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ABSTRACT 

The geothermal energy w i t h i n  the summit dome 
a t  an a l t i t u d e  of 2,050 t o  2,455 m of the  
Yakedake volcano ( a l t . ,  2,455 m :  Gifu-Nagano, 
Japan) i s  calculated t o  be about 5.2 x l o t 7  J ,  
which represents  a thermal power output o f  5.5 x 
I O 2  M W t t .  averaged over 30 yrs .  The temperature 
o f  s o l f a t a r a  i n  the northern summit dome a t  an 
a l t i t u d e  of 2,240 t o  2,270 m ranged from 68.2 t o  
92.4" C i n  Oct., 1993. The water sample from a 
c r a t e r  p o n d ,  Terugaike, located on the summit, 
showed pH and e l e c t r i c a l  conductivity o f  4.35 and 
42.4 pS/cm i n  Sept.. 1992, respec t ive ly ,  and o f  
4.38 and 42.2 pS/cm i n  Oct. ,  1991, respect ively.  
The temperature o f  the most a c t i v e  s o l f a t a r a  i n  
the summit dome ( a l t . ,  2,440 m )  was 119.4' C i n  
Scpt . .  1992. The geothermal energy within the 
s u m m i t  dome of  lwodake, p a r a s i t i c  volcano of  
Yitltedake, at. an a1tit.rido of 2 , 1 0 0  t o  2,140 m is  
calculated t o  be 2.2 x l o i 5  J ,  which represents a 
thermal power output of 2.3 MWr.h over 30 yrs .  

1. INTRODUCTION 

There a r e  sixty-seven a c t i v e  volcanoes i n  
Japan (J.M.A., 1984), which correspond t o  approx- 
imately 10% of the t o t a l  number in the world. 
The present study wil l  consider th i r ty- f ive  major 
a c t i v e  volcanoes from among them ( see Table 1 
and F i g .  1 ) .  As shown i n  Fig.1,  the ac t ive  
volcanoes of  Japan can be c l a s s i f i e d  i n  t o  two 
volcanic b e l t s  (Sugimura, 1960): one is the 
eastern Japan volcanic be l t  from Hokkaido through 
northeastern and central  Japan t o  the Izu - 
Ogasawara Is lands ( i . e . ,  the Chishima, Nasu, 
Chokai, Fuji  and Norikura volcanic zones), the 
other i s  the western Japan volcanic b e l t  from 
Honshu through Kyushu t o  the R y u k y u  Islands 
( i  . e . ,  the Daisen and Kirishima volcanic zones). 
Marly of the ac t ive  volcanoes have fumarolic ac- 
t i v i t i e s  a t  the summit or the c r a t e r  and hydro-  
thermal a c t i v i t i e s  a t  the f o o t  ( i . e . ,  geothermal 
a r e a ) .  Some of them a r e  re la ted  t o  the geother- 
mal power s t a t i o n s  a t  the foot  or i n  the surroud- 
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ing  area f o r  generation of  e l e c t r i c i t y  f o r  indus- 
t r i a l  u t i l i z a t i o n  of geothermal energy. The 
erupt ive,  fumarolic and hydrothermal a c t i v i t i e s  
and re la ted  or adjacent t o  geothermal power s t a -  
t ions of these volcanoes a r e  summarized i n  Table 
1. Data on geothermal area and h o t  s p r i n g  i n  
t h i s  tab le  a r e  mainly taken from Yuhara (1974). 
The accumulated information i n  t h i s  tab le  indica- 
t e s  t h a t  the volcanoes which a r e  re la ted  to  geo- 
thermal power s t a t i o n s  have coamon character is-  
t i c s :  I )  fumarolic a c t i v i t y  a t  the summit or the 
c r a t e r ,  2 )  geothermal area and many h o t  spr ings 
a t  the foot or on the s lope,  3) erupt ive a c t i v i t y  
i n  the n i n t h  t o  the twentieth century except f o r  
the Hachimantai volcano and 4) a l t i t u d e  higher 
than about f i v e  hundred meters above sea level  
(Iriyama, 1994). 

The s t u d y  area is i n  a rugged sect ion o f  the 
southern par t  o f  the Japarl Northern Alps Moun- 
ta ins  ( F i g s .  1 & 2). Yakedake is a volcano w i t h  
a lava dome, belonging t o  the H t .  Norikura vol- 
canic zone. The volcano has been i n  a dormant 
s t a t e  s ince the eruption i n  June, 1962, whose 
explosions took place on the northern s i d e  of  the  
dome and formed a f i s s u r e  of several  hundred 
meters i n  length.  However, the fumaroles i n  the 
summit dome areas  of  Yakedake and the p a r a s i t i c  
volcano, lwodake ( a l t . ,  2 , 1 4 0  m )  a r e  ac t ive .  The 
eruption i n  1915 created several  new c r a t e r s  i n  
the areas  o f  the Shimohorisawa and Nakahorisawa 
valleys a t  an a l t i t u d e  of about 1,900 above sea 
leve l ,  and formed Taishoike pond by damming the 
Azusa River w i t h  mud flows from the mountainside 
(Hurayama, 1979). The Yakedake dome cons is t s  o f  
Quaternary b i o t i  te-bearing hornblende andes i te  
(Iriyama e t  a l . ,  1981). The basement comprises 
Paleozoic sedimentary rocks, fiesozoic volcanic 
rocks and g r a n i t e  (Kato, 1912). 

The geothermal energy o f  the Yakedake volcano 
i s  calculated i n  the  present paper. The thermal 
process i n  the  volcano i s  a l s o  analyzed. Studies  
of these problems have been perforred by the 
present author (Iriyama, 1981, 1983, 198&, 1990, 
1991, 1992, 1994). 
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2 .  YAKEDAKE A N D  IUODAKE S~HHIT DOHE AREAS 

Yakedake 
The temperature of  the most ac t ive  s o l f a t r a  

( a l t . ,  2,445 a )  i n  the summit doae was 119.4O C 
i n  Sept . ,  1992. When Sugiura and fiizutani (1978) 
measured the so l f a t a ra  temperatures i n  19?6 and 
1977, these were 117' and 127' C, respect ively.  
The boiling p o i n t  of  water a t  an a l t i t u d e  o f  
2,445 ru is about 92.1" C. Other so l f a t a ra  a re  
found within a dry valley froa the c r a t e r  r i a  i n  
the northern summit doae a t  an a l t i t u d e  of 2,240 
to 2,270 a. Sublimation of sulfur around these 
so l f a t a ra  i s  observed there .  Variation of  meas- 
ured temperatures of the s o l f a t a r a  over time 
s ince Sept . ,  1987 a re  l i s t e d  i n  t ab l e  2. The 
tempera tures of three so l  f a t a ra  ranged from 68.2 
tu 92.4" C i n  O c t . ,  1993. The boi l ing  point of 
hater  a t  an a l t i t u d e  of 2,250 m is about 92.4' C. 

The witter sample from a c r a t e r  pond,  Teruga- 
i k c ( a l t . ,  2,350 I), on the summit showed pH and 
e l e c t r i c a l  conductivity (E.C.) of 4.35 and 42.4 
~USlcor i n  Sept. ,  1992,  respect ively,  arid of 4.38 
and 42.2 BS./cm i n  Oct. ,  1991, respectively.  
When Ossaka (1961) neasured these values i n  the 
water froin the same pond i n  1960, pH and EC were 
3.7 and 80.8 pS/cm, respec t ive ly .  

temperature measureaents and high geothermal gra- 
dient  of the volcano (Yuhara and Iriyama, 1986: 
I r i y a r a ,  1981, 1988, 1990, 1991, 1992, present 
s t u d y j ,  the geothermal gradient w i t h i n  the dome 
is  assumed t o  be about 2.5' C/R at, a depth be- 
tween 0 and 300 m .  T h u s  one can assume a temper- 
a tu re  d i f f e rence  of & T  = 600 deg between the i n -  
s ide  and the outside of the dome a t  an a l t i t u d e  
o f  2,050 to 2,455 m. The a l t i t u d e  of 2,050 m in -  
d i ca t e s  the lower l imit  of  fumaroljc a c t i v i t y  on 
the dome. Given t h i s  temperature difference,  for 
the s p e c i f i c  heat and  d e n s i t y  of andesi te ,  re- 
specl ively,  of  C, = l . l  x io3 J /kg**  C and P = 
2 . 6  x 10 '  kgim? and the dose volume of Y = 3.0 x 
10" m ' ,  ~ a l c u l ~ t e d  from the topographic nap  
'Yakedake' (1:25,000 i n  s ca l e ) ,  the  geothermal 
energy G t t  wjthin the suaotit lava doae i s  calcu- 
lated t o  be 5.2 x l o i 7  J. which represents  a 
thermal power o u t p u t  of 5.5 x IOL MWth averaged 
over 30 y r s .  

Taking into a c ~ o u n t  the r e s u l t s  of present 

Iwodake 

Quaternary hornblende andes i t e  ( I r iyaaa e t  a l . .  
1981). #any fumaroles a r e  found a t  the bottom of 
the large s tones  on the southern dome a t  an a l t i -  
tude o f  2,110 t o  2,140 a. Some fumaroles appear 
i n  s a a l l  cyl indrical  holes i n  the ground. Stear  
is discharged mainly Eros these holes ,  aper tures  
and s o  on. The ~ e m p ~ r a t u r e s  of eleven fumaroles 
ranged from 3 9 . 0  to 61.6" C i n  Oct.,  1993. 

The Iwodake summit lava dome cons i s t s  of 

By assuming 6 T  = 300 deg and V = 2.5 x lo6 
R ~ ,  the  geothereal energy Gtt, w i t h i n  the Iwodake 
summit doee a t  an a l t i t u d e  of 2,100 t o  2,140 I is 
calculated t o  be 1.9 x l o t 6  J ,  which represents a 
thermal power output of 2.0 H W t h  over 30 yrs. 

3. G E O T H E ~ ~ A ~  AREA 

Gamada River 

l e a s t  one t r a v e r t i n e  t e r r ace  by the hot-water 
flow along the Gaaada River and i t s  branch 
streams, i . e . ,  the S h i r a ~ i z u  and Ashiarai va l leys  
on the northwestern foo t  of Mt. Yakedake 
( I r iyaaa ,  1990). 

about 4,000 I from the nearby Nakasaki hydropower 
s t a t i o n  through the Karukaya hot springs to the 
Gaeada h o t  s p r i n g s  along the r ive r .  The access i -  
ble depth ( d )  i s  probably 500 P on average i n  t he  
montane region. The w i d t h  (a)  and length (1)  of 
this zone a r e  assumed t o  be 200 PI and 4,000 m ,  
respectively.  The measured density of r h y o l i t i c  
t u f f  is 2.8 x 10; kg/m3 i n  boring-core sample 
from CU-Wl well of the Karukaya area.  The teat- 
perature d i f fe rence  (6T) and the spec i f i c  heat 
(C,) a r e  ass taed  to be 150 deg on average and 1.1 
x l o 3  Jfkge C ,  r espec t ive ly .  Given this ten- 
perature d i f fe rence  and these parameters, the 
geothermal energy ( G t h )  w i t h i n  the Gamada River 
geotheraal zone is  calculate^ t o  be 1.8 x 1017J1 
which represents  a theraal  power output of 1.9 x 
10' HWt h averaged over 30 y r s .  

There a r e  many hot springs, a geyser and a t  

The Galaada River geothermal zone extends 

Takahara River 
There a r e  many hot s p r i n g s ,  i .e. ,  the  ffirayu, 

F u k u j i ,  Ipposui and Uwajigane hot spr ings,  along 
the Takahara River and i t s  t r i b u t a r i e s ,  i .e . ,  the  
Abo and Shi ra tan i  val leys  a t  the southwestern 
foot e€ the Yakedake volcano (Iriyaam, 1991). 

about 5,000 BI f roa  the nearby Hirayu bus termi- 
nal ,  through the F u k u l i  hot spr ings,  t o  the 
Uwajigane hot s p r i n g s  along the r ive r .  Assuming 
the temperature d i f fe rence  bT = 130 deg and the 
length i = 5,000 BI of this zone, the geotheraal 
energy G t h  w i t h i n  the Takahara River geothermal 
zone is  ca lcu la ted  t o  be 2.0 x l o t 7  J ,  which re- 
presents a thermal power o u t p u t  of 2 . 1  x lo2 

The Takahara River geother ia l  zone extends 

M W t  h. 

Atusa River 
The Azusa River geothermal zone extends about 

2,000 m from the nearby Kaaa tunnel,  t h rough  the 
Nakanoyu hot springs, t o  the Sakamaki h o t  s p r i n g s  
along the r i v e r  (Iriyama, 1992). Hot waters 
g u s h  mainly a t  the eountainside of Yakedake 
volcano on the r i g h t  bank of the Azusa River. I t  
i s  noted tha t  the coincidence between the land- 



Iriyama 

s l i d e s  and places of h o t  water gushes i s  f a i r l y  
good. 

By assuming 1 = 2 , 0 0 0  m i n  length of  the geo- 
thermal zone and the temperature difference 6 T  = 
150 deg, the geothermal energy G i r .  within the 
Azusa River geothermal zone is  calculated to  be 
9 . 2  x 10". J ,  which represents  a thermal power 
output of 9.8 x 10 M W t h  averaged over 3 0  yrs. 

4 .  DISCUSSION 

Heat Flow 

from the mountain f o o t  is discussed below. 

mean thermal gradient  i s  0.487 " C/m a t  a depth 
between 3 0  and 105 m w i t h i n  the C U - 1  well i n  the 
Karukaya area.  Vert ical  d i s t r i b u t i o n  of  tempera- 
ture  i n  t h i s  well is shown i n  Fig. 3. Heasure- 
ments were taken a t  the newly reached bottom 
depth of the borehole a t  l e a s t  18 hours a f t e r  
dai ly  d r i l l i n g  was f in i shed .  There i s  a notable 
water movement a t  a depth between 105 and 140 m 
o f  the  bottom depth. The mean t h e r i a l  conductiv- 
i t y  i s  3.38 W/m*" C i n  the  stratum. Thermal con- 
duc t iv i ty  o f  rocks from the volcano and the moun- 
ta in  f o o t  was measured by a non-steady method. 
The corresponding surface heat flow by  v e r t i c a l  
heat conduction is  1.65 W / m 2  i n  the CU-1 well ,  
which i s  very much higher than those reported by  
Uyeda ( 1 9 6 7 )  in the non-geothermal areas  of the 
islands of  Japan. However, f o r  the heat flow in 
the axial  par t  of the a i d d l e  Okinawa Trough,  
Yaaano e t  a l .  (1988, 1989) have measured from 1 .3  
to 1 . 6  W / w 2 ,  which i s  coaparable w i t h  the  present 
study. They (1989) have a t t r i b u t e d  the h i g h  heat 
flow anomaly i n  the deep t o  the present or recent 
volcanism i n  the cent ra l  r i f t ,  zone. Kinoshita e t  
a l .  (1991) have a l s o  observed very h i g h  heat flow 
from 1 . 7  to 2 . 0  W l m a  around "biological  communi- 
t i es"  located o f f  Hatsiishima Is land in thewestern 
Sagami Bay, Japan. where a high methane content 
anomaly had been found indicat ing f lu id  venting 
a c t i v i t y .  

I n  the Nakasaki area of the Shin-hotaka h o t  
spr ings,  the mean thermal gradient  is 0 .143"  C/m 
a t  a depth between 20  and 2 9 0  m within the H T K  
well. Vertical  d i s t r i b u t i o n  of temperature i n  
t h i s  well i s  shown i n  Fig.  4 .  The temperature 
measurement was taken b y  Chinetsu Co. The ther-  
mal conductivity i n  t h i s  stratum wi l l  be assumed 
the conductivity of! r h y o l i t i c  t u f f  i n  the CU-1 
well. The corresponding surface heat flow by 
v e r t i c a l  conduction i s  0.459 W / m 2  i n  the HTK 
well. This well is located on the northern limit 
o f  the  Gamada River geothermal zone. 

( i i )  The heat-flow measurement s t a t i o n  of the 
Esakake area i s  in a montane sect ion about 800 m 
east  of the Takahara River geothermal zone. The 

The heat flow escaping by heat conduction 

( i )  For the Gamada River geothermal zone, the 

mean thermal gradient is 0.212 ' C / m  a t  a depth 
between 50 and 180 m w i t h i n  the S2-hole ( a l l . ,  
1.112 m )  i n  the Esakake area.  Vertical  distribu- 
t ion of  temperature in the S2-hole i s  shown i n  
F i g .  5 .  The thermal conductivity measured by 
Kiyohashi e t  a1  (1983) was 1.16 W / m o  C for core 
samples in t h i s  stratum. The corresponding sur- 
face heat flow by v e r t i c a l  conduction is  0 . 2 4 6  
W / m 2  in the S2-hole. For S1-hole o f  this a rea ,  
the mean thermal gradient  i s  0.178" C/m a t  a 
depth between 50 and 180 m within t h i s  hole.  The 
surface heat f low is  0 . 2 0 6  W / m 2  i n  the S1-hole. 

Radioactivity 
Contents of U ,  Th and K were obtained by a 

neutron ac t iva t ion  method f o r  rock samples from 
the Yakedake volcano and i ts  foot .  Their concen- 
t ra t ions  a r e  l i s t e d  i n  Table 3. The ana lys i s  was 
done by Japan Chemical Analysis Center. The re- 
s u l t s  show a content of 2.1 I p g / g I  uranium, 9 . 3  
I p g / g ]  thorium and 2 . 0  x 10 lmg/gI potassium for 
andesi te  sample (Yak-1) from the Yakedake summit 
dome. Radioactive heating of the rock is  a t t r i b -  
uted t o  the decay of  the uranium isotopes Ui3& 
and U 2 3 5 ,  the  thoriuw isotope T h 2 3 d  and the po- 
tassium isotope K O 0 .  Natural uranium is composed 
of  99 .27% b y  weight lizcB8 and 0.72% U 2 ; j " .  Natural 
thorium i s  100% Th2:;2.  Natural potassium i s  com- 
posed of 0.0128% K J o .  Therefore t o  obtain the 
concentrations of U k 3 ' j .  T h i J e  and K " " ,  one 
should multiply the empirical cont.ents of U .  Th 
and K by these natural  abundances. Their concen- 
t ra t ions  calculated a r e  l i s t e d  i n  Table 4 .  Radi- 
oact ive heat production by the  Yakedake rocks i s  
a l s o  l i s t e d  in Table 4 .  

I f  one considers a one-dimensional coluan 
w i t h  no erosion or deposit ion and a constant heat 
f lux ,  the equilibrium d i s t r i b u t i o n  of temperature 
T i s  determined bx 

where K i s  the thermal conductivity,  Z is  the 
depth measured from the surface and A is  the r a t e  
of heat production per uni t  volume. The solut ion 
t o  the d i f f e r e n t i a l  equation is 

This can be solved given boundary condi t ions: .  ( i )  
T = Ts on Z = 0 and ( i i )  a surface heat flow 
Q = -K(dT/dZ) = -€IO on Z = 0 ,  

K (d2T/d2 ' )  = - A ( z )  ( 1 )  

T = - ( 1 / 2 ) ( A Z ' / K )  + B Z  + C ( 2 )  

The constant B i s  equal t o  

C i s  the temperature Ts a t  the surface.  As the 
observed s t a t i o n s  a re  in a montane region a t  an 
a l t i t u d e  between 1,000 and 1,400 m, TS = 5 "  C 
i s  adopted i n  the  present ca lcu la t ion .  

Therefore,  from the values of heat f low,  
thermal conductivity and heat production, the ap- 
proximate temperatures a t  the r e l a t i v e l y  shallow 
depth i n  various areas  of the volcano and i t s  
surroundings wi l l  be obtained a s  follows: For the 

B = Q 0 / K  ( 3 )  
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Kartikriya area o f  the Gamada River g e o ~ h e r ~ a l  
zoiie, the temperatiire a t  a depth of 300 and 500 m 
within Ltic Ctl-I  s e l l  is 160 and 250"  C, respec- 
t ive ly .  I n  the Nakasaki a rea ,  the temperature 
bithiri  t1TK kiell is  4 0  and 70"  C ,  r espec t ive ly .  
For the Esakake area of the Takahara River geo- 
thermal Eone, the temperature a t  a depth of 300 
arid 50U m k i t h i i t  the %!-hole i s  70 and 110" C,  
rcspcc! . ibely.  The temperature w i t h i n  the  S1-hole 
i n  t h i s  areti is 70 and 120" C, respect ively.  
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Table 1. Eruption, fumarole, geothermal area, hot  spr ing  and adjoining geothermal station on the active 
volcanoes, Japan. 

Name (al t .  ,m) Recent' Fumarole Geothermal Hot3 Geotherma 1 
erupt ion area spring station 

----_ ~ -_-____---____-__ ----- ._ - .-.- - ...-. - - - - -- - -_--I- --I-_. 

Meakan ( I  ,499111) 1988 0 Akankohan, 64°C 
Tokachi (2 ,0771~)  1989 0 cr:356"C' Tomirraushi many 
Tarumae ( 1,04 lm) 1979 0 
Csu (732mj 1980 0 cr:737"C5 Toyako, 5 1 "C 
HK-Komagatake (1,1311~) 1942 0 Sh ikabe many flori 
Iwaki (1,62511) 
Aki ta-Yakeyama( 1,36610) 1957 0 Tamagawa many Onuma 
Hachimantai (1,61310) 0 Fukenoyu , Tos h ich i eany Onuma , Mat su kawa 
Iwate ( 2 , 0 ~ 8 m )  1719 0 Myokogatake,sl: >360"C6 Matsukawa many Mats ukawa , Ka kkonda 
A k i  ta-Komagatake(l,637m)1971 0 Medake,cr:490"C7,86"CC" Kuroyu many Kakkonda 
Chokai (2,23610) 1974 0 cr:52"Cq Yunodai, 29°C 
Kurikoma (1,627111) 1944 0 Sugawa, Komanoyu many 
Naruko (461111) 837? 0 
Zao (1,841s) 1923 0 Kamoshika, 75°C 
Azuma (2,03510) 1977 0 Jododaira,sl:62"C10 Sh in ta kayu ,56"C 
Bandai (1,819m) 1888 0 Nakanoyu , 65°C 
Naau ( 1.9 15m) 1963 0 Sand og oy a many 
Kusatsu-Shirane(2,171m) 1983 0 tlihgama,cr: 91°C' I Sesshogawara Kusa tsu 

la63 Dake , 7 1 "C 

Naru ko many On i kobe 

-.- -- _--_ --- --- - - - --_ 
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Rhyolitic t u f f  
Slate  
S la t e  

Table 1 (continued) 

CU1-105 
HIR-OB 
S5-71 

Name ( a l t . , ~ )  Recent' Fumarole Geot herma 1 Hot' Geo t hersal  
eruption area spring s t a t ion  

_- ~ - - --- - . - -- -. _._ ---_I-- - _--- ----- -__ 
Asama (2,568111) 1990 
N i iga la-lakey ma( 2 , 400m ) 1 983 
Yakedake (2,455m) 1963 
hor i kura (3,02610) 
On take (3,067~1) 1991 
Hakusan (2,702m) 1579 
Fu j i (3,7761s) 1707 
T zu-0sh inra (764m) 1990 
Yiyiikejima (813m) 1983 
Iwojima (161m) 1982 
Tsuriimi ( 1.375111) 86 7 
Kuju (1,791m) 1742 
Aso (1,592m) present 
Unzen (1 ,359~)  present 
Kir ishima (1,700111) 1991 
Sakuraj ima (1,117111) present 
Kirchi noerabuj ima(657m) 1980 
Sukanosej ima (799111) present 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Senga taki , 38°C 
Sasakura, 60°C 

Sh irahone, 49°C 
su: 119"C,do:93"C1 Nakanoyu,Shinhotaka many 

Kengamine,cr: 145°C' a Nigorigo,47"CL * 
Jigokudani Oshirakawa 

?! i harayama, cr : 542°C' 
Oyama, cc: 910°C' 

Ch idor igahara 
Hyoban, Kannawa 

Jigoku ,Y unotan i 

Tearai , Y unono 

Iwoyama,cr: 269°C' Otake 

Fugenda ke , c r  : 772°C I 

I woyama, s 1 : 174°C 
Minamidake. cr: >760"C2u 

many Suginoi H .  
many Hatchobaru, Otake 
many 
Obama 
wany Kirishima Kokusai H. 
Furusato, 52°C 
Nishiura, 67°C 
Fukuseisi 

-- ---- -- -.-_-- - ---___ .--- - ---------- 
sl: slope, do: dome, su: summit, cr :crater ,  cc: cinder cone, HK: Hokkaido 
References: 1)Nat. Astron. Obs., 1993 P)J.M.A., 1986 3)Yuhara, 1974 4)Hirabayashi e t .  a l . ,  1990 5)Sugoshi and 
Haekawa, 1981 6)Noguchi e t .  a l . ,  1961 7)Suwa e t .  a l . ,  1971 8)Kitsunezaki and Kikuchi, 1988 9)Ui and 
Shirabayashi, 1975 10)Kagiyama and Hagiwara, 1980 ll)Hirabayashi, 1988 12)Present s t u d y ,  1993 13)Ossaka e t .  
a l . ,  1983 14)Yamada, 1982 15)Ehara e t .  a ] . ,  1975 16)Hirabayashi e t .  a l . ,  1984 17)Ehara e t .  a l . ,  1981 
1R)Joint. Univ. Res. Gr., 1992 19)Kagiyama et .  a l . ,  1979 20)Kamo e t .  a l . ,  1977. 

Table 2 .  Yeasiired temperatures !" C) of lhe Yakedake's so l f a t a ra  as a function of time. 
---.- - - .  -_._-- 
Sol fa.  Oct. 12,1993 Sep. 14,1992 Sep.29,1991 Sep.23,1990 Oct.9,1989 Oct.9,1988 Sep.l4,1987 

- -- -- --- -.--- 

Y 1  68.8 77.0 76.0 78.8 77.2 80.2 79.3 
Y 2  68.2 76.3 74.9 69.9 73.5 70.5 67.9 
Y 3  92.6 92.7 32.5 92.8 92.6 92.7 
Y 4  92.4 92.6 92.6 92.4 92.7 92.7 92.7 
Y 5  71.3 67.1 65.4 63.6 66.9 68.8 

- - - --_-. ----- .-- -..-- -----_-I__ - 

Talble 3. Uranium, thorium and potassium contents i n  rocks of the Yakedake volcano. 

Type of rock I Sample number I K[rg/g] T h I  ccg/gl U l  Lcg/gl 

2.0 x 10 9.3 2.1 
2.3 X 10 1.71 X 10 4.7 
2.7 X 10 1.61 X 10 5.0 
2.4 X 10 1.31 X 10 3.0 
2.9 x 10 2.4 1.9 

Analysis: Japan Chemical Analysis Center. 

204 



Iriyama 

Type of rock Sample name 

-- 
Andesite YAK- 1 
Chert CU-4 0 
Rhyolitic t u f f  CU-105 
Slate HI R-OB 

Table 4 .  Heat production by the Yakedake rocks 

K u e  Th232 U235 u238 Heat produced by 
(lO-eg/g) (10-8g/g) (10-8g/g) (10-8g/g) U, Th & K (pW/m3) 

23.4 930 1.51 209 1.18 
26.9 1710 3.39 467 2.46 
31.6 1610 3.60 496 2.56 

1.73 28.1 1310 2.16 298 -- 

FIGURE CAPTIONS 

Fig. 1. Distribution of  ac t ive  volcanoes, geo thermal power s t a t i o n s ,  volcanic b e l t s ,  volcanic fronts, 
trenches and trough i n  and around Japanese Is lands.  Abbreviations: T, Trench; Tro, Trough; 
ME, Meakan; TO, Tokachi; TA, Tarumae; US, Usu; HK, Komagatake; IK, Iwaki; OH,  Ohnuma; A Y ,  
Akita-Yakeyama; HT, Hachimantai; M K ,  Matsukawa; K D ,  Kakkonda; IT, Iwate; A k ,  Akita-Komagatake; 
C K ,  Chokai; KK, Kurikoma; O K ,  Onikobe; WR, Naruko; Z A ,  Zao; AZ, Azuma; BD, Bandai; NS, Nasu; 
KS, Kusatsu-Shirane; AM,  Asama; NY, Niigata-Yakeyama; N K ,  Norikura; O N ,  Ontake; HA, Hakusan; 
FJ, Fuj i ;  O S ,  Oshima; MI, Miyakezima; IW, Iwozima; TM, Tsurumi; KJ, K u j u ;  O T ,  Otake; H B ,  
Hatchobaru; U Z ,  Unzen; K R ,  Kir ishina;  SK, Sakurajima; KE,  Kuchinoerabujima; SW, Suwanosejima. 

the study area (Triyama, 1981). Con tour s  indicate  the a l i t i t u d e  above sea level i n  meter. 
F i g .  2 .  Location map o f  water recharge area and h o t  water discharge a rea ,  and general topography in 

Fig. 3. Vertical  d i s t r i b u t i o n  of temperature and l i thology data  i n  the CU-1 well ,  Karukaya h o t  
springs.  

the ground water level i n  meter. 

ground water level in meter. 

Fig.  4 .  Vertical  d i s t r i b u t i o n  of temperature in the 

Fig. 5 .  Vertical  d i s t r i b u t i o n  of temperature i n  the 

HTK well ,  Shin-hotaka h o t  springs.  GWL ind ica tes  

S2-hole, Ipposui h o t  spr ings.  GWL indicates  the 
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