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USE OF ELF MEASUREMENTS TO SUPPLEMENT VLF AND MAGNETO TELLURIC 
SIGNALS I N  ELECTROMAGNETIC PROSPECTING 

J. W .  F o l l i n ,  Jr. and K .  Yu 

The Johns  Hopkins U n i v e r s i t y  Appl ied  P h y s i c s  Labora tory  
Johns Hopkins Road, L a u r e l ,  Maryland 20810 

The Johns  Hopkins U n i v e r s i t y /  
Appl ied  P h y s i c s  L a b o r a t o r y  h a s  looked a t  
t h e  u s e  of t h e  c o h e r e n t  ELF t r a n s m i s s i o n s  
from t h e  U.S. Navy's SANGUINE t r a n s m i t t e r  
i n  Wisconsin i n  p r o s p e c t i n g  f o r  geotherm- 
a l  b r i n e s  and o t h e r  anomalous c o n d u c t i v i t y  
r e g i o n s  i n  t h e  e a r t h .  The advantage  of 
u s i n g  these s i g n a l s  is t h a t ,  f i rs t ,  t h e y  
come from a powerfu l  t r a n s m i t t e r  and 
a n t e n n a  system, and ,  second,  t h e  c o h e r e n t  
t r a n s m i s s i o n s  a f f o r d  s i g n a l  i n t e g r a t i o n  
t i m e s  of h o u r s  ( i f  n e c e s s a r y ) .  W h i l e  t h e  
s k i n  depth  o f  these s i g n a l s  (45 and 75 H z )  
r e s t r i c t s  a c c u r a t e  measurements t o  dep ths  
of 2-5 kms, t h e  p r e c i s i o n  w i t h  which t h e y  
may be made p r o v i d e s  s i g n i f i c a n t  informa- 
t i o n  about  s u b s u r f a c e  geology.  I t  is  
i m p o r t a n t  t o  p r o c e s s  VLF s i g n a l s  a s  w e l l  
(12-18 KHz) t o  h e l p  s e p a r a t e  t h e  e f f e c t s  
of s u r f a c e  t e r r a i n  f e a t u r e s ,  a s  w e l l  a s  
m a g n e t o - t e l l u r i c  (MT) s i g n a l s  f o r  probing  
deeper i n t o  t h e  ear th  t o  o b t a i n  t h e  f u l l  
s t o r y  of t h e  s t r u c t u r e  o f  t h e  anomalies  
b e i n g  measured. I n  a d d i t i o n  t o  t h e  u s e  
of c o h e r e n t  i n t e g r a t i o n  w i t h  s i g n a l s  a t  
each antenna  l o c a t i o n ,  i t  is  p o s s i b l e  t o  
o b t a i n  c o h e r e n t  i n f o r m a t i o n  from a set of  
a n t e n n a  l o c a t i o n s .  These may be used  t o  
f i t  t h e  s p a t i a l  p a t t e r n  of s i g n a l  s c a t t e r -  
i n g  from deep anomal ies  t o  o b t a i n  f u r t h e r  
improvement i n  s i g n a l  p r o c e s s i n g  and 
anomaly i d e n t i f i c a t i o n :  i t  is  these fea-  
t u r e s  which  make t h e  method of  g r e a t  pow- 
er i n  g e o l o g i c a l  p r o s p e c t i n g .  

An example of  t h e  scattered s i g n a -  
t u r e  on t h e  s u r f a c e  above a l o c a l  h igh  
c o n d u c t i v i t y  volume o f  spher ica l  o r  para-  
boloidal shape is  shown i n  F i g .  1 on 
s e v e r a l  t r a v e r s e s  n e a r  t h e  anomaly. T h i s  
c o h e r e n t  p a t t e r n  s h o u l d  be compared w i t h  
t h e  p a t t e r n  i n  F i g .  2 of a h i g h  conduct iv-  
i t y  d ike  anomaly t o  show t h e  p o s s i b i l i t i e s  
of anomaly i d e n t i f i c a t i o n .  

The dominant background n o i s e  i s  
t h e  MT background a t  t h e  SANGUINE fre- 
q u e n c i e s .  The former c o n s i s t s  of  two 
par t s  - t h e  first from d i s t a n t  thunder -  
s t o r m s  and magnetospher ic  d i s t u r b a n c e s ,  
whi le  a d d i t i o n a l  p u l s e  t y p e  i n t e r f e r e n c e  
may be g e n e r a t e d  by nearby thunders torms .  

These i n t e r f e r i n g  p u l s e s  w i l l  be e d i t e d  
from t h e  measured d a t a  b e f o r e  i n t e g r a t i o n  
t o  o b t a i n  t h e  best p o s s i b l e  s i g n a l  t o  
n o i s e  r a t i o .  The mean n o i s e  a m p l i t u d e  
(E,) is  expec ted  t o  be 

For 

CY = mho/m and E = eo , 

t h e  cor responding  

Ell i s  -144 dB 

o r  
6 x lod8 V/m 6 

The i n c i d e n t  Ell i s  expec ted  t o  be 

2 x loe8 v / m  +G . 
F i g u r e  3 is  a p l o t  of t h e  s i g n a l  t o  n o i s e  
a n t i c i p a t e d  f o r  t y p i c a l  anomal ies  a t  v a r i -  
o u s  d e p t h s  showing t h a t  i n t e g r a t i o n  times 
of h a l f  a n  hour t o  a n  hour are a d e q u a t e .  

The i n c i d e n t  Ell ampl i tude  was estimated 
from t h e  measurements by P. R. B a n n i s t e r ,  
w h i l e  t h e  n o i s e  background used  here i s  
based  upon t h e  measurements by E .  L. 
Maxwell. 

I n  a l l  g e o l o g i c a l  p r o s p e c t i n g ,  
i t  is n e c e s s a r y  t o  u s e  t o  t h e  u tmost  
t h e  very  f e w  data  p o i n t s  which  are 
a v a i l a b l e  t o  d e c i p h e r  t h e  complexi ty  
of t h e  v a r i o u s  g e o l o g i c a l  s t r u c t u r e s .  
I t  i s  desirable,  for  example,  t o  make 
g r a v i t y  and magnet ic  anomaly measure- 
ments  a t  each  of t h e  an tenna  l o c a t i o n s  
i n  t h e  e l e c t r o m a g n e t i c  s u r v e y  t o  g e t  
a d d i t i o n a l  s t r u c t u r e - d e p e n d e n t  informa- 
t i o n  f o r  l a te r  data  p r o c e s s i n g  on  t h e  
computer t o  o b t a i n  a s e l f - c o n s i s t e n t  
d e t e r m i n a t i o n  of t h e  geothermal  s o u r c e .  
Our s t u d i e s  t o  date  show t h a t  t h e  ELF 
measurements can  make a s i g n i f i c a n t  
c o n t r i b u t i o n  t o  t h e  u n d e r s t a n d i n g  o f  
t h e  s u b s u r f a c e  s t r u c t u r e .  
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Fig. 1 Scattered Wave Signature Due to an Underground 
High Conductivity Anomaly 
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Fig. 2 Scattered Signature Due to a High Conductivity Dike 
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Fig. 3 Signal to Noise Ratios (in 1 Hz Band) for Several 
Traverses Near a High Conductivity Anomaly 


