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ABSTRACT 

Recent i n v e s t i g a t i o n s  and explorat ions i n  t h e  
Hatchobaru geothermal f i e l d  have conf inned t h e  up- 
flow of thermal f l u i d s  along t h e  high-angles 
f a u l t s .  The f l u i d s  seem t o  be flowing up from t h e  
basement i n  t h e  foo twa l l  of t h e  f a u l t s  which form 
t h e  main r e s e r v o i r s  i n  t h e  Usa group and the  Hohi 
vo lcan ic  rocks.  The ac id  a l t e r e d  zones which ex- 
tend near t h e  su r face  a c t  a s  t h e  cap rock. The 
main r e s e r v o i r s  are ch lo r ide  water-dominated and 
are found along t h e  Kamatsuike sub-faul t  and 
Hatchobaru f a u l t .  The temperature is estimated t o  
be 240-270°C on t h e  b a s i s  of f l u i d  inc lus ion  
thermometry and measured temperatures.  Furthermore, 
t h e r e  i s  a l a r g e  p o s s i b i l i t y  of f i nd ing  high 
temperature r e s e r v o i r s  of 290-300°C i n  the  
Basement. 

INTRODUCTION 

The Hatchobaru geothermal f i e l d  is  located 6 
km northwest of M t .  Kujyu, and.approximately mid- 
way between M t .  Aso and Beppu Spa. Kyushu elec-  * 

t r i c  Power Co. ( KEPCO ) constructed t h e  12 MW 
Otake Power P l a n t  i n  1967 and t h e  55 MW Hatchobaru 
Power P lan t  i n  1977. The exp lo ra t ion  of Hatchobaru 
f i e l d  i n  p a r a l l e l  with t h a t  of t h e  Otake f i e l d  has 
been c a r r i e d  ou t  s i n c e  1949. The geothermal reser- 
v o i r  system, however, has  not  been def ined i n  
d e t a i l  because of t he  l a c k  of s u f f i c i e n t  d a t a  
such a s  wel l  l ogs  and tests. Since t h e  i n v e s t i -  
g a t i o n  and exp lo ra t ion  f o r  t h e  2nd u n i t  a t  
Hatchobaru were s t a r t e d  i n  1980, a l o t  of d a t a  on 
geology, geophysics and hydrogeology have been 
obtained,and the  geologic  c ros s  s e c t i o n  and t h e  
r e s e r v o i r  model have been revised.  
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The geo log ica l  succession of t he  Otake- 
Hatchobaru area is divided i n t o  f o u r  groups i n  
descending order  ( Fig.. 1 ) . 

(1) Kujyu vo lcan ic  rocks 
( Middle-Upper P le i s tocene  ) 

(2)  Hohi vo lcan ic  rocks . 

(Lower P le i s tocene  ) 
(3) Usa group ( Miocene ) 
(4) Basement rocks 

( Paleozoic-Mesozoic ) 

The Kujyu vo lcan ic  rocks,  cha rac t e r i zed  by rela- 
t i v e l y  viscous hornblende andes i t e  l avas  , f orm 
many l a v a  domes. 
of pyroxene andes i t e  l ava  flows and a s soc ia t ed  
py roc la s t i c s .  They are about 80Om i n  thickness  
and extend a t  depths reaching below sea l e v e l  
( Fig.4 ) .  The Miocene vo lcan ic  rocks,  so c a l l e d ,  
" Usa group ", are composed mainly of a l t e r e d  
a n d e s i t e  l a v a  flows and tu f f  b recc ia s  and a t t a i n  
a maximum thickness  of more than 80Om. The base- 
ment rocks pene t r a t ed  by w e l l  HT-5-1 a r e  
Cretaceous g r a n i t i c  rocks and Paleozoic meta- 
morphic rocks.  

The Hohi vo lcan ic  rocks c o n s i s t  

The Basement becomes deeper by step-f a u l t i n g  

The Hatchobaru geothermal f i e l d  forms a small 
from south t o  n o r t h ,  and is  depressed over 1 ,500 
m. 
h o r s t ,  which has  a t rend of NW-SE. There are 
main NW f a u l t s  which con t ro l  h o t  s p r i n g s ,  fumaroles 
and a l t e r e d  zones. The Komatsuike sub-f a u l t  
provides a high angle  conduit  f o r  t he  f l u i d  
moving from t h e  deep r e se rvo i r .  
and r e i n j e c t i o n  w e l l s  ranging from 1,000m t o  
2,000m have penetrated the  Komatsuike sub-f a u l t  
i n  Fig.  2. 
SW with a maximum width of 30m. 

Many production 

This  f a u l t  gene ra l ly  d ips  60" t o  70' 

HYDROGEOLOGICAL INTERPRETATION 
GEOLOGIC SETTING 

The Hatchobaru geothermal f i e l d  is s i t u a t e d  
i n  t h e  southern margin of a long and narrow 
depression running across  north-central  Kyushu 
from e a s t  t o  w e s t ,  t he  Beppu-Aso Depression Zone 
( Yamasaki and Hayashi, 1975 ) . The Otake- 
Hatchobaru area has the  f e a t u r e  of a high g r a v i t y  
anomaly a rea ,  which r e f l e c t s  t h e  u p l i f t  of dense 
basement rocks. From Miocene t o  P le i s tocene  time 
vo lcan ic  rocks accumulated t o  a thickness  of about 
2,ooom. 

From t h e  i n t e r p r e t a t i o n  of i so tope  d a t a ,  t!:e 
geothermal f l u i d s  of Hatchobaru f i e l d  are der ived 
almost e n t i r e l y  from l o c a l  meteoric  waters  which 
flow downwards i n  t h e  south-east  p a r t  of t h e  
f i e l d .  The meteoric  waters which pene t r a t e  i n t o  
t h e  basement a r e  heated,  and a t  t he  same time 
they change chemical composition through rock- 
water e q u i l i b r i a .  
upward again and a r e  reserved i n t o  f r a c t u r e  zones 
i n  vo lcan ic  rocks of Miocene t o  e a r l y  P le i s tocene  
time. The main r e s e r v o i r s  a r e  formed i n  the  per- 

The heated f l u i d s  migrate  
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meable zones of t h e  NW-SE t rending Komatsuike sub- 
f a u l t  and t h e  Hatchobaru f a u l t .  Strongly a l t e r e d  
zones which have been formed along t h e  f a u l t s  a r e  
composed mainly of c r i s t o b a l i t e - q u a r t z ,  k a o l i n i t e -  
p y r o p h y l l i t e  and anhydri te .  They p lay  t h e  r o l e  of 
permeabi l i ty  b a r r i e r ,  because of t h e  minerals  
formed i n  f r a c t u r e d  and pore spaces .  This  is a l s o  
i n f e r r e d  from t h e  high Hg+ concent ra t ion  i n  c u t t i n g s  
c o l l e c t e d  from t h e  f a u l t  zone by d r i l l i n g .  For 
ins tance ,  t h e  w e l l  HT-8 which penet ra ted  t h e  t h i c k  
impermeable l a y e r  of t h e  a l t e r e d  zone along t h e  
Komatsuike sub-faul t  had very l i t t l e  discharge of 
geothermal f l u i d s .  The isothermal  l i n e s  i n  Fig.  5 
undergo a sudden change near  t h e  f a u l t s  and become 
deep on t h e  hanging walls of f a u l t s .  Consequently, 
t h e r e  is  a p o s s i b i l i t y  of d i f f e r e n t  hydrothermal 
flows wi th  t h e  f a u l t  i n  between. Los t -c i rcu la t ion  
zones i n  Hatchobaru w e l l s  f r e q u e n t l y  occur near  
f a u l t s ,  e s p e c i a l l y  i n  t h e  f o o t  w a l l  of f a u l t s  
( Fig.3 ). Thus, i t  is  assumed t h a t  geothermal 
f l u i d s  are flowing up from t h e  basement on t h e  lower 
p a r t  of f a u l t  planes and t h e  r e s e r v o i r  i s  formed 
there .  

Acid a l t e r e d  zones which c o n s i s t  of a l u n i t e  + 
k a o l i n i t e  + quar tz  + p y r i t e  are widely d i s t r i b u t e d  
and have a th ickness  of 200-500m i n  t h e  near  
s u r f a c e  ( Hayashi e t  a l . ,  1968 ). The a l t e r e d  
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FIGURE 1. GEOLOGIC MAP OF THE OTAKE-HATCHOBARU GEOTHERMAL AREA 
( modified from Matsumoto, 1983 ) 

TWO Pyroxene 0 : Dacite 

zones appear t o  func t ion  a s  a l o c a l  cap,  which 
a t  t h e  same time prevent  meteoric  water  from 
penet ra t ing  t o  t h e  deep. I n  Hatchobaru, t h e  a c i d  
a l t e r e d  l a y e r  becomes deeper and th icker  south- 
westward from t h e  Komatsuike sub-f a u l t  zone i n  
Fig. 5 conjunct ion wi th  t h e  isothermal  l i n e s .  
The p e r m e a b i l i t i e s  of t h e  Hatchobaru r e s e r v o i r  
rocks sampled i n  w e l l  HT-4 are usua l ly  q u i t e  low, 
less than 10-3 d a r c i e s .  Moreover, no d i s t i n c t  
r e l a t i o n s h i p  between p e m e a b l i t y  and p o r o s i t y  is 
found, This  suggest  t h a t  f l u i d  flows i n  t h e  
r e s e r v o i r  rocks a r e l a r g e l y  through f r a c t u r e s .  

GEOCHEMICAL INTERPRETATION 

The geothermal f l u i d s  from producing w e l l s  
a r e  c h a r a c t e r i s e d  by water-dominated type ( 
c h l o r i d e  type ) .  The r e s e r v o i r s  along t h e  Koma- 
t s u i k e  sub-faul t  and Hatchobaru f a u l t  a r e  con- 
s i d e r e d  t o  be  i s o l a t e d  chemically. I n  t h e  deeper  
zones, t h e  f l u i d s  change progressively t o  SO4, 
Cl-SO4, HCO3 - SO4 type and C 1  type. 
For i n s t a n c e ,  i t  is c l e a r  t h a t  w e l l  H-18 which 
penet ra ted  t h e  Komatsuike sub-faul t  a t  a depth 
of 800m encountered a HC03 - so4 type r e s e r v o i r  
i n  t h e  hanging w a l l  of t h e  f a u l t ,  and a C 1  type  
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FIGURE 2. LOCATION MAP OF WELLS 
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FIGURE 3.  FREQUENCY DISTRIBUTION OF LOST - 
CIRCULATIONS OF THE HATCHOBARU 
WELLS 
The number of l o s t - c i r c u l a t i o n s  
a r e  of up t o  l O O m  d i s t a n c e  from 
f a u l t s  

i n  t h e  f o o t  wal l .  
about t h e  na ture  of t h e  rocks contact ing t h e  h o t  
water .  
from 2,200m of w e l l  HT-5-1 i n d i c a t e  t h e  r e a c t i o n  
of water  with the  s c h i s t  of the  basement. The 
f l u i d s  from t h e  r e s e r v o i r s  i n  the  Hohi vo lcanic  
rocks and Usa group show C l / B  r a t i o s  of 20-30, 
meanwhile t h e  f l u i d s  i n  t h e  basement show 11-17. 
From t h e  d i s t r i b u t i o n  of C l / B  r a t i o s  i n  Hatchobaru 
w e l l  waters ,  t h e  lowest r a t i o s  i n  producing zone 
a r e  found a t  northern f o o t  of Mt.Goto. The f e a t u r e  

. of contour  map of the  C l / B '  r a t i o s  is q u i t e  s i m i l a r  

C l / B  r a t i o  g ives  information 

Low C l / B  r a t i o s  f o r  the  f l u i d s  discharged 

t o  t h a t  of s i l i c a  temperature ( Tsioz ) , i . e ,  t h e  
lowest  p a r t  of C l / B  r a t i o s  correspond t o  t h e  
h i g h e s t  p a r t  ( >290"C ) of T 5102 . 
t h e  above d a t a ,  i t  is  assumed . t h a t  t h e  north-  
eastern p a r t  of M t .  Goto is t h e  upflow a r e a  over  
t h e  c e n t e r  of hea t ing  which has  a h igher  f low 
p o t e n t i a l  and a p o s s i b l e  maximum temperature of 

Accorging t o  

290-300°C. 

GEOPHYSICAL INTERPRETATION 

Extensive geophysical  d a t a  f o r  t h e  Hatchobaru 
f i e l d  and its periphery a r e  a v a i l a b l e .  
u s e f u l  measurements are t h e  Schlumberger sound- 
ings  and magneto t e l l u r i c  surveys. The Schlum- 
berger  soundings provide t h e  d e t a i l e d  and 
unambiguous f e a t u r e s  of t h e  a l t e r e d  zones and t h e  
shallow r e s e r v o i r s  i n  Hatchobaru. Fig.  6-a shows 
i s o r e s i s t i v i t y  map of t h e  l o w - r e s i s t i v i t y  l a y e r .  
The low r e s i s t i v i t i e s  occur i n  the  north-eastern 
p a r t  of t h e  f i e l d .  The very lowest r e s i s t i v i t i e s  
( 2 ohm-m ) form a f a n  opening t o  t h e  nor theas t .  
On t h e  o t h e r  hand, t o  t h e  southwest t h e  r e s i s t v i -  
ties gradual ly  increase .  
a r e  loca ted  i n  t h e  l o w - r e s i s t i v i t y  a rea  ( up t o  6 
ohm-m ).  Fig.6-b shows an iso-contour map of t h e  
e l e v a t i o n  of t h e  top  of e l e c t r i c a l  basement which 
i n d i c a t e s  weakly a l t e r e d  zones of Hohi vo lcanic  
rocks and Usa group. The top o f ' t h i s  l a y e r  becomes 

The most 

The main producing w e l l s  
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FIGURE 4. THE GEOLOGIC CROSS SECTION OF THE OTAKE-HATCHOBARU 
GEOTHERMAL AREA 

deeper south-wes tward p a r a l l e l  t o  t h e  Komatsuike 
sub-f a u l t  and Hatchobaru f a u l t  . Furthermore, i t  
is observed t h a t  t h e  l o w - r e s i s t i v i t y  l a y e r  thickens 
t o  t h e  southwest and a t  t h e  western ex t remi ty  of 
t he  f i e l d ,  nea r  M t .  Ichimoku, t h e  l a y e r  starts t o  
decrease  i n  th ickness .  The d i s t r i b u t i o n  of t h e  
low- res i s t i v i ty  l a y e r  w e l l  r e f l e c t s  t h e  depth and 
th ickness  of t h e  ac id  a l t e r e d  zone. The main geo- 
thermal r e s e r v o i r s  of Hatchobaru are loca ted  i n  t h e  
e l e c t r i c a l  basement. The thermal f l u i d s  tend t o  
concent ra te  i n  t h e  h o r s t  s t r u c t u r e  of t h e  electical  
basement. 

GEOTHERMAL SYSTEM 

Fig. 5 shows a model of t h e  geothermal system 
of t h e  Otake-Hatchobaru area. A flow pa ths ,  as 
deduced from geologic  s t r u c t u r e  and temperature 
d i s t rubu t ion  are i l l u s t r a t e d  i n  t h e  f i g u r e .  The 
pre-Tertiary basement a t  Hatchobaru f i e l d  is  
depressed over  1,50Om, as c l a r i f i e d  by w e l l s  HT-5-1 
and HT-6. It  was presumed t h a t  t he  high g rav i ty  
anomaly was caused by t h e  u p l i f t  of t h e  basement 
( Kamata, 1968 ) . Furthermore, t he  obscure i n  high 
g r a v i t y  anomaly seems t o  have c lose  r e l a t i o n  with 
t h e  geothermal a c t i v i t y  i n  t h e  subsurface.  This  
f a c t  sugges ts  t h a t  t h e  h o r s t  i n  t he  depression zone 

.~(m) 
.m 

I .OM) 

500 

0 

-500 

-1.000 

-1.500 

is  f avourable t o  hydrothernial systems, because 
thermal f l u i d s  tend t o  migra te  upward through 
t h e  f r a c t u r e '  zones along t h e  h o r s t ,  caused by 
block f a u l t i n g ,  and concent ra te  a t  t h e  h ighes t  
p l ace  of t h e  l o c a l  s t r u c t u r e  of t h e  basement 
rocks and/or low-permeable rocks.  

The geothermal f l u i d s  of Hatchobaru f i e l d  
are derived almost e n t i r e l y  from l o c a l  meteor ic  
waters, flowing down along the  f a u l t s  and h igh  
ang le  f r a c t u r e  networks i n  the  south-east  p a r t  of 
t h e  f i e l d .  Apparently t h e  meteoric waters which 
p e n e t r a t e  i n t o  t h e  basement a r e  hea ted  up t o  about 
3OOOC by a h e a t  source r e l a t e d  t o  Quaternary 
volcanism. A t  t h e  same t i m e ,  t h e  hea ted  f l u i d s  
become C 1  type  so lus ion .  It  mig ra t e s  upward 
through t h e  permeable zones on f a u l t s  such as 
Komatsuike sub- fau l t  and Hatchobaru f a u l t ,  and 
occur  mainly on t h e  lower p a r t  of t h e  f a u l t  planes 
i n  t h e  Usa group and Hohi volcanic  rocks .  The 
r e s e r v o i r  temperature i n  the  p re sen t  producing 
area is  es t imated  t o  be  240-270°C on t h e  b a s i s  of 
t h e  homogenized temperatures of f l u i d  inc lus ions  
i n  v e i n  minera ls  and by measured temperatures.  
The minimum f i l l i n g  temperatures from t h e  inc lu-  
s i o n s  agree  w e l l  wi th  t h e  equi l ib l ium temperature 
es t imated  from t h e  measured temperatures ( Taguchi, 
1982 1.  The ac id  a l t e r e d  zone which extends t o  

4 2 8  
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FIGURE 5. A MODEL OF GEOTHERMAL SYSTEM OF THE OTAKE-HATCHOBARU 
GEOTHERMAL AREA 

t h e  near  s u r f a c e  plays t h e  r o l e  of a cap rock and 
prevents  meteor ic  water  from penet ra t ing  t o  t h e  
deeper zones. 
is  assumed t h a t  t h e  r e s e r v o i r s  i n  and under t h e  
a l t e r e d  zone a r e  r e l a t i v e l y  small  i n  e x t e n t  and are 
of water-dominated type ( HC03-SO4 type ) and a r e  
vapour-dominated i n  some cases .  Steam and gas  es- 
caping from t h e  deep zones through t h e  cap rock may 
form SOI type r e s e r v o i r s  with low c h l o r i d e  conten ts  

According t o  the  chemical d a t a ,  i t  

and low-pH va lues .  

a h ighly  permeable zone i n  the  basement, t h e r e  is a 
high p o s s i b i l i t y  of f ind ing  high-temperature reser- 
v o i r  of 290-3OO0C, when t h e  center  of convection 
upflow i n  t h e  a r e a  on the  north-eastern p a r t  of M t .  

Although t h e  deep w e l l  HT-5-1 d i d  not  encounter  

Goto, is  explo i ted .  

-1 .ow 
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