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Abstract: Changes in the magnetic susceptibility of topsoil, especially in urban areas, are greatly affected by the 
deposition of anthropogenic metallic dust arising from industrial activities, the burning of fossil fuels, car wear, 
and tyre abrasion. In this study, magnetic susceptibility measurements were carried out in vertical soil profiles 
of 30.0 cm depth from the surface at 10.0 cm intervals in about 431 locations within the Abuja metropolis with 
a view to investigate the penetration ability of magnetic pollutants in the ground. From the obtained data, 3-D 
surface contour maps were plotted for different depths. The results show a magnetic susceptibility decrease from 
the surface down the ground to the depth of 30.0cm; most of the recorded susceptibilities were of an anthropo-
genic origin rather than pedogenic activities. This indicates that the anthropogenic dust depositions are mostly 
a surface phenomenon and may therefore not pose a risk to groundwater aquifers and near surface wells. 
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INTRODUCTION

One of the main causes of environmental chal-
lenges in most urban areas is that of metallic pol-
lutants usually associated with magnetic particles. 
This is because these pollutants tend to affect eve-
ry part of the environment, from the atmosphere, 
hydrosphere and lithosphere to the biosphere. 
Also of great importance is the fact that they can 
accumulate for a long time in any of their host en-
vironments. 

The ability of these magnetic particles to spread 
over the soil surface is controlled by a number of 
factors like wind speed and direction, rain, flow-
ing water etc. However, not much work has being 
carried out on the mechanism responsible for the 
vertical penetration of these magnetic particles 

into the soil layers This will be of considerable 
importance as they serve as contaminants in the 
environment, especially groundwater aquifers. In 
this study we tend to understand the distributions 
of these anthropogenic pollutants from the sur-
face to a depth of about 30.0 cm. This will make it 
possible to determine the penetration mechanism 
of magnetic particles.

Magnetic susceptibility variations are caused 
by differences in geology (lithogenic/geogenic), 
soil forming processes (pedogenesis) and the an-
thropogenic input of magnetic material (Thomp-
son & Oldfield 1986, Dearing 1999). 

Investigation of pollutants of anthropogenic /in-
dustry origin have been successfully mapped out us-
ing magnetic susceptibility. This is because of the ex-
isting relationship between magnetic susceptibility 
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and the concentration of heavy metals (Hunt et al. 
1984, Georgeaud et al. 1997, Petrovský et al. 1999, 
Knab et al. 2001, Spiteri et al. 2005, Chaparro et al. 
2006, Zhang et al. 2006, Kim et al. 2007). 

THE STUDY AREA

Abuja is located in north central Nigeria and has 
an estimated population of about 3.1 million. 
It is a well-planned city and the capital of Nige-
ria. Phase 1 (the highly-developed area) of Abuja 
was considered in this work; this includes the dis-
tricts of Wuse, Garki, Central Area, Maitama and 
Asokoro (Fig. 1). 

Abuja is underlain by high grade metamorphic 
and igneous rocks of the Precambrian age trend-
ing NN-E-SS-W. These rocks are represented by 
gneiss, migmatites, granites and a schist belt (Kog-
be 1976). The residual soils of Abuja can be divid-
ed into two major groups; the residual soil which 
is lateritic and a product of the intense weather-
ing of the parent rocks and the transported soil 
formed by the physical movements of the soil par-
ticles. The residual soils are formed in most parts 
of the area except along river valleys and at the 
foot and summit of slopes (Malomo et al. 1983).

Generally, the study area has less industrial ac-
tivities, beside major construction works going on 
around the city. However, the large influx of vehi-
cles into the city remains a major source of envi-
ronmental pollution. As most of the vehicles re-
lease particle matter directly into the atmosphere, 
these finally settle on the ground, mostly around 
roadside corridors and commercial places. 

DATA AND METHODOLOGY

Magnetic susceptibility field measurements were 
taken from 471 soil profiles at different sites with-
in the city (Fig.  1). The coordinates of the sam-
pling sites were recorded and used with a Matlab 
program to indicate the point on the surface map 
of Abuja. A total of 389 sampling sites fall with-
in the boundary of the city. The measurements 
of soil magnetic susceptibility in soil profile were 
performed with Bartington magnetic susceptibil-
ity metre with the D-loop sensor. Before the meas-
urement, 30.0 cm deep drilling was made using 
a metallic pipe with a diameter of 2.20 cm. 

The measurements were carried out at the sur-
face after clearing slightly the top surface soil, 
then at intervals of 10.0 cm, 20.0 cm and 30.0 cm 
respectively. Measurement of soil magnetic sus-
ceptibility was performed twice in order to reduce 
the possibility of errors due to the influence of 
temperature changes on the inductivity of the me-
tre sensor. For further analyses, the average from 
these two measurements was used. In addition, 
geological mapping was conducted within the 
study area and magnetic susceptibility measure-
ments were also carried out on the collected rock 
samples.

Fig. 1. Map of Abuja with the location of 471 sampling sites

3-D MAGNETIC SUSCEPTIBILITY 
DATA INTERPRETATION

The geologic mapping of rocks samples within the 
area indicates that biotite and migmatite gneiss 
are the predominant rocks found within the study 
area (Fig.  2). The spatial magnetic susceptibil-
ity distribution of these rocks shows that it var-
ies between (65.0–140.0) × 10−5 with an average of 
112.5 × 10−5. The magnetic susceptibility distribu-
tion of the rocks in Abuja is shown in Figure 3. 

From the weathering of basement rocks, stud-
ies have shown that magnetic minerals occur as 
trace minerals; thus, rock magnetic susceptibili-
ty studies utilized the magnetic contributions of 
these magnetic minerals within the rock. 

The mean value of 112.0 × 10−5 indicates that 
the magnetic susceptibility of the rocks is con-
trolled by paramagnetic minerals.



445

Geology, Geophysics and Environment, 2016, 42 (4): 443–448

3-Dimensional Surface Magnetic Susceptibility Distributions with Depth to Investigate Anthropogenic Pollutants Boundary...

Three dimensional distributions of surface 
magnetic susceptibility with their depth are pre-
sented in Figures 4–7.

In Figure 4 four major areas with enhanced 
magnetic susceptibility of topsoil were deline-
ated (light blue). These areas are mostly influ-
enced by high vehicle and commercial activities 
(Adyin & Akyol 2015). The magnetic susceptibil-
ity of topsoil within these regions ranged from 
400.0-600.0 × 10−5 and, according to Gautam et al. 
(2004), is considered highly magnetic. 

Figure 5 shows the magnetic susceptibility distri-
bution at a depth of 10.0 cm. Highly magnetic soils 

with a magnetic susceptibility ranging from 400.0–
600.0 × 10−5, are still observed though with a re-
duced surface area when compared with Figure 4. 

At a depth of 20.0 cm (Fig. 6), only two main 
areas are delineated with high magnetic suscep-
tibility values above 400.0 × 10−5. These areas are 
smaller compared to Figs 4 and 5.

At 30.0 cm depth (Fig.  7), an anomalous en-
hanced magnetic susceptibility, with a susceptibil-
ity value of about 500.0 × 10−5 not observed in the 
previous maps, may indicate the presence of highly 
magnetic material or near-surface magnetic rock 
(indicated by a red arrow). 

Fig. 2. Map of rocks type in the Abuja metropolis 

Fig. 3. Magnetic susceptibility distribution of the rocks in the Abuja metropolis
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Fig. 4. 3-D surface map of Abuja showing magnetic susceptibility distribution at the surface

Fig. 5. 3-D surface map of Abuja showing magnetic susceptibility distribution at the depth of 10.0 cm

Fig. 6. 3-D surface map of Abuja showing magnetic susceptibility distribution at the depth of 20.0 cm
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Fig. 7. 3-D surface map of Abuja showing magnetic susceptibility distribution at the depth of 30.0 cm

The decreasing tendency of magnetic suscepti-
bility towards the deeper horizons means that the 
magnetic particles were accumulated in the top-
soil mostly as a result of anthropogenic dust fall, 
which is mostly common in the vicinity of public 
roads, and commercial areas.

The high magnetic susceptibility of topsoil, ex-
ceeding 400.0 × 10−5, is attributed to anthropo-
genic inputs of magnetic minerals. The anthro-
pogenic magnetic particles may likely come from 
vehicle emissions (vehicular exhaust, abrasion of 
tyres and brake linings), commercial activities 
and waste products.

In Figures 6 and 7, the enhanced magnetic sus-
ceptibility values were observed up to 20.0 cm be-
low the surface, and even up to 30.0 cm in other 
areas of the city. The maximum magnetic suscep-
tibility value 600.0 ×10−5) was observed within the 
layer 0.0–20.0 cm below the surface. In this sub-
surface, the majority of anthropogenic contami-
nants include technogenic ferromagnetic particles 
and are related with heavy metals deposited over 
time (Charzyński et al. eds. 2013). 

DISCUSSION AND CONCLUSIONS

On the 3-D contour maps, the high magnetic sus-
ceptibility (ca. 400.0–600.0 × 10−5) of topsoil is 
clearly observed in the Abuja metropolis. The high 
magnetic susceptibility enhancement occurred 
mostly at the boundaries of the various districts 
and in this case, is attributed to the fact that the 

boundaries are made by a major road network 
linking both districts and residential area togeth-
er. In the northern part of the Central district and 
eastern part of the Wuse district, low magnetic 
susceptibilities are observed. The low susceptibili-
ty observed in the Central district is mainly due to 
the fact that the 3-Arm division (where the presi-
dential lodge is located) is a highly restricted area 
for commercial and traffic related activities. In the 
Wuse district, low magnetic susceptibility values 
are attributed to the terrain of the area which is 
sloppy and hence most of the magnetic grain dep-
osition is easily transported to a nearby river. 

At the subsurface, it is clearly observed that 
magnetic susceptibility decreases with depth, al-
though some places still indicate high values. Fi-
nally, the decreases in magnetic susceptibility 
with depth is due to the fact that magnetic pollut-
ants have less penetrating abilities and also most 
of them are easily transported from the surface 
and deposited either in the river, lakes etc. 

At the depth of 30.0 cm, maximum magnetic sus-
ceptibility observed is between 250.0–300.0 × 10−5. 
The maximum values occurred in small areas when 
compared to the whole map. Generally, the map 
indicates lower magnetic susceptibility of about 
(50.0–150.0) × 10−5. 

From the results, magnetic susceptibility spa-
tial distributions with depth can be a useful tool 
in delineating areas where the enhanced magnet-
ic susceptibility is a result of anthropogenic pol-
lutants or has a lithogenic origin. It is possible to 
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indicate horizons in the soil profile with a high 
contribution of magnetic materials and in this 
way, investigate which characteristic type of soil 
profile it is.
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