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RES.UMEN 
Se considera un modelo estratificado de dos esferas concentricas en contacto no galvanico, que representan un cuerpo 

mineral conductor rodeado de un halo de roca alterada. Se demuestra que: (a) un cambio en las propiedades de la roca madre o 
de las formaciones mineralizadas distorsiona los parametros electromagneticos y puede modificar la sensibilidad de detec­
ci6n en ciertas bandas de frecuencias; (b) las mediciones a varias frecuencias permiten penetrar debajo de una capa de alta 
conductividad; (c) el pariimetro de blindaje presenta patrones diferentes de variaciones de frecuencia segun la conductividad 
de la cubierta, lo que ayuda a distinguir las anomalfas electromagneticas para cada tipo de cubierta. Estos resultados pueden 
servir para: 1. CO)Jlprender el fen6meno de blindaje en situaciones geol6gicas complejas; 2. generar informacion de base pa­
ra la planeacron de experimentos electromagneticos en la exploraci6n minera. 

PALABRAS CLAVE: Metodo electromagnetico, exploraci6n minera. 

ABSTRACT 
A layered section in a uniform electromagnetic field is assumed to have two concentric spherical shells (in nongalvanic 

contact). Such targets may occur in native copper deposits viz., conducting ore bodies surrounded by a halo of altered rocks. 
It is found that (a) changes in characteristic properties of overburden and/or ore formations cause significant distortions in 
the geoelectromagnetic parameters and may change the detection sensitivity in some bands of frequencies; (b) mul­
tifrequency measurements afford the possibility of seeing beneath highly conducting layers; and (c) the variation of the 
shielding parameter with frequency exhibits, qualitatively, different patterns for conductive and resistive covers and may 
help distinguishing EM anomalies due to conductive and resistive overburden formations. The results may be useful in (1) 
understanding the shielding phenomenon in complex geological situations, and (2) providing background information 
(i.e. shielding behaviour of overlying or surrounding formations) against which geoelectromagnetic experiments can be 
planned. 

KEY WORDS: Electro-magnetic survey, mineral exploration. 

INTRODUCTION 

In gcoclcctromagnctic field measurements the target 
bodies arc usually concealed by overburden. The shielding 
effectiveness of the overburden must be taken into account. 
This includes (i) choosing the frequency ranges serving as 
discrimination windows for favourable and unfavourable 
conditions of transmission of signals from the target and 
surroundings, and (ii) accounting for the changes in the 
physical/geometrical parameters of cover-target system 
such that the inducing or secondary fields may penetrate 
overlying formations. The shielding effects of overlying 
formations have close relevance to ore identification and 
evaluation of the effect of surrounding formations. Much 
work has been done on EM shielding effectiveness in radio 
frequency ranges, using both theoretical and experimental 
approaches. Bannister (1968) used this concept for geo­
physical investigations in quasi-ncar field ranges. Negi et 
al., (1976) and Negi and Saraf (1986) extended the studies 
to shell-sphere and plane layered models, respectively. 

and mineralization zoning (viz., porphyry copper deposits 
having disseminated mineralisation, emplaced in host rocks 
and altered hydrothermal solutions; Lowell (1968)). 
Quantitative estimates of shielding due to changes in phys­
ical and geometrical properties of overburden-ore forma­
tions in various frequency ranges are given. 

In this paper, an attempt is'niade to study the shielding 
effectiveness of overburden formations in multifrequency 
EM measurements. The model consists of two concentric 
thin shells (in nongalvanic contact) representing alteration 
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FORMULATION 

The physical system is shown in Figure I. It consists 
of two concentric spherical shells of radii 'B' (outer) and 'A' 
(inner); thicknesses Dt (outer) and D2 (inner); conduc­
tivities 0'1 (outer) and 0'2 (inner); magnetic pcrmcabilitics 
f.11 (outer) and f.12 (inner) and dielectric pcrmittivitics E 1 
(outer) and E2 (inner). The system is assumed to be excited 
by uniform EM fields. 

Following Ncgi and Saraf (1984) the reflection factor 
for the composite two shell spherical system is given by: 

Rl 
composite 

(1) 
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( 1 ) 
UNIFORM FIELD 

Concentric Two Shell Spherical Model. 

where 

p 
H 

Fig. 1. Concentric shells in uniform EM fields. 

r 1v·A·D 2 

3 +r 1v AD 2 

fu= i W ).ll (<Jl + i (J) EJ); nv= i W ).12 (02 + i (J) £2); 

w = 2 n F and, F = frequency of the incident EM waves. 

From equation (1) the expression for the reflection factor 
Rltarget can be written as: 

Rl 
t arg e t 

r 1v A· D2 

3 +r 1vAD 2 (2) 

Following Negi and Saraf (1986) the shielding effective­
ness (8) parameter can be defined as 

s: Rl target 1.n db 
u = 20 Log . 

10 RJ composite (3) 

Values of IRitargetand JRicomposite have been obtained 
from equations (2) and (1), respectively. 

This insertion loss approach has been utilised exten­
sively (using equation 3) in EM compatibility literature. It 
is also realised that variation of shielding effectiveness pa­
rameter with frequency of EM waves provide an effective 
and sensitive tool to demonstrate the optimum shield for a 
given set of physical and geometrical constraints of the 
model. It has the potential to provide a priori information 
in planning EM experiments in complex geological situa­
tions. 
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DISCUSSION 

Some representative numerical results have been ob­
tained to show the variation of shielding effectiveness (8) 
with frequency of the EM waves for changes in the values 
of geometrical (B/A, D1, D2) and physical (01, 02; Jl!, ).12, 

E!) parameters of the system. 

(I) Change of radius of cover (B) 

Here the radius of the target is kept constant (A= 100m) 
and the radius of the cover (B = 100m, 150m, 200m) has 
been changed. The shielding effectiveness parameter (8) has 
been plotted assuming that the inner shell is ]Q3 times 
more conducting than the outer shell. Such situations may 
occur where native sulphide deposits are surrounded by a 
halo of less conducting material. This may be due to irreg­
ular density, higher porosity, different fluid permeability, 
salt concentration etc. The salient features of Figure 2(a) 
arc discussed as below: 

(a) Curve No. 1: In this case A = B = 100 m and 
the system behaves like a single shell model. A value 
of 8 = -10 indicates the situation where a conducting shell 
of thickness D1 surrounds a halo of resistive space of 
radius A. The negative sign in the '8' value is caused by 
the waves reflecting from the interfaces of the shell (Schulz 
et al., 1968). 

(b) Curves Nos. 2 and 3: Conductivity contrast 
between the target and cover is now of the order of 103 

(Figure 2a). The outer cover with conductivity value w-3 

allows a major portion of EM energy to penetrate the cover 
in the frequency range F<l04 Hz. In this frequency range 
the characteristics of the cover (B = 150 M, A = 100 M) 
will be dominated by the presence of a highly conducting 
target and thus affect the shielding effectiveness of the 
cover. When the cover is taken away, the effect of the 
target on the shielding behaviour of the cover decreases. 
This resulL<> in an increase in the shielding parameter. A 
conducting layer at a distance of B = 200 meters from the 
highly conducting target has a better shielding property in 
low-frequency range (F<104 Hz) than the corresponding 
situation of B = 150 m. Hence in the interpretation of 
geoclcctromagnctic data the shielding due to surrounding 
formations must be given due considerations more 
particularly in delineating highly conducting targets by 
multifrequcncy electromagnetic measurements. In the low­
frequency range (F< 104Hz) the contrast in the 
conductivities of cover and target. plays a dominant role in 
the shielding behaviour of the overburden formations in 
comparison to the geometrical distance between them. 

However, when F> 104 the outer shell may act as a 
better shield resulting into a lessened penetration of EM 
energy. Under such circumstances conditions of normal 
shielding obtain. 
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Fig. 2 (a). Variation of shielding effectiveness with frequency for different thickness of the outer shell (B = 100m, 150m and 

200m). (b). Variation of shielding effectiveness with frequency for different values of the conductivity in the outer shell (<Jl = 102, 

1, w-2, 10-4 MHOS/m). 

(II) Change of crt (keeping crz constant) 

Shielding behaviour for different conducting values of 
the overburden formations in different frequency ranges is 
shown in Figure 2(b ). Conductivity of the target crz is as­
sumed to be constant and equal to 1 S/m. Each curve in 
Figure 2(b) represents different conductivity contrasts be­
tween cover and wrget and hence needs to be discussed in­
dividually. 

(a) Curve No. 1: Here the overlying formations 
with higher conductivity cover a target of less conducting 
materiaL According to Parasnis (1973) "Certain 
overburdens (clays) may be as good conductors as some ore 
bodies, and conversely, ores (galena) may be as poor 
conductors as overburden like moraine". In such situations 
the conductivity of the overburden may be larger than the 
ore body's. H is difficult to distinghish between overburden 
and ore effects in such cases, e.g. when searching for 
sulphide deposits under highly conducting marine 
formations. Multifrequcncy measurements afford the 
possibility of seeing beneath highly conducting as 
in curve (l), Figure 

Curve No.2: Usually gcoelectromagnetic mea-
surements fail to low-contrast conductors. 

shows a decrease in the 
()2 and l.hus illustrates l.he 

shielding behaviour of overlying conductors in non-gal­
vanic contact. Effects of shielding should not be ignored 
even where the cover-target system lacks conductivity con­
trast. 

(c) Curves Nos. 3 and 4: (crt= to-2 and 10· 4 
S/m). These situations were discussed in Figure 2(a) 
where a less conducting outer shell covers a conducting 
target. Here one finds a positive value of 8. Comparison of 
the curves (1) and (3) reveals that for conductive (negative 
8) and resistive (positive 8) covers the shielding exhibits 
qualitatively different patterns. This observation may be 
helpful in distinguishing EM anomalies due to poorly 
conducting overburden covering a conducting target (curve 
No. 3), from anomalies due to a conducting overburden 
covering poorly conducting orcs (curve No. 1). 

(III) Change with magnetic permeability 

Understanding the effects of magnetic permeability is 
essential when searching for magnetic ores, sulphide orcs, 
and other geological bodies containing magnetite or pyrro-· 
hotite (blackshales, basic and ultrabasic rocks). In this sec­
tion changes in the magnetic behaviour of the cover or the 
target are discussed for different frequency ranges and com­
binations of cover-target systems. 
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(A) Magnetically permeable cover ().ll) over 
non-permeable conducting target. Such situations 
usually occur for conducting sedimentary targets beneath 
basaltic formations. 

i) Contrast in magnetic permeabilities only, i.e. ).ll 

~ fla; cr1 = crz, fl2 = 0. 

In Figure 3(a), both cover and target have the same 
conductivity values, i.e. the change in the value of the 
shielding parameter, is mainly due to the change in the 
magnetic behaviour of the outer shell. It is found that as 
the magnetic value of the cover increases the shielding pa­
rameter does too. 

ii) Contrast in both magnetic permeabilities and con­
ductivities. 

In Figure 3(b) the combined effect of changing conduc­
tivity and magnetic permeability contrasts are shown in the 
frequency range 101 Hz to 106 Hz. 

The effect of changing ).ll (magnetic permeability of the 
outer shell) occurs in the frequency range F> 104 Hz only. 
This is because changes in the properties of the cover can 
be seen only in the high frequency range. 

As ).ll increases, unlike Figure 3(a), the shielding pa­
rameter decreases. The model in Figure 3(b) represents a 

case of Pure Magnetic Shielding. A magnetic shield has a 
sort of electric core, where the induced currents try to 
counter-balance the effects due to the magnetic properties 
of the cover. If the core is highly conducting (i.e. crz = 1 
s/m, cr1 = 10-3 s/m), it decreases the effect of magnetic 
shield. 

(B) Magnetically permeable conducting 
target under a non-permeable cover. Here the 
combined effects of changing magnetic permeability and 
conductivity of the target body is discussed. It is assumed 
that the cover is non-permeable and less conducting than 
the target. This resembles the case of an electric shield in 
which the magnetic core is covered by an electrically 
conducting layer. The efficiency of shielding increases for 
higher values of ).l2. 

On comparing the numerical results of Figure 3(b), 
(change of ).ll) and Figure 4 (change of J.l2) one finds the 
following qualitative changes. 

i) A change in ).ll is seen only in the frequency range 
F>104 Hz, while a change in ).l2 is observed in F< 104Hz. 

ii) When the outer shell is magnetically permeable and 
covers a conducting target, an increase in Ill decreases the 
shielding parameter, while an increase in ).l2 increases the 
shielding effectiveness. 
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Fig. 3(a). Variation of shielding effectiveness with frequency for different values of the magnetic permeability in the outer shell 

(i.e. ).11 = ).lo, 100 ).lo) for 0'1 = a2. (h). Variation of shielding effectiveness with frequency for different values of the magnetic 

permeability in the outer shell ().11 = ).lo, 2 ).lo and 4 ).lo) and 0'] *0'2. 
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Fig. 4. Variation of shielding effectiveness with frequency for different values of the magnetic permeability in the inner shell 

(112 = j.l.o, 2j.l.o and 5 j.l.o) and OT;t0"2. 

(IV) Change of dielectric permittivity (e t): 

Now both shells arc equally resistive (crt = 0"2 = I0-4 

S/M). The dielectric pcrmittivitics of the target and cover 
arc assumed to be eo and El (50 Eo, 100 Eo). Such condi­
tions may occur in glaciated conditions of Scandinavia or 
Canada. 

One finds a sharp kink in the o-F variation pattern. 
The kink shifts towards lower frequency bands with an in­
crease in the EI value. Such kinks arc not observed when 
only the electrical conductivity or magnetic permeability 
values of the cover change. They may serve as a diagnostic 
tool for mapping targets beneath a medium with high di­
electric permittivity. 

(V) Change in thickness of the shells Dt or D2 

The thickness of the overlying disseminated zone may 
be large enough to mask the response of a massive ore de­
posits. 

In Figure 6, the shielding behaviour of the outer shell 
with varying thicknesses is described. As in Figure 2(b), 
we find that the conductivity contrast between cover and 
target plays a dominant role in comparison to the. change 
in the thickness of the overlying formations. Shielding due 
to an outer shell with thickness Dt = 1Om will be less 
than the corresponding situation with Dt = 2m. In both 
cases the target was assumed to be 102 times more con­
ducting than the overburden. 

( 5} 

(.f) 
(.f) 
LU 
z 

(\j 
LU 
> T 
1-
u 
LU A • 100M 
LL 0 B • 135M LL (\j 

LU I 0 • 0 •10M 
t!) 

I 2 _4 

z "j• OZ•IO S/M 

0 v u 1• AJ.2• u0 
(\j 

...J I E2 • E.o 
LU 

:c 
(.f) 

Fig. 5. Variation of shielding effectiveness with frequency for 
different values of the dielectric permittivity in the outer shell 
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In Figure 7, the thickness of the outer shell is kept 
constant at Dt = I Om, and the thickness of the inner shell 
varies.· Here again the conductivity and the thickness of the 
inner shell plays a dominant role. The thicker the target the 
higheris the shielding parameter. 

CONCLUSIONS 

We have discussed various combinations of cover-target 
systems in uniform EM fields. The results show the 
shielding effectiveness of the overlying formation in differ­
ent frequency ranges. Sensitivity of the shielding parameter 
to changes in the physical and/or geometrical parameters 
have been highlighted. We show that in interpretation of 
EM induction prospecting data one ought to give equal 
importance to the changes in the physical and geometrical 
properties of both the conducting target and the overlying 
formations. 
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