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Abstract : An atlas of magnetic anomalies ln soils has been prepared for the first time for the city of Delhl, capital of 
Ind~a and one of the most populous and urbanized city in the world The study reveals that magnetic susceptibility for 
Delhi top soils (0-15crn) colncide with either industrial sources of pollutants or natural anomalies The result shows low 
field mass-specific susceptibllity value ranging for different observed classes as 1ndustrlal(3 02 53 1 x10 m3/kg), traffic 
areas (0 48 100 67 x10 m3kg) and natural sectlons (0 02-6 8 xxlO m3/kg) Frequency dependent susceptlbility shows 
quite high medlan value of 8 67% for older pit samples (depth samples), followed by 5 88% in present (top sorls) and 
lowest for industnaI samples (1 67%) The present study is a prelimnary investigation on the envlronrnental magnetic 
studtes of soils in Delh~ More detalled rock magnetlc studies and assessment of assoc~ated contamnations of solls are in 
progress 
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Magnetic susceptibility measures the 'magnetizablhty' 
of a matenal These measurements can be camed out for a 
whole range of samples and also are economic, quick and 
non-destructive (Deanng et a1 1996, Hay et a1 1997, 

Petrovsky et a1 1998, Schloger, 1998, Bityukova,l999, 
kcoanet et a1 1999, Strzyszcz,l999) Magnetlc suscephbihty 
in envlronrnental samples is the sum total of magnetic 
susceptib~lit~es of the ferromagnetlc, ferrimagnetic, 
antlferromagnetlc, paramagnetic and dlamagnet~c 
susceptibil~t~es Normally, ferromagnetlc being absent In 
natural form and for relatively weak diamagnebc component, 
the sum of the other three controls magnehc suscephbility 
(Versob and Roberts,l995, Walden et a1 1999) Using low 
external magnetlc field (<I 0 mT), the influence of 
fernmagnetic alone can be ascertaned, by bloclung effect 
of others 

Frequency dependent susceptibllity measurement 
involves, detecting ultrafine viscous fernmagnetic mnerals 
known as super paramagnetic (SP) by using two or more 
AC frequencies (0 47  and 4 7 k Hz) at constant low 
reversible rnagnetlc freld The change In frequency of 
measurement means the change i n  measurement time 
for grams to react with applled field Hlgher frequency 
(4 7 k Hz) measurement does not allow SP grams to react 
w~ th  applied external freld, as it changes more quickly than 
requlred relaxation time of SP grams As a result in high 
frequency susceptlbility, lower value of susceptrbllity is 

measured Its difference with low frequency measurement 
represents an estimation of SP amount Mathematically, it 
can be expressed as (Walden et a1 1999), x fd%= {X If -X 
hf) x 100)l x If, where 2 If = low frequency (0 47 kHz) 
susceptib~lity, x hf = high frequency (4 7 kHz) susceptibility 
at constant low magnetic field (0 1 mT) and x fd% = 
frequency dependent suscephbility 

The study area, Delhi lies In North India between 
Latrtudes of 28'24'17" and 28"53'0OW North and Longitudes 
of 76'50'24" and 77"20t37" East, with an area of 1,483 krn2 
D~fferent land uses include agricultural field, grazing 
land, rocky areas and clty area with green ridge forest 
and SIX larger industrial areas namely Anand Parbat 
Industrial Estate (17 23%), Mayapuri Industrial Area 
(15 lo%), Okhla Industnal Area (1 1 34%), Narela Industnal 
Area (9 59%), Wazirpur Industrial Area (7 70%) and 
Kirtl Nagar Industnal Estate (6 82%) (Joshl, 2003, Gupta 
2003) 

In total, 100 samples were collected with a 2 km gnd 
lnterval from city area of Delhi (Fig 1) Top soil samples 
(0-1 5 cm) were collected, as they are ~ndicatlve of the most 
recent deposition slte of particulate matters, generated by 
gaseous emissions from industries and vehicles or 
domestic sludge through sewages or by dumping W~thout 
exception, magnetic susceptibll~ty measurement samples 
were collected t&ng full care to avoid any sort of iron 
contamination Samples were collected by stainless steel 

JOUR GEOL SOC INDIA, VOL 66, DEC 2005 



SHORT COMMUNICATION 

Sample locations 
Road 

Reserve forest 
Industrial area 
Yamuna river 

Fig.1. Sample collection sites in Delhi. 

spoon and were packed in polythene bags. To avoid area 
specific influences, from one single location, several 
samples were gathered, by covering an area of 5m2 around 
that particular location. By coning and quartering method, 
ten gram samples were taken in box for measurement in 
Bartington instrument, where magnetic susceptibility was 

measured for two different frequencies (4.7 kHz and 0.47 
kHz) of the applied field. To assess this natural input, depth 
wise variation of magnetic susceptibility has been studied 
for a flood bank section (- 3 m sedimentation by lithogenic 
processes) and a pit (-5 m soil formation by pedo-genesis), 
near a metro railway construction site (Fig.2). 

(A) Metro Pit 

Xfd% Xtf 

(B) Flood Plain 

Depth (ft) 
Xfd % 

O '* Deoth lft) 0 2 4 6 

Fig.2. Magnetic susceptibility of (A) metro pit- pedogenic layer ~ l f  is more ( ~ f d %  less) due to anthropogenic input. (B) Flood plain- 

~ l f  is more in sandy layer ( ~ f d %  less) due to natural pedogenesis. 
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Fig.3. Distribution of low field susceptibility in Delhi soils using GIs, (A) x If contours and (B) kriging surface creation for low field 
magnetic susceptibility. 
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Fig.4. Distribution x If percentage in Delhi soils using GIs, (A) x li% contours and (B) kriging surface creation for x fd% in Delhi soils. 
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Depth wlse, the maxlmum xIf I S  seen below the topmost 
layer for the flood bank sectlon (Fig 2) In the flood plain 
section the sandy layers show lower xfd% and h~gher ~ l f ,  
except for the topmost layer In the absence of s~gnlficant 
detr~tal or anthropogenic Input, the x If% In the soils increase 
due to pedogenesis (Maher 1986, Henesh and Scholger, 
2003, Flander, 1994, Hoffmann et a1 1999), wherern the 
suscept~bility In the topsoils may have been resulted due to 
auth~ genic magnetite produced under pond~ng (reduced) 
condlrrons (Maher, 1986, Xle et al 2001) Ponding I S  a very 
common feature on the banks of Yamuna rlver The ~ l f %  
values below 5% in the top layer of the flood plaln section 
are suggest~ve of such contrl but~ons although more detalled 
analys~s are requlred to confirm this On the country, [n the 
metro p ~ t  sectton, the weakly pedogen~c layer below the 
bricklayer shows hlgh xlf but reduced ~ l f %  reflecting 
anthropogen~c Input This 1s evldent from the ~ f d %  curve 
whlch rndicates lncreaslng trend due to weathering of the 
top most layer of the hard rock, whlch continues t~ll the 
rn~tlal so~l layer, then decreasing further as the anthropogenlc 
load~ng IS increased Overall the anthropogenic sed~rnents 
show higher susceptibilrt~es and lower xfd% as against 
the natural1 pedogenic layers 

Spat~al analysls 1s a strong technique to d~str~bute 
source spec~fic observational facts by methods of contourlng 
or by creatlon of krrgrng surfaces (Jones et a1 1986) This 
facllrty 1s available In Arcview 3 1 software package 
Measured data of different suscept~bil~ty parameters (X If 
and x fd %) are classed ~nit~dlly In three major divisions, 

based on klnd of sources of heavy metal Ioadrng expected, 
during field survey These classes are polnt industr~al 
sources, rnoblle line sources of traffic areas and unpolluted 
natural source To know the d~spers~on with111 low field 
magnetic susceptibility measurement ( X  If) of different set 
of classes, quartlle analysis has been performed Industrial 
class ranges between rn~nlrnum 3 01x10 'm3/kg to rnaxlmum 
531x10 m3/kg wlth standard deviation of 126 04 
and median value 9 65x10 m3/ Kg and average 
24 58x 10 m3/kg In the case of traffic and natural 
classes, medlan value 9 9x10 m3/ Kg for traffic and 
2 09x 10 rn3/kg for natural sources are observed Such 
hlgh drspers~on in  rndustrial class indicates abrupt change 
In suscept~b~l~ty  value near rndustrjal area it I S  also 
evidenced in spatlal analys~s by contourlng and kriging 
surface creatlon (Flg 3) The spatial distribut~on of x if 
shows closed narrow contours wlth very high value near 

Table 1. Statlst~cal value o f  different magnetlc parameters from rota1 areas and rndlv~dual source speclfic areas 
- - 

Low Field Magnetlc Anth opogenlc Natural 
Susceptlbll~ty (X If) lndustrral Vehicular Natural Pit Flood 
(in unrt of 10 m3/kg) bank 

No of samples 
Mtntmum 

1st quarttle 
Med~an 
2nd quart~le 

Maxlmum 
Mean 
Standard devtatlon 

Kurtosls 
Skewness 

Frequency Dependent Anthropogen~c Natural 

Magnetic Susce~nbl l l t~  Industnal Vehicular Natural Plt Flood 
(X fd%) bank 

No of samples 24 70 14 6 9 

M~nlmum 0 33 0 29 0 72 6 18 0 72 

1st quarttle 0 86 1 28 1 48 6 48 1 30 

Maxlmum 5 03 7 72 10 33 10 3 5 88 
Standard dev~atlon 0 24 0 22 0 85 0 7 0 70 
Kurtos~s 2 2 1 08 1 07 -0 43 1 57 
Skewness 1 34 116 0 05 -0 23 0 05 

Mean 1 8 1  2 57 5 25 8 31 3 34 
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industnal areas Krlgrng surface of maxrmum magnetic 
susceptlbiItty rs found near Wazirpur rndustrral areas 
Other Industrial areas like Mayapur~, Jhlmll, Okhla are 
also characterized rn same way wlth h~gher  contour value 

fd% data show standard devlatlon of 0 245, 0 224, 
0 85 and 0 70 respectively for ~ndustr~al, vehicular, natural 
and pxt samples However, med~an values are hrgh for 
natural sources (8 67) and low for ~ndustrial(l 67) and traff~c 
sources (2 08) (Fig 4) Thls tmplies that the natural samples 
are wlth h~gher amount of ultrafine super para-magnetlc 
particles (SP) 

Krlged surface of x fd% data are classified in standard 
deviat~on with break classes of ?4 stdndard deviation The 
spatla1 pattern shows break classeq, higher than mean value 
are concentrated near ridge areas, whereas Iower classes 

are near lndustrlal areas In comparison to South Delhi, 
North Delhr shows with drstxnct separatron of classes 
Two posslble expIanatlons can be drawn about thls 
observation T h e  flrst can be attributed to  rpore 
anthropogenic pollut~on for Nolth Delhi The second 
reason could be because of pedogenic contrrbutlon In sol1 
formation for South Delhl and more l~thogenlc in the case of 
North Delhi This varlatton of x fd% is evidenced from 
the studies of flood bank and ptt sections, where rned~an 
values are 3 03% for lithogenic and 8 03% for pedogenesls 
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