
ῑ ῇ  
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 2021 - 22 ₴ ˗̏ 1 

Å 2021 ₴10 ̊ Ʋ Ὶ᷂Ḣǲẉ ǵ Ǔ ǞǦ 
  11 ǲǶ̗ ῬȅǮƲ2022 ₴ǲǶӔ ȅǮѮ  

 

Å ǶƲ ῎ǵӳӳ 1200km ǲǉȒ ⅝ ῇĝ Ⱪ῎ɌḹĞ 

Ⱪ῎Ɍḹ2021 ₴ᶉ ǵ ּ Ȃǒ, 2022  

(b) 

Ⱪ῎Ɍḹ 

Ῥǲ ǞǦ ּ Ȃǒ, 2022  



 Ⱪ῎Ɍḹ2021 ₴ᶉ  2 

Å 2021/8/13 - 15 ǲ  
 

Å ᶉ ↓ 16 - 19km  
 

Å ɜȮɜᶉї 0.1 - 0.5km 3  (Maeno  et al., 2022)   

(a)  

(b) ǹȅȖȑ8ֵǵ2021/8/13 / 16 ǵ ϑ ᶉ ș ҲǞǦȉǵ 

ǚǵ ɵ ╛ǵᶉ ǶᶮКǮ 90 ₴ǽȑ 

(b)  

FOB 

(a) ῬǒȐ ◙ǜȓǦᶉ HP  

Ῥ1914 ₴ᶉ 1.58km 3  

Ӕ ɴῗ1929 ₴ᶉ  
         0.14km 3  



ǵ Ҳ ῇǵѝ⁹ ᷂ ᶫNavi  

Å ʫ ǵ Ҳ ῇǵ 7 Ǔ ǲ ʴ 
 

Å ᶮᶽǵ ǵ 30 Ƕ ῇᶉї ǵ◙ ʤǲǉȒ 
 

Å Ᵽ•ῇ2014 ₴ᶉ ↓ǵᾛ ᶉ ǓȂȃ ₴Ʋ
̗ ẎῬ1986 ₴ᶉ ↓ǵȋȋẎǔǋ 
ᶉ ȉ10 ₴ǲ1ᶥǗȐǋ ǠȒ 

Å ῎ Ƕ ῇὭ ᷂Ḣ 
 

Å 100 ʠ₴̊ʣѼǒȐ ᷀ȅǮ 

ῇ ҲǓ ˹♥ȉ ǖ    

Ħ ῇᶮǮ ȐǞǭǋǖ 
 ǲǶƲ ῇǲǫǋǭ   
 Ȓⱳ ǓǉȒ  

 ῇᶮ  

Ƕʫ ǵ ῇᶮ    

῎ ǵ ᶤ ῇǯ ῇᶉї  
ǵѝ⁹ ᷂ ᶫNavi  

 

 

 

 

 

 

ὰṲῇǵ◙ ᶷКǲǶ 
100 ʠ˲̊ʣǓ ȐǠ 

3 

 

1989  

1986  



 ẏǲȨɶɫɧ ᷂ǲ ῇ ȾȢɈɝɁȭǮ Ҙ Ǳ ῇ  4 

ȠȢȷɧɱɇɵɎɩȾɩɔɱȪ ῇ2014/9/15 ᶉ  (Dreki  Adventures)  ɍɭȢɵȫɧȤȦȠ ῇῇ ֥ (USGS ) 

̗ ẎῬ1986 ₴ᶉ ῇἶ̝  1952 ₴ᶉ ʣͪὄ⅍  

ȦɆɈ ῇ2015 ₴ᶉ  
https://strangesounds.org/2015/12/the-pictures-of-mount-etna-
erupting-are-just-insane.html 



 ῇἶ  ῇș ǠȒἶᵂ 

ɜȮɜǵ ᶉ ǵɟȩɉȸɞƲ ῇǵ ǯ ֲƲ˲ ̝ǲ֗ȃǠ◙ ȉ
ȇד ƵǱ ǒȐ ῇ ș ǠȒɜɩȿɅȡȵɕɨɈɨɶǱἶᵂ 

ᶮᶽ᷂  

Ƥ᷂ ἶ 

Ƥ᷂ ӓἶ 

Ƥ ῇ  

Ƥ᷂ ἶ 

Ƥῑ ɵ ἶ( ἶ) 

̗ ẎῬ1986 ₴ᶉ ῇἶ̝  

5 

Ħῑ ɵ ǒȐ ῇș Ȓ șǞȅǠƳ 



 ̲ Ʋῑ ɵ ș ǠȒǵǒ  

ῑ ɵ Ƕ ƵǓ ȒǚǯǵǮǔǱǋ ֒ ǯ ᷂ʤ ǵ Ḹș ǠȒ 

É ֒ǲ̲ǓǑǚǪǦǵǒ  

ʠ₴Ѽǵ ⁄Ẏᶉ AT ᶉ ǵ ḭ  

É᷂ʤǮ̲ǓǑǚǪǭǋȒǵǒ  

Å ῑ ɵ ӓ șדȇ ǶƲ ֲ̊Ѽǲ᷂ Ǯ 
ǑǚǪǦ ș ǠȒƲȂȃᴷʝǵ ἁ̱ 
 

Å ˲ Ǔ ǵ ȉ ǜȓǭǋȒ 

Å ῑ ɵ ǶƲ᷂ʤǮǑǚȒ ǲȏǪǭ◐
ǠȒǦȈƲǤǵ ǲ ǠȒ Ḹș ǞǭǋȒ 
 

Å ˲ ǵ᷂ʤ ǜ 12km ǵῑ ȉƲ 
ῇǲȏǪǭ᷂ ǲȉǦȐǜȓǭǋȒ 

ɜɱɆɩǵῑ  
ῑ  

ῑ ῑ  

6 



 ֒ǵᶉ șⱥϷǠȒ 

ῇᶉї ǵḭ ѝ⁹ȋ ǒȐƲ ֒ǵᶉ ǵ ἧș ὑǮǔȒ 

ῇᶉї ǵ᷂῁  

ᶉї ǵḭ ѝ⁹ɵḭ ǒȐᶉ ǵ 
ȽȢɕȋ Ʋ▌↓ Ǟǜ ǓȖǒȒ 

ᶉї ǒȐƲɜȮɜǵӓἶ ɵ 
ɵ  ɵ₴̈ǱǰǓȖǒȒר

ὰṲῇὔ ᶉ ᶫƼ ʾ ƽ 
῎ ʴẔᶫ  

ʰ ǵ Ḹș ֻǠȒǚǯǮƲ ֒ǵ
ᶉ șⱥϷǮǔȒ 

ὔ ᶉ ǵ  

(Miyaji et al., 2011)  

7  



 ᶉ ǵ ǯ ↓ 

ᶉ ǵ ǯ ↓ǵ ͜ ʴ 2015  

ᶉїǞǦɜȮɜǵ̱ Ǯὑ ǜȓȒ 

VEI (Volcanic Explosivity  Index: ῇ ) 

VEI = log 10 V (m 3 ) 4  (Newhall & Self, 1982)  

ᶉ ǯ ↓ǲǶȀǔˆѸǵ ͜ 
 

VEI Ǔ1ʣǓȒǯ ↓Ƕ 1 ʤǓȒ 

VEI 7ǵ ǞǖẎ Ǳᶉ  
 

ᶮКǲ Ǫǭȉ1ʠ₴ǲ1ᶥ
↓ǵ ↓Ǯ ǞǭǔǦ 

100 1  

1 1  

 
1707  

1991  
20  

֒ǵᶉ ș ǠȒǚǯǮƲᶉ ǵ ǯ
↓ ǵ ͜ǓȖǒȒ 

 
2021  

 
2011  

8 

⁄Ẏᶉ  

ᶉ  

ᶉ ↓ 

 
2014  



 ⁄Ẏᶉ  

ǀ͈ǁAso - 4 ᶉ  

Å 9ʠ₴Ѽǲ Ǯ ǞǦ Ẏ ᶉ VEI 8  
 

Å 10 3 km 3ǵɜȮɜșƲ ɴ ̊Кǲᶉї 
            Takarada  & Hoshizumi , 2020  
 

Å ♄ 18 - 25km Ʋ ǜ 1km ǵ ȩɩɅɧș◐  
 

Å Ǔӭ♄ 100km ǵ Ḣș ǋǫǖǞƲ 
   ЋᶽǓ ῇ ǲԌǖ 10cm ḛ ǞǦ 

Aso4 ᶉ ǵ Ѯ ᶪ ʣ ǯ ῇ ǵ ῁
Ԍ ᶫ ʤ Takarada  & Hoshizumi , 2020  

ȩɩɅɧ 
Å ♄ 20km  
Å ǜ 1km  

ῇ ῁ 
ǵԌǜ 

9 

20 ʫ Ẏ ǵɒɈɂɚ ῇ1991 ₴ᶉ  

(USGS) 

ǵ͈ ɜɦɱ ῇ1984 ₴ᶉ  

 

(USGS) 



ӔǒȐ ȈǦ ȩɩɅɧ ӳӔ25km Ʋ 18km ◙  

Aso4 ḭ ȩɩɅɧʴⱲǒȐ ǲ35km ᷂ ԍᾪǵ  

10 

Ӕ ǵAso4 ῇ ῁ 
(Takarada  & Hoshizumi , 2020)  

Aso4 ḭ ǵ ш ῑ 

~20m 



 ⁄Ẏᶉ  11 

ᶮКǵ̈ ǱȩɩɅɧ ῇǮ ǞǦ⁄Ẏᶉ  ( ɵ ˝, 2003)  

Å ⁄Ẏᶉ ș ǞǦ ῇǶƲᶮКǲ ǉȒ ʺǲˉ″ǯӔ  
 

Å ǵ ⁄Ẏᶉ Ƕ 7300 ₴Ѽǵ Ƞȩəɢᶉ ӳˉ″ǵ Ǔṥ  

Ƕ ǚȐǱǋǓƲ ḛ Ƕǋǫ ǚǪǭȉʥד ǶǱǋ ˝ ᵫ Ẏ׀  

̈ǲ Ǯ ⁄Ẏᶉ Ǔ ǞǦȐǰǍǱȒǒ
șȵɝɣɪɶȵɥɱǞǦᾛ Ƽ ƽ 2002  



 ᷂ʤǮ̲ǓǑǚǪǭǋȒǒș Ȓ 12 

ῑ ǵ◐ ǵ  Ŝ ᷂ʤǮ ǚǪǭǋȒ ǵ  

 

Ḩ 

̗ ẎῬ1986B ᶉ ǵ ῇ ǵ ἧ ⱨ Ш  

ɟɩɆ 
Ӌ  

ɵȪɧȷǵӓἶ ɵ  
ɜȮɜǧȅȑɵ ǲǑǘȒ 
ɜȮɜǵ ɵ ȋǤǵẀר  

ɜȮɜ͑ ɠɅɩ Cashman  et al., 2017  

*ȭɨȷȽɩɜɁȵɣ 
 

50   
ѝ ǲ ǘǭǋȒǓƲ

Ћ̱ǯǞǭᶭ̱  

 

 
 

β  

Ḩǵ ⱪǶ
ɜȮɜǵ ʣ
ᶉ ǲ◐ ǠȒ 

Ƕ ʣ ỒѼ
ǒȐἭ᷀ǞǦ ǮƲ 
ɜȮɜǧȅȑǵ Ḹș 

ǞǭǋȒ 

 
β  

 
*  



 ᶉ ѼǵɜȮɜǵ ș Ȓ Ⱪ῎Ɍḹ2021 ₴ᶉ  13 

FOB2021 ₴ᶉ ǵʺ Ǳᶉї Ƽ ƽ 

ѝǵ ἧ ⱨ Ш  
șȂǯȚǰדȅǱǋ 

 Yoshida et al., 2023  
ȿɥȱȿɁɕ ѝ Ӌ Ƕ
ǲὰȇ ǒȚȐȚ (olv ), (plg ),  
Ӵ (cpx ), (mgt ),  
ȠɏȽȢɆ(apt), ɟɩɆ(Ȫɧȷ glass)  

(Masotta et al., 2013)  

(Masotta & Mollo, 2019)  

ɟɩɆ- -Ӵ ВἭ ̏ǵὕ ╛ 

Å ѝǯ Ӌ ǮɟɩɆ Ȫɧȷ
ǵӓἶ Ǔֿǟ e.g., Yoshida et al., 2022  
 

Å Ӌ ʴǵ Ƕ Ǜǯǲӓἶ
ǓȂȃ᷈ʝ ɟɩɆǯ₳ ВἭǞǭǋǦ  

ɟɩɆǯ ǵӓἶ ǒȐƲ 
₳ ВἭ ̏ ᶉ Ѽǵ  
ș ȉȒǚǯǓǮǔȒ 



 ᶉ ѼǵɜȮɜǵ ș Ȓ Ⱪ῎Ɍḹ2021 ₴ᶉ  14 

ɟɩɆ- -Ӵ ǵӓἶ ͜ǒȐ
ȉǪǦFOB2021 ɜȮɜǵᶉ Ѽǵ ↓ɵד
̏ ƵῇȂǒ, 2023JpGU  

Å FOB2021 ɜȮɜǵᶉ Ѽǵ ƵῇȂǒ, 2023JpGU  
  ↓ 935 ħƲɟɩɆד 3.7wt% ƲᶿҘ 69MPa ǜ 2.9km  
 

Å ȉȐȓǦ ǜǶƲ᷂ ἶǵϼ Ǯ ᴰǜȓǦ ѝ Ḣǯʝ ǞǦ 
 

Å Ⱪ ⅝ȩɩɅɧșḛȈȒ̭Ὥ↓῁ǲƲɜȮɜǧȅȑǵ ǜǓ◙ ș֞ǘǭǋȒ 

᷂ ἶ ǲȏȒ Ⱪ῎Ɍḹק ǵ᷂ʤ ɠɅɩ ᾛ ᾌ̀, 2003
ǯǵ ѝǶ ѝ ǞǭǋȒǯ ǜȓǭǋǦ Ḣ  

 (
km

) 

 (km) 



 ᶉ ǵĝɆɨȪɶĞș Ȓ Ⱪ῎Ɍḹ2021 ₴ᶉ  15 

(a) 

(c) (d) 

(e) (f) 

(a)ѝ Ʋ(b) Ȫɧȷ ǯ Ȫɧȷ
ǵṑ Ʋ(c)ṑ ̂ ǵ ἧ ⱨ ϑƲ(d) Ȫɧȷǵ ẎƲ
(e, f) ɵ ȪɧȷǵX ȷɘȭɆɩ֛ט Yoshida et al., 2023  Ⱪ῎Ɍḹ2021 ₴ᶉ ǵɆɨȪɶɟȩɉȸɞ Yoshida et al., 2023  



 ᶉ ǵĝɆɨȪɶĞș Ȓ Ⱪ῎Ɍḹ2021 ₴ᶉ  16 

(a) 

(c) (d) 

(e) (f) 

(a)ѝ Ʋ(b) Ȫɧȷ ǯ Ȫɧȷ
ǵṑ Ʋ(c)ṑ ̂ ǵ ἧ ⱨ ϑƲ(d) Ȫɧȷǵ ẎƲ
(e, f) ɵ ȪɧȷǵX ȷɘȭɆɩ֛ט Yoshida et al., 2023  Ⱪ῎Ɍḹ2021 ₴ᶉ ǵɆɨȪɶɟȩɉȸɞ Yoshida et al., 2023  

Å ǵԍᶦǶẉ ǵɈɌȷȯɶɩ ɈɌɧȢɆ  
 

Å ɈɌɧȢɆǲǶ ȋ ǓדȅȓƲɟɩɆǓH2 O
ǲὰȇ ᶿ ̏ 50MPa Ǯ◐ ǜȓǦ 
 

Å ǯ ǮɟɩɆ Ȫɧȷ ǲ⁪ǓǱǋǓƲ
ǵ Ǔȏȑ ӓǜȓǭǋȒ 

H2 O ̱Ǔᶉ Ѽǲ ȏȑ͑ ǜȓƲɜȮɜǧȅȑ
⅝ ǵɟɩɆǓ ӓǜȓƲɈɌɧȢɆș◐ ǞǦǚǯș
ǔǪǒǘǲƲɜȮɜǵ Ǔ ǚȑᶉ șɆɨȪɶǞǦ 

Ȫɧȷ Ȫɧȷ 



 ῎Ǯ ǫǒǪǦĝ ĞɜȮɜǵ  

ÅὄΊ′ʣ ǵ 4ӧʠ₴Ѽǵ᷂῁ǒȐ ǫǒǪǦ ῑǵ◐ ̏ș ȀǦȐƲ 
ʫ ǮȉɆɁɕȭɧȷǵ ǵɜȮɜǧǪǦ 

 

Å 4ӧʠ 1Ϥ₴Ѽ ǲƲẐ₳ ɕɪɶɆӔ ǵ᷂ʤǵɜɱɆɩǮƲ ǵ Ҳ
ɜɱɆɩɕɩɶɞǵʣ ǓǉǪǦ֯ Ǔר ᴰǜȓǦ   

17 



ק ǵɄȭɆɉȭȷ ṑǵẀ  ( ῴȂǒ, 2011) ‼ǒȐ1500 ʠ₴ѼƲ2300 ʠ₴ѼƲ4500 ʠ₴Ѽ 

4ӧʠ₴Ѽǵ ῎ǶƲ ᷀ǯǶɄȭɆɉɁȭ ṑǓẎǔǖ ǱȒ 
 

Å ȅǧ Ǔ ǋǭǋǱǋ ɤɶɧȵȠẎ ǵʝ  
 

Å ɓȡɨɒɱ ɕɪɶɆǮǶǱǖƲẐ₳ ɕɪɶɆǓ Ȇ ȚǮǋǦ 

18 

ὄΊ′ʣ ǵ᷂῁ Ẑ₳ ɕɪɶɆʣǵḭ Ǔ Ȇ ȇ ǲẎ ǲ̂қǞǦ 



ÅǒȚȐȚ ʴǵAl 2 O3 ↓Ǔ ↓ǲ 
͒ἭǞǭẀӓǠȒ ↓ ǲǱȒ  
 

ÅǒȚȐȚ ǵ ӓ ↓ 1400 ħ  
 

 ĦƼ Ǯ ȉ ǒǪǦ ƽǵ ҘΒ  
 

Åʝ Ǳʣ ɜɱɆɩ T p 1350 ħ
ǲ ȀǭƲɜȮɜǵ◐ ↓  
ɜɱɆɩǵ ↓ Ǔ Ǟǖ ǋ 

19 

ɜȮɜǵ◐ ̏ 

ORBɜɱɆɩ ↓ 



ʫ ǵ̈ ǱəɁɆȷɛɁɆ ɜȮɜ
ǯǵ ↓ǵ  

əɁɆȷɛɁɆ  

ȭɫɞȷɒɋɩǵӓἶ ǲḨǬǖ 
ɄȭɆɉɁȭȹɁɄȡɱȮǵ ὑ 

ɜɱɆɩɕɩɶɞǯəɁɆȷɛɁɆ (Koppers  et al., 2021)  

Åȭɫɞȷɒɋɩǵӓἶ ŁəɁɆȷɛɁɆ  
 

Åʫ ǵəɁɆȷɛɁɆ ǵɜȮɜǯֿ ↓ǵ ↓ 

Åʤ ɜɱɆɩǒȐʣ ǠȒɜɱɆɩɕɩɶɞǯ  
 

Å 4ӧʠ 1Ϥ₴ѼƲẐ₳ ɕɪɶɆӔ ǵɜɱɆɩ
Ǯ ǵɕɩɶɞ ҲǓǉǪǦ 

20 



     
 

in 

ῑ

ῇ

 
╠ ᶉ  ♥ӭ 

̗ ẎῬ1986 ₴Bᶉ ῇἶ̝  

-  ̗ ẎῬ1986 ₴ᶉ ș͈ǲ -   



 ̗ ẎῬ1986 ₴ᶉ 11 15 - 23  21 

1986A  

( 1986 ) 

1986  

Navi  

1986B  1986B  

15 A ֥Ǯ ῑᶉ ș Ʋ ֥ǲ ῑ ◐  
 

17 ῑ ǒȐ ῑǓ ƲȷɆɫɱɚɨ╛ᶉ  
 

21 ʢԍῇǵӔǲ Ǟǋ ֥Ѧ BɵC ֥ ֥ 
     B ֥Ǯ Ǟǋ ᶉ Bᶉ  
     C ֥Ǯ ῑ Ǔ ї Ń ЋῬ  
 

23 ᶉ Ǔ֛ ɜȮɜᶉї 0.053km 3  

̀, 1988  



 ̗ ẎῬ1986 ₴Aᶉ ǯBᶉ ǵ  22 

1986A  1986B  

ῇἶ̝  ῇἶ̝  

̗ ẎῬ1986 ₴AɵBᶉ ǵᶉ ╛ǯᶉї ǵ ǵ ⱪ  
Aᶉ a, b Ḩ ǲ˃ǞǖƲ Ǔʸǋ 
Bᶉ c, d Ḩ ǲὰȆƲ ǵ ѦǶ ȐȓǡƲ 
        ǵ◐ Ǔ ǫ ɵ , 2018  

Aᶉ  Bᶉ  

ᶉ ╛ ȋǒǱ
ș̢Ǎ ῑ ї 

Ǟǋ ᶉ  
ᶉ ↓ 10km *  

ɜȮɜ  ῑ ὄῇῑ** Ȃȃֿǟӓἶ  

↓ 1100 - 1150 ħ**  1070 - 1100 ħ**  

 vol % 1vol%  

Ḩ  vol % 30 - 40vol%  

 Ǔ ȐǒǮʸǋ ǲіѕƲ ǫ 

Å Aᶉ ǯBᶉ ǮƲᶉ Ѽ ̏ǓȂȃֿǟ 
 

Åᶉ ╛ǓẎǔǖ ǱȒ BǓ  
 

Åᶉї ǵ ⱪǓ ǱȒ BǓ Ḩ ǲὰȇ  

Ḩ Ǔᶉ ╛ǲ◙ ș֗ȃǞǭǋȒ  

*JMA(1987) Ʋ** ˝̀ 1988  



 ᶉ ǵ ɟȩɉȸɞ ǵ  23 ר

/ ᶉ ǵ ɟȩɉȸɞ ᾛᾶ֥Ȃǒ 2011  

 

Å șדȇ ̱ǵ ȓ ǓƲ ῑ ǵ ǒǽȪȷǵ ȓ 
    ᶉ ǲ ǠȒ  

 

Å șʣ ǠȒɜȮɜǓĝ Ğș ǚǠǯƲ ᶉ Ǔ ǠȒ 
 

  Ħ ǲȏǪǭɜȮɜǓ ǠȒǵǮǶǱǋ 
 

Åᶉ ǲ ǠȒǯƲ ȓǵל Ǳқ ǯ 
█Ǔ֯ ǯǱȑƲ Ǔ ǠȒ 

 

Å Ǔ ǚȐǱǋǯ ǵȅḙ̏ Ǯʣ  
ŃȪȷǓ ǘǭǞȅǋƲ ᶉ ǲ Ȓ 

ĝ ĞǓǑǚȒǒǰǍǒǓƲᶉ ╛
șȱɱɆɫɶɩǠȒ 



 ɜȮɜǵ ɟȩɉȸɞ 24 

ɜȮɜ ǵ2ǫǵɟȩɉȸɞ(ː ɵ⁸ԍ,2009)  

Ū  ר

ṷ̄  ר

̭ ɜȮɜǵר ῇἶ̝  

https:// www.usgs.gov/media/images/sem-
image-ash-particles-unknown-source-volcano 

ɜȮɜǵר ῇ  

Ū רɜȮɜ ק ǲ ʴǞǦꜘҘǓ Ι 10 7 Pa ș ǏȒǯƲ         
         ɟɩɆǓȪɧȷ ᶭ̱ ǲǼȒȅǋƲ ר ṥǠȒ 
 

ū ̭ ɜȮɜר ̱ǵ ҘǓר Ҙșר ǏȒǯǨǕȓȒ ר  

Åᶭ̱ ǲҊȓȒ 
 

Å ♥ǲẀ◐Ǣǡ 
 

Å ǷǪǦ ῇ  
 

Åᶉ ǵ  ▌Ǔר

Å ̱ ǲǨǕȓȒ 
 

Å ♥ȉẀ◐ǠȒ 
 

Åʥὑ◐Ǳ  
 

Åᶉ ǵ  ▀Ǔר

ר  

ר  



 ǵɜȮɜǵҘἶ Ҳ 25 

30mm 

1986A  

30mm 

1986B  

Aᶉ  Bᶉ  

Å Ḩ ǓȂǯȚǰדȅȓǱǋ 
Å ǵ Ǔ ȐǒǮʸǋ 
ÅɟɩɆṶ̌ ר 10 2 - 3 Pa s  

̱ǵȅȅ ǞǦ ר  

Å Ḩ ǲὰȇ 30 - 40vol%  
Å ̬ǓɧɱȾɞ ȓǭǋǱǋ  
Å ǵ◐Ǔ ǫ ◐ ᴇǞǭǋǱǋ  

◐ ♥ǲ ҲǞǭǋǱǋ ᶭ̱  
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ǵ◐ ǯ ѦǓ ᾍ ↓ǲ֗ȃǠ◙ (Picard et al., 2013; Ishibashi , 2013AGU)  

ɵ Ѧ I13  

ɵɧɱȾɞ P13)  
C08)  

lo
g

(
ɜ
Ȯ
ɜ
ǵ
ר

/
ɟ
ɩ
Ɇ
ǵ

ר
) 

ǵ ѦǓɧɱȾɞǱ ῑ ᶮHolyoke ῑ  

ᶮHolyoke ῑǵ Ẁ◐ὕ Philipottd  & 
Carroll, 1996 ̱ǵ ῑșὐǲ ǒǢǭ  

60 % 70 % 
75 % 
melting 

Å ǓǉȒ ΙÓcǲ ǠȒǯƲל ǲ ר Ǔ
ṔқǞƲɜȮɜǵҘἶ ҲǓᶭ̱ ǲẀӓǠȒ 
 

  Ħ Ǔ˛ǋǵ Ҳș ǞǉǋƲЋ̱ǵẀ◐ș Ѱ 
 

Å șẉǖדȇḹֻ Óc 30 - 40  



 Bᶉ ǵɜȮɜ Ƕ Ǔ╠ǔǑǚǞǦ 27 

̗ ẎῬ1986 ₴Bᶉ ǵȷȱɨȠǵ Ḩ ǵὕ Ι ‼ ǯ ἧ ⱨ Ш ֳ Ὗʤ̀, 2022JpGU  

Å Bᶉ ǵɜȮɜǵ Ḩ ǶƲẎ ѝǓ30 - 40vol% ǲ ʴǠȒ 
 

Å Ḩ ǵ ̬ȋ ǵ◐  Ń ◐ ǲɜȮɜǶᶭ̱ ǮǉǪǦ 
 

ǓÓcǲѮ ǠȒǯɜȮɜǓᶭ̱ӓǞƲ ר ǓǑǚǪǦ 


