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ABSTRACT 

The Sengan  a r e a  i s  l o c a t e d  i n  A k i t a  and  Iwate 
P r e f e c t u r e s  i n  t h e  n o r t h e r n  p a r t  o f  N o r t h e a s t  
Japan .  

I n  t h i s  area, t h e r e  are a c t i v e  vo lcanoes ,  h o t  
s p r i n g s ,  f umaro l e s  and t h r e e  geo the rma l  power 
p l a n t s  a t  M a t u k a w a ,  Onuma a n d  Kakkonda .  
Geothermal e x p l o r a t i o n s  have been  c a r r i e d  o u t  
w i th  v a r i o u s  k ind  of s u r f a c e  su rveys  and many 
s t r u c t u r a l  b o r i n g s  i n  t h i s  area. 

A t  f i r s t ,  t h e  wide- ranged and deep  geo the rma l  
r e s e r v o i r  was e x p e c t e d  t o  b e  i n  N e o g e n e  
f o r m a t i o n s ,  and hope fu l  h e a t  s o u r c e  w a s  a lso 
e x p e c t e d  t o  b e  t h e  magma chamber  r e l a t e d  t o  
t h e  Tamagawa Welded Tu f f  ( E a r l y  Q u a t e r n a r y  
P y r o c l a s t i c s ) .  However,  t h e  1 , 5OOm class  
s t r u c t u r a l  b o r i n g s  p r o v e d  t h a t  t h e  h e a t  
p o t e n t i a l  of t h i s  a r e a  i s  low t h a n  t h e  
e x p e c t e d  h e a t  p o t e n t i a l .  T h e r e f o r e ,  t h e  
s t u d i . e d  a r ea  w a s  s p r e a d  t o  t h e  n o r t h  p a r t  
w h e r e  Q u a t e r n a r y  a n d e s i t e  a r e  d i s t r i b u t e d .  
T h e s e  e x p l o r a t i o n s  r e v e a l e d  t h a t  y o u n g  
v o l c a n o e s  ( M t .  A k i t a - Y a k e- Y a m a  a n d  M t .  
Hachimantai  vo l canoes )  are expec t ed  to  be t h e  
h e a t  source of t h i s  g e o t h e r m a l  s y s t e m .  

INTRODUCTION 

The M i n i s t r y  o f  I n t e r n a t i o n a l  T r a d e  and  
I n d u s t r y  ( M I T I )  h a s  c o n d u c t e d  t h e  p r o j e c t ,  
C o n f i r m a t i o n  S t u d y  o f  t h e  E f f e c t i v e n e s s  of 
P r o s p e c t i n g  T e c h n i q u e s  f o r  Deep G e o t h e r m a l  
Resources  and Development, s i n c e  1980. 

The N e w  E n e r g y  D e v e l o p m e n t  O r g a n i z a t i o n  
( N E D O )  and  t h e  G e o l o g i c a l  S u r v e y  o f  J apan  
(GSJ)  have  c o o p e r a t e d  w i t h  t h e  h e a d q u a r t e r s  
o f  t h e  S u n s h i n e  P r o j e c t ,  r e s e a r c h  a n d  
d e v e l o p m e n t  p r o j e c t  o f  new e n e r g y ,  o f  MITI. 
The p u r p o s e  o f  t h i s  p r o j e c t  i s  t o  e s t a b l i s h  
a v a i l a b l e  p r o s p e c t i n g  t e c h n i q u e s  f o r  d e e p  
geo the rma l  resource. 

F o r  t h i s  p u r p o s e ,  t h e  S e n g a n  a r e a  a n d  
Kurikoma area  ( i n  M i y a g i  p r e f e c t u r e )  a re  
s e l e c t e d  a s  t w o  d i f f e r e n t  g e o t h e r m a l  model  
f i e l d s .  I n  t h e  Sengan  a rea  i n  t h e  n o r t h e r n  
p a r t  of Nor thea s t  Japan ,  t h e  Tamagawa Welded 
Tu f f  was s u p p o s e d  t o  b e  t h e  c a p  r o c k s  f o r  t h e  
geo the rma l  r e s e r v o i r s .  I n  t h e  Kurikoma area 
i n  t h e  c e n t r a l  p a r t  o f  N o r t h e a s t  J a p a n ,  t h e  
g e o t h e r m a l  r e s e r v o i r  were s u p p o s e d  t o  b e  
c a p p e d  w i t h  s e l f - s e a l i n g  a l t e r a t i o n  z o n e s ,  
and s i t u a t e d  i n  t h e  c o l l a p s e  c a l d e r a .  

The o v e r a l l  s t udy  s chedu l e  appea r  i n  Tab l e  1. 

T h i s  paper  summarizes t h e  r e s u l t s  o f  s u r f a c e  
su rveys  and s u b s u r f a c e  e x p l o r a t i o n s  carr ied 
o u t  i n  t h e  Sengan area (F ig .1  1 .  

Table 1. Study Schedule 
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GEOLOGY AND GEOLOGICAL STRUCTURE 

The g e o l o g i c a l  s u c c e s s i o n  i n  t h i s  a rea  i s  
summarized as f o l l o w s .  T h i s  a r e a  is u n d e r l a i n  
b y  P r e - T e r t i a r y  b a s e m e n t ,  T e r t i a r y  
f o r m a t i o n s ,  E a r l y  P l e i s t o c e n e  A c i d i c  
P y r o c l a s t i c s  a n d  L a t e  Q u a t e r n a r y  A n d e s i t i c  
V o l c a n i c s .  T h e  b a s e m a n t  i s  c o m p o s e d  o f  
P a l e o z o i c  s e d i m e n t a r y  r o c k s  i n t r u d e d  by 
Cre taceous  g r a n i t i c  p u l t o n s .  The T e r t i a r y  
f o r m a t i o n s  i n c l u d e  v o l c a n i c  r o c k s  and  m a r i n e  
s e d i m e n t a r y  r o c k s .  The v o l c a n i c  r o c k s  h a v e  
b e e n  a f f e c t e d  by r e g i o n a l  h y d r o t h e r m a l  
a l t e r a t i o n  a n d  a re  u s u a l l y  r e f e r r e d  t o  as 
"Green Tuf f" .  The E a r l y  P l e i s t o c e n e  Acid ic  
P y r o c l a s t i c s ,  t h e  Tamagawa Welded T u f f  i s  
d i v i d e d  i n t o  t h e  K o w a s e g a w a  T u f f  a n d  
I sh igedozawa F o r m a t i o n  ( T a m a n y u , l 9 8 5 ) .  The  
Q u a t e r n a r y  A n d e s t i c  V o l c a n i c s  h a v e  b e e n  
r e g i o n a l l y  d i v i d e d  i n t o  s i x  g r o u p s :  M t .  
Hachimanta i ,  M t .  Akita-Yake-Yama, M t .  Iwate- 
San, M t .  Akita-Komagatake, M t .  Moriyoshi-Yama 
a n d  M t .  Kayodake (Kawano and  Aoki,1959). 

The g e o l o g i c a l  s t r u c t u r e s  i n  t h i s  a rea  a re  
c h a r a c t e r i z e d  by t h e  p r e s e n c e s  of  t h e  Hanawa 
g r a b e n  i n  t h e  n o r t h e r n  p a r t ,  Obonai b a s i n  i n  
t h e  s o u t h e r n  p a r t  and  a caldera s t r u c t u r e  i n  
t h e  mid- wes te rn  p a r t ,  which accompanied w i t h  
l a r g e  a m o u n t  o f  a c i d i c  welded t u f f s  o f  t h e  
Tamagawa Welded Tuff.  

The d i s t r i b u t i o n  of  t h e  Tamagawa Welded Tuff  
i n d i c a t e s  t h a t  t h e r e  a r e  t h r e e  d e p r e s s i o n  
s t r u c t u r e  i n  t h e  s u r v e y e d  area ,  a n d  t h e s e  
d e p r e s s i o n s ,  which are b o r d e r e d  by t h e  f a u l t s  
of N-S, E-W and  NE-SW t r e n d ,  are f i l l e d  w i t h  
t h e  lower Kowasegawa T u f f ,  upper  Kowasegawa 
Tuff  and  I sh igedozawa Format ion ,  r e s p c t i v e r y .  

The T e r t i a r y  t e c t o n i c  movement  o f  t h i s  area 

were c h a r a c t e r i z e d  by t h e  f o r m a t i o n  o f  t h e  
h o r s t  and graben.  

T h e  a l t e r a t i o n  z o n e s  f o u n d  i n  t h i s  a r e a  
c o n s i s t  of  p a r t i a l  acidic a l t e r a t i o n  zone i n  
t h e  v o l c a n i c  ejecta from M t .  Akita-Yake-Yama 
( w h i t e ) ,  a n d . a l t e r a t i o n  z o n e  d u e  t o  h o t  
n e u t r a l  or a l k a l i n e  water ( g r e e n )  d i s t r i b u t e d  
i n  t h e  Tamagawa Welded T u f f  a n d  T e r t i a r y  
f o r m a t i o n s .  

GEOTHERMAL SYSTEM 

I s o t h e r m  c o n t o u r  map a t  s ea  l e v e l  a r e  
shown i n  Fig.2. 

From t h e  f e a t u r e  o f  t h e  i s o t h e r m  c o n t o u r  map, 
t h a t  w e  r e c o g n i z e  i s  a s  f o l l o w s ;  t h e  h i g h  
t e m p e r a t u r e  r e g i o n s  are  e l o n g n a t e d  f r o m  M t .  
Akita-Yake-Yama t o  M t .  H a c h i m a n t a i  i n  t h e  
n o r t h e r n  p a r t  o f  t h i s  area. The sma l l e r  
h i g h  t e m p e r a t u r e  zones  e x t e n d  toward  s o u t h-  
east ,  s o u t h w e s t  a n d  n o r t h  f r o m  t h e s e  m a i n  
r e g i o n s .  

The h i g h  t e m p e r a t u r e  z o n e  w h i c h  e x t e n d s  
n o r t h w a r d  i s  s u p p o s e d  t o  be g e n e t i c a l l y  
related w i t h  t h e  Hanawa d e p r e s s i n  zone. 

The p a t t e r n  of  h e a t- f l o w  i s  s i m i l l a r  t o  t h a t  
of  t e m p e r a t u r e .  The h i g h  h e a t- f l o w  r e g i o n s  i s  
n e a r l y  i d e n t i c a l  w i t h  t h e  d e e p  h i g h  
t e m p e r a t u r e  r e g i o n s .  

From t h e  v i e w p o i n t  o f  t h e s e  t e m p e r a t u r e  a n d  
h e a t - f l o w  d i s t r i b u t i o n s  a n d  g e o l o g i c a l  
s t r u c t u r e s ,  it i s  e x p e c t e d  t h a t  t h e  h i g h  
t e m p e r a t u r e  a n d  h i g h  h e a t - f l o w  r e g i o n s  a r e  
r e l a t e d  w i t h  t h e  f a u l t s  a n d  f r a c t u r e s .  The 
r e l a t i v e l y  h igh  t e m p e r a t u r e  zone is s i t u t a t e d  
o n  t h e  m a r g i n a l  f a u l t s  o f  t h e  d e p r e s s i o n  
f i l l e d  w i t h  t h e  Kowasegawa T u f f .  The l o w  

0. 

Fig. 1. Surveyed Location Map, the Sengan area 
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t e m p e r a t u r e  z o n e  is  s i t u t a t e d  i n  t h e  c a l d e r a  
(Tamagawa C a l d e r a )  f i l l e d  w i t h  t h e  Kowasegawa 
Tuf f  . 
The  h i g h  t e m p e r a t u r e  z o n e ,  t h e  e a s t e r n  p a r t  
o f  N59-SN-5, i s  s i t u t a t e d  i n  t h e  e x t e n t i o n  o f  
t h e  N-S t r e n d i n g  f a u l t  wh ich  b o r d e r s  t h e  w e s t  
m a r g i n  o f  t h e  Hanawa d e p r e s s i o n  zone. 

The c o n c e p t u a l  model  o f  t h e  g e o t h e r m a l  s y s t e m  
i n  t h i s  area is  s h o w n  i n  F ig .3 .  
T h e  b o r e h o l e s  i n  t h e  Tamagawa  C a l d e r a  made  
c l e a r  t h a t  t h e  b o t t o m  o f  t h e  c a l d e r a  h a v e  
a l r e a d y  c o o l e d  down a n d  c a n n o t  a f f o r d  t h e  
a c t i v e  g e o t h e r m a l  s y s t e m  i n  t h e  c a l d e r a  
(Tamanyu, l985) .  The b o r e h o l e s  o f  t h e  n o r t h e r n  
p a r t  i n  t h i s  a r e a  c o n f i r m e d  t h e  h i g h  
t e m p e r a t u r e  z o n e  i n  t h e  v i c i n i t y  o f  M t .  
Akita-Yake-Yama. The N-S t r e n d i n g  f a u l t  wh ich  
b o r d e r s  t h e  w e s t e r n  p a r t  o f  t h e  H a n a w a  
d e p r e s s i o n  z o n e  i s  c o n t i n u o u s  t o  M t .  A k i t a -  
Yake-Yama. The  f a u l t  i s  s u p p o s e d  t o  b e  t h e  
p a t h  f o r  t h e  g e o t h e r m a l  f l u i d s  a n d  gasses. 
T h e  I s h i g e d o z a w a  F o r m a t i o n  ( l a k e  d e p o s i t )  
u n d e r  M t .  Akita-Yake-Yama is s u p p o s e d  to  p l a y  
a p a r t  o f  t h e  c a p  r o c k s  f o r  t h e  g e o t h e r m a l  
reservoirs.  

CONCLUSION 

1 ). T h e  geo log ica l  s t r u c t u r e  o f  t h i s  area i s  
c h a r a c t e r i z e d  by t h e  e x i s t e n c e  o f  t h e  L a t e s t  
T e r t i a r y  t o  Q u a t e r n a r y  t h r e e  d e p r e s s i o n s ,  
e v i d e n c e d  by d i s t r i b u t i o n s  o f  t h e  Kowasegawa 
Tuf f  a n d  I s h i g e d o z a w a  F o r m a t i o n  a n d  T e r t i a r y  
g r a b e n  s t r u c t u r e s  e x t e n d i n g  i n  t h e  N-S 
d i r e c t i o n .  

2).  The h i g h  t e m p e r a t u r e  a n d  h i g h  h e a t  - f l o w  
r e g i o n s  a r e  f o r m e d  i n  t h e  v i c i n i t y  o f  M t .  
Ak i t a- Yake- Yama a n d  M t .  H a c h i m a n t a i .  T h e s e  
h i g h  t e m p e r a t u r e  a r ea s  a r e  t h o u g h t  t o  be 
f o r m e d  a l o n g  t h e  f a u l t  and  f r a c t u r e  z o n e s  o f  
T e r t i a r y  a n d  Q u a t e r n a r y  ages. 

Fig. 2 .  Isotherm Contour Map, the Sengan area 
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