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             Geothermal Activity of Yakedake Volcano, Gifu-Nagano

                                and the Surroundings

                                     Jun IRIYAMA*

                                  (Received May 31,1990)

                 The geothermal energy within the summit dome at the altitude of 2,100
              to 2,455 m of the Yakedake volcano is calculated to be about 2.5xlO17 J,

              which represents a power output of 300 MWth averaged over 30 yrs. The

              temperatures of solfatara in the northern summit dome at the altitude of 2,240
              to 2,270 m range from 63.6to 92.8. C as of Oct.,1989.
                 From an investigation of the thermal procesS in the volcano, it may be
              inferred that the direction of heat energy flow from the Yakedake v01cano

              magma body will be coincident with that of water flow in the river system
              from the summit dome.

   1. Introduction

       The geothermal energy in the Yakedake volcano(alt.2,455 m),Gifu-Nagano, Japan iS

   considered quantitatively. The thermal process in the volcano is also analyzed. A prelimi-

   n。,y,tudy。f these p・・bl・m・has been p・・f・・m・d by th・p・e・ent auth・ ・(1・iy・m・ ・1988;

   1989).Yakedake has a crater lake, which is shown in Fig.1.The hydrothermal activity is

講鑑
藤1灘鶴慧嬢鷹
Fig.1 View of the crater and the lake of Yakedake from
     the northern crater-rim, in September,1986.
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intense in the vaneys at the westem foot of the vo1cano and the Nakanoyu area．The hot

water f1ow is discharged main1y from the Gamada River geotherma1area（Iriyama，1981）．

    The area under investigation is in a rugged section of the southem part of the Japan

North Alps Mountains．Yakedake is a vo1cano with a1ava dome，be1ongingto the Norikura

vo1canic zone．The fumaro1es in the summit dome areas of Yakedake and the parasitic

vo1cano，Iwodake are active．

2．Yakedake and Iwo曲ke Summit Dome Amas

2．1．Yakedake
    The author has measured the so1fatara temperatures in the Yakedake and the Iwodake

summit domes since Aug．，1981and Ju1y，1980resPective1y using a thermistor thermometer

with a precision of0．1．C．The dome is made up of Quaternary biotite－bearing homb1ende

andesite（Iriyama et a1．，1981）．The so1fatara are found within a dry vaney from the crater－

rim in the northern summit dome at the a1titude of2，240to2，270m．Their1oca1ities and
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Fig．2 Loca1ity map of so1fatara（Y）and fumaroles（I）studied in the summit dome areas

      of the Yakedake and the Iwodake vo1canoes，respectiveIy．Figures on contours
      indicate the altitude in meters above mean sea leve1．

genera1topography in the study area are shown in Fig．2．There is a sub1imation of su1fur

around the so1fatara，which is shown in Fig，3．

    Variation of measured temperatures of the so1fatara with time since Aug．，1981are1isted

in Tab1e1．The temperatures of six so1fatara range from63．6to92．8．C as of Oct．，1989．

Theboi1ingpointofwateratthealtitudeof2，250misabout92．4．C．Takingintoaccount

the resu1ts of present temperature measurements and a1so those by Ossaka（1961）and

Sugiura＆Mizutani（1978）。and a1so the high geothermal gradient of the volcano（e．g．，
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Fig．3 Photograph of a solfatara of the Yakedake

      summit lava dome，in September，1987。

Table．l Measured temperatures（℃）of the Yakedake’s so1fatara as a fmction of time。

Solfa  Oct．9．1989 0ct．9．1988 Sep．14．1987 Sep－7．1986 Aug－1．1981

Y1

Y2

Y3

Y4

Y5

Y6

77，2

73，5

92，8

92，7

66，9

63．6

80，2

70，5

92，6

92，7

70，8

66．9

79，3

67，9

92，7

92，7

60，5

68．8

77，5

47，6

92，6

92，7

87，5

63，8

80，8

92．O

Yuhara and Iriyama，1986），one can assume the temperature difference ofδ丁二400deg

between the inside and the outside of the dome at the altitude of2，100to2，455m．Given this

temperature difference，for the specific heat and density of andesite，respectively，of Cp＝

1．1x103J／㎏・℃andρ＝2．3×103㎏／m3and the dome vo1ume of V＝2．5×108m3，the

geothermal energy G，within the summit1ava dome is ca1culated to be2．5×10工7J，which

represents a power output of300MWth averaged over30yrs．

2．2．Iwo曲ke
    The summit lava dome is made up of Quatemary homblende andesite（Iriyama et al．，

1981）．The1ocality map of fumaroles and genera1topography in the study area are shown in

Fig．2．Many fumaroles are found in the bottoms of the1arge stones onthe southem dome at

thealtitudeof2，110to2，！40m．Somefumaro1esappearinthesma11cylindrica1ho1esonthe
。。。md，whi．hi。・h・w・i・Fi．4．M・i・1・・…mi・di・・h・…df・・mth…h・1・…d・…t・・6・・

Variations of measured temperatures of the fumaroles with time since Sept．，1986are1isted

in Table2．The temperatures of e1even fumaroIes range from40－3to64．τC as of Oct．，

1989．

                                       （3）
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Table.

Fig.

2

4 Photograph of a fumarole of the small cylindrical hole type
  on the Iwodake summit dome, in September, 1987.

Measured temperatures (OC ) of the Iwodake's fumaroles as a function of time.

Fumar. Oct.9,1989 Oct.10, 1988 Sep.14, 1987 Sep.8, 1986

Il

I2

I3

I4

I5

I6

I7

I8

I9
I10

I 11

46.4

47.9

60.1

59.4

59.8

40.3

60.3

64.7

58.2

61.2

62.6

47.1

51.8

61.8

61.2

61.0

42.8

62.5

59.0

60.5

62.1

63.5

48.6

52.8

58.0

59.2

56.3

40.1

61.9

65.4

52.1

60.0

62.5

45.4

56.4

54.8

39.2

57.8

58.5

    By assuming 6T =300
Iwodake summit dome at
represents a power output

deg
the

of 2

and V=2.5 Å~ 106 m
altitude of 2,100 to

MWth over 30 yrs.

           (4)

3

2

, the geothermal energy Gt within the

,140 m becomes 1.9 Å~ 10i5 J, which
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3．Geotherma1Area
   Gamada River

   There are many hot springs，a geyser and at1east one travertine terrace formed by the

hot water f1ow aIong the Gamada River and the branch streams，i．e．，the Shiramizu and the

Ashiarai va11eys on the northwestem foot of Mt．Yakedake．Their1oca1ities and genera1

topography in the study area are shown in Fig．5．The data indicate that the subsurface

temperatures are high（Iriyama et a1．，1989）．Especia11y the temperatures of the sha11ow part

are very high in the Karukaya area．

   There was，formerly，an active boiling spring in the vicinity of Karukaya Hote1，which

was ca11ed”Jigoku”，i．e．，He11．The boiling spring was caused to disappear by thick

sedimentation of mud and rock f1ows from the Yakedake vo1cano．However a geyser

sudden1y appeared when Yamano Hote1dri11ed a ho1e to obtain hot water，down to the depth

of101mundertheKarukayaareainApr．，1987whose1ocalityisshowninFig．5．Iriyama
and Iriyama（1987）named it Karukaya geyser，The eruption of steam and hot water from

the geyser is shown in Fig．6．The vertica1temperature distribution in this geyser（a1t．920m）
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Fig．5 Locality map of a se1f－flowing spring，a
     geyser and hot spring wells studied in the

     Gamada River geothermal area，Figures
     on contours indicate the altitude in meters

     above mean sea level．

Fig、 6 Karukaya geyser in the Gamada River

  geothermal area，in April，1987．

isshowninFig．7．Thetemperatureatthedepthof1OOmwasabout140．Catthetimeshown

inthisfigure．Theboi1ingpointofwaterisabout96．げCatthea1titudeof920m．Theshut－in

pressure amounts to2．2kg cm－2at the we11－head during the eruption．On the other hand，the

                                 （5）
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f1ow pressure amounts to about1，4㎏cm－2．From the therma1data in boreho1es CU（Chubu

Univ．）WlandW2（we11－1＆2），andtheKarukayageyser，themeantherma1gradientat
depths between O and130m in the Karukaya area is about1－1．5．C／m，which shows a very

high va1ue．Fro㎞the1itho1ogy data of core samp1es in the boreho1es CU－W1＆W2，the

subsurface rock structure is made up of Quaternary andesite，very hard Mesozoic rhyo1itic

tuff and Pa1eozoic chert．

T ．C
0      50
0

100      150
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o

Karukaya－Geyser

    June 28．1987

       9：35－10：30

100

                     Fig．7 Vertical temperature distribution in the

                           Karukaya geyser．

4， Discussio皿

    Ca1cu1ating the heat power output in Section2，a characteristic time interva1of30yrs

between consecutive eruptions within the summit lava dome was chosen．The1atest records

of the main eruptions that formed a new crater are as fo11ows；1962．1935，and1915，which

supports this va1ue．A big eruption wi11eject an materia1s from★ithin the crater having a

high heat energy（inc工uding the magma body）．After the eruption the inside of the crater wi11

coo1down，but very soon its temperature wi11be raised again by ascending and newcoming

magma・
   There are severa1geotherma1areas a1ong the rivers at the western foot of the vo1cano

and in the Nakanoyu area．The author has c1assified the．geotherma1areas according to the

rivers（Iriyama，1983）．As shown in Fig．5，the river system in the Gamada area is as

foI1ows；crater－rim（solfatara＆fumaro1es）→Shiramizu va11ey（se1f－f1owing hot§prings）→

                                      （6）         Memoirs of College of
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Ashiarai vaI1ey（hot springs）→Gamada R．（geyser＆hot springs）．This shows that the

geothermal area is1ocated a1ong and in the river system starting from the summit dome．

This coincidence seems good between the other geotherma1areas and the river systems of the

vo1cano．From this viewpoint it may be inferred that the direction of heat energy fエ。w from

the magma body of the Yakedake vo1cano wm be coincident with that of the water f1ow in

the river system starting from the summit dome．

    The author has made up a mode1of the hot water movement，which indicates that the

magma heat a1ong and in the crater and the dome is transferred to the foot of the voユ。ano

and that the direction of heat fIow coincides with the water f1ow in the river system starting

from the crater－rim．Because of the potentia1of－ ?盾?water along and in the river has a low

va1ue in the rugged section of the Japan North A1ps Mountains，the heat is concentrated in

the domain beneath the river and the valley．Another possibility is that a magma body or a

branch of the main magma might be located beneath the geotherma1zone．In this case the

1avas wm f1ow out over the surface through a fissure and a fau1t and／or in the case of a high

viscosity andesite1ava wi11form a dome in the geothermaI zone，However，to the author’s

know｝edge，there are no indications of such geoユ。gica工phenomena in the river geotherma1

areaS．
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