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INTRODUCTION 

A s  p a r t  of t h e  LBL program on geothermal exp lo ra t ion  technique eva lua t ion  
and development, t h e  magneto te l lur ic  method w a s  eva lua ted  i n  a Basin and Range 
environment (Beyer e t  a l . ,  1 9 7 6 ) .  One development from t h i s  e f f o r t  i s  an 
improved two-dimensional magneto te l lur ic  r e s i s t i v i t y  computer a lgor i thm,  
c a l l e d  TEM, capable  of  c a l c u l a t i n g  t h e  t r a n s v e r s e  e lec t r ic  (TE) and t r ansve r se  
magnetic (TM) soundings over an  a r b i t r a r y  two-dimensional body. Using t h i s  
program t h e  f i r s t  au thor  (KHL) generated a series of magneto te l lur ic  pseudo- 
s e c t i o n s  over a set of two-dimensional models which i n  a gross  sense  t y p i f y  
s t r u c t u r e  and r e s i s t i v i t i e s  of no r the rn  Nevada. 

This ca ta logue  may be used f o r  q u a l i t a t i v e  eva lua t ion  of e x i s t i n g  MT da ta  
o r  f o r  planning f u t u r e  surveys.  

METHOD AND PROGRAM 

The b a s i c  a lgor i thm used i n  TEM w a s  developed by Ryu (1971) a t  U.C .  
Berkeley Engineer ing Geoscience Group and l a t e r  improved by one of t h e  au thors  
(KHL). The a lgor i thm i s  based on t h e  f i n i t e  element method f o r  c a l c u l a t i n g  
t h e  response of an a r b i t r a r y  two-dimensional e a r t h  t o  a v e r t i c a l l y  inc iden t  
p lane  wave a t  s p e c i f i e d  f requencies .  
f i e l d s ,  t h e  program computes soundings f o r  t h e  e lec t r ic  f i e l d  o r i en ted  paral- 
l e l  t o  s t r i k e  ( t r ansve r se  e l e c t r i c ,  TE-mode) and f o r  t h e  e l e c t r i c  f i e l d  per- 
pendicular  t o  s t r i k e  ( t r ansve r se  magnetic, TM-mode). The r a t i o  of v e r t i c a l  t o  
h o r i z o n t a l  magnetic f i e l d s  ( t i p p e r )  is  a l s o  computed f o r  t h e  TE case  ( t h e r e  i s  
no ver t ica l  magnetic f i e l d  i n  t h e  TM response) .  

From t h e  ca l cu la t ed  e lec t romagnet ic  

For t h e  TE response t h e  e l e c t r i c  f i e l d s  are c a l c u l a t e d  from t h e  inc iden t  
plane wave source  over  t h e  r e s i s t i v i t y  model us ing  t h e  f i n i t e  element method. 
The corresponding magnetic f i e l d s  are  then  computed by numerical  d i f f e r e n t i a -  
t i o n  of t h e  e lec t r ic  f i e l d s  via Maxwell's equat ions .  In  t h i s  case t h e  follow- 
i n g  r e l a t i o n  holds :  

where p (w) is  t h e  TE-mode apparent  r e s i s t i v i t y  a t  angular  frequency w; 11 i s  
t h e  magnetic permeabi l i ty ;  E and Hx are t h e  or thogonal  e l e c t r i c  and magnetic 
f i e l d  s t r e n g t h s ,  r e spec t ive ly .  

YX 

Y 

The t i p p e r  i s  ca l cu la t ed  as:  

where $(w> i s  t h e  t i p p e r  phase. 

For t h e  TM response t h e  magnetic f i e l d s  a r e  ca l cu la t ed  from the  f i n i t e  
element method and the  e l e c t r i c  f i e l d s  a r e  computed v i a  Maxwell's equat ions 
from t h e  magnetic f i e l d s .  In  t h i s  case  the  TM-mode apparent r e s i s t i v i t y  i s  
def ined as:  
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With the  TEM program, t h e  use r  i npu t s  t h e  e a r t h  r e s i s t i v i t y  model w i th  a 
g r i d  of d a t a  va lues ;  e i t h e r  a small g r i d  of s i z e  55 x 36 o r  a l a r g e  g r i d  of 
s i z e  101 x 56 may be used. Each g r i d  is  composed of two reg ions .  The inhomo- 
g e n e i t i e s  a r e  r e s t r i c t e d  t o  an i n t e r n a l  reg ion  surrounded by a one-dimensional 
e x t e r n a l  region.  
by t h e  geometry of t h e  body t o  be  modeled and t h e  average r e s i s t i v i t y  of t h e  
e x t e r n a l  region.  
c a l c u l a t i o n s  because t h e  outermost nodal  p o i n t s  must no t  be  a f f e c t e d  by t h e  
secondary f i e l d s  generated by inhomogeneities w i th in  t h e  i n t e r n a l  region.  
i n t e r n a l  reg ion  i s  t h e r e f o r e  r e s t r i c t e d  t o  a s i z e  con t ro l l ed  by "skin depths" 
computed by using t h e  average r e s i s t i v i t y  of t h e  e x t e r n a l  region.  Skin depth 
i s  t h e  d i s t a n c e  over which an  e lec t romagnet ic  wave of  per iod  T ,  t r a v e l i n g  
through a medium of average r e s i s t i v i t y  p, i s  a t t enua ted  t o  approximately one 
t h i r d  of i t s  o r i g i n a l  va lue .  It i s  expressed as 

The s i z e  o f  t h e  i n t e r n a l  inhomogeneous reg ion  i s  determined 

The r e s i s t i v i t y  of t h e  e x t e r n a l  reg ion  is  important i n  t h e s e  

The 

6 = 0 . 5 m  

where 6 i s  the s k i n  depth i n  k i lome te r s  and 
seconds,  r e spec t ive ly .  With t h e  small  g r i d  
3 x 2 . 4  s k i n  depths i n  dimension; t h e  l a r g e  
i n t e r n a l  reg ion .  

p and T are i n  o h m - m e t e r s  and 
t h e  inhomogeneous reg ion  may b e  
g r i d  a l lows 5.2 x 4 f o r  t h e  

The program i s  capable  o f  genera t ing  an unl imited number of MT resistiv- 
i t y  sounding curves f o r  p o i n t s  over t h e  s e c t i o n .  

Another program, PSDPLT, w r i t t e n  by one of t h e  au tho r s  (VL) t akes  t h e  TEM 
program output  and p l o t s  pseudo-sections of apparent  r e s i s t i v i t i e s  and t i p p e r s  
as shown i n  t h e  appendices.  

The major drawback t o  program TEM, as wi th  any o t h e r  h igh ly  accu ra t e  
numerical  s o l u t i o n  over  a l a r g e  g r i d ,  is  t h e  high c o s t  of computer runs .  
Using t h e  LBL CDC 7600 computer, w e  f i n d  t h a t  a run on t h e  small g r id  c o s t s  
approximately $ 7  pe r  frequency o r  approximately $120 f o r  a s u i t e  of 1 7  f r e -  
quency soundings o r  p r o f i l e s .  
f o r  1 7  frequency soundings.  

The l a r g e  g r i d  c o s t s  $40 per  frequency o r  $700 

THE CATALOGUE 

This ca t a logue  is  presented  without  a n a l y s i s  o r  d i scuss ion  of 16 two- 
dimensional r e s i s t i v i t y  pseudo-sections.  

For each model s e c t i o n ,  apparent  r e s i s t i v i t y  vs. per iod  is  p l o t t e d  f o r  
t h e  TE-mode and TM-mode. In  a d d i t i o n ,  t i p p e r  amplitude vs .  per iod i s  p l o t t e d  
f o r  t h e  TE-mode. The p l o t s  were cons t ruc ted  from 55 t o  100 soundings made a t  
1 7  f requencies .  Models have been d iv ided  i n t o  s i x  types:  

1. 

2 .  

Semi- inf in i te  ve r t i ca l  con tac t ,  Models 1-a, 1-b and 1-c (Appendix 1). 

Vertical con tac t  i n  s u r f a c e  l a y e r ,  Models 2-a and 2-b (Appendix 2 ) .  
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3. Vertical contac t  concealed by a s u r f a c e  l a y e r ,  Models 3-a, 3-b, and 

4 .  Shallow bas in ,  Models 4-a, 4-b, 4-c and 4-d (Appendix 4) .  

3-c (Appendix 3 ) .  

5.  V e r t i c a l  inhomogeneity beneath a su r face  l a y e r ,  Model 5-a (Appendix 
5) 

6. Two-layer b a s i n  over ly ing  deep conductor,  Models 6-a, 6-b and 6c 
(Appendix 6 ) .  

A ve r s ion  of t h i s  program w i l l  be  a v a i l a b l e  wi th  documentation i n  t h e  
F a l l  of  1978. 
Department, Univers i ty  of C a l i f o r n i a ,  Berkeley. 

Information w i l l  be  a v a i l a b l e  through t h e  Engineering Geosciences 
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