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Magnetotell u r i c s  (MT) has found widespread app l ica t ion  i n  the  evaluat ion 

o f  geothermal resources. Taking advantage o f  the  po ten t ia l  a b i l i t y  both t o  
determine deep c rus ta l  proper t ies and t o  i d e n t i f y  and map shallow hot aquifers 
and f l u i d - f i l l e d  f a u l t  systems, MT has been used f o r  both regional  and 
prospect-speci f ic  explorat ion. 

Data acqu is i t ion  instrumentation and processing software have s tead i l y  
increased i n  sophis t icat ion and r e l i a b i l i t y .  As these aspects o f  MT mature, 
more emphasis i s  be ing  p laced on i n t e r p r e t a t i o n ,  i n  p a r t i c u l a r  on t h e  
complicating e f fec ts  o f  geologic s t ruc tu re  as exp lo ra t ion is ts  consider cases 
t h a t  depart from the  simple, plane-layered "Cagniard" earth. Since most, i f  

n o t  v i r t u a l l y  a l l ,  p r a c t i c a l  geothermal e x p l o r a t i o n  problems i n v o l v e  a 
geologic se t t i ng  t h a t  i s  a t  leas t  two-dimensional, the  concern t o  workers i n  
the  f i e l d  can be eas i l y  understood. 

This paper i s  an i n t e r i m  report ,  a "progress review" o f  one informal group 
a c t i v e l y  working on various aspects o f  MT i n te rp re ta t i on  i n  complex areas. 
The authors, representing an academic i n s t i t u t i o n ,  a geophysical cont ractor  
and an explorat ion group, b r i ng  t o  the  study a wealth o f  var ied experience i n  
both theore t ica l  and appl ied research. 

The object ives o f  the paper are three-fold.  F i r s t ,  the  authors wish t o  
share selected p r e l  i m i  nary observations w i th  co l  1 eagues equal l y  concerned with 
the  subject a t  hand, since it has become obvious t h a t  there are subt le  
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p i t f a l l s  i n  MT i n t e r p r e t a t i o n  await ing the unwary. Second, i t  i s  desired t o  
suggest approaches t o  MT survey planning t h a t  take i n t o  account po ten t i a l  

i n t e r p r e t i v e  problems. Last ly,  i t  i s  hoped t h a t  awareness o f  i n t e r p r e t i v e  
problems w i  11 1 ead t o  increased encouragement and support f o r  researchers i n  
the f i e l d .  
MT In terpretat ion,  An Overview 

Standard MT processing r e s u l t s  i n  the ca l cu la t i on  o f  two orthogonal 

apparent resistivity-vs-frequency curves a t  each recording locat ion.  If the  
ear th  i s  not plane layered, then the  two  curves w i l l  i n  general be d i f f e r e n t ,  

and be a l i g n e d  ( a t  l e a s t  i n  t h e  two-dimensional  case) p a r a l l e l  and 
perpendicular t o  s t r i ke .  The goal o f  an MT i n t e r p r e t a t i o n  i s  t o  c o r r e c t l y  
i d e n t i f y  the subsurface conf igurat ion t h a t  l e d  t o  the observed data. This I S  

accomplished through the comparison o f  f i e l d  data w i th  t h a t  obtained from 
model calculat ions,  and/or the d i r e c t  inversion o f  the f i e l d  data. The l a t t e r  
technique has become increas ing ly  popular, w i th  the recogni t ion t h a t  simple 
re1 at ionships e x i s t  whereby each o f  the apparent res1 s t i  v i  ty-vs-frequency 
curves can be inver ted t o  a continuous " i n t r i n s i c ' '  res is t iv i ty -vs-depth form. 
These single-curve inversions, however, assume for each curve t h a t  t he  ea r th  
i s  one-dimensional , thus  two d i f f e r e n t  r e s i s t i v i t y - d e p t h  curves may be 

computed a t  each locat ion.  The i n t e r p r e t e r ' s  j o b  a t  t h i s  p o i n t  i s  one of 
determining how, from the two avai lab le r e s i s t i v i t y - d e p t h  curves, t o  best 
approximate the actual res i s t i v i t y -dep th  relat ionship.  

For geothermal appl icat ions,  the p r inc ipa l  impl icat ions o f  the above are 
as fo l lows: F i r s t ,  for  regional studies i nves t i ga t i ng  the lower crust ,  t h e  
l oca t i on  of the deep conductor ( the presumably hot lower c r u s t )  i s  t he  desired 
target,  and the i n t e r p r e t a t i o n  o f  the lower frequencies, and a co r rec t  
invers ion o f  the low frequency data, i s  c r i t i c a l .  Second, when look ing for  
shallow, hot aqui fers an accurate i n t e r p r e t a t i o n  o f  the l oca t i on  and geometry 
of conductive anomalies i s  the desired resul t .  I n  both cases, i n  a non-one- 
dimensional s e t t i n g  i n t e r p r e t i v e  decisions must be made which, as w i l l  be 
shown, may have a c r i t i c a l  e f f e c t  on the outcome. 
Two-Dimensional Considerations 

I n  a one-dimensional s e t t i n g  w i t h  r e s u l t i n g  i s o t r o p i c  MT d a t a  t h e  

continuous invers ion i s  an excel lent  i n t e r p r e t i v e  t o o l  . I n  pa r t i cu la r ,  if 
crus ta l  parameters are slowly varying l a t e r a l l y  then the i n t e r p r e t a t i o n  of 
r e l a t i v e  depths can be accurate. I n  a two-dimensional set t ing,  however, t h e  
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two inversions ( o f  each o f  the two orthogonal apparent r e s i s t i v i t y  curves) 

W i l l  d i f f e r .  Study o f  a large number o f  two-dimensional model ca lcu lat ions 
and comparison w i th  f i e l d  r e s u l t s  i n  wel l -  understood geologic set t ings leads 

t o  the fo l lowing observations: 
1. The one " c o r r e c t "  apparent r e s i s t i v i t y  cu rve  and t h e  r e s u l t i n g  

inversion, i.e.,the data t h a t  would be observed and calculated if t h e  
st ra t igraphy d i r e c t l y  beneath the s i t e  i n  question extended i n d e f i n i t e l y  
i n  a l l  d i rect ions,  i n  general l i e s  somewhere between the extremes of t he  
two observed curves. It i s  important t o  note t h a t  t h i s  i s  not  

necessari ly a good assumption i n  the three-dimensional case. 
2. I n  some cases, such as the common geologic s e t t i n g  o f  shallow, l a t e r a l  

r e s i s t i v i t y  var ia t ions i n  otherwise plane-layered strat igraphy, one of 
t he  observed r e s i s t i v i t y  curves may be an excel lent  approximation t o  t h e  

"correct"  curve . 
3. I n  some cases, such as l a r g e - s c a l e  basin and range f a u l t i n g ,  t h e  

observed da ta  may be ex t reme ly  a n i s o t r o p i c  and n e i t h e r  cu rve  may 
approximate the "correct"  curve t o  w i t h i n  as much as an order o f  
magnitude, especial ly a t  the lower frequencies. 

4. I n  geologic se t t i ngs  r e s u l t i n g  i n  an isot rop ic  data, low -frequency 
cha rac te r i s t i cs  o f  one o r  both o f  the r e s i s t i v i t y  curves may be much 
more r e f l e c t i v e  o f  l a t e r a l  v a r i a t i o n s  than  v e r t i c a l  s t r a t i g r a p h y .  

Stated more strongly,  low frequencies do not  necessar i ly  equate t o t a l l y  
t o  deep penetration. 

5. When th in ,  h igh ly  conductive s t r a t a  are present, especia l ly  i f  these 
terminate, then an accurate determination o f  depth and extent of t h e  
conductor may be d i f f i c u l t ,  especia l ly  i f  the data are noisy. 

6. A q u a l i t a t i v e  i n t e r p r e t a t i o n  o f  widely spaced MT s i t e s  i s  almost always 
possible even if the data are anisotropic,  given a knowledge o f  the 

regional geologic framework, the topography and surface geology i n  t h e  
v i c i n i t y  of the s i t e .  The quan t i t a t i ve  i n t e r p r e t a t i o n  o f  an isot rop ic  MT 
data becomes credi  b l e  as data becomes avai 1 ab1 e from mu1 t i  p l  e s i t e s  , and 
improves as s i t e s  are spaced more closely,  especia l ly  i n  the v i c i n i t y  o f  
1 a te ra l  r e s i s t i v i t y  var iat ions.  

Three-Dimensional Considerations 

The study o f  the e f f e c t  o f  three-dimensional s t ruc tu ra l  complexity on MT 
data has been d i f f i c u l t  due t o  the l i m i t e d  a v a i l a b i l i t y  o f  appl icable modeling 

48 



programs and the computation expense involved. Recent advances have improved 

t h i s  p i c t u r e ,  and model computat ions have become ava i  1 ab1 e, which have 
provided in te rp re te rs  w i th  considerable ins igh t .  I n  add i t ion  t o  model 
s tud ies ,  t h e  a n a l y s i s  o f  f i e l d  d a t a  ob ta ined  i n  t h e  v i c i n i t y  of  wel l -  
documented, s t rongly  three-dimensional s t ructures has l e d  t o  a s t a r t  towards 
the  understanding o f  what kinds o f  data t o  expect under such circumstances. 

The model studies have been d i rec ted  s p e c i f i c a l l y  a t  problems o f  i n t e r e s t  

t o  regional  geothermal explorat ion.  The resu l t s  i nd i ca te  t h a t  f o r  many 
simple, geo log ica l l y  common se t t ings  w i th  s t ruc tu re  i nvo l v ing  only the  shallow 
upper crust ,  MT data can be af fected such t h a t  - both orthogonal r e s i s t i v i t y  
curves y i e l d  an anomalously sha l l  ow 1 ower crust .  Thus, by u t i  1 i z i  ng standard 

i n t e r p r e t a t i o n  techniques, a "crusta l  upwelling" could be i d e n t i f i e d  i n  cases 
where none i n  f a c t  ex is ts .  O f  p a r t i c u l a r  concern i s  the  case o f  a broad, 
conductive sed iment - f i l l ed  va l ley,  which represents a t y p i c a l  l oca t i on  where a 
regional  MT s i t e  might be placed. What i s  most ins id ious  about t h i s  c lass o f  
problems i s  t h a t  the  data a t  an af fected s i t e  may appear i so t rop ic ;  t h e  
i n t e r p r e t e r  received no warning from the  MT data i t s e l f .  

Once the  p o s s i b i l i t y  o f  the e f f e c t  i s  recognized, then a regional  survey 
can be designed w i th  a g r i d  o f  s i tes.  With a knowledge o f  the  topography and 
the  geological  framework, even a l i m i t e d  number o f  s i t e s  should be able t o  
y i e l d  a c red ib le  in te rpre ta t ion ,  

The f i e l d  data studies have concentrated on an inves t iga t ion  o f  t he  

"out-of-1 i m i t s  phase" phenomenon, whereby the  phase as we1 1 as the  amp1 i tude 
of one of the  orthogonal apparent r e s i s t i v i t y  components appears t o  behave 

anOmalOUSly. I f  one- o r  two-dimensional invers ion techniques are used under 
such c i  rcumstances , erroneous r e s i  s t i  v i  t y  -vs-depth Val ues w i  11 a1 most cer ta in -  

l y  resu l t .  The e f f e c t  appears t o  be the  r e s u l t  o f  u t i l i z i n g  data analys is  
techniques t h a t  invo lve  assumptions t h a t  are i n v a l i d  i n  some three-dimensional 
s i tuat ions.  It i s  normally assumed, f o r  example, t h a t  the  maximum and t h e  
minimum r e s i s t i v i t y  components are orthogonal. I f  i n  f a c t  they are not, then 

the  minimum r e s i s t i v i t y  component may be "contaminated" by a cont r ibu t ion  from 
the  maximum component, g i v ing  r i s e  t o  the  observed errors,  While i n  most 
cases the  existence o f  a problem s i t e  i s  s e l f  -evident, examination o f  po la r  
p l o t s  of the  diagonal as w e l l  as off-diagonal apparent r e s i s t i v i t i e s  should 
become p a r t  o f  the i n t e r p r e t e r ' s  rou t ine  i n  complex areas. 
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Concluding Remarks 
Magnetotel lur ic i n te rp re ta t i on  data i s  a complex a r t ,  even i n  many cases 

where the  data appear straightforward. The recogni t ion o f t h i s  complexity i s  a 
major step towards the rea l i za t i on  o f  the  method's capab i l i t ies .  The study o f  
two- and three-dimensional models w i l l  provide the  i n te rp re te r  w i t h  inva luable 

i f  not c r i t i c a l  ins ight .  F i n a l l y  and most important, a survey should be 
planned u t i l i z i n g  t h i s  ins ight ,  and tak ing  i n t o  account a l l  ava i lab le  regional  

and s i t e -spec i f i c  information. 
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