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Abstract  

Hot spr ings  a r e ,  i n  genera l ,  s i t u a t e d  i n  t h e  
volcanic  b e l t  of a convergent zone and are 
u t i l i z e d  a s  i n d i c a t o r s  of geothermal p o t e n t i a l  i n  
a n  a rea .  The l o c a t i o n s  of h o t  spr ings (with 
tempera tures3  90°C) i n  Japan,  have been examined 
t o  determine t h e  inf luence  t h a t  p l a t e  
underthrust ing e x e r t s  i n  determining t h e  
loca t ions  of these  hot  spr ings .  This examination 
shows t h a t  h o t  s p r i n g s  and geothermal f i e l d s  i n  
Japan a r e  s i t u a t e d  i n  the  volcanic  a reas  a long t h e  
extension of zones which mark d i s c o n t i n u i t i e s  i n  
p l a t e  underthrust ing.  Measured hea t  flow i n  many 
of these  zones is higher  than average f o r  volcanic  
areas .  Such zones wi th  h igher  than average 
c r u s t a l  temperatures should be prime t a r g e t s  f o r  
comprehensive geothermal explora t ion  programs. 

S u g h u r a  and Uyeda (1976) hav8 noted t h a t  s p r i n g s  
y ie ld ing  water warmer than  30 C (warm spr ings)  a r e  
d i s t r i b u t e d  almost e x c l u s i v e l y  i n  the  volcanic  
b e l t  of Japan a l l  a long t h e  arc .  Springs i n  
volcanic  a r e a s  confirm t h r e e  requi red  
c h a r a c t e r i s t i c s  f o r  geothermal f i e l d s ,  namely, 
h e a t  source,  rock permeabi l i ty  and ground water  
a v a i l a b i l i t y .  I f  temperature a t  shallow depth 
( ( 2  km) is  high (>180°C) i n  such a r e a s ,  then 
geothermal energy can  be explo i ted .  Figure 1, 
however, shows t h a t  s p r i n g s  with temperature),90°C 
( r e f e r r e d  t o  h e r e a f t e r  as h o t  spr ings)  do not  
occur a l l  along t h e  volcanic  b e l t .  Figure 1 a l s o  
shows t h a t  t h e r e  are four  proven geothermal a reas  
i n  Japan and t h e  geothermal f i e l d s  a r e  s i t u a t e d  
near ho t  spr ings  i n  t h e s e  a reas .  Although t h e  
exac t  d e l i n e a t i o n  of a geothermal f i e l d  is based 
on a comprehensive explora t ion  program, t h e  
presence of severa l  h o t  s p r i n g s  i n  t h e  v i c i n i t y  of 
t h e  geothermal f i e l d s  sugges ts  t h a t  c r u s t a l  
temperatures a r e  high over a wide a r e a  i n  t h e  
v i c i n i t y  of these  f i e l d s .  The discrepancy i n  t h e  
d i s t r i b u t i o n  of warm s p r i n g s ,  hot  spr ings ,  and 
geothermal f i e l d s  i n  Japan sugges ts  t h a t  high 

temperatures necessary t o  e x p l o i t  geothermal 
energy may not be  prevalent  a t  shallow depths  
a l l  along t h e  volcanic  b e l t  but may r e s u l t  from 
c e r t a i n  s p e c i a l  condi t ions.  

The loca t ions  of these  h o t  spr ings have 
t h e r e f o r e  been examined t o  i d e n t i f y  t h e  
inf luence  of t h e  under thrus t ing  process a d  

. determine t h e  s p e c i a l  condi t ions  i n  t h e  v i c i n i t y  
of geothermal f i e l d s .  

Figure 1 sugges ts  t h a t  hot  spr ings occur i n  
c l u s t e r s  and are spaced about 100-150 Ian a p a r t  
i n  northern and southwestern Japan. Kel leher  e t  
a 1  (1974) noted t h a t  t h e  rupture  zones of l a r g e  
(Magnitude), 7.0) ear thquakes i n  Japan are on an  
average about 150 km long. I t  is  t h e r e f o r e  
p o s s i b l e  t h a t  h o t  spr ings  may be inf luenced by 
t h e  rupture  zones of l a r g e  earthquakes. Mogi 
(1968) has  noted t h a t  t h e  a f t e r  shock zones of 
g r e a t  earthquakes (Magnitude 2 7.7) occur  i n  
nonoverlapping u n i t s  separa ted  by s t r u c t u r a l  
d i s c o n t i n u i t i e s  o r  t ransverse  zones i n  t h e  arc. 
Sen0 (1977, 1978) d iv ided  northern Japan i n t o  
severa l  provinces  on t h a t  bas i s .  Figure 1 shows 
t h e  province boundaries f o r  northern Japan a s  
drawn by Sen0 and f o r  southern Japan on t h e  
b a s i s  of d a t a  i n  Mogi (1968). 

Figure 1 shows t h a t  hot  s p r i n g s  a r e  i n  genera l  
s i t u a t e d  along t h e  extension of t ransverse  zones 
o r  province boundaries. I t  i s  i n t e r e s t i n g  t o  
note  t h a t  southwest Honshu i s  not vo lcanic  and 
h o t  s p r i n g s  occur  i n  only one a r e a ,  along t h e  
ex tens ion  of zone C ,  which separa tes  the rupture  
zones of t h e  1944 and 1946 earthquakes. This  
sugges ts  t h a t  proper condi t ions ( i . e . ,  
f r a c t u r e s ,  f l u i d s ,  e t c )  e x i s t  f o r  t h e  
development of h o t  spr ings along t h e  extension 
of these  *ones and t h e  l o c a t i o n s  of h o t  s p r i n g s  
a r e  t h e r e f o r e  inf luenced by t h e  mechanics of 
underthrust ing.  

Avai lable  hea t  f low d a t a  i n  Japan (F igure  2) 
support  t h i s  suggestion. Heat flow along t h e  
ex tens ion  of zones A,D,E,I,J,L and M is indeed 
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Figure 1 - Hot spr ings ,  geothermal f i e l d s  and Locations with two or more 
hot  spr ings  (open c i r c l e s )  from Sumi (1975) and geothermal f i e l d s  ( f i l l e d  squares)  from Nakamura (1981). 
Base map showing volcanoes ( f i l l e d  t r i a n g l e s )  and p l a t e  boundaries from McCann et a1 (1979). Rupture 
zones-of g r e a t  earthquakes inc luding  t h e  year of rupture  and earthquake magnitude a r e  from Mogi (1968) 
and Sen0 (1977, 1978). 

p l a t e  conf igura t ion  i n  Japan. 
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Figure 2 - Heat flow i n  Japan and v i c i n i t y  i n  r e l a t i o n  t o  the l o c a t i o n  of geothermal f i e l d s  and t r ansve r se  
zones. Locations of geothermal f i e l d s  ( f i l l e d  squares)  
from Nakamura. Zones L and M o u t l i n e  a block which ruptured i n  1973 
and ruptured e a r l i e r  i n  1894. 

Basic hea t  flow map from Watanabe e t  a1 (1977). 
Transverse zones A-L as  i n  Figure 1. 

very high ( h 3 . 5  HFU) a s  compared t o  t h e  average 
(-1.5 HFU) i n  vo lcan ic  areas .  Heat flow along 
the zones D and G is about 1.5-2.5 HFU and along 
zone C about 1.5-2.0 HFU. There a r e  no volcanoes 
i n  southwest .Honshu (Figure 1)  and i n  t h e  absence 
of magma a t  depth,  t h e  h e a t  flow i n  zone C i s  
compatible with heat  flow i n  o ther  t r ansve r se  . 
zones i n  Japan. Heat flow values  a r e  not known 
f o r  zones B, F, H, and K. The high values  of heat 
flow along some of t h e  t ransverse zones the re fo re  
support  the  observat ion t h a t  shallow c r u s t a l  
temperatures i n  these zones a r e  higher  than normal 
f o r  volcanic  a reas .  Figure 2 a l s o  shows t h a t  
geothermal f i e l d s  a r e  loca t ed  i n  s e v e r a l  of these  
t r ansve r se  zones with heat  f l ow23 .5  HFU. 

Acharya (1982 and 1984) examined t h e  loca t ions  of 
geothermal f i e l d s  i n  t h e  circum P a c i f i c  a rea  and 

observed t h a t  most of t h e  geothermal f i e l d s  i n  
t h e  circum P a c i f i c  a rea  ( including Japan) a r e  
s i t u a t e d  along t h e  extension of zones whichmark 
a break i n  the  l a t e r a l  con t inu i ty  of t h e  
underthrust ing p l a t e .  The breaks noted were 
( i )  terminal  ends of severa l  p l a t e  boundary 
segments (such as  B, D, E and J i n  Figure 11, 
and ( i i )  t r ansve r se  zones which d iv ide  p l a t e s  
i n t o  severa l  independent blocks on t h e  b a s i s  of 
rup tu re  zones (such a s  A, C ,  F, G, H, I, K and L 
i n  Figure 1) .  Acharya the re fo re  suggested t h a t  
such t r ansve r se  zones a r e  favorable  a r e a s  f o r  
the  development of a productive geothermal 
f i e l d .  One d i f f i c u l t y  with t e s t i n g  t h i s  
hypothesis is t h a t  while  geothermal f i e l d s  a r e  
i n d i c a t i v e  of high temperatures a t  shallow 
depth,  i t s  absence does not mean low c r u s t a l  
temperatures.  The expense involved i n  

395 



Acharya 

geothermal explora t ion  is s u f f i c i e n t l y  high so 
t h a t  only few l o c a t i o n s  are thoroughly 
inves t iga ted .  Hot spr ings ,  on t h e  o t h e r  hand, are 
abundant i n  i s land  arcs and temperatures of h o t  
spr ings  can be measured inexpensively. The 
d i s t r i b u t i o n  of ho t  s p r i n g s  as w e l l  a s  h e a t  flow 
measurements i n  Japan i n d i c a t e s  t h a t  shallow 
c r u s t a l  temperatures a r e  indeed high i n  t h e s e  
t ransverse  zones and t h e r e f o r e  such zones can be 
favorable  places  f o r  t h e  e x p l o r a t i o n  f o r  
geothermal f i e l d s .  
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