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ABSTRACT -- 
The last three years the head-on resistivity 

profiling method has been tested in geothermal 
prospecting in Iceland. It has proved extremly 
useful in detecting and locating subvertical 
aquifers in low temperature geothermal areas where 
other methods have failed. The method is a 
combination of the "half Schlumberger method" and 
ordinary profiling with Schlumberger arrangement. 
The principle of the method and interpretation is 
discussed, and field examples are shown from areas 
where the model obtained has been confirmed by 
drilling. 

INTRODUCTION - 
Detection and location of conductive, 

subvertical faults, dykes or fractures is one o f  
the major tasks in geothermal prospecting, a s  
well as in many other brances of exploration 
geophysics. In geothermal fields aquifers are 
commonly connected with fractures and the key to 
successful drilling is to cut: them at a desired 
depth. Several exploration methods have been used 
to map subvertical fractures, such a s  geological 
mapping, ground magnetic surveys, self potential 
maesurements, various types of electromagnetic 
methods and resistivity profiling. Although 
geological mapping and magnetic measurements are 
frequently quite useful in detecting faults and 
dykes they do not distinguish between conductive 
and n o n c o n d u c t i ~ e  ones and hence dont indicate if 
they are waterbearing or not. 

Self potential (SP) surveys have been tried 
with positive results to locate fractures in some 
geothermal fields in USA (Corwin and Hoover 1979). 
The experience from SP measurements in geothermal 
fields in Iceland indicates that self potential 
anomalies are exceptional. As well the 
interpretation o f  SP anomalies are usually 
troublesome. 

The electromagnetic measurements (EM) are of 
limited use as well, mainly because o f how 
sensitive they are to man-made structures such as 
pipelines, cables and fences. The depth 
penetration is also poor  in most EM methods. 
Therfore same kind of resistivity profiling seems 
to be the most promising way o f  detecting 
subvertical, waterbearing fractures. 

Profiling methods with several different 
electrode conifigurations have been tried. Brass 
et al. (1981) carried out field tests with 
different electrode configuration over known 
graphite deposits in Germany and found that the 
"half-Schlumberger array" gave the most reliable 
results. 

A m3dified version o f  the half-Schlumberger 
method, named the "combined head-on resistivity 
profiling method", has been used in China since 
1958 (Cheng 1980). Originally it was mainly used 
to detect narrow conducting zones in mining 
prospecting but since 1965 it has also been used 
in geothermal prospecting in China. 

In the last three years this method has been 
under test and evolution in prospecting f o r  
subvertical faults in low temperature areas in 
Iceland. 

THE PRINCIPLE OF THE METHOD 
rn 

The electrode arrangement for the head-on 
resistivity method is shown on fig. 1 .  An 
ordinary Schlumberger arangement is set up with 
current el9ctrodes A and B and potential 
electrodes M and N, In addition, the third 

OC .> 4 OA 

Figure 1. Scematic picture o f  the electrode 
arrangement in head-on resistivity profiling. 
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c u r r e n t  e l e c t r o d e ,  C ,  i s  used,  p l a c e d  a t  
" i n f i n i t y " .  C i s  c o n s i d e r e d  t o  be  a t  i n f i n i t y  when 
t h e  d i s t a n c e  f r o m  t h e  p o t e n t i a l  a r r a y  MN i s  l a r g e  
enough t o  n e g l e c t  t h e  p o t e n t i a l  a t  M and N due t o  
c u r r e n t  s o u r c e  a t  C .  I t  can be  shown t h a t  t h e  
p e r p e n d i c u l a r  d i s t a n c e  f r o m  t h e  l i n e  o f  t h e  
p r o f i l e  t o  t h e  c u r r e n t  s o u r c e  C,  has  t o  be f o u r  
t i m e s  as  g r e a t  as t h e  d i s t a n c e  O A  ( =  OB =AB/2) i f  
t h e  e r r o r  dJe t o  t h e  c u r r e n t  f r o m  C i s  t o  be k e p t  
w i t h i n  2.5%. 

The v o l t a g e  be tween M and N i s  mzasured when 
c u r r e n t  i s  t r a n s m i t t e d  be tween A and C,  B snd C 
and A and 8 ,  and t h r e e  c o r r e s p o n d i n g  v a l u e s  o f  t h e  
a p p a r e n t  r e s i s t i v i t y  c a l c u l a t e d ,  AC, BC and 
p The a r r a y  AMNB i s  t h e n  moved g r a d u a l l y  a l o n g  
t k e  p r o f i l e  and new v a l u e s  o f  t h e  r e s i s t i v i t y  a r e  
c a l c u l a t e d .  The r e s i s t i v i t y  i s  p l o t t e d  as  a 
f u n c t i o n  o f  t h e  l o c a t i o n  o f  t h e  c e n t e r  o f  
a r rangement  0. 

On ly  two o f  t h e  t h r e e  r e s i s t i v i t y  v a l u e s  a r e  
i n d e p e n d e n t .  Thz pAB i s  j u s t  an average o f  t h e  
two o t h e r  r e s i s i v i t y  and c o u l d  j u s t  be  c a l c u l a t e d  
f r o m  them. On t h e  o t h e r  hand s i n c e  p,, c a n  be 
measured v e r y  q u i k l y ,  i t  i s  t r o n g l y  recommended as 
i t  p r o v i d e s  i n f o r m a t i o n  on  t h e  q u a l i t y  o f  t h e  
measurements.  

When p r e s e n t i n g  d a t a  f r o m  head-on r e s i s t i v i t y  
p r o f i l i n g ,  i t  i s  more c l e a r  t o  p l o t  t h e  a,, and 
t h e  d i f f e r e n c e s  - 9 ( d g z o t e d  
as p A C - A B  and p BC:AB :?!n;n:h?cproPi?es I s i n c e  
l a r g e  v a r i a t i o n s  i n p A B  a r e  common. 

I n  case o f  homogeneous i s o t r o p i c  e a r t h ,  a l l  
t h e  t h r e e  r e s i s t i v i t y  v a l u e s  a r e  i d e n d i c a l .  B u t  
i n  p r e s e n c e  o f  v e r t i c a l  r e s i s t i v i t y  c o n t r a s t s  t h e y  
become d i f f e r e n t .  The e l e c t r i c  c u r r e n t  a l w a y s  
t e n d s  t o  f l o w  a l o n g  a c o n d u c t i v e  f r a c t u r e .  
T h e r e f o r e  t h e  c u r r e n t  d e n s i t y  w i l l  i n c r e a s e ,  
compared t o  homogeneous e a r t h ,  i n  t h e  a r e a  between 
t h e  c u r r e n t  s o u r c e  ( A  or B )  and t h e  c o n d u c t i v e  
f r a c t u r e ,  b u t  d e c r e a s e  e lsewhere .  S i n c e  t h e  
e l e c t r i c  f i e l d  i s  p r o p o r t i o n a l  t o  t h e  c u r r e n t  
d e n s i t y  by  Ohm's l a w  and t h e  a p p a r e n t  r e s i s t i v i t y  
i s  p r o p o r t i o n a l  t o  t h e  e l e c t r i c  f i e l d  i n  t h e  
v i c i n i t y  o f  t h e  p o t e n t i a l  a r r a y  M V ,  an e l e v a t e d  
a p p a r e n t  r e s i s t i v i t y  w i l l  be  measured when MN a r e  
be tween t h e  c u r r e n t  s o u r c e  and t h e  c o n d u c t i v e  
f r a c t u r e ,  b u t  decreased e l s e w h e r e .  

I n  f i g .  2 .a t h e o r e t i c a l  model  f o r  a p r o f i l e  
c r o s s i n g  c o n d u c t i v e  dyke i s  shown. When t h e  a r r a y  
AMNB ( f i g .  1 )  i s  a p p r o c h i n g  a c o n d u c t i v e  f r a c t u r e  
f r o m  l e f t  w i t h  B l e a d i n g ,  t h e  v a l u e  o f  pB w i l l  
d e c r e a s e  (pBc-pgB n e g a t i v e )  s i n c e  t h e  p o f e n t i a l  
a r r a y  MN i s  n o t  e tween B and t h e  f r a c t u r e .  On t h e  
o t h e r  hand IJN i s  between A and t h e  f r a c t u r e  so t h e  
v a l u e  o f  pAc w i l l  be  i n c r e s e d  ( p  w i l l  be  
p o s i t i v e ) .  When MN c r o s s e s  !ke- %!cture t h e  
s i t u a t i o n  i s  r e v e r s e d ,  i . e .  becomes 
n e g a t i v e  and pAc-AB p o s i t i v e .  %itB above t h e  
f r a c t u r e  pAC and pBc w i l l  be e q u a l ,  i . e .  t h e  
c u r v e s  f o r  pAc-A and peC-Ae w i l l  c r o s s  each 
o t h e r .  T h e r e f o r e  i& i s  easy i n  s i m p l e  cases  t o  

f i n d  t h e  s t r i k e  o f  t h e  c o n d u c t i v e  f r a c t u r e  by  
mapping t h e  c r o s s o v e r  p o i n t  on  s e v e r a l  l i n e s .  

INTERPRETATION OF HEAD-ON D A T A  - 
U n f o r t u n a t e l y ,  t h e  r e a l  e a r t h  i s  seldom as  

s i m p l e  as d e m o n t r a t e d  i n  t h e  t h e o r e t i c a l  examples 
i n  f i g .  2. L a r g e  n e a r  s u r f a c e  r e s i s t i v i t y  
a n o m a l i e s  f r e q u e n t l y  o c c u r  and e s p e c i a l l y  i n  
a r e a s  o f  h i g h  dyke d e n s i t y  or s t r o n g l y  f a u l t e d  
a r e a s  c o n s i d e r a b l e  v e r t i c a l  r e s i s t i v i t y  c o n t r a s t s  
a r e  observed.  I n  sgch c o m p l i c a t e d  cases ,  t h e  
c u r v e s  f o r  pAc and pB do n o t  n e c c e s s a r y  c r o s s  
above c o n d u c t i v e  f r a c f u r e s ,  and d e t a i l e d  m 3 d e l l i n g  
i s  needed. 

A t  t h e  N a t i o n a l  E n e r g y  A u t h o r i t y  i n  I c e l a n d  
t h e  m o d e l l i n g  i s  done b y  a f i n i t e  d i f f e r e n c e  
program,  based on  Dey ( 1 9 7 6 ) .  A n  i n i t i a l  m3del i s  
made by  l o o k i n g  a t  t h e  d a t a  and t h e  program 
c a l c u l a t e s  t h e  model  response,  w h i c h  i s  th=n 
m a n u a l l y  compared t o  t h e  o r i g i n a l  d a t a .  The m3del  
i s  t h e n  a d j u s t e d  u n t i l  a s a t i s f a c t o r y  f i t  i s  
o b t a i n e d .  I n  such i n t e r p r e t a i o n  one mgst  keep i n  
m i n d  t h a t  t h e  model  o b t a i n e d  i s  n o t  an u n i q u e  
s o l u t i o n .  

F i g s .  2 and 3 b o t h  show t h e o r e t i c a l  c u r v e s  
f o r  a mode l  c o n t a i n i n g  a 25 m, c o n d u c t i v e  dyke i n  
a homogeneous medium. The dyke i n  f i g .  2 r e a c h e s  

and OYC-A? 
t o  t h e  s u r f a c e .  The c u r v e s  f o r  p, AB 
c r o s s  j u s t  above t h e  d y k e  an$- an  anoma y o 
a p p r o x i m a t e l y  30 Ohmm i s  found,  wh ich  i s  
a p p r o x i m a t e l y  30% o f  t h e  r e s i s t i v i t y  i n  t h e  
homogeneous media.  A l s o  a l o w  r e s i s t i v i t y  anomaly 
o f  about  50 Ohmm i s  f o u n d  i n  t h e  c u r v e  j u s t  
above t h e  dyke.  The d y k e  on f i g P A g  i s  b u r i e d  a t  
200 m d e p t h .  As b e f o r e  t h e  c u r v e s  f o r  and 

%c-AB 
each o t h e r  j u s t  above t h e  d y f e  and 

t e a m p l i t u d e  o f  t h e  a n o a a l y  i s  a p p r o x i m a t e l y  
12 Ohmm. The c u r v e s  f o r  show n3w a maximum 
v a l u e  above t h e  c o n d u z t i v z A B d y k e  w i t h  minimum 
v a l u e s  on  b o t h  s i d e s .  T h i s  s u g g e s t s  t h a t  
r e s i s t i v i t y  p r o f i l e s  w i t h  Sch lumberger  a r rangement  
can e a s i l y  be m i s i n t e r p r e t e d .  

pAC A 
c r o s s  

F i g .  4 shows a t h e o r e t i c a l  c u r v e s  f o r  a 25 m 
t h i c k ,  l o w  r e s i s t i v i t y  s u r f a c e  anomaly i n  
homogeneous medium. Compar ison w i t h  f i g .  2 shows 
t h a t  s i m i l a r  anomaly i n  t h e  pAB c u r v e s  a r e  
o b t a i n e d  i n d i c a t i n g  t h a t  t h e  pAB c u r v e  p r i m a r i l y  
r e f l e c t s  n e a r  s u r f a c e  s t r u c t u r e s .  T h i  c u r v e s  f o r  
PA A B  and p AB show c o n s i d e r a b l y  l e s s  anomaly, 
boF6 i n  a m p l i e u d e  and h o r i z o n t a l  e x t e n t .  T h i s  
s u g g e s t s  t h a t  i t  i s  p o s s i b l e  b y  m o d e l l i n g  work t o  
d i s t i n g u i s h  between l o w  r e s i s t i v i t y  anomal ies  
caused by  dykes and t h o s e  w h i c h  a r e  caused by  
s u r f a c e  Dhenonmena. 

I n  f i g .  5 t h e o r e t i c a l  c u r v e s  f o r  a h i g h  
r e s i s t i v i t y  dyke  i n  homogeneous e a r t h  i s  shown. 
The c u r v e  f o r  p , shows v e r y  s t r o n g  and n a r r o w  
anomaly j u s t  a!?ove t h e  dyke,  b u t  t h e  a n o m a l i e s  i n  
t h e  pAc,AB and %c-AB c u r v e s  a r e  c o m p l i c a t e d  and 
o f  l o w  a m p l i t u d e .  
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EQUIPMENT AN0 FIELD PROCEOURE -- 
The head-on r e s i s t i v i t y  p r o f i l e s  i n  I c e l a n d  

a r e  u s u a l l y  1-3 km l o n g .  The i n s t r u m e n t s  used a r e  
d e s i g n e d  and p r o d u c e d  by M i c r o p r o c e s s o r  Technology 
L t d .  i n  R e y k j a v i k ,  i n  c o o p e r a t i o n  w i t h  t h e  
e l e c t r i c a l  l a b o r a t o r y  o f  t h e  N a t i o n a l  Energy 
A u t h o r i t y .  The equ ipment  i s  composed o f  two u n i t s ,  
a 500W c o n s t a n t  c u r r e n t  t r a n s m i t t e r  d r i v e n  b y  a 
24 V c a r  b a t t e r y  and a m i c r o p r o c e s s o r  c o n t o l l e d  
r e c e i v e r  un i t .  The s i g n a l  f r o m  t h e  t r a n s m i t t e r  has 
a f o r m  c l o s e  t o  a square  wave w i t h  p e r i o d  4, 8, o r  
16 sec .  Maximum o u t p u t  c u r r e n t  i s  1 Am?er and 
maximum o u t p u t  v o l t a g e  i s  1000 V o l t .  Each t i m e  t h e  
p o l a r i t y  o f  t h e  s i g n a l  changes a s y n c r o n i z i n g  p u l s  
and t h e  v a l u e  o f  t h e  t r a n s m i t t e d  c u r r e n t  i s  s e n t  
t h r o u g h  a f i b e r  o p t i c  c a b l e  t o  t h e  r e c e i v e r .  The 
i n p u t  s e n s i t i v i t y  o f  t h e  r e c e i v e r  i s  5 V .  I t  
measures t h e  v o l t a g e  d i f f e r e n c e ,  i n t e g r a t e d  o v e r  a 
s h o r t  p e r i o d  o f  t i m e ,  be tween t h e  p o s i t i v e  and t h e  
n e g a t i v e  p a r t  o f  t h e  i n c o m i n g  s i g n a l .  Thxs b o t h  
h i g h  f r e q u e n c y  n o i s e  and d r i f t  i n  t h e  s e l f  
p o t e n t i a l  a r e  i g n o r e d .  The m i c r o p r o c e s s o r  
c a l c u l a t e s  t h e  average v a l u e  o f  t h e  c u r r e n t  and 
t h e  v o l t a g e  s i g n a l ,  t h e  a p p a r e n t  r e s i s t i v i t y  and 
i t s  s t a n d a r d  d e v i a t i o n  and numbers o f  r e a d i n g s .  
The d a t a ,  t h e  c a l c u l a t e d  v a l u e s  and some 
i n f o r m a t i o n  on t h e  geomet ry  appears  on  a d i g i t a l  
d i s p l a y .  I t  i s  a l s o  p o s s i b l e  t o  c o n n e c t  a p r i n t e r  
and a d a t a  l o g g e r  t o  t h e  r e c e i v e r  and s t o r e  a l l  
measured v a l u e s .  

The c u r r e n t  e l e c t r o d e s  a r e  a p p r o x i m a t e l y  50cm 
l o n g  s t e e l  or a l u m i n i u m  rods. I n  a r e a s  o f  h i g h  
c o n t a c t  r e s i s t i v i t y  s e v e r a l  p a r a l l e l  c o n n e c t e d  
r o d s  a r e  used.  The p o t e n t i a l  e l e c t r o d e s  c o n s i s t  o f  
a copper  r o d  i n  a CuS04 s o l u t i o n .  

The d i s t a n c e  between t h e  p o t e n t i a l  e l e c t r o d e ,  
M and N, i s  u s u a l l y  50 m.  The d i s t a n c e  f rom t h e  
c e n t e r  o f  a r r a y  t o  t h e  c u r r e n t  s o u r c e s  A (OA) and 
B ( O B )  i s  between 250 m and 750 m.  Each l i n e  i s  
u s u a l l y  measured f o r  two or t h r e e  d i f f e r e n t  v a l u e s  
o f  O A .  When d e c i d i n g  t h e  d i s t a n c e  O A  s e v e r a l  
t h i n g s  must  be  t a k e n  i n  t o  a c c o u n t .  F i r s t l y  we 
want t o  m i n i m i z e  e f f e c t s  f r o m  n e a r  s u r f a c e  
i n h o m o g e n e i t i e s .  T h i s  can b e  done by  h a v i n g  OA 
l a r g e ,  b u t  t h a t  means l o w e r  v o l t a g e  s i g n a l  and 
i n c r e a s e d  e l e c t r o m a g n e t i c  c o u p l i n g  between 
c u r r e n t  and p o t e n t i a l  w i r e s .  O b v i o u s l y  we need. 
some s o r t  o f  compromise.  F i g .  6 shows t h e  maximum 

f o r  t h r e e  d i f f e r e n t  a m p l i t u d e  c u r v e s  o f  t h e  p 
v a l u e s  o f  t h e  d i s t a n c e  A as  a f u n c t i o n  o f  t h e  
d e p t h  t o  t h e  t o p  o f  a c o n d u c t i v e  dyke i n  
homogeneous media.  The r e s i s t i v i t y  c o n t r a s t  i s  
5:lOO. I n  a l l  cases  a c o n s i d e r a b l e  anomaly i s  
f o u n d  w5en t h e  dyke r e a c h e s  t h e  s u r f a c e  a l t h o u g h  
i t  i s  much l o w e r  f o r  t h e  l a r g e s t  s p a c i n g  t h e n  f o r  
t h e  s h o r t e s t  one. When t h e  d e p t h  o f  b u r i a l  i s  
c l o s e  t o  75 m t h e  a n o m a l i e s  a r e  s i m i l a r  f o r  a l l  
t h e  t h r e e  cases  and b e l o w  130 m t h e  anomaly i s  
l a r g e s t  f o r  t h e  g r e a t e s t  s p a c i n g  O A .  The 
d i f f e r e n c e  between t h e  c u r v e s  f o r  OA=500 m and 
OA=750 m i s  r e l a t i v e l y  s m a l l  so  i t  seems 
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AC-BC - i g u r e  6 .  Maximum a m p l i t u d e  i n  t h e  p 
a s  f u n c t i o n  o f  t h e  d e p t h  o f  b u r i a l  o f  a c o n d u c t l v e  
dyke i n  homogeneous medium. 

r e s o n a b l e  n o t  t o  choose t h e  l a r g e s t  s p a c i n g  used 
more t h a n  500 - 750 m. A c c o r d i n g  t o  f i g .  6 we 
c o u l d  e x p e c t ,  under  f a v o r a b l e  c i r c u m s t a n c e s ,  t o  
be  a b l e  t o  d e t e c t  a l o w  r e s i s t i v i t y  dyke  i f  t h e  
d e p t h  o f  b u r i a l  i s  n o t  more t h a n  200 - 300 m. 

In I c e l a n d  a f i e l d  c rew o f  5-6 i s  commonly 
u s e d  t o  c a r r y  o u t  head-on r e s i s t i v i t y  
measurements.  The r e s i s t i v i t y  i s  measured f o r  o n l y  
one c u r r e n t  arm s i m u l t a n i o u s l y ,  w h i c h  means t h a t  
t h e  a r r a y  AMNB has  t o  be moved t h r e e  t i m e s  a l o n g  
t h e  p r o f i l i n g  l i n e  i f  t h r e e  d i f f e r e n t  d i s t a n c e s ,  
O A ,  a r e  t o  be  measured. O l e  p e r s o n  o p e r a t e s  t h e  
i n s t r u m e n t s ,  w h i c h  a r e  mounted i n  a f o u r  wheel  
d r i v e  t r u c k .  Cab les  a r e  l e d  f r o m  t h e  t r u c k  t o  t h e  
c u r r e n t  and p o t e n t i a l  e l e c t r o d e s .  Two a s s i s t a n t s  
a r e  needed t o  m3ve t h e  c u r r e n t  e l e c t r o d e s  and one 
p e r s o n  moves b o t h  t h e  p o t e n t i a l  e l e c t r o d e s .  The 
f i f t h  p e r s o n  a c t s  as  an a s s i s t a n t  i n  t h e  t r u c k .  
H i s  j o b  i s  t o  a s s i s t  t h e  o p e r a t o r .  

I t  t a k e s ,  on  t h e  average,  1 day t o  c a r r y  o u t  
1 km o f  head-on r e s i s t i v i t y  p r o f i l e  and t h e  c o s t  
i s  c l o s e  t o  1000 $ p e r  day.  The p r o c e s s i n g  c o s t  
i s  e s t i m a t e d  t o  be c l o s e  t o  700 $ p e r  k i l o m e t r e .  
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- EXAMPLE 1 :  G L E R A R O A L U R  NORTH-ICELAND 

In the Glergrdalur low temperature field in 
North Iceland, warm water emerges from an exposed 
dyke in a 50 m deep gully in a mountain side at 
elevation about 200 m above sea level. The hot 
spring is only 2-3 km away from Akureyri, a town 
of 13000 people. Drilling o f  several boreholes 
close to this dyke before 1970 gave negative 
result. The daepest well was 6 4 7  m and showed 
relatively low thermal gradient. Further research 
was abandonned until 1980 when detailed geological 
mapping and a resistivity survey with Schulmberger 
soundings were carried out. 
In the summer 1981 t h e  first head-on survey in 

Iceland was made at Glererdalur along several 
lines perpendicular t o  the strike. Each line was 
measured by two different spacings, OA (fig.11, 
200 m and 400 m. T h e  distance between the 
potential electrodes M and N was 50 m and the 
resistivity was measured every 25 m along the 
prospecting line. Fig. 7 shows an example o f  the 
data and its interpretation. Two low resistivity 
fractures were observed, interpreted t o  be 
permeable fractures. Several thermal gradient 
wells (100-300 m) were drilled in t h e  area and a 
high thermal gradient was observed above these 
fractures. This was followed by drilling o f  793 m 
deep production well, sited over the left low 
resistivity anomaly 
I -  

GLERARDALUR, NORTH ICELAND 
HEAD-ON RESISTIVITY PROFILE 
DATA, MODEL AND MODEL RESPONSE 

.. 
20 to -20 

t -40 

" - I . ,  I , .  1 .  

-500 -300 -io0 JOO 3iO ' 560 In) 

. . . .  
- i o  i " "  560 

Distance lm) 

Figure 7. A head-on resistivity model and 
calculated model response o f  the Glergrdalur 
geothermal field in North Iceland compared to 
the field data (dotted lines). Drilling into 
the 10 Ohmm low resistivity anomaly was 
successful. 

on fig. 7. A permeable dyke was cui in this well 
and approximately 30 l/s o f  62 C water i s  now 
pumped t o  Akureyri where it i s  used for space 
heating. 

The total cost o f  a l l  the prospecting surveys 
was 54000$, and the total drilling cost was 
3670008. The mean annual energy production from 
the area is now 32.3 GWh. If the area has a life 
time o f  25 years and the interests are 8% per year 
the then the part o f  the energy price which is due 
to prospecting and drilling is as low a s  1.2 mills 
per KWh. 

EXAMPLE 2: URRIDAVATN, EASTERN ICELAND 

At the bottom o f  lake Urridavatn in Eastern 
Iceland hot water emerges from the basement at 
depth o f  10-20 m. Detailed investigation o f  the 
geothermal system is described by Einarsson et 
a1.(1983) Ground magnetic surveys and geological 
mapping shows several dykes and faults crossing 
the upflow area. Six wells were drilled, either 
from the shore or from a narrow protrusion which 
was built for the purpose o f  drilling. The only 
success was that several aquifers at shallow depth 
(100-300 m) were found. Only minor aquifers were 
observed in connectioh with the dykes. The 
deepest well is close t o . 1 8 0 0  m and four wells are 
deeper then 600 m. The temperature o f  the water 
from these wells was only around 621OC, but 
temperature profiles in t h e  deeper wells indicated 
a geothermal system o f  70 -8OOC. Therefore it was 
concluded that the wells had not cut the main 
aquifers. Nevertheless approximately 30 11s o f  the 
water from these wells w a s  pumped t o  the village 
Egilsstabir, 5 km away and used there for space 
heating. Shortly after the pumping began, the 
water from the wells started t o  cool. The only way 
to solve this problem was t o  find the main 
aquifers, which were belived to be subvertical 
fractures. 

In the summer 1983 a head-on resistivity 
survey was carried out across the 530-700 m wide 
lake Urribavatn. Since t h e  lake contains only 
fresh water the resistivity o f  it is o f  the order 
100 Ohmm, which is similar t o  the near surface 
resistivity around the lake. Fig. 8 shows the 
result from a typical head-on resistivity profile 
across the lake, in the vicinity o f  the hot 
springs, and a model which fits the data. T w o  low 
resistivity fractures were observed, the one with 
lower resistivity is close t o  the area o f  the 
main upflow at the bottom o f  the lake. Note that 
even thought very clear intersection o f  the curves 

and is observed, alm3st n o  f o r  PAC-AB anomaly in the curve or P is seen. By comparing 
the models from individualA?ines it was easy t o  
trace the strike o f  the conducting fracture. The 
dip o f  it was estimated from the temperature 
profiles in wells and a new production well was 
sited. At depth between 500 and 700 m, several 
aquifers were cut. After completing the drill'ing 
there was a free discharge o f  approximately 
14 1/s o f  76OC water in spite o f  a drawdown Close 
t o  100 m in the nearby pJmping wells. 
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DISCUSSION 

The examples above a r e  choosen f r o m  s e v e r a l  
cases  where t h e  method has been t r i e d  i n  
p r o s p e c t i n g  f o r  s u b v e r t i c a l  a q u i f e r s  i n  l o w  
t e m p e r a t u r e  g e o t h e r m a l  a r e a s  i n  I c e l a n d .  I n  a l l  
t h e  c a s e s  when i t  has  been p o s s i b l e  t o  f i n d  a l o w  
c o n d u c t i v i t y  f r a c t u r e  by  t h i s  method and have i t  
t e s t e d  b y  d r i l l i n g  t h e  r e s u l t s  has  been p o s i t i v e .  
The main  r e a s o n  f o r  t h e  e f f i c i e n c y  o f  t h e  method 
i n  l o w  t e m ? e r a t u r e  f i e l d s  i n  I c e l a n d  i s  t h a t  l a r g e  
c o n t r a s t  i n  r e s i s t i v i t y  i s  be tween t h e  w a t e r  
b e a r i n g  f r a c t u r e s  and t h e  s u r r o u n d i n g  r o c k s .  I n  
h i g h  t e m p e r a t u r e  g e o t h e r m a l  a r e a s  t h i s  c o n t r a s t  i s  
much l o w e r  and hence t h e  a n o m a l i e s  caused by  
s u b v e r t i c a l  f r a c t u r e s  a r e  s m a l l .  However ,  d a t a  
f r o m  t h e  D l k a r i a  h i g h  t e m p e r a t u r e  g e o t h e r m a l  f i e l d  
i n  Kenya i n d i c a t e s  t h a t  head-on r e s i s t i v i t y  
p r o f i l i n g  may be  o f  g r e a t  i m p o r t a n c e  t h e r e  i n  
l o c a t i n g  f r a c t u r e s  (Mwangi 1982) .  The method i s  
now under  t e s t  i n  h i g h  t e m p e r a t u r e  a r e a s  i n  
I c e l a n d .  
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