuous clustering 

of points is an indication of a homogeneous dyke, while discontinuous ones are indicative of an 

inhomogeneous dyke.  

 

RESULTS AND DISCUSSION 

Typical total magnetic field data plots and their corresponding Werner deconvolution models are 

given in Fig.3 and Fig.4, while the results for the four ground magnetic profiles are given in Table 1, 

while that for the aeromagnetic is given in Table 2. 

 
Fig.3: Werner deconvolution model for part of the ground magnetic data along profile  
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 AA1. 

a) Total magnetic field intensity plot 

b) Corresponding Werner deconvolution model plot 

 

 
Fig.4: Werner deconvolution model for the aeromagnetic data along profile BB1 . 

 

a) Total magnetic field intensity plot 

b) Corresponding Werner deconvolution model plot 
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Table 1: Werner Deconvolution results for Ground Magnetic profiles. 

 

Profiles Estimated Angle of Dip of 

the fault 

Estimated depth of the fault 

(Meters) 

A1A  80 160 

B1B  80 700 

C1C  90 130 

DD1 85,80 250 

 

Table 2: Werner Deconvolution results for Aeromagnetic profiles. 

 

Profiles Estimated Angle of Dip of 

the fault (Degrees) 

Estimated depth of the fault 

(Km) 

AA1 85 5.2 

BB1 80 10 

CC1 85 6 

DD1 73 12 

EE1 90 2 

FF1 65 4 

  

The estimated depth of the fault from the aeromagnetic profiles ranges from 2 to 12 Km along the 

profiles with an average value of 6.5 Km, while that of the ground magnetics vary from 130 to 700 

meters with an average value of 310 Km. The variation in depth can be attributed to difference in 

length of the profiles taken as the depth calculated by the techniques depends on length of the profile. 

The dip angle estimated from the models for the fault ranges from 650 to 850. The lowest dip value of 

650 for the fault was estimated along profile FF1 while the highest value of 850 was obtained along 

profile AA1. 

 

There is evidence to suggest that both the gold mineralization and rare-metal pegmatites in the 

Nigerian basement are constrained in space and possibly in time by late Pan-African tectonics (Garba, 

2002), essentially related to the development of transcurrent fault conjugate systems. The rare-metal 

mineralisation in pegmatites of the Kushaka schist belt provides some support to this assumption, 

where the pegmatites developed along anticlinal axes closely associated with the Kalangai 

transcurrent fault (Garba, 2002). Similar anticlinal axes that are linked to the Kalangai fault host gold 

mineralisation in the same schist belt (Fig. 2.0).  The relationship between rare-metal pegmatites, late 

Pan-African magmatism and shear tectonics have been established in Egypt, Sudan and Somali in 

NorthEast Africa (e.g. Mohammed and Matheis 1989, Matheis 1990, Küster and Matheis 1990, Morsy 

and Mohammed 1990), and Eastern Brazil (Morteani et al., 2000). 

 

The gold mineralisation and rare-metal pegmatites in Nigeria are both associated with transcurrent 

fault structures (possible Pan-African sutures) along which allocthonous terranes have probably been 

accreted onto continental margins or arcs. A sequence of transpressive deformation, uplift, late-
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kinematic mineraliszation and calc-alkaline magmatism are consistent with thermal re-equilibration 

of tectonically thickened crust (Kerrich and Wyman 1990).  The consistency of tectonic setting and 

timing of gold and rare-metal mineralisation in the Nigerian basement are indicators of their genetic 

linkage with the processes operating at the waning stages of the collision-type Pan-African thermo-

tectonic event (Garba, 2002). 

 

A wide range of mineralisation forms within convergent terranes synchronous with the collapse of 

orogeny.  Orogenic collapse comes about from the sinking of detached lithospheric keel of the orogen 

into the asthenosphere (Fig. 5).  Once detached, it will rapidly sink into the asthenosphere with its 

place being infilled by the migrating hotter asthenospheric material to create a hot spot (White et al., 

1992).  The hot spot brings about rapid generation and expulsion of large volumes of fluids and melts 

at the same time when major convergent shears and faults are undergoing strike-slip and normal 

movement (e.g. Sandiford 1989, Loosveld and Etheridge 1990, Tarney and Plant 1992, White et al., 

1992).  The shears and faults can then be exploited by the expelled fluids and melts. 

 

While the fluids are being expelled through shears and faults they leach and transport large quantities 

of solutes and elements like Na, K, U, Au etc. and species like SiO2, CO2, etc. (Fyfe and Kerrich 1985).  

These shear / fault systems were domains of greatest fluid flow and highest fluid/rock ratios hence 

they are mainly plumbing system through which the hydrothermal (metamorphic) gold ore fluids 

generated from the crustal rocks flow. The mineralising fluids were subsequently focused into the 

subsidiary structures, along which interaction of the fluids with suitable wall rocks or structures 

caused gold deposition (Garba, 2000) 

 

The  Kalangai fault must have been deeply penetrating at the time of gold and rare metal pegmatite 

mineralization process as the present study has revealed its depth to reach up to  12 km, 

corresponding to the brittle to plastic / viscous transition zone thought to be between 10 to 15 km 

(Knipe,1989). The extent and depth of the fault would have connected directly at this depth with 

generally broader system of anastomosing shear zones. Hence mineralizing fluids exhale from deep 

crustal and probably upper mantle  
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Fig.5. Idealised conception of orogenic collapse and attendant miniralizing process in convergent terranes (Garba, 2002).  

 

(a) Strong (peak) subduction (continent-ocean type). (b) Strong (peak) subduction (continent-

continent type). (c) Weak (collapsed) subduction when the upper lithospheric keel detaches and sinks 

into the asthenosphere. (d) Creation of hot spot by asthenopheric material beneath the subduction 

zone (especially beneath the underplate) resulting in rapid generation and expulsion of large volumes 

of mineralizing fluids and melts which found their way up via strike-slip and normal faults. 

 

Sources under pressure can diffuse through this shear/fault system. The fault/shear zones are also 

zones of higher temperature than immediately surrounding rocks at the same structural level (Brun 

and Cobbold, 1980; Scholz, 1980). The higher temperatures are dominantly due to heat transport by 

fluids, rather than frictional heating, the high angle of the fault as demonstrated by this study suggest 

also that the fluid will be flowing at high pressure. Brittle deformation is accompanied by a periodic 

fluctuation of fluid pressure, prior to brittle failure, fluid pressures increase and then drop to a 

minimum after failure. This establishes a transient pressure gradient between the fault/shear zones, 

with relatively constant fluid pressure, and the subsidiary structures with periodically varying fluid 

pressure, resulting in a net fluid flow into the latter. The fractionation of the late-tectonic melts lead 

to the crystallisation of peraluminous granites and played a role in concentrating lithophile elements 

and rare-metal mineralisation in pegmatites (Küster, 1990; Morsy and Mohammed, 1990) in Garba 

(2002). 
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CONCLUSION 

In conclusion it can be said that the Kalangai fault system within the study area is deeply penetrating 

reaching a depth of about 12 km which corresponds to the brittle to plastic / viscous transition zone 

thought to be between 10 to 15 km. The extent and depth of the fault would have connected directly 

at this depth with generally broader system of anastomosing shear zones. Hence mineralizing fluids 

exhale from deep crustal and probably upper mantle sources under pressure can diffuse through this 

shear/fault system. 

 

The study has also shown that Werner deconvolution modeling analysis and the magnetic data have 

proven to be valuable tools in estimating and dip angles of regional fault system. 
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