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ABSTRACT 

An efficient, accurate numerical modeling scheme has 
been developed, based on the integral equation solution to compute 
electromagnetic (EM) responses of thin sheets over a wide frequency 
band. The thin-sheet approach is useful for simulating the EM 
response of a fracture system in the earth. The focus of this develop
ment has been the accuracy of the numerical solution over a wide-
band frequency range of up to 100 MHz. The effect of displacement 
currents is included to correctly evaluate high-frequency EM 
scattering. 

Currently, EM responses of two thin sheets with diffe
rent geometrical and electrical properties embedded in a three-layer 
earth can be modeled over a frequency band of 10-3 to 108 Hz. The 
layered earth and the sheets can be electrically dispersive. an important 
feature that allows analysis of frequency-dependent characteristics of 
the model under investigation. The source field can be generated by 
a remote or local electric or magnetic dipole located on the surface or 
in a borehole. A plane-wave source can also be used. and numerical 
analyses have been made for magnetotellurics and the high-frequency 
impedance method. 

INTRODUCTION 

The thin-sheet modeling scheme is an efficient tool that 
offers valuable insight into a particular class of 3-D electro
magnetic (EM) scattering problems such as detecting platelike 
ore bodies and fluid-filled fractures. Since Price (1949) 
introduced this innovative approach. various authors (Annan, 
1974; Lajoie and West, 1976: Vasseur and Weidelt, 1977; Weidelt, 
1981: Walker and West. 1991; Fainberg et al., 1993) have 

presented numerical implementation of the integral equation 
formulation. 

In modeling platelike structures using the thin sheet, one needs to ensure 
t h e  c o n d u c t o r  i s  e l e c t  r  i  c a l l y  t h i n  ( J o s h i  e t  a l . ,  
1988)-that is, the electric held remains constant through the thickness of the 
plate. A realistic example of a thin sheet is a laminated vein of ore body in an 
otherwise layered host rock. A fracture, or a system of fractures, is a 
commonly encountered geologic feature in environmental and engineering 
problems and can be represented by a thin sheet. In this case, one can consider 
the fracture in terms of its admittance, a lumped parameter defined by the 
product of the thickness and the admittivity (or conductivity under quasi-static 
conditions) of the fracture. When valid, the thin-sheet approximation reduces 
the simulation domain to two dimensions. This dramatically reduces memory 
requirements; as a result, it is possible to compute the EM responses of this 
i  m  p  o  r  t  a  n  t  c l a s s  o f  m  o d e l s  e v e n  o n  a  P  C  .  

Following Weidelt*s (1981) elegant formulation for the thin 
sheet integral equation, we have extended the theory and written an algorithm 
to include the effect of the displacement currents at high frequencies. Also, we 
derived an analytic expression for the singular cell. 

THIN-SHEET INTEGRAL EQUATION 

We consider two sheets embedded in a three-layer earth as 
shown in Figure 1, The source field can be generated by an electric or 
magnetic dipole source on the surface or in a borehole. The conductivity and 
electrical permittivity of host rock and sheets are arbitrary. They can even be 
dispersive to accommodate frequency-dependent electrical properties 
described by a Cole-Cole relaxation formula (Cole and Cole, 1941). for 
example. In the following formulation, we only consider one sheet. Extension 
of this formula to include multiple sheets is straightforward. 
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