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Abstract

Magnetic properties of soils reflect different effects of soil mineralogy. The minerals
present in soils due to either natural (lithogenic or pedogenic) or anthropogenic (human
activities) origin. The distinction between natural and anthropogenic magnetic signal is crucial
for interpretation of the source of magnetic signature. In order to discriminate between both
sources, magnetic measurements, basically low field mass specific magnetic susceptibility and
its frequency dependence have been performed on samples from seven vertical soil profiles
(labeled AWQ1, AWQ2, ABF1, STI, MYG, SGR and MGM) within the same geological setting.
Results showed that all the samples in all the profiles had moderate to high magnetic
susceptibility values indicating magnetic enhancement in the study area. Varying sources of
magnetic enhancement was observed with profiles AWQ2, STl and MGM showing lithogenic
magnetic enhancement as the magnetic susceptibility values increased with depth. Profiles
ABF1 and SGR showed anthropogenic magnetic enhancement with high magnetic
susceptibility values on the surface which decreased with depth, profile AWQ1 displayed
varying magnetic susceptibility values with depth while, MYG profile indicated a combination
of lithogenic and anthropogenic magnetic enhancement. The results of frequency dependence
of susceptibility measurement indicated that most of the samples contained a mixture of
ultrafine superparamagnetic grains and coarse multidomain magnetic grains as their values
varied between 2 and 10%. Profiles AWQ1, AWQ2 and ABF1 are dominated by the presence of
ultrafine superparamagnetic grains while only a few samples had completely multidomain
characteristics.
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1.0 Introduction

Magnetic properties describe the behaviors of amystance under the influence of magnetic field. Tiegnetic
properties in soils are usually a consequenceeptbsence of mineral compounds like iron. Irorstsxin the form of iron
oxides (comprising of iron and titanium oxides asulfides) phases like magnetite, maghemite, heemagioethite and
limonite in soils depending on the environmentahditions. The concentration of iron oxides in sadsnfluenced by the
parent material (lithogenic), biological activiteage of soil, chemical weathering and pedogenptimcesses, soil
temperature, physiochemical properties and antlyepio activities. From the above, magnetic propsrpiresent in soils
may be inherited from three broad categories: pamak (lithogenic origin), pedogenesis (that isidg soil formation) and
anthropogenic activities (effluents from power pgancombustion of fossil fuels, metallurgical intfies, road traffic,
fertilizers/pesticides/herbicides application etc.)

The concentration of magnetic minerals in soils banexpressed with some simplification by magnstisceptibility
[1]. Magnetic susceptibility is a parameter thatésy sensitive to the presence of ferrimagneticarals. A soil that has
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elevated values of magnetic susceptibility is sadbe magnetically enhanced soil [2]. Measuremehntmagnetic

susceptibility (in conjunction with other magnet@rameters) has found application in the delineatb areas with
concentrations of deposited anthropogenic ferriratigs significantly above background values, esdigcaround local

pollution sources [3- 6]. These studies showed ithgolluted areas, the magnetic susceptibilitysofface soil layers is
considerably higher.

However, magnetic susceptibility enhancement isancharacteristic of polluted soils only but alsgpalluted soils and
sediments. For better interpretation of magnetia,deriteria for discrimination of the contribut®mf anthropogenic input
and natural background originating from lithogersources and/or pedogenic processes are necesdagy.vertical
distribution of magnetic susceptibility in the upeil or sediment horizons can speed or assisti@h discrimination [7-9].
In natural shallow vertical soil sections, the metgm signal is controlled by the type of lithogggeogenic background
constituents and by numerous complex inorganic arghnic processes in different soil horizons. Tgpimagnetic
susceptibility signals caused by anthropogenic gigipa generally produce pronounced peaks in thpeup0 cm of the soil
which generally can be recognized even in the satls high natural backgrounds [8].

Detailed studies on the vertical distribution ofgnatic susceptibility have been found to be in gagdeement with
heavy metals concentration [10-12]. This shows thagnetic studies can be used as a proxy for pmilidtudies and
therefore can be used to identify the verticalritigtion of pollution within soil profiles. Henceagnetic parameters can be
used as a method to select sampling points foildgétahemical analyses on surface and vertical mafiles. Magnetic
measurements have several advantages over thiéotnatligeochemical methods as the analysis isgh)destructive (2) fast
such that a large qualitative and quantitative lukeda can be produce and (3) relatively cheamdtheen used as pollution
proxies to detect pollution hotspots [1, 13].

The effect of lithology and soil type on magnetisaeptibility of soils was studied [14]. Seven meliasses of profiles,
independent of lithology and soil type was distisged from the analysis of about 600 vertical pailfiles of soil magnetic
susceptibility. The applicability of magnetic messuents of soils to discriminate anthropogenic ditkdogenic
contributions in areas characterized by differemtimnmental and geological settings has been exain|9, 15]. In this
study we carry out measurement of soil magneticeqtsbility in urban soil profiles located withimé same geological
setting with the following objectives: (1) To obtainformation on potentially contaminated soil sdespwithin a profile
with a view to carrying out geochemical analysi§ @ discriminate between the lithogenic and the¢hm@apogenic
contribution to the magnetic enhancement withingbié profiles and (3) To determine the grain siaéthe samples within
the profile by measurement of frequency dependehceagnetic susceptibility. The results of thisdstwvill also assists in
the interpretation of surface magnetic data.

2.0  Materials and Methods

Geographical and Geological setting of the Study Axa

Jalingo, the study area is the administrative heargrs of Taraba State which is located betwettude 630" and
8°30’ North and between®@0’ and 1800’ East (see Figure 1). According to the 2006 patan figures, it has a total
population of 118,000 inhabitants [16].The state haropical wet and dry climate, dry season lst& minimum of five
months (November to March) while the wet seasomsfram April to October. It has an annual raintd#liabout 8000 mm.
Jalingo is a city with no major industry. The majmillution source is the emission from traffic gmolwer generating sets
and human activities such as indiscriminate dumpingaste.

The study area is underlain by the undifferentiddadement Complex rocks which consist mainly of iiigmatites,
gneisses and the Older Granites. Tertiary to Remasdlts also occurs in the area. The undiffereati8asement Complex
particularly the migmatites, generally vary fromacgely mixed gneisses to diffused textured rockgoifable grain size and
are frequently porphyroblastic [17]. This rock utiinstitutes principally the undifferentiated igne@nd metamorphic rocks
of Precambrian age [18].

The Pan African Older Granites are equally wideagri@ the area. They occur either as basic ornmadrate intrusives
[19]. Different kinds of textures ranging from fite medium to coarse grains can be noticed on tderCGsranites [20].
Other localized occurrences of minor rock typesude some doleritic and pegmatitic rocks mostlyurdag as intrusive
dykes and vein bodies. These occurrences are cororimih the undifferentiated Basement ComplextaedOlder Granite
rocks [21, 20]. The Tertiary basalts on the otharchare found in the Mambila Plateau mostly forimgdrachytic lavas and
extensive basalts which occur around Nguroje [22].
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Figure 1: Map of study area (inse;rt: map of Nigeslzowing study area).

Sampling and Analysis

Seven vertical soil profiles were sampled at vagilmeations within the residential areas of thertowhe sample points
were labeled as follows: AWQL1 (latitud&8'374”N, longitude 12 20'’505”E), AWQ?2 (latitude 85'307"N, longitude 1%
20'402"E), ABF1 (latitude 855'357”N, longitude 12 20'642"E), STI (latitude &4'236"N, longitude 12 21'596"E),
MYG (latitude 854'729”N, longitude 1% 21'290”E), SGR (latitude %2'778”N, longitude 1% 22'244”E), and MGM
(latitude 854°422”N, longitude 12 20'927”E). Soil samples were taken from shonttigal soil profiles of between 30 and
50 cm depth [7, 8]. The soil profiles samples wewhected using a locally sourced plastic rod & dm diameter. The rod
was inserted to the soil and samples were takénaah interval after removing the rod from the sdihe samples were
enveloped in a labeled plastic bag and transpaoté¢ite laboratory for further analysis.

In the laboratory the samples were air dried a&naperature of 3T for some days to reduce mass contribution of wate
and to avoid any chemical reactions. They werelgeiitaggregated using an agate mortar and a pgstil¢hen sieved using
a 1 mm mesh [23]. The sieved samples were storedplastic container for further laboratory meamgnts. The mass
specific magnetic susceptibility measurement waan ticarried out on the sieved samples at laboratemyperature.
Measurements of magnetic susceptibility were madmth low (0.47 kHz) and high (4.7 kHz) frequersciesing Bartington
MS2B dual frequency sensor connected to MS2 météed to a computer operated using a Multisus2wsott. All
measurements were conducted at the 1.0 sensgieiting. Each sample was measured three timesawittir reading before
and after each series for drift correction. The srgsecific frequency dependence susceptibjjtywas obtained from the
relation:

xfd = xIf — xhf @

Whereylf andxhf are the low frequency and high frequency sudloiifies respectively. This parameter is sensitivey
to a very narrow grain size region crossing theegpg@ramagnetic/single domain threshold (~ 20 —@5fer maghemite)
[24]. For natural samples which generally exhibstoatinuous and nearly constant grain size distidbuy, can be used as
a proxy for relative changes in concentration idquenic fined — grained magnetic particles [25]e Thlativey, also
called percentage frequency dependent susceptifili; %) was then calculated [26] as:

xfd (%) = (%) x 100 2

3.0  Results and Discussion

1. Results of AWQ1 profile

The results of magnetic susceptibility measuremémtsthe AWQ1 are displayed on Table 1. The resslewed
variable magnetic susceptibility values within frefile. The highest value of 129.4 x 4@*kg™® occurred at a depth of 10
cm, which is part of the organic horizon where sps$ibility is expected to be higher due to anthiggruc activities, fire
burn and bacteria activity. Soils are classifiei ithree categories based on magnetic susceptiagifollows: normalyf <
10 x 10® m’kg™), moderately magnetiglf 10 — 100 x 1¢ m°kg™) and highly magneticy(f > 100 x 10°® m’kg™) [27]. From
this classification, the soil within this profilae be said to be moderately magnetic except ahag o cm.
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Table 1: Values of magnetic parameters from the AWQ1 soil profile.

Sample Depth | Mass | 5 x10°m3kg™ | Xiix 10°mkg™? | 3 x 108 mkg™? | 14 (%)
(cm) Q)

AWQ1 1 0.0 11.97 98.7 91.6 7.10 7.19
AWQ1 2 5.0 13.15 101.8 99.2 2.60 2.55
AWQ1 3 10.0 12.92 129.4 118.3 11.10 8.58
AWQ1 4 15.0 14.86 92.9 81.2 11.70 12.59
AWQ1 5 20.0 14.14 102.7 89.1 13.60 13.24
AWQ1 6 25.0 17.92 60.9 53.2 7.70 12.64
AWQ1 7 30.0 14.92 90.1 80.2 9.90 10.9P
AWQ1 8 35.0 15.06 104.9 92.4 12.50 11.92

The source of the moderate magnetic enhancemertiecattributed to high geogenic background. Insswith higher
geogenic background, the vertical distributionta thagnetic susceptibility signals is similar ie thp soil and organic soil
horizons, but with depth it is increasingly domatghby higher and often fluctuating magnetic susbéipy values [8]. This
observation can be seen clearly in Figurgf2.yhf, yfd andyfd% showed similar trend. The lowest valuglbfvas found at
a depth of 25 cm. The reason for this anomaly tsveoy clear, further investigations need to beaiedrout on this sample.
Measurement of frequency dependence of susceptilslused to detect the presence of ultrafinarfexgnetic [also called
super paramagnetic (SP) fraction of < 0,0@% by using two or more frequencies at the condt@mnmtapplied field [1, 28].
Higher frequency measurements do not allow SP grairreact with the applied field, as it changeserguickly than the
relaxation time for SP grains. As a result, in tigher frequency, lower values of susceptibilitg @ncountered and the
difference is used to estimate the SP ferrimagnegiticles. The values gffd % ranged from 2.55 to 13.24% with an
average value of 10.35%. About 60% of the sampdesvalues greater than 10%. This implied that #rapes contained
superparamagnetic (SP) ferrimagnetic grain sizes,irglication that pedogenesis/lithogenesis cauder rhagnetic
enhancement within the profile. This observatiomead with our earlier conclusion. Samples with SRracteristics
occurred between 15 and 35 cm in this profile. ©#8@mnples withyfd% values between 2 and 10% are said to possess a
mixture of multidomain (MD) and SP grains. Withinet profile yfd% values fluctuates with depth but generally sbow
increased values with depth (Figure 2).
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Figure 2: Variation of magnetic parameters with deph for AWQ1 Soil Profile
The model for the interpretation gfd% was given by [26] and it is shown in Table 2.
Table 2: Model for the interpretation of yfd%

Low xfd%: < 2% Virtually no (<10%) SP grains
Mediumyfd%: 2.0 — 10.0% Admixture of SP and coarser nBrg&ins or grains < 0.005
High yfd%: 10.0- 14.0% Virtually all (> 75%) SP grains
Very highyfd%: > 14% Rare values, erroneous measurementtespy, weak samples or
contamination

According to [29], samples witffd% values greater than 10%, SP grains dominataskemblage andd can be used
to quantitatively estimate their total concentratiblence, in the AWQL1 profile, the average conegian of SP grains was
11.08 x 16 m’kg™.
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2. Results of AWQ?2 Profile

The AWQ2 soil profile exhibit moderate mass specifiw frequency magnetic susceptibiligif values ranging from
51.3 to 66.8 x 1 m*kg™, with the highest value occurring at the 25 cmtldépable 3). The high value at the depth of 25 cm
contrasts the earlier observation in AWQ1 whereldheest value oflf occurred at the depth of 25cm. again the samales
this depth need to be investigated further. Thédilprgenerally showed gradual increasiyfyvalues with depth as shown in
Figure 3. This trend indicated that the moderatgmatic enhancement is due to lithogenesis or pedmie A similar result
was obtained [30] from lake sediment from Ayyanakeastchment area, India. Another reason for inexkasisceptibility at
the bottom of the profile could be attributed tadking of magnetic minerals during rainy seasolV@\profiles are located
in a residential area occupied by top governmenttfanaries, and so, anthropogenic sources of ntimgaghancement is
expected to be minimal, hence the attribution efrtfagnetic enhancement to lithogenesis is expected.

Table 3: Values of magnetic parameters from AWQ?2 sbprofile.

Sample Depth | Mass (@) | % x10°m%kg™® | Xpex 10°mkg™ | xax 10°m3kg™ | 1 (%)
(cm)

AWQ2 1 0.0 15.55 51.3 46.4 3.90 0.69
AWQ2 2 5.0 13.18 58.9 54.0 4.90 8.32
AWQ2 3 10.0 13.88 58.0 51.2 6.80 11.72
AWQ2 4 15.0 14.72 56.7 51.5 5.20 9.17
AWQ2 5 20.0 14.21 58.2 54.1 4.10 7.04
AWQ2 6 25.0 12.98 66.8 60.9 5.90 8.83
AWQ2 7 30.0 13.36 63.9 55.7 8.20 12.83
AWQ2 8 35.0 14.08 63.1 54.8 8.30 13.15
AWQ2 9 40.0 12.76 66.0 57.8 8.20 12.42
AWQ2 10 45.0 13.12 65.2 56.8 8.40 12.88
AWQ2 11 50.0 13.73 60.9 53.5 7.40 12.15

yhf, xfd andyfd% showed similar trend a#f (Figure 2).xfd% values ranged from 0.69 to 13.15% with abodb&f the
samples having values greater than 10%, indicatiatj SP grains dominate the samples within theilprofhis further
confirmed the presence of lithogenic or pedogenpittribution to the observed magnetic enhancemeils 8ominated by
MD grains usually havefd% < 2% and is a characteristics of soils domitidig anthropogenic activities [29, 30]. The
lowest value offd% was obtained from the topsoil of the profiladas an evidence of the presence of coarse MD gjiiain
the sample. The presence of MD grains in the Iitizon of the profile is expected as a lot of lamnactivities take place on
the soil surface. The increasey% with depth is an indication of the gradual sfidm MD grain state to SP grain state.
The average concentration of SP grains measurgftiby the AWQ?2 is 7.88 x I&nm’kg™.
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Figure 3: Variation of magnetic parameters with deph for AWQ2 Soil Profile.

3. Results of ABF1 Profile
In ABF1 profile, the highesitlf values was obtained on the topsoil and reacteethaximum at 5 cm depth, thereafter it
fluctuates down the column (Table 4). Generallg i value showed a decrease with increase in dejith deviations at
the 35 cm and 40 cm depth (Figure 4). This tremticated that the magnetic enhancement is due toapugenic sources
from local brewing activities that takes place ardthis area and the long distance transport femmote sources of
Journal of the Nigerian Association of Mathematical Physics Volume 25 (November, 2013)191 — 202
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emissions or the presence of bacterial magnetite.sbil profile displayed moderate to highly magnealues ranging from
85.1 to 148.9 x 18m*kg™. The high magnetic susceptibility obtained attthsoil is a characteristic of the ‘O or A’ horizon
that is rich in organic matter [31]. Similar reswias obtained for soil profiles from Shanghai [11]

Table 4: Values of magnetic parametefrom ABF1 soil profile

Sample Depth | Mass (g) | 3 x10° X x 10° yiq X 10° Yd (%)
(Cm) m3kg-l m3kg-13.0 m3kg-l

ABF11 0.0 15.55 141.0 137.2 3.80 2.70
ABF1 2 5.0 16.42 148.9 145.2 3.70 2.48
ABF1 3 10.0 15.85 105.4 102.8 2.60 2.47
ABF1 4 15.0 14.97 85.7 78.4 7.30 8.52
ABF15 20.0 14.95 92.6 83.1 9.50 10.26
ABF1 6 25.0 15.23 95.7 85.4 10.30 10.76
ABF1 7 30.0 14.39 87.8 76.6 11.20 12.76
ABF1 8 35.0 13.00 110.0 97.8 12.20 11.09
ABF1 9 40.0 14.38 100.4 87.4 13.0 12.95
ABF1 10 45.0 15.46 85.1 73.7 11.40 13.40
ABF1 11 50.0 14.58 94.3 82.0 12.3 13.04

While yIf and yhf followed the same trend down hoyégd andyfd% showed an opposite trend. Their values rangmd f
2.60 — 13.0 x18m’kg™ and 2.47 — 13.40% respectively (Table 3), withuealincreasing with increase in depth (Figure 4).
Within this profile, about 70% of the samples anenposed of ultrafine SP grain sizes while the remagiare composed of a
mixture of MD and SP particles. At the top 10 camgples are dominated by coarse MD ferrimagnetimgreonfirming the
presence of anthropogenic magnetic signals abieotl samples.
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Figure 4: Variation of magnetic parameters with deph for ABF1 soil Profile

A plot of xfd% againstylf or yfd may help to discriminate between grain size dathain state and may give a first
order classification of magnetic properties or esenrces [26]. A plot offd% againstylf (not shown here) displayed an
inverse relationship with a good correlation cagdint (R = 0.76). Many authors [e.g 32, 33] reported a lsimegative
correlation for polluted urban topsoils, which icalied that the magnetic enhancements in urban ad@l€ontributed by
coarse MD magnetic grains from industrial and abgenic sources.

4. Results of STI Profile

The magnetic data for STI profile are presentedable 5 and Figure 5. The resultsytifvalues showed that the soils
within this profile are highly magnetic with an exytion at the 5 cm depth which showed moderate ataganhancement.
The values ranged from 88.4 — 220.8 eitfkg(average 157.53 x Tam’kg™), with values increasing with depth (Figure
5). xhf showed similar trend with values ranging from185 208.2 x 18m°kg”. The increase in susceptibility with depth
may be attributed to either the presence of magetaghemite which might have been inherited frobenweathered parent
rock [34] or lessivage of fine-grained magnetic enais formed during pedogenesis.
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Table 5: Values of magnetic parameters from STI sbprofile.

Sample Depth Mass | y;x10° X X 10° yig X 10° Yia (%)
(cm) (@) m’kg™ m’kg™ m’kg™

STI1 0.0 15.29 121.4 119.8 1.60 1.32
STI 2 5.0 14.05 88.4 85.1 3.30 3.73
STI 3 10.0 16.05 114.7 110.0 4.70 4.10
STl 4 15.0 16.75 101.6 96.9 4.70 4.63
STI5 20.0 15.44 138.8 135.0 3.80 2.74
STI 6 25.0 15.98 181.0 171.2 9.80 5.41
STI7 30.0 15.91 179.8 170.2 9.60 5.34
STI 8 35.0 16.16 178.4 172.2 6.20 3.42
STI9 40.0 16.18 199.3 186.3 13.00 6.52
STI 10 45.0 14.62 220.8 208.2 12.60 5.71
STI 11 50.0 15.20 208.6 196.9 11.70 5.61

Theyfd andyfd% showed similar trend but fluctuating down threfipe. For natural samples which generally exhbit
continuous and nearly constant grain size distidlogtfd can be used as a proxy for relative changententration of
pedogenic fine-grained magnetic particles [25],levhid% is used to approximate the total concentratib8P grains in a
sample [26]xfd% showed MD grain character on the soil surfaggd% = 1.32%) indicative of anthropogenic sources of
enhancement. The values igfi% fluctuate down the profile with values rangifigm 2.74 — 6.52% from 5 cm to 50 cm
depth. This implied that within the profile, samplead a mixture of MD and SP ferrimagnetic grains.
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Figure 5: Variation of magnetic parameters with deph for STI Soil Profile

Table 6: Values of magnetic parameters from MYG sobiprofile

Sample Depth | Mass [ y:x10°® X X 10° yig X 10° Yid (%)
cm | (9 m’kg™ m’kg™ m’kg™

MYG 1 0.0 14.94 114.4 106.7 7.70 6.73
MYG 2 5.0 15.27 62.4 58.2 4.20 6.73
MYG 3 10.0 15.37 90.1 82.1 8.00 8.88
MYG 4 15.0 15.59 82.9 75.3 7.60 9.17
MYG 5 20.0 16.40 73.8 66.9 6.90 9.35
MYG 6 25.0 15.70 86.2 77.8 8.40 9.74
MYG 7 30.0 15.11 98.5 86.7 11.80 11.98
MYG 8 35.0 14.76 101.1 89.4 11.70 11.57
MYG 9 40.0 14.54 96.4 84.9 11.50 11.93
MYG 10 45.0 13.73 99.6 87.2 12.40 12.45
MYG 11 50.0 14.37 90.3 80.4 9.90 10.96
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A plot of xfd% againsif assists in the interpretation of the source afjmetic enhancement in the soil. In this profile, a
plot of yfd% againstlf (not shown here) showed a positive correlatibat (with a poor correlation coefficien? Rf 0.40)
between the two parameters. The positive correlaigoan indication that the magnetic enhancemerthis profile is
contributed by pedogenic SP grains.

5. Results of MYG Profile.

In the MYG profile, the situation is not too difeaxt from the STI profile. Here thgf values varied between 62.4 and
114.4 x 16 m*kg* (average, 90.45 x Tam’kg™?). High frequency susceptibilityhf varied between 62.4 and 106.7 x°10
m’kg’ (average, 81.42 x Tom’kg?); yfd varied between 4.2 and 12.40 x®hifkg™ (average, 9.10 x 0mkg™®) while
xfd% varied between 6.73 and 12.45% (average, 9.95%t)le 6).

The highest value of the concentrated dependeanyeter yIf occurred at the soil surface with a value of 414 10°
m’kg™, showing that the soil surface might be contaneiddty organic matter, bacterial magnetite or amibgenic sources.
Apart from the topmost sample, other samples with& profile showed moderate magnetic enhanceméhtfluctuating
values down the profile. The trend as shown in Fgliseems to be that of increasjffgwith increase in depth (though not
pronounced). This trend is typical of soil witthliigenic/pedogenic Magnetic enhancement. With thevier of the samples
in this profile with respect to thg@f values, it can be said that both anthropogenani lithogenesis contribute to the
magnetic signatures observed in the profile.
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Figure 6: Variation of magnetic parameters with deph for MYG Soil Profile
Table 7: Values of magnetic parameters from SGR dqprofile
Sample Depth | Mass (g) | % x108mkg™ | Xpex 10° g X 10° Ya (%)
(cm) ! m’kg? m’kg?
SGR 1 0.0 14.44 46.5 43.9 2.60 5.59
SGR 2 5.0 14.15 62.0 60.5 1.50 2.42
SGR 3 10.0 15.36 44.9 42.5 2.40 5.35
SGR 4 15.0 14.72 40.7 36.5 4.20 10.32
SGR 5 20.0 14.14 34.2 32.9 1.30 3.80
SGR 6 25.0 14.71 25.9 255 0.40 1.54
SGR7 30.0 14.08 20.5 18.7 1.80 8.78
SGR 8 35.0 13.49 15.6 13.9 1.70 10.90
SGR 9 40.0 11.57 14.3 13.5 0.80 5.59
SGR 10 45.0 13.52 12.9 11.9 1.00 7.75
SGR 11 50.0 13.04 14.8 14.4 0.40 2.70

The yfd andyfd% showed similar but more pronounced trend tfihand yhf. From values offd%, about 45% of the
samples had SP magnetic grains while 55% of thelesntontained a mixture of MD and SP magneticngsize. This
confirmed that the moderate magnetic enhancememntotebe completely attributed to lithogenesis/pethegis but also
anthropogenic activity played a role. To furthenfirmed the source of the magnetic enhancemethtisrprofile, the graph
of xfd% againstlf was plotted (not shown here). The graph showstt@ag positive correlation with correlation coetnt
R? of 0.83, implying that increase in magnetic susibéjty led to increase inffd%. This strong positive correlation indicates
that magnetic susceptibility is enhanced mainly thg ultrafine pedogenic component of the sampldse &verage
concentration of SP grains given by itié is 11.46 x 18 m’kg™.
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6. Results of SGR Profile.

The SGR profile had the lowest values of magnet8ceptibility compared to other profiles. The sasgh the profile
were moderately enhanced with valueglbfanging from 12.9 to 62.0 x 1n’kg™ (average, 30.21 x fom’kg™)
(Table 7). The highest values were obtained withatop 15 cm while the least values were fourdeath of 40 — 50 cm.

The decreasing values gff with depth (Figure 7) are a clear indication tthihe profile is enhanced mainly by
anthropogenic pollution [35]. The SGR profile isdbed in an area were a lot of commercial and Ibmaling activities etc.
takes place. There is also high population denstiich gives rise to high vehicular traffic. Hende ttopsoil magnetic
enhancement in this profile is expected.

-8m3ko-1
XIf x10%mkg xhf x108m3kg-? Xfd x10*m?3kg-? xfd (%)
0 100 0 100 0 20
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Figure 7: Variation of magnetic parameters with deph for SGR Soil Profile
Table 8: Values of Magnetic parameters from MGM sdiprofile
Sample Depth Mass (g) | xrx10°m3kg | Xyx 108 Y X 108 Yia (%)
(cm) 1 m°kg? m°kg?
MGM 1 0.0 15.75 60.3 54.6 5.70 9.45
MGM 2 5.0 13.86 68.8 61.3 7.50 10.90
MGM 3 10.0 13.39 69.0 62.1 6.90 10.00
MGM 4 15.0 15.37 73.6 69.6 4.00 5.43
MGM 5 20.0 14.97 73.7 67.8 5.90 8.01
MGM 6 25.0 13.34 825 75.9 6.60 8.00
MGM 7 30.0 15.34 83.7 74.1 9.60 11.47
hf x10-8m3kg-! ’ .
165kt X g xfd x10-8m3kg! xfd (%)
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Figure 8: Variation of magnetic parameters with deph for MGM Soil Profile
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The frequency dependent susceptibijity% was observed to be fluctuating with depth (Fégu). It values varied from
1.54 to 10.90%. Only two samples (SGR 3 and SGBh@jved the presence of SP grains; others had amigt MD and
SP grain sizes, with one sample (SGR 5) displagomgpletely MD characteristics. The average conediotr of SP grains
in the profile SGR was 2.95 x Ton’kg™.

7. Results of MGM Profile

The results of the magnetic measurements of MGMilprare displayed on Table 8. Results showed gHatalues
increased with depth. The values ranged from 6983t7 x 1 m’kg? with a mean value of 73.6 x 1n’kg*, showing
moderate magnetic susceptibility enhancement @ phofile. The moderate magnetic enhancement igbatied to
lithogenesis and or pedogenesis resulting from egatg of the parent rock units, as evidenced éythversus depth plot
(Figure 8).

In Figure 8, yIf and xhf, followed the same trend byid andyfd% had a constriction at the 15 cm mark and nsee
afterwards with depth.

The results of thgfd% measurement showed values varying from 5.43%1td7% (Table 8). Three samples (about
42%) contain ultrafine superparamagnetic grain,sid@le the remaining consists of a mixture of MBdaSP grains. The
xfd% results does not agree totally with our earienclusion based oyif values that lithogenesis or pedogenesis is the
major cause of magnetic enhancement in the prditéls where magnetic enhancement are attributgoettogenesis or
lithogenesis usually show the presence of ultrafgie between properties witffd% values between 10 -14%, while
anthropogenic influenced soils show large grains p&perties [9, 26]. In view of this, the magnetithancement might be
attributed to both anthropogenic activities to ss&r extent and lithogenic parent rock to a gredggree. To further identify
the cause of magnetic enhancement in the proféégrohination of other concentration and grain giaeameter such as
Anhysteric magnetization (ARM), Saturation IsothatnRemanent Magnetization (SIRM), ARM/ and SIRM/ARM is
required. This will be carried out in our subsedustadies.

Comparison of the Magnetic Properties of the Diffeent Vertical Soil Profiles.
The descriptive statistics of th# values of the various soil profiles are displdym Table 9.

Table 9: Descriptive statistics gfif values for the 7 profiles

XIf x 108m3%g? AWQ1 AWQ?2 ABF1 STI MYG SGR MGM
n=38 n=11 n=11 n=11 n=11 n=11 n =7
Mean 97.68 60.82 104.26 157.53 90.52 30.21 73.09
Standard error 6.72 1.42 6.52 13.89 4.28 4,99 3.09
Median 100.25 60.9 95.7 178.4 90.3 25.9 73.6
Standard Deviation 19.03 4.72 21.64 46.08 14.18 16.54 8.17
Kurtosis 2.55 -0.06 0.98 -1.55 0.63 -0.69 -0.38
Skewness -0.49 -0.58 1.42 -0.18 -0.48 0.65 -0.09
Range 68.5 15.5 63.8 132.4 52.0 49.1 23.4
Minimum 60.9 51.3 85.1 88.4 62.4 12.9 60.3
Maximum 129.4 66.8 148.9 220.8 114.4 62.0 83.7
Table 10: Descriptive statistics offd% for the different profiles
xfd% AWQ1 AWQ2 ABF1 STI MYG SGR MGM
n=38 n=11 n=11 n=11 n=11 n=11 n =7

Mean 9.96 9.93 9.29 4.41 9.95 5.89 9.04
Standard error 1.30 1.13 1.38 0.46 0.61 0.97 0.78
Median 11.45 11.72 10.76 4.63 9.74 5.59 9.45
Standard Deviation 3.67 3.74 4.57 1.53 2.02 3.20 2.07
Kurtosis 1.36 3.03 -1.16 0.09 -0.90 -1.16 0.22
Skewness -1.35 -1.64 -0.84 -0.70 -0.46 0.29 -0.72
Range 10.69 12.46 10.93 5.2 5.72 9.36 6.04
Minimum 2.55 0.69 2.47 1.32 6.73 1.54 5.43
Maximum 13.24 13.15 134 6.52 12.45 10.9 11.47

From Table 9, the STI profile is the most magndijcanhanced soil as it showed the highest meanevathen
compared with other profiles, while SGR and AWQ#2wad the least concentration of magnetic suscdiptibrhe highest
values ofylf correspond to highly contaminated samples [9ithild a profile, the STI profile showed the mostigaility
between the samples as they showed the highestastanleviation of 46, while AWQ2 had standard diéeraof 4.6,
indicating that the samples do not exhibit wideiattsn of magnetic susceptibility between samplesttie profile a
characteristic of lithogenic enhanced soils. AW@a&wged the most fluctuatingf and yhf values down the profile. STI,
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MYG and MGM profiles showed increasindf and yhf values with depth suggesting lithogenesis amdbgenesis as the
source of magnetic enhancement while ABF1 and S@Rpsofiles displayed magnetic enhancement inttpsoil which
decreased down the profile, indicating anthropogemgnetic enhancement within the soil column.

The frequency dependent magnetic susceptibilisuposed to reflect the significance of ultrafirke @rticles. Large
grains of magnetite (e.g. from combustion processésaffic emissions) are insensitive to changééquency of the applied
magnetic field. Therefore such samples usuallykikhass than 2% frequency dependence of susckptildur data showed
that most of the samples displayed a mixture of MBgnetite and ultrafine SP ferrimagnetic particlBlse descriptive
statistics offd% is shown in Table 10.

Profiles AWQ1, AWQ2 and ABF1 are dominated by thesence of ultrafine SP ferrimagnetic grains, asbb2.5%,
54.6% and 70.0% respectively of the samplesffid#h values between 10 and 14%. Only about 3 saanplee each from
AWQ2, STl and SGR showed completely multidomainirgigize characteristics witffd% values less than 2 %. Other
samples showed a mixture of MD and SP magnetiagr&rofiles STI had the leadti% values.

4.0 Conclusion

Vertical soil profiles from residential areas withthe same geological settings were studied toachenize the
significance of anthropogenic and lithogenic cdnitions to mineral magnetic properties in the d0iidinarily, one would
have expected that all the soil profiles will shihe same or similar characteristics, since thehale the same geology but
differences in the magnetic properties exist withiofiles and between profiles. This indicates tinagnetic properties of a
soil samples does not depend on parent rock ottigr dactors also contributes to the magnetic ecdnaent in soils. In this
study, the major conclusions reached are as follows

1. The results of low field mass specific magnatisceptibility measurement showed moderate to yigidgnetic
values indicating magnetic enhancement in thessaiiples.

2. Anthropogenic effects were observed in some paifiles where magnetic susceptibility values higher at the
surface and decreased steadily with depth.

3. Lithogenic effects were observed in soil prafilghere magnetic susceptibility values were loweha topsoil and
increased with depth.

4. A mixture of anthropogenic and lithogenic effeatas observed in profile where the magnetic susxky increased
at the surface, decreased and later increasecdieyitth.

5. Frequency dependence of susceptibility measuresi®mwed that most samples contained a mixturgdttfine SP
and coarse non-SP grains. The presence of SP graias sample indicated lithogenic contribution twe tmagnetic
susceptibility; if MD grains is present, anthropoigeeffect caused the magnetic susceptibility enbarent while a mixture
of SP and MD grains indicated a combination of esptbgenic and lithogenic effects.

6. A plot of xfd% againstylf could assist in determining the source of maignehhancement. A positive correlation
reflects the contribution of pedogenic SP grainght® magnetic susceptibility enhancement while gatiee correlation
indicated coarse MD magnetic grains as the sourogagnetic enhancement.

7. Other studies such as heavy metal contents égtbgutarried out to determine concentration ofntre¢als responsible
for the moderate to high magnetic enhancementmdxan the profiles.
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