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ABSTRACT

I n  t ' : i a l  8 8  d i . r - e c r  c u r r e n t  r e s i s t i v i t y  s o u n d , i n g s  a u g m e n t e d  b y  a
= m a i i  a r . a i ap r . r s r  r  p u u r €  e f  d . v 1 t y  S u r v e y  a n d  4  s p  p r o f  i  1 e s  w e r e  p e r - f  o r m e d
d u r - i n g  a  E r e o t h e r m a l  e x p l o r a t i o n  o f  t h e  K a v a s i  1 a  N W  G r e e c e
g e o t h e r m a l  f  i e  1 d .

T h e  a n a  l y s i s  o f  t h e  d a t a  p r o v i c i e d  a s s i s t a n c e  i n
o f  the  c ' r  ig in  and dy- iv ing  rnechan isms o f  the
m a n i f  e s t a r i o n .

T h e  a n e l y s i s  o f  r - e g i o n a l  g : : a v i t y  d a t a  r e r , , e a 1 e d .
an i  nlr^uns i  on wr th a I  I  the kn,:wn surf  ace the:-ma
b e i n S  l o c a t e d  c t r - o L l n i .  t h e  p e r i m e t e : -  o f  t h i s  b o , L y .

I I.]TRODUCT i OI'T

Ko i ' i i  t se
e n t h a  1 p y

t h e  d e s c r i p i i c , n
'rbserved thermal

t h e  p r e s e n c e  o i -
L  m a n i f e s t a t  i o n s

A t  t h e  f  r - o n t i e r  s  o f  A l b a n y  a n i ,  G r ^ e e c e ,  n e a r  t h e  c i t y  o f
( N W  G : : e e c e )  ,  ( F i S . 1 )  ,  s u r - f  a c e  m a n i f  e s t a t i o n  o f  I o w
hydro therna I  ac t  i v i  t y  i  s  we I  I  kn , rwn }ong ago .

l io t  sp i : ings  ( f=3L-C)  and ho t  a i r  coming.  ou t  f rom gr round.
f  i  aer r roo  i /1 -= ! ! * r  )  a re  obser r rec  in  the  sur r , rund. ing  a i -ea  ex tenoed.\ r

b o t h  i n  G z  e e k -  a n c .  A l b a n i a n  t e r r i r o r y .  I { o t  b a t h  c o m p  l e ; q e s  h a v e
b e e n  d e r z e i o p e d  i n  b o t h  c o u n t r i e s  f o r  I o c a l  u s e  a n c .  a r e  i n
oper -a t  i  on  f  o r  rnany  years  .

I n  o r d e : -  t o  s t u d y  i n  c e t a i i  t h e  o r . i g i n  o f  t h a t  I o w  e n t , n a l F y
g e ' r t h e r n a i  i - e s e r v o i r ^ e  a n d  i t s  p o i e n t i a l  f c r  f u t u : - e  u s e  i n  s m a I I
s c a l e 1  i n d u s t r i a i  a c t i v i r y ,  g e o l o g i c a l .  a n d .  g e c p h y s i c a i  m e i h o C s  o f
i .nves t  i  ga t ion  wet -e  emp 1oyed

GEOLOGICAL SETTING

T h e  i n v e s t i g i a t e d  a r e a  i s  l o c a t e d .  b e t w e e n  t h e  r i v e r  S a r a n d . a p o r o 6
a n d  t h e  p i a i n  o f  K o n i t s a  n e a r  t h e  G r e e k  -  A l b a n i a n  b o r d e r .

I t  i s  m a i n l y  o c c u p i e d  b y  f  l y s c h  a n d  E o c e n e  l i m e s t o n e
f  p rga t ] . -ons ,  The f  l vgg l - i  .  cons is ts  o f  a rg i  l  laceous  sch !s t -s  and.
s i  l t s t o n e  a n c  i s  f  o l d e d  c o n f  o i - m a b i y  w i t h  t h e  u n c e r l y i n g  E c c e n e' i  

i m a c f  ^ n a e  / F i g - Z ) .: : r r r u r  s . J t l g a  .  \ I  I g  .  4 )  .

T h e  d i s c o n t i n u i t y  b e t w e e n  f  I y s c h  a n d .  E o c e n e  l i m e s t o n e s  c a n n o t
b e  e a s i l y  C e t e c t e d  a n d  t h e r e  i s  a  s e v e r a l  m e t e r s  t h i c k  t r e . n s i t i o n
z o n e  w h i c h  c o n s i s t s  o f  t h i n l y  b e d . d e d .  c a l c i t e  s i  l t s t o n e  b e t w e e n
t h e m .

The Eocen I  imestones  are  usua 1  ly  th i  n  1y  to  med. i  um bed.d .ed .  ,
m : ' c r o - b r e c c i a t e d ,  f  o l d e d  a n d  f  a u 1 t e d . .  T h e  e x t e n s i v e  d . e v e  l o p m e n t
o f  k a r s t  t h r o u g h o u t  t h e  l i m e s t o n e  m a s s i f  s  i s  a  f  e a t u r e  o f  g i r - e a t
i m p o r t a n c e .  T h i s  k a r s t i f i c a t i o n  i s  b e i n g  c o n t r o i i e d  m a i n l y  b y  t h e
n e t w o r k  o f  v e r t i c a l  j o i n t s ,  w h i c h  a p p e a r s  t o  b e  m o r e  s i . g n i f i c a n t .

B o t h  i e  t h e  s a r a n c a p o r o s  r i r z e r  a n d .  K o n i t s a  p  1 a i n ,  g r e a t
t h i c k n e s s  o f  r e c e n t  o v e r b u r d . e n  o c c u r .  T h e s e  m a t e r i a l  a r e  c o b b l e s
a n d -  p e b s l e s  -  c o n s i s t i n g  o f  p e r i d . o t i t e s , _ _ _ + r a b b r o s , _  _ g u a r t z i t e s ,
e a n r l a r n n o c  l  i r n e s t o n e s  a n c l  d o l o m i t e s ,  w h i  1 e  i n  s o m e  I o c a t i o n s ,
a e p e n a i n g  o n  i o c a l  c o n d . i t i o n s  l e n s e s  o f  s a n d  a n d .  s i  l t  s i z e



mate r i a l  a ] ' e  f ound .
F ina i  i y ,  qua te rna ry  r i ve r  t e r races

ou tc rop  o f  Kon i t sa  p l a i n .

ELECTRI CAI ,  RESISTiVITY SURVEYS

i :-. --t;.-F:i t:. "  : ; l . t ' : :  . :  : . '

a p F e a r t .he nor thern

cu l ^ves  fo l i ow  an
the  d i r ec t i on  o f

wh i ch  i s  c l ea r l y

i j' . q!:::ff.:'1=5:i3mffg

I r r  t oLa i  88  res i s t r v i t y  sound . ings  were  comp le ted "  as  pa r t  o f  t he
exp lo ra t i ' on  e f  f  o r t .  The  measuremen ts  were  taken  i n  two  d . i f  f  e ren t
s tases .  The  t - i r s t  s tage  o f  t he  su rvey  cons i s t i ng  o f  t rave rses
Tr .^  -  Tr^  and.  T, : : ,  was completed.  Cur  ing i  September-  -  November 1985,
whi  Le the seconci  s ta l ie  consis t ing of  t raverses Tr , . ,  T : , : , "  was
connp ier -eC dui - ing suf f l r r rer  l "9g6,  (F iS.3)  .

A11  the  sound i .ngs  a re  gv^ouped  in  e igh t ,  t r ave rses  w i th  a  mean
d  j s tence  o f  200 r r r  be tween  sound . in l r s  f . o r  t rave rses  T l  Ta  "  iS00m
fo r  i r ave rse  T r  and  100m fo r  t rave rse .T , i i r -

Because  o f  t he  h i sn  topograph ic  re  l  i e f  and .  t he  h lq .n  1eve  I  o fvege ta t i on ,  cu r ren t  e l ec t rod "es  we re  sepa ra ted .  a l ong  t he  p ro f i l e
L ines .  The  max imum cu r ren t  e lec t rod .e  spac ing
was  1600m (AB /z=800m)  f o r  a I  1  t he  sound  i ngs  excep t
for  a  smal i  number of  sound. ings towards the center  o f  the
inves t i ga ted  a rea ,  f o r  wh i ch  d  spac ins  o f  4000m was  ad .op ted " .

Spa t  i  a  i  changre  o f  apparen t  res  i  s t  i v i t y

The arnount  of  d .ata so record.ed.  cen p:  ovrr .1e an j .ns ight  in to Lheth ree  -  d imens iona  I  d i s t r i bu t i on  o f  geoe  l ec t r - i c  pa rame te r  s  i n  t he
a rea .  F i gu res  4 * ,nx , " *  show  the  appa ren t  r es i s t i v i t y  con tou rs  ove r
t he  a rea  w i t h  AE /Z  equa l  t o  100 ,  2S0  and  500m.

Because  o f  t he  i r r egu la r  t opog raph i c  r e l i e f  o f  t he  i nves t i ga ted
a rea ,  we  take  as  re fe rence  l eve l  t he  ho r i zon ta l  cen t ra l  pa r t  o ft rave rse  T1  and  a l l  measuremen ts  a re  aC jus ted .  t o  t h i s  l eve1  by
emp loy ing  t he  f , c l l ow ing  f o rmu la :

AB,/ 2*, rr- =AB / Z,r.--r.ir n ar...rc:r r r5r::)() + H

rqhe ie  H  i . s  t he  d i i ?e run"L  i n  aL t i t ude  be tween  the  co r respond . ing
sound ing  and  t he  re fe rence  I eve1 .

Judsins f rom t .hese d iagrams we see that  a)  the
a lmos t  NW -  SE  t rend .  Th i s  i s  i n  ag r reemen t  w i th
contact  be iween the f  lysch and the 1 imestone
exposed  no r t he rn  o f  t he  c i t y  o f  Kon i t sa .

b )  Fo r  a l l  AB /2  =  100 ,  zsO ,  b00m the  appa ren t  r es i s t i v i t y
becomes maximum (p*  )100 Ohm.m) towards th ;  n-UU par t  o f  thea rea .  Th i s  pa t t e rn  re f l ec t s  t he  sha l l ow  dep th  o f  t he  I imes tone
fo rma t i ons .

c )  A reas  w i t h  aFpa ren t  r es i s t i v i t i y  va lues  l ess  t han  i . 00  O .mco : - :  esFonc  to  cons ioe rab le  th i cJ<nesses  o f  t he  f  Lysch  cove r .
F rom the  above  g raphs  we  can  see  a l so  a reas  w i th  ve ry  ]ow

eppa ren t  r es i s t i v i t i e s  i n  a  NW -  SE  d . i r ec t i on ;  occu r i ng  w i t h i n
the  f  i y sch  cove r .  These  l ow  va lues  m ish t  be :

1 )  due  t o  va r i a t i ons  o f  t he  t opog raph i c  r e l i e f .  I n  some  cases



t h i s  i s  c o n f i r m e d  b y  s u p e r - i m p o s i n g  t h e  a p p a r e n t  r e s i s t i v i t y  m a p
o n  t h e  r c F o E r a r u n r . c  m a p .  i n d e e d . ,  t h e  t o p o g r a F h y  , : f  t h e  a r e a  m i s h t
c h a n c r e  t h e  a p p a r - e n t  r e s i e t i v i . t i e s  b y  c h a n g i n g  t h e  g e o m e t r i c
i a c t o r  , r f  t h e  e l e c t r o d e  a r r a n g e m e n t .

2 )  d u e  t o  a  L o c a l  d i f f e r a n t i a t i o n  o f  t h e  e l e c t r i c  p y - o p e r t i e s  o f
t h e  f  l y s c h .

3 )  F i n a l l v  i t  c a n  b e  d u e  t o  t h e  c i r c u l a t i o n  o f  h o t  m i n e r a i i z e o
w a t e r - .

F r o m  t h e  t e c t o n i c  p o i n l  o f  v i e w  t h e  m a i n  f a u l t
encountered .  in  t i re  a rea  have a  NW -  sE t r -enrL  wh i  le  a  ma ln
z o n e  w i t h  t h e  s a i n e  c i i r e c t l o n  i s  l o c a t e d .  t o w a r d . s  t h e  e a s t e r n
o f  t n e  a r e a  w h e r e  t h e  l i m e s t o n e  i s  e x p o s e d . .  T h i s  i . s  a l s o
f  r o m  t h e  a p p , l r e n t  r e s  j s t i v i t y  m a p s  w h e r e  w e  c a n  o b s e r - v e
a p p a r e n i .  r e s i s t i r z i . l y  g r a d i e n t s .

A g  f  a r  a s  t h e  c  i r c u  i  a t  i , r n  o f  h o t  w a t e r
i m p o r t a n t  r o i e  p l a y  t h e  f a u l t s  l o c a t e d  i n  t h e
w h i c h  r e f i e c L  a r e a s  w i t h  h i S h  h y d . r - a u l i c
c o r r e s p o n d  t o  I o w  r e s i s t i v i t y  v a l u e s  w i t h i n  t h e

V E R T I C A L  V A R I A T I O N  O F  F O R M A T i O N  R E S I S T I V I T Y

-:.":
il-:"
, i

: i ;  ,

zoneS
fau l t

B r-l !^f

c  l e a r
l+i -1-'r r r S l i

T h e  i n i e r p r e t a t i o n  o f .  t h e  a p p a i - e n t  r e s i . s t i v i t y  c u r v e s  w a g
P e i - f o r m e d  i n  t w , r  s t a g e s .  D u r i n g  t h e  f i : s t  s t a g e  w e  u s e c L  2  a n C  3
Iayer  nod.e  j  curves ;  w i th  the  aux i  I  ia ry  p ,3 in i  methoe we f  ound.  an
a P p r o x l ' m a t e  E ' e o e l e c L r i c  n o d e i  ( M u n c i r y  e t  a i  L g T g )  .  N e : , < t  w e  r : r s e d  a
computer  Frogram basec i  on  Ghosh,s  method to  improve the  above
m o d e l  u n l i l  t h e  R M s  d i f f e r e n c e  b e t w e e n  o b s e r v e o  a n d  c a i c u i a t e d
c a t a  w a s  l e s s  t h a n  3 % .  T h e  g e o e l e c t r i c  m o d . e l  t h u s  r e f l e c t s  ap o s s i b l e  g e o e i e c t r j c  s e c t j o n .

T h e  o b t a i n e d  g r e o e l e c t r i c  m o d e l s  i o r  t r a v e r s e s  T *  -  X ,  a r e  s h o w n
a F r  I I F  h
f  . .  a  ] J  .  u  .

A s  s e e n  f  r o r n  t h e  o b t a i n e d .  g e o e l e c t r i c  s n c t i n n c  r p i g . 5 ) ,  t h e
€ ^ l 1 ^ * , - ' - -  r - - ^  a - - -! t . l . L  row tng  Ewo  f  o rma t ions  a re  ma in l y  encoun te red . :

( 1 )  A  f o rma t i on  w i t h  e l ec t r i c  r es i s t i v i t i e s  g rea t . e r  t han  tZA
Ohm.m and somet imes up to  2000 Ohra.m corresponCing to  the
l  imes tone  bed rock

i s  c o n c e r n e d . ,  a n
l  imest ,3ne beCrock
cond.uc t  i v i  t y  ,  and

f  l y s c h  c o v e r .

m

o f
+ -

( 2 )  A  f o r rna t , i on  w i t h , - , r es i s t - i v i t i - es  l ess  t han  \ zo  ohm
c' r r respondi  ng to  f  lysch .

I n  some  p laces ,  and  i n  pa r t i cu l a r  t . owa rd . s  t he  cen t ra l  pa r - t
t rave rse  T r  a  su r face  fo rma t ion  co r respond ing  to  r i ve : -  depos i
i s  encoun te red .

Traverse T- _

T h e  i i r s i -  r ; a r r o l , a n f r i n  t . r :r r r q  !  r r  o !  5 L ' J ' J . r - e L r  r e  e r  d V € f S €  t h a t  W a S  p e r f  o f m e d  w a s  t r a r z e r s g
T * r ,  a n d  c o n s i e t e d  o f  s i x  g e c e l e c t r i c  s o u n C i n g s  s e p a r a t e d  b y  o n l y
1 - 0 0 m .

A s  t h e  i n t e : - p r e t a i i o n  d i a g r a m  ( F i s . 5 * . ) ,  s h o w s ,  t h e  l a c a L i o n  o f
the  ho t  -s -g t_ ings  l ies -  ab-ove a  f  au i t  w i th in  the  l imestone bed. rock .
A n r : t h e r  f  a u l t  w i t h i n  t h e  b e d . r o c k  c a n  b e  e a s i  l y  1 o c a t e d .  b e i w e e n
s o u n d i n g  s i t e s  4  a n d  5 .



An  i n te res t i ng  f ea tu re  o f  t he  above  so lu t j on  i s  t he  l ow
res i s t i v r cy  zone  be tween  sound ings  4  anc i  3 .  Th i s  m igh t  co ryespond ,
t o  ho t  m ine ra l i zed  wa te r  f l ow ing  f r cm  the  nea rby  f au l t  i n  t he
bedrcck  and  hav ing  as  a  resu l t  t he  d .ec rease  o f  t he  f  o rma t ion ' s
e lec t r i ca i  r es i s t i v i t y .

Traverse T"

Judg ing  f rom the  apparen t  res i s t i v i t y  g raph  and  the
co r respond ing  geoe  Iec t r i c  sec t i on  o f  t he  above  t rave rse
(F i9 r . 5 t " ) ,  we  obse rve  t he  f  o l l ow ing

a )  The  geoe lec t r ^ i c  bed rock  comes  c lose r  t o  the  su r face  be tween
sound inEs  28  -  34  and  -2  -  - i . 0 ,  wh i  i e  c ips  towarc l s  t he  cen te i :
o f  t ne  t r ' ave i ^se .  As  i t  can  be  seen  f  rom bc th  the  aFparen t
res i s t . i v i t y  anc  g r soe lec t r i c  sec t , i ons ,  + ,he  q reoe lec t r r c  bed . r ^ock  j s
character ized by a gr-eat  number of  f  au l ts ,  and,  por . tays an a lmost
"ho rs t  t ype  "  morpho  l ogy  be  l ow  sound . ings  6 -g  anc  1B-20  .  The
ex i s tence  o f  t he  ho rs t  be low  s i t es  6 -8  was  con f i r rned .  by  g rav i t y
measurernents and corresponds to  1 i rnestone f  ormat  i , rn  whi  1e the
seccnd  ho rs t  t ype  s t ruc tu re  be low  s i t es  l _g -20  i s  a t r i bu ted  to  a
1oca l  d i f f e r ' en t i a t i on  o f  t he  eLec t r i ca l  r ' e s i s , u i v i t y  o f  t he
f  l y sch .

b )  The  f  l ysch  f  o r ^ma t ions  cove r ing  the  a rea  show ia rge  l a te ra t
va r i e t i ons  i n  t he i r  e  I ec t r i . ca l  r es i s t i v i t y .  i  t  i s
che rac te : - i s t j . c  t o  no te  the  1ow res i s t i v i t y  va iues  en r : ; ounL .e red .
& ,?ove  hc rs t  i 8 *20  o f  t ne  geoe  iec t r i  c  basenen t  anc  n i sh t
re f  l ec t  t he  c i r cu ie t i , r n  o f  ho t  m ine ]  a l i zed .  wa te r

c )  The  p r -o jec t i on  o f  t he  Kavas i l a  ho t  sp r i ngs  on  the  ax i s  o f
t r ave rse  T '  co i nc i des  w i t h  t he  l oca i . i on  o f  t he  f au l t  w i t h i n  t he
bed rock  beLow s i t es  26  ZB .

d )  Ve ry  i n t ey ' es t i ng  i s  t he  i ow  res i s t i v i t y  l aye r  I oca ted .
be tween  s i . t , es  -7  and  -2  and  m igh t  be  due  to  the  c i r cu la t i on  o f
ho t  m ine ra i i zed  wa te r  w i t h i n  t he  bed . rock_

Ty"averse T';-

The  ob t .a ined  -  geoe  i ec t r i c -  and .  -appar -en t  res i s t i v i t y  sec , t : ons ,
revea i  t , he  same tec ton i c  f  ea tu res  as  p rev ious  l y .  Thus ,  t he
geoe  l c t r i c  basemen+-  i s  cha rac te r ^ i zed  by  many  f  au l t s  wh i  l e  t h ree
ho rs t s  can  be  l oca ted  be low  s i t es  11 - i . 3  ,  zL - za  and .  0  (F i g . s * )  ,
w i t h  a  co ins i de rab te  dec rease  i n  t he  e  l ec t r i ca l  r es i s t i v i t . y  o f
the  f  l ysch  f  o rma t ion  ove r i y ing r  t hem.

By compar ing the geoelect r ic  sect ions T*  and T: r  vre observe a
d i f f e rence '  i n  t he  abso lu te  dep th  o f  t he  l imes tone  bed rock ,
i nd i ca t i ng  t he  ex i s t ence  o f  a  f au i t  zone  be tween  t he  axes  o f  t he
above t raverses and wi th  the bedrock d ip ins towarCs the south.
The  same f  au l t  zone  can  a l so  be  seen  f  r  onn  the  appar^en1 :
res i s t i v i ' . y  g raphs  (F ig ' . { 1  .

Traverses T:r , T+ , T:s, Tr*



: : , " I

The der ived geoe lect r i  c  sect  i  onsf  or  t raverses T; r .  ,  T*  shown
in  F i s .5  r ' espec t i ve l y .  T i r e  geoe lec t r i c  basemen t  d i . ps  t owa rds  t he
cen te r  o f  t he  t rave rse  and  i s  cha rac te r i zed  by  many  fau i t s  and
hors t  t ype  s t ruc t .u r -es  be low  s i t es  10 ,  6 ,  -4  and  31  ,  Z i ,  LT  and
-2 .

T rave rse  T , , i  shows  a  ve ry  s teep  d ipen ing  o f  t he  g reoe  i ec t r i c
basemen i  t owards  i t s  t e rm ina l  pa r t  wh i  t e  t h ree  ho rs t s  can  be
loca ted  be low  s i t es  22 ,  5  and  9 .

F inal  iy  t raverse T* ,  ind icates a h, :mogieneous nature of  the
f l y sch  w i t h  a  f au l t  w i t h i n  t he  geo lec t r i c  basemen t ,  I oca ted  be low
s i t es  3 -4 .

Tr .a r ze rqo  ' l ' - -

Th i s  t r ave rse  was  ca :  i ^ i ed  ou t  i n  o rd .e r  t o  ob ta i n  a  gene ra l
p i c t u re  c f  r he  gece  l ec t r i c  sec t i on  w i t h i n  t he  Kon i r - sa  va1 Iey .

The  l  imes tone  bed : : ock  i s  l oca ted  up  t o  sound ing  s i t e  z  ,  d . i p i ns
gred.uai  ly  f  rorn le f  t  to  r - isht ,  by a number of  f  auLts wi . th in  the
l imes tone  basemen t  and  wh i ch  can  be  f o i l owed  up  i n  t he  f i y sch  and .
f h o  r i r ; o -  r i o n a c i f e  l ' F i n  6 \

u u i { v J  r  v J  \ r  4 Y  .  v , ,  .

SELF POTENTIAL INVESTIGATiONS

Or+ ing  to  the i r  l  i nk  w i th  wa te r  f  l ow  th roug rh  the  e  i ec t roJ< ine t i c
phencmene .  che  na tu ra i  e l ec t r i c  po ren l i a l s  ( sP )  can  i n  r nany  cases
p inpo in t  a reas  wh i ch  can  be  s i gn i f i can t  geo the rma l  t a rge t s .

In  recen t  yea r^s ,  bo th  the  use  o f  t , he  SP methoo  and  the  e f  f  o r t
t o  s tudy  the  mecnan isms  o f  genera t i on  o f  po ten t i a l .  enoma l ies  have
inc reased  s i gn i f i cen t l y ,  s i nce  a  s t r ong  co r re l a t i on  be iween  Sp
anoma l ies  and  geo the rma l  ac t i v i t y  was  d i scove red  (e . s ' .  Zohdy
e t  a I  1973 ,  Rapo l l a  1974 ,  D iaz  1980 ,  Co row in  and  H r :ove r  1 ,979 )  .

i n  t he  f o l l ow ing ,  w€  repo r t  t he  resu l t s  o f  f ou r  sF  su rveys
ca r r i ed  ou t  a iong  t rave rses  Tm ,  T ' ,  T *  and  T+  and  compare  them
wi i h  l he  resu l t s  ob ta i ned  f r om the  geoe lec t r i c  i nves t i ga t i ons .

The measui  ements were per f  ormed emp loy ing a h is .h impedance
mi  I  L  i vo  l tmeLer .  The  no i se  p robLerns  re  l a ted  to  e  Iec t rodes  have  

"

been  - -ove re  o rne  th r  ough  the  use  o f  copper  copper  su  j f  a te
e lec t roaes  w i th  a  i a rge  con tac t  a rea ,  avo id ins  the  wa te r i nq  o f
the  so i l  and  ca r ry ing  ou t  t he  measuremen ts  i n  a  sho r - t  t ime .

The  aCop ted  p rocedure  fo r  t he  measuremen ts  cons i s ted  i n  us ing  a
s tepw ise  advancemen t  by  50m o f  t he  measu r i ng  o i po le  ( g rad len t
me thod ) .  and  f i na l l y  i n t eg ra t i ng  t he  ob ta i ned  resu l t s .

5F Traverses Tr .  ,  T l . ,  Tu"

I n  F i t J . 6 . , , ,  w e  c o m p a r e  t h e  r n e a s u r e d  S e l f  F o t e n t i a l
c u r v e  f  o r  t r a v e r s e  T r '  w i t h  t h e  o b t a i n e i  g e o e  i e c t i - i . c
sec t : . on . l n e co r re l a t i on be tween the ob ta ined  SP
ar roma l  i es  and  the  f  au l t s  i n  t he  geoe  lec t r i c  basemen t  i s  obv jous  .

A charactey- is t ic  5P anomaly rneasur ing -30 mV is  t raced above
the  ex i s+ - i ns  ho t  sp r i ngs  and  a  f  au l t  i n  t he  basenen t ,  wh i  i e  a



broad  SP ancma ly  measu : : i ns  -20  mV i s
w:rer^e the gieoe l ectr i  c basernent j .  s
n a a n o n  t  h -v  |  ^  r  r  1 5  r

Another  ,  srna i  1er  Sp anoma ly
o f  t he  p ro f  i  l e  and  p robab ly
w i t h i n  t he  basemen t , .

1, :ca ted  above s  i .  tes  4 -6
charac iey ' i zed  by  an  abrupt

can be seen toward.s  the r isht  enC
ind i ca tes  t he  ex i s t ence  o f  d  f au l t

F i g .6o ,  dep i c t s  t he  ob ta i nec i  Sp  cu rve  a l ong  t r ave rse  T r .  Ananorna iy  rneasu r ing  - zSmv i s  l oca ted  above  s i t es  4 -g .  I t  i simpor tan t  t o  men t ion  tha t  t he  l imes tone  bed rock  ou tc rops  a t  s i t e
0  c f  t h i s  t rave rse ,  wh i l e  on  the  o the r  hand  the  we i l  known  ho t
sp r  i ngs  j us l  a f te r  i he  Gr :eek  A lbany  bo rce r  a re  p ro jec ted  above
the  Loca t i on  o f  t j r i s  anoma ly .  I  t  i s  t hus  l og i ca l  t oa i t r i bu te  th i s  ano toa l y  to  the  mor remen t  o f  ho t  m ine ra i  i zed .  wa te r
f rom a  fau i t  w i th in  the  I imes r .one  bed . rock .

Ano the :  two  SF  anoma i ies  measur ing  abou t ,  . l , 0  mV can  be  seen
above  the  two  ho rs t s  o f  t he  basen ,en t  be iow  s i t es  i -B  and  20  wh i l e
a  s rna l l e r  one  can  be  t raced .  be low  s i t es  z r - zg  and .  can  beco r re l a ted  w i l h  t he  Kavas i l e  ho t  sp r i ngs .  The  g rea t  d i f f e rence  i na l t i . i ude  be tween  t he  ] oca t i on  o f  t he  Kavas i l a  ho t  sp r i ngs  and
the measur i -ncr  s i te  where the above anomaly is  observed misht  be aposs ib i e  exp iana t i on  o f  t he  sma l I  r nagn i t ude  o f  t h i s  anomaLy .

A  s ign i f  i can t  ano rna lv  can  a i so  i re  l oca ted  be tween  s i . t es  3 i . -37
and i  s  above the exposed.  I  inrestone beci rock,  and.  miS.ht  ind i  cate
the  c i i ' cu i a t . i on  o f  wa te r  w i t h i n  t he  i  imes tone .

i  n  F : .9 .6 . * .  ,  we  rep resen t  t he  , : b ta ined  sp  cu rve  a long  t : -ave rse
T . ,  '  i u i ' s :ns  f  i  om th i s  f  i gu re  w€  see  tha t  no  s ign i f  i canc  va r^ i . a t i on
of  the 5P is  observeci  except  f  :^on a smal  I  change in  the s lopeo f  t he  measured  cu rve  above  sound . in f  s i t e  2  wh ich  co inc ides  w i l h
tne  l oca t i on  o f  a  E raben  t ype  s t ruc tu i ^e  i n  t he  basemen t .  Theins i sn i f i can t  amp l i t ude  o f  t he  ano rna l i es  m ig rh t  be  a t t r i bu ted  t otne  g rea t  dep th  o f  t he  basemen t .

F i na l  l y ,  i n  F i g .6 "  ,  we  compare  t he  resu r . t s  f  r om the  spmeasurements a long t raverse T"r  wi th  the resul ts  obta ined.  f rom thegeoe lec t r i c  i nves t i sa t i ons .  The  good  co r re l a t i on  be tween  t he  baytvpe  SP anoma ly  and  the  ho rs t  t ype  s t ruc tu re  o f  t he  basemen t  i sobv ious .

SPATIAL VARIATiON OF THE BEDROCK

The  resu i t s  o f  t he  geoe lec t r i c  i n te rp re ta t i ons  w i th  i n fo rma t ion
abouc  t he  poss ib i e  dep th  t o  t he  bed rock  a re  comp i1ed .  i n  F i s . z ,
wn ich  shows  the  spa t i a l  va r i a t i on  o f  t he  dep th  to  the  g reoe lec t r i c
bed rock  fo r  t he  who le  o f  t he  i nves t i ga ted .  a rea .

A  re fe rence  l eve1  o f  +400m a . s .1  i s  adop ted  w i t h  t he  ca l cu la ted .
dep ths  be ing  pos i t i ve  above  i t  and  nega t i ve  be low  i t .

F i rs l  feature to  be noteC f ronr  the above map is  a NW _ SEfau l t '  zone  con f i ned  be tween  i sodep ths  0  and  200m to  t he  eas t  o fthe  i nves t iE "a r .ea  e rea ,  wh i  I e  ano the r  f  au l t  zone  a lmos t  pa ra i  I e1to  l he  p rev ious  one  i s  i oca ted  toward .s  the  cen te r  o f  t he  a rea ,
anct  is  c-onf  ine i  by 

- isoc lepths -100m and -200m.
Ano the r  f ea tu re  i s  t he  ex i s tence  o f  some tec ton i c  ho rs t s  w i th  a



N W  -  5 E  c i r e c t i o n .  o n e  o f  t h e o e  i s  l o c a t e d  t o w a r c s  r - h e  c e n t e r  a n d
5E par - t  o f  tne  inves t . i sa ted  aree  w i th  a  min imum d.ep th  to  the  top
f  r - o m  t h e  r e f  e r e n c e  l e v e  i  o f  t h e  o r d e r  o f  * 1 0 0 m .

F i s . 8 ,  d e p i c t s  t n e  n r a i n  f a u l t  z c i n e s  d . e r i v e d .  f r o m  t h e  a n a l y s i s
o f  t h e  g e o e  l e c t r i c  d a t a .  J u C g i i n g  f  r o m  t h i s  f  i g u r e  w e  o b s e r v e  t . h a t
t h e r e  a r : e  m a i n L y  t w o  s e t s  o f  f  a u l t s ,  o n e  s t r i k i n g  t o w a r c s  t h e
NW-SE and the  o lher  s t r i k ing  towards  the  NE-SW.

GF-AVITY iNVESTIGATIONS

Be ins '  a  suFe rpos i t i on  o i  g r -av i t y  e i f ec t s  o f
con t ras ts  i n  a  gec - r  l og i caL  s t ruc tu re  ,  t he  g rav i t y  f  i
vas t  amoun t  o f  i n fo rma t ion .

D u r i n g  t h e  p i " e s e n i  i n v e s t i g a t . i o n  w e
pt^o f  i  ie  ecross  t raverse  Tr  in  o r -d .e i -  to
s l r u c t u r e  o f  t h e  a r e a .

w e  u s e d  f o r  t h e  m e a s u ] - e m e n t s  a  L a c o s t e  -  R o m b e r s .  M o c e i - G
grav i ty  meter  and the  measured anomaly  together -  w i th  the
c a l c u l a t e i .  t h e c r  e t i c a l  f  o r  a n  o p t o m i z e d  m o d . e I  a :  e  s h o w n  i n  F i e . g .

T h e  o b t a i n e C  r e s u l t s  c o n f  i r m  t h o s e  o b t a i n e d r  f r o m  t h e
r e s i s t r v i t y  s u r v L i y s ,  i n d i c a t i n g  t h a t  t h e  v a 1  1 e y  h a s  a  g r a b b e n
t l / p e  s t . r u c t u r e  w i t h  a  c o n s i c t e r a b l e  d e p i h  t o w a r  d . s  i t s  c e n t e r .

F i n a l  l y  w e  u s e d .  t h e  e x l s t i n g  r e g i o n a l  g r a v i t y  c a t a  ( l l a l < : - i s
L 9 7 7 ) ,  a n c  F i s .  L 0 , d . e p i c t s  t i : e  o b t a : . n e d  b e s t  f  i i  m o c e l  i n c i c a t i n g
t h e  e : < i s t e n c e  o f  a n  i n t r u s i o n  b o c i y  w h i c h  m i g n t  b e  r e s p o n s r b L e  f o r
t ; : e  g e c i h e . r l n a i  i . c t i v t t y  i n  t n e  a r e a ,  b e c a u s e  a i  I  i n e  . _ . n o w n
s u r f a c e  m a : r i i e s t a t i o n s  a r e  c o n c e n t r a i e c  a r - o u n d .  t h e  p e : - i m e r . e r -  o f
th  i s  i :ooy  .

cn I \TaT  t I qT . I \ I c
e v t \  r J d v g  5  v i l J

The  geoe l .ec i r i c  i n r . resL iga t : . ons  showec i  t ha t  two  geoe lec t r i c
f o rma i i ons  a re  encoun te reC  w i t h  e l ec t r i ca l  r es i s t i v i t j . es  up  t o
L20  c 'hm.m f  o r  t he  f  i ysch  and  g r  ea te r  t han  t zo  ohm.m f  o r  t he
I  imes tone  .

a I  I  d ' . n q ' i f ws !  r r r  4  s l

e  1 d .  o f f e r s  a

r : a r r i  a r i  , r r r i  - r  r * - r r r i  * r ev u q  s  Y t  q v  f  s y

i n v e = i i g , = t e  i n e  , j . e e F

o f  l ow  res i s t i v i c y  wh rsh
zones  resu l t i ng r  f rom the
f rom fau l t s  w i t h i n  t he

Wi th in  the  f  l ysch  the re  a re  some zones
can  be  i . n t e rp re ted  as  Cue  t o  a l t e ra t i on
uFwar"ci, iaovement of therma i waters
1  imes tone  basemen t .

T h i s  j . s  i n  a c r r e e m e n t  w i t h  t h e  e x i s t e n c e  o f  h o t  s p r i n g s  a t  s l t e s
w h e r e  s i g n i f i c a n t  f a u i i  z o n e s  h a v e  b e e n  l o c a t e d  i n  t h e  b a s e m e n t
( e . S ' .  T r : r :  s i t e s  1 - 3 ,  T r ,  s i t e s  ? 6 - 2 8 ) .

A  bo : -eho le  wh ich  was pu t  d .own a f te r  the  geophys ica l  survey
( B I { 2 ,  F i g . 5 * . ) ,  F r o v e d  t o  b e  p z - o c u c l i v e  a n d  y i e 1 c e o .  w a t e r  o i
te r , :pera tu : -e  o f  the  order  o f  3L*c-  Tempe: -a iu i -e  measur -enents  wh i { rh
w e r e  c a r  r - i e d  o u t  i n  t h i . s  b o r e h o l e  r e s u l t e d .  i n  a n  a l r n o s . u  z e r o
t e m p e r a t u : ' e  g i  a c i e n t  ( F i s .  l - 1 * n  )  ,  c c n i  i r m i n g  t h e  c i : c u l a t i a n  c f
w a t e r - ,  e n t e r - i n g  t h e  b o : - e h o  l e  .

A  s i m i  l a r  b o : - e h o L e  ( B l i 1  ,  F i g r . 5 o " )  ,  w h i c h  w a s  d r - j .  L  i e c i  g r - i o i -  t o
t h e  g e o p h y s i . c a i  s u r v e y - p r o r z e d .  u n s u c c e s f  u r  ( F i s .  r - r - , . ,  )  .  

-

The ty-aCeC SP Rn,1ma I  i  oe geem tO be r i  i  re,r : f  I  r r  re L ated. and.



t e rms  o f  t he  the rma l  wa te r  c i r cu la t i on  sys tem,
of  which mighi ,  be the in t rus ion body located.
o f  t he  reg iona l  S rav i t y  da ta .

i n t e rpe tab le  i n' - t he 'd . r i v i ng  
f  o rce

f rom the  ana lys i s
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r i ;  l  i rnestone .
I  F i g .3 :  Loca t i on  map  o f  t he  geoe iec t r i c  sound . i ngs .
; '  F i g .4 :  Spa i i a l  va r i a t i on  o f  appa ren t  r es i s t i v i t i e s  f o r  d .e f f e ren t
, ' . :  cu ren t  e  Lec t r cde  separa t i ons .
l ,  F iE .5 ,  Geoe lec t r i c  p ro f i l e s  and  p roFosed  geoe lec t r i c  mode l s .
; r , i  F iS .6 :  Se l . f  po ten t i a l  p ro f i i e s .
: i : r  F iS .7 :  Map  sho r+ ing  the  dep th  to  bed rock .
i i '  F iS .8 :  l 4ap  show ing  t he  l oca t i on  o f  t he  ma in  f au l t  zones  w i t , h i n
i ' .  t he  bed rock .
,  F i s .  g  :  G rav i t y  p ro f  i  l e  ac ross  t r ave rse  T r  w i t h  t he  ca l cu la ted
.  t heo re t i ca l  cu rve  and  the  co r responC ing  op t im ized  mode l .
.  '  F ig .  10 :  3D  moce  i  i  i ng r  o f  t he  g rav i tV  f  i e  I d  o f  t he  i nves t i ga tec i

a rea .  Dep ih  to  the  top  o f  t t r e  f i r s t  s l ab  =  SKm,  th i ckness  o f  each

; .  F iS .  LL :  S r " ra t i g raphy ,  Core  recove ry  and  te rnpe ra tu re  o f  t he  two:  bo reho les ,  t oge the r  w i th  the  co r respond ing  geoe lec t r i c  mode l  f o r
. BH1 .
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