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ABSTRACT TEMPERATURE MEASUREMENTS 

The Sengan Region, one segment o f  the backbone 
range o f  Northeastern Honshu, has a very unique 
thermal s t ruc tu re .  Heat f low determined i n  holes 
w i t h  depths 200 to 500 m i s  h igher  than 120mWm-2 
anywhere w i t h i n  the region o f  approximately 40km 
(E-W) x 50 km (N-S) mostly covered w i t h  young 
vo lcan ic  rocks th icker  than 500 m. I n  cont ras t  
t o  o ther  Japanese geothermal ta rge t  areas such 
as Hohi, Kyushu, the Sengan Region i s  character- 
ized by the absence o f  shal low temperature i n -  
versions i n d i c a t i n g  t rans ien t  hor izon ta l  water 
f low o r  thermal convection, except f o r  the 
immediate v i c i n i t y  o f  the known reservo i rs  under 
e x p l o i t a t i o n .  This pa t te rn  may be re la ted  t o  
the c h a r a c t e r i s t i c  mode o f  vo lcan ic  h i s t o r y  o f  
the region. 

INTRODUCTION 

I n  many geothermal f i e l d s  i n  the wor ld  we en- 
counter temperature logs i n  shallow holes (depths 
less than 500 m) t h a t  have a p o r t i o n  o f  negat ive 
temperature gradient .  I f  the p o r t i o n  shows e r r o r  
func t ion  behavior, the t rans ien t  e f f e c t  o f  
l a t e r a l  water f low o f  a t h i n  a q u i f e r  may be the 
explanat ion (Ziagos and Blackwell ,  1980). Free 
convection dr iven  by regional forced convection 
as considered by Morgan e t  a l .  (1981) f o r  the  
Las A l tu ras  geothermal anomaly, Rio Grande R i f t ,  
may be app l icab le  t o  homogeneously permeable and 
c o n s t r i c t e d  basins. 
a l s o  observed i n  most o f  the Japanese geothermal 
areas. However, the Sengan Region, Northeastern 
Honshu, which includes three geothermal power 
p lan ts  (one vapor-dominated and two hot-water 
ones) and i s  described as the  "Hachimantai 
Volcanic Region" by Nakamura and Sumi (1981), 
does no t  have conspicuous temperature invers ions 
i n  holes w i t h  depths ranging from 200 t o  500 m. 
I n  the present work we consider the Sengan Region 
as a conduction dominated (shal low) geothermal 
regime, on the bas is  o f  temperature log  data i n  
approximately.30 holes. The set  o f  data con- 
t r a s t s  t o  t h a t  co l lec ted  i n  areas such as the  
Hohj Region, Kyushu, where very complicated 
shal low hydro log ica l  e f f e c t s  have been observed. 

These kinds o f  phenomena are  

Temperature data i n  d r i l l  holes used i n  the 
present work are obtained i n  two d i f f e r e n t  ways. 
S t a t i c ,  h igh  accuracy measurements were made by 
the author f o r  f i v e  holes 250 m deep employing a 
por tab le  type h igh  r e s o l u t i o n  thermometer. For 
the o ther  holes, consecutive logs up t o  5 days 
a f t e r  stopping mud c i r c u l a t i o n  were made by a log- 
g ing company. Time ext rapolated temperatureswere 
obtained using the formula o f  Lachenbruch and 
Brewer (1959). The former has proved t o  be usefu l  
f o r  demonstrating the e f f e c t  o f  sur face topography 
on geothermal gradient  measurement. A numerical 
technique was used t o  so lve  the steady s t a t e t h e r -  
mal conduction equation t o  o b t a i n  a topographic 
cor rec t ion  (Matsubayshi, 1983). The l a t t e r ,  
which as a l i m i t a t i o n  i n  i t s  accuracy, i s  re- 
garded as r e l i a b l e  when used f o r  discussions such 
as whether o r  no t  t r a n s i e n t  hor izon ta l  water f low 
e f f e c t  i s  present, o r  whether v e r t i c a l  water f low 
v e l o c i t y  i s  h igh  enough t o  push up o r  down the 
isotherms1 r e l a t i v e  t o  the  pure ly  conductive 
temperature f i e l d .  

Thermal c o n d u c t i v i t y  o f  core samples i n  water- 
saturated s ta tes  were measured f o r  f i v e  holes 
where s t a t i c  temperature gradients  were a c t u a l l y  
meas u red. 

RESULTS AND DISCUSSIONS 

I n  the f i r s t  place, we look a t  one study area 
w i t h  seven holes i n  a c i r c l e  o f  11  km i n  diameter 
and mostly covered w i t h  h igh  densi ty ,  impermeable 
r h y o l i t i c  rocks c a l l e d  the  Tamagawa Welded Tuf f .  
The presence o f  a h igh  leve l  young magma chamber 
below t h i s  la rge  volume o f  a c i d i c  t u f f s  i s  sus- 
pected (Tamanyu and Suto, 1979). Figure 1 shows 
the  loca t ion  o f  the holes, temperatures o f  which 
are p l o t t e d  against  he igh t  above sea l e v e l  i n  
F igure 2. 

I t  i s  apparent from F i g u r e 2 t h a t  the thermal 
regime i n  t h i s  area i s  e s s e n t i a l l y  conductive so 
f a r  as the depth range o f  about 300 m below the 
surface i s  concerned. But the values o f  heat 
f low i n  t h i s  small area f a l l  i n  a broad range; 150 
mWrnm2 for H-3 ho le  ( topographic .ef fect  corrected,  
Matsubayshi , 1983) t o  about 350 mWm-2 f o r  HM-1 
ho le (no thermal c o n d u c t i v i t y  was measured). The 
sca t te r  o f  heat f low values w i t h i n  an area as 
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Figure 1. Locat ion map o f  the area f o r  d e t a i l -  
ed heat f low study i n  the northwestern p a r t  o f  the 
Sengan Region. Squares and s o l i d  c i r c l e s  i n d i c a t e  
250 m deep holes and 500 m deep holes, respective- 
l y *  

small as 100 km2 may be caused by a hydrothermal 
system which e x i s t s  beneath the Tamagawa Welded 
Tuf f .  The phys ica l  mechanisms by which thehydro- 
thermal system i s  d r iven  w i l l  remain unknown u n t i l  
deep d r i  1 1  ing reaches the permeable sedimentary 
rocks which u n d e r l i e  the cap rock. The geologi- 
ca l  s t r u c t u r e  i p  t h i s  region i s  too  complicated 
t o  r e l y  on geophysical data such as r e s i s t i v i t y  
o r  seismic r e f l e c t i o n ,  e tc .  

Secondly, temperature log  data o f  o ther  p a r t s  
of the region i s  a l s o  invest igated.  A l l  these 
data belong to  the second data category mentioned 
above ( t ime ex t rapo la ted  temperatures) and are  
taken from the repor ts  of the  d r i l l  ing p r o j e c t s  
f inanced by the  Government. Figures 3 and 4 show 
the examples. The data i n  Fig. 4 come from the  
deep holes i n  an area o f  10 km (E-W) x 20 km (N-S)  
located t o  the n o r t h  o f  the Matsukawa vapor domin- 
ated geothermal reservo i r .  Although the depths o f  
the holes i n  t h i s  area are  more than twice as 
la rge  as those o f  the f i r s t  study area, the 
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Figure 2. Temperatures p l o t t e d  against  he ight  
above sea l e v e l  f o r  holes shown i n  F ig .  1. 

general p a t t e r n  o f  the temperature-depth curves 
i s  very s i m i l a r  t o  tha t  o f  Fig. 2. I t  seems on ly  
below the t h i c k  young vo lcanic  t h a t  there  e x i s t s  
a hydrothermal system which causes a la rge  sca t te r  
i n  heat f low values w i t h i n  the small area. 

I t  should be remarked t h a t  the descr ip t ions  
given above have no t  been r e f e r r i n g  t o  the tem- 
perature s t r u c t u r e  i n  the known r e s e r v o i r t s .  I n  
fac t ,  i n  the immediate v i c i n i t y  o f  the  Kakkonda 
geothermal power p lan t ,  surface exposure o f  the 
T e r t i a r y  sedimentary rocks i s  known t o  be t h e s i t e  
o f  discharge from the convecting reservo i r ,  which 
i s  represented by hydrothermal a1 t e r a t i o n  zones 
(Nakamura and Sumi, 1981). But the  d i s c o n t i n u i t y  
o f  formations i n  t h i s  area seems toprevent  t h e h o t  
water reservo i r  from extending over a la rge  h o r i -  
zontal scale. This  probably makes one o f  the 
d i f fe rences  i n  t h i s  region from such a type o f  
la rge  geothermal reservo i r  as Wairakei, New 
Zea 1 and. 
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Figure 3. Temperatures p l o t t e d  against  depth 
from the surface f o r  the holes i n  the nor thern  
p a r t  o f  the Sengan Region. D i f f e r e n t  symbols i n -  
d i c a t e  d i f f e r e n t  holes. 

Generally, low permeab i l i t y  o f  the young volcan- 
i c s  i n  the Sengan Region may be due to  the char- 
a c t e r i s t i c  mode o f  volcanism i n  the region. A l -  
though we do no t  have s u f f i c i e n t  data o f  rad io-  
m e t r i c  ages o f  these volcanics, a la rge  volume o f  
lavas might have been brought t o  the surface i n  a 
shor t  per iod o f  time, instead o f  repeated i n t e r -  
m i t t e n t  a c t i v i t i e s .  Voluminous ascent o f  a c i d i c  
magma may have deformed the p r e - e x i s t i n g  forma- 
t i o n s  and the f rac tu res  thus formed may have pro- 
v ided the channels f o r  the geothermal f l u i d s  w i t h  
the r e s u l t  o f  se l f -sea l ing  o f  the  f rac tu res .  We 
a c t u a l l y  observe we l l  sealed f rac tu res  by a l t e r a -  
t i o n  minerals i n  many p a r t s  o f  t h e  cores from the 
holes shown i n  Figure 1.  

There are other  areas i n  the Sengan Region 
which have b a s i c a l l y  the same thermal character-  
i s t i c s  as those shown above. The important ques- 
t i o n  to be answered i s  what phys ica l  meaning we 
can f i n d  f o r  the minimum heat f low o f  the  Sengan 
Region (150 One p o s s i b i l i t y  i s  the e f f e c t  
o f  9 very large scale hydrothermal system beneath 
the t h i c k  vo lcanic  rocks and the s c a t t e r  o f  the 
observed heat f low values might be due t o  the  
smaller t r i b u t a r y  systems which e x i s t  on shal lower 
leve ls .  Another i s  t h a t  we are  look ing a t  steady- 

F igure 4. 
fo r  the deep holes i n  the eastern p a r t  o f  t h e  
Sengan Region. 

Temperatures p l o t t e d  against  depth 

s t a t e  o r  t rans ien t  thermal conduction from the 
magma w i t h  shal low r e d i s t r i b u t i o n  o f  heat f l o w  by 
hydrothermal heat t ranspor t  below the vo lcan ic  
rocks. Before we ge t  a d e f i n i t i v e  i n t e r p r e t a t i o n  
o f  the a v a i l a b l e  heat f low data,. there a r e  a l s o  
many unanswered problems concerning the geother- 
mal s t r u c t u r e  o f  t h i s  region. They are the 
h i s t o r y  o f  the magma emplacements o r  volcanism 
(s ince the time o f  Green T u f f  a c t i v i t y ) ,  the  
c r u s t a l  deformation h i s t o r y  associated w i t h  i t ,  
and the deep subsurface hydrology which most 
d i r e c t l y  con t ro ls  the present-day thermal s t r u c -  
ture.  Continued research e f f o r t s  inc lud ing  deep 
d r i l l i n g  are now i n  progress as one o f  t h e  
na t iona l  research programs by the Geological Sur- 
vey o f  Japan i n  cooperation w i t h  the New Energy 
Development Organization. 
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