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( 1 ) I NTROOllCT I ON 
Geothermal heat potential is usually evaluated by the activities of Quaternary volcanism. 

The igneous-related geot.hermal syst.ems proposed by Smit.h and Shaw(1975) is famous idea for 
quasi-quantitative evaluation of heat content.s based on the diagram of conductive cooling 
model of magma chamber. This method rest.s on estimates of the probable volumes(VB) of high­
level magma chambers and determinations of the radiometric ages(TY) of the youngest volcanism. 

Th i s met.hod is adopt.ed to tile Qua ternary vo I canoes in ,la!lanese geotherma I fie I ds. sllch as 
Hohi. Sengan. Kurikoma areas (fig. 1. 2. Table 1). These results suggest that heat poten­
tialit.ies inferred from Smith and Shaw diagram seem to be underestimated for t.he middle 
Pleistocene volcanoes (TY:arolJnd 0.3 Ma) of which magma chambers have been prover! to play im­
portant, roles in heat sources by deep dri II ings. Author tried t,o examine the t.wo ,major assump­
tions of Smith and Shaw r.liagrams. which are (!)heat transfer in rocks surrounding the magma 
chamher is by sol id-state conduction and (2)effects of magmatic preheat.ing and gains of magma 
after the time TY are ignored. Assumption(1) is ignored because it works on the heat evalua­
tion as the cause of overestimation. Whereas. assumt,ion (2) conversel~' affect.s as the cause of 
underestimation. Therefore. assumption(2) and other parameters. for example time lag for as­
cending propagation of heat. anomaly "'hich affect. as t.he cause of underestimation should be ex­
am ined. It is d i ff i cu I t to eva lua te the amount of heat supp I y to magma chamber after TY. Bu t.. 
the I ongev i t.y of IJost va I can i sm wh i cll common I J' cant. i nlles over severa I hundred thousands years 
in many geothermal fields. strongly suggest. the intense heat supply to magma chamber aHer 
magma injection. 
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FlO, 2. Graph of Iheorelical cooling limes versus volume for magma bodies (Smith and Shaw. 1975). 
Line (2): Assume Ihal cooling takes place by inlernal convection of Ihe magma chamber until 
solidification is nearly complete. (Poinls nelow line (2) show lhal magma chamher are almost 1110 lien). 
Line (4): Assume thaI cooling is entirely by condition. both inside and outside the magmatic chamber. 
until solidification is complete (= postmagmatic-slagel. Line (6) Assume that cenlrallemperature of the 

solidified plulon has fallen 10 about 300"C (= ambient temperalure). 

Table I. Magnitudes of identified volcanic systems 

Name of volcanic 
system 
[HOHI] 

Waita Volcano 
Kabushi Volcano 
Kuju Volcano 

[KURIKOMAJ 
Takamatsudake Volcano 
Takahlnata Volcano 

[SENGAN]
Yakeyama Volcano 

Compos it i on 
last eruption 

Dacite 
Dacite 
Dad te 

Dad te 
Dad te 

Oacite 

Age dated 
(TY) 

0.35 Ma 
0.32 Ma 
0.03 Ma 

0.32 Ma 
0.35 Ma 

0.1 MA 

Magma chamber 
Volume (VB) 

38 Km 323 Km
940 Km3 

32 Km3 
311 Km

125 Km3 
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(2)HEAT POTENTIAL OF THE MAGMA CHAMBER INJECTED AROUND 0.3 MA 
According to the anal~d.ical report. on Nat.ionwide Geot.hermal Explorat.ion Survey Project b~' 

NEDO. the rate of hea t propaga t i on and conduct i ve coo ling of magma reservo i rand its env i rans 
were calculat.ed and dralill as Fig. 3 for t.he example of the Hachimant.ai Young Volcanics. This 
figure indicates that the time lag of heat propagation from magma seated at 7 Km in depth to 
upper shallol," crust of 2-4 Km in depth takes several ten t.housands years. Therefore. very 
young volcanoes I~ss than 0.02 Ma can not afford to produce the active geothermal system at 
shallol," crust around 2-4 Km in depth. ~1t. I\"ate in Sengan area and Mt. Kuril(oma in Kurikoma 
area are the examples of this case. Fig. 3 also shows that 0.3 Ma magma is impossible to 
supp I y t.he Ilea t sou rce to present geotherma I systems because the magma have a I read~' comluc­
tively cooled down. But. the actual geothermal explorations at Hohi. Kurikoma and Sengan areas 
suggest that the magma reservoirs of wllich TV is around 0.3Ma. have sti II supply t.he plent.y of 
geotherma I hea t energy to present geotherma I systems. Then, \"e have to introduce the concept 
of the long t.erm heat supply aBel' magma inject.ion. For the purpose of reexamination of heat 
potential of magma reservoir with due consideration of heat supply after magma injection. 
t.hree Japanese representative geothermal fields. Hohi. Kurikoma and sengan areas are inves' 
tigated as fol lows. 
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Fig. 3. Conductive cool,iog curve at subsurface each depth to magma chamber 

(3)HOIII AREA 
Geological and geothermal informations about the Hohi geothermal area and its environs 

were compiled as a map sheet. (Research group for the geological map of Hohi Geothermal Area. 
1982). Hany drill ings have been carried out for deep geothermal energy exploration project in 
t.his area. Based on these dri II i ng, t.emperat.ure cont.our map under the ground was dral,on. And 
also. many young volcanics were age-determined. It becomes to be made clear that the dis 
tribution areas of the Young volcanics of which TY is around 0.3'0.4 Ma are corresponded t.o 
the areas of subsurface high temperature (Fig. 4). This result means that the magma reservoir 
of 0.3-0.4 Ma volcanism (the Early Kuju Volcanics) such as the \Jait.a Volcano and the Kabushi 
Volcano. has not yet cooled down due to sufficient thermal supply t.o magma after the lat.est 
volcanism. \Jhereas. t.he volcanism of t.he Kuju Volcano started around 0.3 Ha and cont.inued t.o 
0.03 Ha at least. Therefore. t.he magma chamber of t.he Kuju Volcano has maintained high heat 
pot.ential by continuous heat. suppl~' or int.ermittent mgma inject.ions. In general. acidic vol­
canism followed by remarkable mineral ization. is more expected than basic volcanism, that high 
heat. pot.ential continues for a long time. 

900 

800 

700 

U 500 

~ 
OJ 

500s­
::I 
+' 
s­'" OJ 

0­ <00 
E 
Q) ..... 

lOO 

200 

100 

aoo 

.!IOO 

200 

100 

- 254 

http:Hachimant.ai
http:calculat.ed


(4)KURIKO~IA AREA 

Geological and geothermal informations about the Kurikoma geothermal area and its en­
virons were c~mpi led as a map sheet (Research group for the geological map of Kurikoma 

Geothermal Area. 1986). 6 dri II holes of 1500m class in depth were completed at the Onikobe 
Ca Idera for the geotherma I research program named "Conf irma t. i on study of the effecti veness of 
prospecting techniques for deep geothermal resources", and 8 dril'l holes of 1000-1500m class 
in depth were excavated at the Ogachi Caldera for the geothermal explorat.ion program named 
"Survey to identify and promote geothermal development". According to the results of these 
projects. subsurface temperature contour map \.fas dra\.'n. and also. young volcanics were dated. 
These data made clear that the distribution areas of the Young Volcanics of which TY is around 
0.3-0.4. ~Ia are corresponded to the area of subsurface high temperature (Fig. 5). This fact In­
dicates that the magma reservoirs of o.a-o.4. Ma volcanism, the Takahinata Dacite in the 
Onikobe Caldera. and the Takamatsudake Dacite in the Ogachi Caldera. have not yet cooled down 
by intense thermal supply through assumed deep seated fracture zones. ~hereas, the magma 
reservo i r of the Kur i koma Vo I cano is too young or too deep to produce sha II ow geotherma I SYS­

tem. 

(5)SENGAN AREA 
Geological and, geothermal informations about the Sengan geothermal area and its environs 

were compi led as a map sheet (Research group for the geological map of Sengan Geothermal Area. 
1984.). 8 dri I I holes of 1500m in depth were excavated for the geothermal research program 
named "Confirmation st.udy on the effectiveness of prospecting techniques for deep geothermal 
resou rces". Based on these dr i II i ng, subsurface temperature contour map was drawn (I" i g. 6). 
This map shows that the dist,ribut,ion areas of t.he Young Volcanics around the Tamagawa Caldera 
except wester~ part are corresponded to subsurface high temperature ares. The ages(TY) of 
these volcanics. such as Oobuka. Oomatsukura, Nyuuto Volcanoes,approximat.ely range from 1.0 
to 0.5Ma. Therefore, intense thermal supply after TY should be taken account. Especially, sub­
surface i ntrus i ve rocks conf i rmed by dr i II i ngs t\.t Kakk{)nda. Ma tsukawa and Sum i kawa geotherma I 
developing areas, must make important roles to supply heat energy upward through deep seated 
fracture zone. But. the Yakeyama volcano is an example that extra heat supply do not need be­
cause of contineous volcanism. Whereas, Iwate Volcano is too young to make geothermal system. 

(6) EVIDENCE OF ACTIVE THERMAL SUPPLY AFTER MAGMA INJECTION 
As above mentioned. it is made clear that active thermal supply to magma after latest 

volcanism should be considered from the results of case studies at Hohi. Kurikoma and Sengan. 
Here, the author try to present the evidences of this thermal supply as fol lows. 

a) subsurface thermal gradients are calculated by lower part. of deep dri II holes exceeding 
1000 m in depth, as 90°C/Km at Hohi area, 140°C/Km at Kurikoma area and IOO°C/Km at Sengan 
area respectively. Given t.hese facts. magma chambers are possible to be no\.' molton around 5-8 
Km in depth by active thermal supply to magma. . 

b) The ages of geothermal alter~tion or ore mineral ization are estimated by K-Ar and fission 
track methods using the concept of closure temperature. These results indicate the life time 
of post-volcanism is generally around 0.5-1.0 Ma. Therefore. active thermal supply after magma 
injection is fairly possible to occurr commonly. 

c) I n genera I, Magmatic pressures i nc'rease at act i ve vo I canoes. and are fa II en down by erup­
tions. If magmatic pressure is constant for a long time. it wi II be int.erpret.ed as balancing 
of heat supply to magma and heat discharge to surface of earth. These heat balance might be 
occurred at extinct or dormant volcanoes of which almost part are age-determined around 1-0.1, 
Ma. 
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Fig. 4. Comparison between distribution areas 
of young volcanics and subsurface temperature 
contour map at sea level in Hohi area. 
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Fig. 5. Comparison between distribution areas of young
volcanics and subsurface temperature contour map at 
sea level in Kurikoma area. 
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Fig. 6. Comparison between distribution areas of young
volcanics and subsurface temperature contour map at 
sea level in Sengan area. 
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