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≢ ╩ ╡ ∆↓≤⌂ↄ ─ ≤ ╩ ∫√ ⌐⁸

⌐ ─ ╩ ⌡ ⅝⇔√ ╩ ⌐ ∆╢⁹ ⌐ ─

─ ≤⌂╢┌⅛╡≢⌂ↄ⁸ ─ ≤ ≤─ ⌐ ≈⁹ ─

│ ─ An Ca/(Na+Ca) x 100 ≤ ≤─ ╩ ™√╙─⁹ ⅛╠

⌐ ╩ ≢⅝╣┌⁸ ⅜ ⅝ↄ ∆╢⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ─ │ ─▪ⱡכ◘▬♩  

(An) │ Mg  (ppm) 1663 ⅛╠ 2000 ⌐ ⅛∫≡ │ ⇔

≡⅔╡ ⱴ◓ⱴ─ ה ─ ╩ ⇔≡™╢ │ SIMS ⌐╟╢

♃כ♦ │ LA -ICP -MS ♃כ♦ ⌂╢ ─ │╟ↄ

⇔√  

 ⌐ ↕╣√ ╡─

⁸⅔╟┘⁸∕╣⅛╠

╖∞⇔√ - ─  
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◘Ⱪ♥כⱴ  ⌐╟╢ ─ ≤ ⌐ ≠ↄ

─  

 ─ ≤ ─√╘⌐⁸ ≢│Ⱳכꜞfi◓ ≤♩꜠fi♅

⌐╟╢ ╩ ₁ ⌐ ⇔≡™╢⁹ │⁸ ≢Ⱳכꜞfi◓ ╩⁸

≢♩꜠fi♅ ╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ≢─ Ⱳכꜞfi◓ ─ ≤Ⱳכꜞfi◓◖▪ ⁹

7,300 ─◌ꜟ♦ꜝ ─ ⅔╟┘ ─ ╩ ╠⅛⌐∆╢√╘⌐⁸

29 ⅛╠ 30 ⌐⅛↑≡ 330m ∆╢⁹  
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≢─ ╡♩꜠fi♅

⁹ ⅜ ╣⌂™ ╛

≢│⁸ ─ ╡♩꜠fi♅

⅜ ⌐ ≢№╢⁹  



 

iii  
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CASE1 
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│∂╘⌐ 

 

≢№╢ ⌐│⁸ ⌐ 110─ ⅜№╡⁸ ₁─ ⌐≈™≡⁸

─ ╩ ∆╢↓≤⅜ ─ ─ ─ ≈≤⌂∫≡™╢⁹ ╩

∆╢√╘⌐│⁸ ⌐╟╡ ─ ╩ ⅎ╢↓≤⅜ ≢№╡⁸

™ↄ≈⅛─ ≢│⁸ ─ ₁⌂ ╩ ⅎ╢↓≤⌐ ⇔≡™╢⁹ ≢⁸

⅜ ⇔⁸∕─ ⅜≥─╟℮⌐ ∆╢─⅛≤™℮⁸ ─√╘─

⌐≈™≡│⁸╕∞ ↄ─ ⅜ ⇔≡™╢ ≢№╢⁹↓╣│⁸ ה ─

│ ─ ⌐ꜟכ◔☻ ═╢≤ ╠⅛⌐ ↄ⁸ ה ─╟℮⌐

⅜ ⇔≡™╢ ⌐ ⇔≡│╙∟╤╪⁸ ↄ─ ≢─ ─ ⅜♃כ♦ ⇔

≡⅔╡⁸∕─√╘ ₁─ ⌐⅔™≡⁸ ─ ╩ ∆╢↓≤│ ⇔™⁹∕─╟

℮⌂ ⌐ ⇔≡│⁸ ─ ─ ╩ ╖ ⅝⁸ ⌐≥─╟℮⌂ ⅜ ⅝

√─⅛⁸∕╣∙╣─ │≥─╟℮⌂ ╩ ∫√─⅛⁸∕⇔≡∕─ ─ ה

│ ⅜ ≤⌂∫≡™╢─⅛⁸⌐≈™≡ ╠⅛⌐∆╢ ⅜№╢⁹↓─╟℮⌂ ה

▪ⱪ꜡כ♅⌐╟╢ ─ ─ ╩╙≤⌐⁸ ₁─ ≢─ ─

─ ╛∕─ ה ⁸∕⇔≡ ─№╢ ⌐≈™≡◦Ⱶꜙ꜠כ◦ꜛfi

⌐ ≠ↄ ╩ ℮↓≤⅜ ≢№╢⁹∕─↓≤⌐╟∫≡⁸ ─ ─ ⌐ ┘

≈ↄ ╩ ↄ↓≤⅜≢⅝╢≢№╤℮⁹ 

₈ ─ ─ ₉≢│⁸ ╩ ™≡ ₁─

─ ╩ ╠⅛⌐⇔⁸∕╣╠⌐ ≠⅝ ⇔√ ─ ⌐╟∫≡⁸

ⱴ◓ⱴ ╩ ∆╢⁹∕─ ╩ ⌐₈ ₉╩ ∆╢≤≤╙⌐⁸

─ ∫√₈ ₉╩ ∆╢ ◘Ⱪ♥כⱴ ⁹∕⇔≡⁸ ⌂

⌐≈™≡⁸ ⌂ ╩ ™ ─ ╩ ⌐∆╢↓≤≢⁸

₈ ─ ₉╩ ∆╢ ◘Ⱪ♥כⱴ ⁹↕╠⌐⁸↓╣╠─ ⅔╟┘

─ ╩♃כ♦ ╕ⅎ⁸ ─ⱴ◓ⱴ ⅛╠ ⌐ ╢╕≢⁸∕⇔≡

⌐ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi╩ ⇔⁸ ה Ɫ◙כ♪ ╩ ה

∆╢ ◘Ⱪ♥כⱴ ⁹ ─ │⁸ ─ ⁸ ≢ ↕╣╢∞↑≢

⌂ↄ⁸ ◦♫ꜞ○─ ╛ ⌂≥─ ─ ⌐⌂╢↓≤⅜ ↕╣╢⁹

╕√⁸ ─ ⌐ ↑≡─⁸ ⌂ ≤ ≠↑╠╣╢⁹╕√ ─

≤ ⇔≡⁸ ┼─ ╛ ╩ ∆╢↓≤≢⁸ ┼─

≤ ┼─ ─ ⌐ ⅜╢≢№╤℮⁹ 

↓─ ≢│ 29 ─ ╩ ∆╢⁹↓─ ⌐№╢╟℮⌐ ◘Ⱪ ≢

│⁸ ⌐ ∫≡ ⌐ ╩ ⇔≡™╢⁹↓╣╠─ 29 ─ ╩╙≤

⌐⁸ ה ⅜ ┼ ∆╢ ╩ ⌐⅔™≡⁸ ─ ⌐ ↑≡ 30

─ ╩ ⇔≡™⅝√™≤ ⅎ╢ ≢№╢⁹
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─  

 

C≢│ ─ ⌂ ╩ ⌐ ─ ≤ ─ ╩ ™⁸ ╠

╣√ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ∆╢↓≤⌐╟∫≡ ─ ╩ ∆╢⁹∕

⇔≡ ⅜ ∫√ ╩ ∆╢≤≤╙⌐⁸ ─

⌐ ↑√ ╩ ℮⁹ │⁸◘Ⱪ♥כⱴ 1 ₈ ⌐╟╢

─ ₉⁸◘Ⱪ♥כⱴ 2 ₈ ⌐╟╢ ≤ ⌐ ≠

ↄ ─ ₉⁸◘Ⱪ♥כⱴ 3 ₈◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ Ɫ◙כ♪

─ ₉─ 3≈─◘Ⱪ♥כⱴ─ ⅜ ⇔≡⁸⅛≈ ⌐ ⇔⌂⅜╠ ↕╣╢⁹ 

 

 ◘Ⱪ♥כⱴ 1 ⌐╟╢ ─  

◘Ⱪ♥כⱴ≢│⁸ ─ ⅜ ≢№╢ ─ ─ ─ ╩ ™⁸

ה ה ≤™∫√ⱴ◓ⱴ ╡─ ⁸ ⌐ ≈ⱴ◓ⱴ ⅛╠ ╕

≢─ ─⁸ⱴ◓ⱴꜟכ◔☻ ⅛╠ ╕≢─ ╩ꜟכ◔☻ ╠⅛⌐∆╢⁹

↓─ ⁸ ≢ √⌐ ⌐♃כ♦╢ ⅎ≡⁸ ─ ╙ ⇔≡⁸

⅛╠ ╩ ℮ ╩ ∆╢⁹ⱪ꜡☺▼◒♩ ⌐ 10 ⌐≈™

≡ ╩ ℮≤≤╙⌐⁸∕╣ ⌐ C◘Ⱪ♥כⱴ 2≤ ⇔≡ ≢ ⇔

√ ─ ─ ╙ ℮⁹↕╠⌐⁸╟╡ ↄ─ ─ ╩♃כ♦ ⇔

⌐ ∆╢√╘⁸ ה ⱪꜝ♇♩ⱱכⱶ╩ ⇔⁸ ↄ ╛ ⌐

∆╢√╘─ ─ ╩ ℮⁹ 

 ◘Ⱪ♥כⱴ 2 ⌐╟╢ ≤ ⌐ ≠ↄ

─  

◘Ⱪ♥כⱴ≢│⁸ ≢№╢↓≤╛ ⇔√ ─ ⅜ ⅝™↓≤ ╩

⇔≡ ⇔√ 26 ╩ ⌐⁸ ≤⇔≡ ⅔╟┘ ⌐ ≠™≡

⌂ ╩ ╠⅛⌐⇔⁸↕╠⌐ ₁─ ─ ≤∕─ ╩ ⌂ ╡ ⌐ ∆

╢⁹╕√ ≤⇔≡ ה ה ה ה ─ 5 ╩ ⇔⁸Ⱳכ

ꜞfi◓ ╛♩꜠fi♅ ╩ ⌐ ⇔≡⁸╟╡ ─ ╩ ∆╢⁹↓─

╟℮⌂ ╩ ≡ ⌐≈™≡ ─ ╩ ∆╢≤

≤╙⌐⁸ ⌐ ∆╢ ─ ⌐ ≠™√ⱴ◓ⱴⱪ꜡☿☻─ ╩

™⁸ ₁─ ≢ ⁸⅔╟┘ ─ ∫√ ─

╩ ∆⁹ 

 ◘Ⱪ♥כⱴ 3 ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ Ɫ◙כ♪ ─  

◘Ⱪ♥כⱴ≢│⁸ ─ ⌐ ↑≡⁸ ⌐╟

╢ ─ ╩ ℮⁹ ─ 7 ╕≢│⁸ ה ─√

╘─ ─ ⌐≈™≡─⸗♦ꜟ ≤ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆╢⁹∕─ ⁸∕

╣∙╣─ ╩ ∆╢Ɽꜝⱷכ♃─ ™ ⇔≤⁸∕─ ╩ ℮⁹⌂⅔⁸ ⌐

╩ ⌐ ∆╢ Ɽꜝⱷכ♃─ ⅜ ≢№╢√╘⁸ ╩ ™≡

⸗♦ꜟ─ ╙ ⇔⁸∕─ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi⌐ ╡ ╗⁹ ─ 8

10 ≢│⁸ ─ ⌐≈™≡⁸ ─ ╩ ╕ⅎ≡⁸╙∫≤╙╠⇔™Ɽ
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ꜝⱷכ♃ ≢─ ╩ ⇔⁸ Ɫ◙כ♪ ◦☻♥ⱶ⅔╟┘ⱴ◓ⱴ

◦☻♥ⱶ╩ ∆╢⁹╕√⁸ Ɽ♃כfi─ ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ╕ⅎ√⁸

─ ╩ ™⁸ ◦☻♥ⱶ≢─ ⌐ ∆╢⁹ 
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.  ⌐╟╢ ─  

 

  

(1)  ─  

( a)  

(b)  

(c ) ─  

(d) 10 ⅛ ─  

(e) 29  

 

(2) 29 ─  

(a) ─  

(b) ─  

( c) ⌂╠┘⌐ ─  

( d)  

( e) ─ ה  

( f ) ⁸♁ⱨ♩►◄▪ ⁸ ה ─  

 

 (3) 30  
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(1) ─  

 

 ( a)  

─ ─  

₈ ⌐╟╢ ─ ₉ 

 

 (b)  

   ⱷכꜟ▪♪꜠☻ 

 

   yasuda@eri.- tokyo.ac.jp  

   hokanisi@eri.u - tokyo.ac.jp  

   yksuzuki@waseda.jp 

 2    

 2    

 1     

     

     

 1     

   shimano@fj.tokoha- u.ac.jp  

 4    

 4    

   shishib@ipc.shizuoka.ac.jp  

   hasenaka@sci.kumamoto- u.ac.jp  

 2    

 1    

   nakamm@m.tohoku.ac.jp 

 

  a.tomiya@aist.go.jp  

   miyagi.iso14000@aist.go.jp  

 

  myoshi@mfri.pref.yamanashi.jp  
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 (c ) ─  

⌐╟╢ ─ ─√╘⌐⁸ ─ 5 ╩ 10◌

≢ ∆╢⁹ ▪ ↄ⅛≈ ⌐ ╩ ≢⅝╢ ╩ ∆╢⁹

(▬) ╠⅛♃כ♦ ₁⌂ ╩ ⌐ ╡ ♃כ♦─╘√∆ ╩ ∆╢⁹ 

╛♃כ♦ (►) ╩ ╡ ⇔≡ ♃כ♦⌂℮╟╢∆≥ ╩

─♃כ♦⁸⇔ ╩ ∆╢⁹ ⅎ≡⁸ ⌂ ⌐≈™≡│ ╛

─ ╩ ≢⅝╢◌♃꜡◓ ╩ ∆╢⁹ ─ ┘ ⁸₈ ה

ⱪꜝ♇♩ⱱכⱶ₉≤™℮⁹ ╩ ∫≡⁸(◄) ─ ⅜ ≢№╢ ─

─ ─ ╩ 11 ⌐≈™≡⅔↓⌂™⁸ ה ה ≤™∫√ⱴ◓ⱴ

╡─ ⁸ ⌐ ≈ⱴ◓ⱴ ⅛╠ ╕≢─♃▬ⱶ☻◔⁸ꜟכⱴ◓ⱴ─

⅛╠ ╕≢─♃▬ⱶ☻◔כꜟ╩ ╠⅛⌐∆╢≤≤╙⌐⁸ ─ ╛ ⅛╠

↕╣╢ ─ ╩ ≢⅝╢◌♃꜡◓╩ ⇔ ∆╢⁹ ╩♃כ♦√╣╠ ⇔⁸

╩ ∆╢ ─ ╩⅔↓⌂℮⁹ ○ ה ⱪꜝ♇♩ⱱכⱶ╩

ↄ ╛ ⌐ ∆╢√╘─ ─ ╩⅔↓⌂℮⁹ 

(d) 10 ⅛ ─  

1) 28  ▪ ⌐ ⇔≡⁸ ─ ⌐∆←╣√⁸ ה

ה ─ⱨ▫כꜟ♪◄Ⱶ♇◦ꜛfi ⱴ▬◒꜡ⱪ꜡כⱩ ╩ ⇔⁸

─ ∟ → ╩ ⇔√⁹ ▬ ⌐ ⇔≡⁸ PC⌐ ∆╢ ⱪ꜡◓ꜝⱶ

─ ≤ PC─ ∟ →╩⅔↓⌂∫√⁹ ► ⌐ ─כⱣכ◘♃כ♦⁸≡⇔

⌐≈™≡ ≢ ╩⅔↓⌂∫√⁹ ◄ ⌐ ⇔≡⁸ ─ ≤⌂╢ ─

⌐ ⇔√ 11 ╩ ┘⁸ ╩ ⇔≈≈∕╣╠ ⌐≈™≡─ ≢─ ╩

⇔⁸ ≤⌂╢ ─ ╩⅔↓⌂∫√⁹™ↄ≈⅛─ ⌐≈™≡│⁸

≤ ╩ ⇔√⁹ 

  2) 29 ▪ ⌐ ⇔≡│⁸ ─ ─√╘◄Ⱡꜟ◑כ

EDS) ╩ EPMA ⌐ ∆╢⁹ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ⌐ ⇔≡│⁸ ⱪ꜡◓ꜝⱶ╩ ⇔⁸ ⅛╠ ╕≢

╩ ⇔≡ ≢⅝╢ PC ╩ ♃כ♦⁹╢∆ ─ ⌐ ∂≡ PC╩

∆╢⁹ ► ⌐ ⇔≡│⁸ ⌐ ⅝ ─כⱣכ◘♃כ♦⅝ ⌐≈™≡

∆╢⁹ ◄ ⌐ ⇔≡│⁸ ∆╢ ⌐≈™≡⁸ ≤⇔≡ⱴ◓ⱴ ╡─ ⁸

⁸ ⁸ ╩ ╠⅛⌐∆╢√╘─ ╩⅔↓⌂℮⁹ 

 

  3) 30 ▪ ⌐ ⇔≡│⁸ ─ ─√╘ ╩

EPMA ⌐ ∆╢⁹ ⌐ ⅝ ⅝⁸ ⌂ ⁸ ─ ⌐ ╘╢⁹

▬ ≤ ► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹ ◄ ⌐ ⇔≡│⁸

∆╢ ⌐≈™≡⁸ ≤⇔≡ⱴ◓ⱴ─ ╩ ╠⅛⌐∆╢√╘─ ╩⅔↓⌂℮⁹ 



 

7 

 

 

  4) 31 ▪ ⌐ ⇔≡│⁸ ─ ─√╘ ╩

EPMA ⌐ ∆╢⁹ ⌐ ⅝ ⅝⁸ ⌂ ⁸ ─ ⌐ ╘╢⁹

▬ ≤ ► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹ ◄ ⌐ ⇔≡│⁸

∆╢ ⌐≈™≡⁸ ≤⇔≡ⱴ◓ⱴ ⅛╠ ⌐ ╢ ╩ ╠⅛⌐∆╢√╘

─ ╩⅔↓⌂℮⁹ 

 

 5 32 ▪ ⌐ ⇔≡│⁸ ─ ─√╘ ╩

EPMA ⌐ ∆╢⁹ ⌐ ⅝ ⅝⁸ ⌂ ⁸ ─ ⌐ ╘╢⁹

▬ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹ ► ⌐ ♃כ♦⁸│≡⇔

ⱬכ♦⌐☻כ♃─ ↑ ╣╩⅔↓⌂℮≤≤╙⌐⁸▬fi♃כⱠ♇♩ ▪⌐☻כⱬ♃כ♦≢

◒☿☻≢⅝╢╟℮⌐ ∆╢⁹ ◄ ⌐ ⇔≡│⁸4 ╕≢⌐ ╠╣√ ה

╩ ⇔≡ ⇔⁸ ╩∆╢ ⌐≈™≡ ∆╢⁹ ○ ⌐

⇔≡│⁸ ─ ╩ ∆╢⁹ 

 

  6) 33 ▪ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹

► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ♃כ♦⌐☻כⱬ♃כ♦⁸⌐╙≥≥℮⌂↓⅔╩

─ ↑ ╣╩⅔↓⌂℮⁹ ⌐ ♃כ♦─☻כⱬ♃כ♦⁸⅝≠ ╩ ∆╢⁹

◄ ⌐ ⇔≡│⁸ ╕≢⌐ ╠╣√ ה ╩ ⇔≡ ⇔⁸

╩∆╢ ⌐≈™≡ ∆╢⁹ ⌐ ⇔√ 11 ─ ≢ ≢ ╡ ╦

⌂⅛∫√ ─ ╛ C◘Ⱪ♥כⱴ2⌐╟╢ ─ ╩ ∆╢⁹ ○

⌐ ⇔≡│⁸ ─ ╩ ∆╢⁹ ⅛╠─ ה ⱪꜝ♇♩ⱱכⱶ

─ ↑ ╣╩ ∆╢⁹ 

 

  7) 34 ▪ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ≤ ► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓

⌂℮⁹ ◄ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮≤≤╙⌐⁸6 ╕≢⌐

╠╣√ ה ╩ ⇔≡ ⇔⁸ ╩∆╢ ⌐≈™≡ ∆

⌐☻כⱬ♃כ♦⁹╢ ↑√◌♃꜡◓ ╩ ™≡⁸ ─ ╩ ≢⅝╢◌♃꜡◓╩

∆╢⁹ ≢ ≤⇔√ ─℮∟⁸ ⌂ↄ≤╙ 5≈─ ─ ⌂

⌐≈™≡◌♃꜡◓╩ ↕∑╢⁹ ○ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ⅛

╠─ ה ⱪꜝ♇♩ⱱכⱶ ╩ ↑ ╣╢⁹ 

 

 8 35 ▪ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹

► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮≤≤╙⌐⁸ ─ ╩ ≢⅝

╢◌♃꜡◓─ⱨ◊כⱴ♇♩╩ ⇔⁸◌♃꜡◓╩ ∆╢ ╩ ∆╢⁹ ◄

⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂℮⁹ ○ ⌐ ⇔≡│⁸ ⌐ ⅝
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⅝ ⅛╠─ ה ⱪꜝ♇♩ⱱכⱶ ╩ ↑ ╣╢⁹ 

  

  9) 36 ▪ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ► ◄ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩

⅔↓⌂℮⁹ ○ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ⅛╠─ ה ⱪꜝ♇

♩ⱱכⱶ ╩ ↑ ╣╢⁹ ─ ─ ╩ ╡ ╣⁸╟╡ ™╛∆™

─ ⌐ ╘╢⁹ 

 

10 37 ▪ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝⁸ ⌂ ⁸

─ ⌐ ╘╢⁹ ▬ ► ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ╩⅔↓⌂

℮⁹ ◄ ⌐ ⇔≡│⁸ ≢ ⇔√ 11─ ⌐≈™≡│ ⌂ ─

─ ╛ ⅛╠ ↕╣╢ ─ ╩ ≢⅝╢◌♃꜡◓╩ ↕∑⁸ ─

≤╡╕≤╘╩⅔↓⌂℮⁹ ○ ⌐ ⇔≡│⁸ ⌐ ⅝ ⅝ ⅛╠─ ה

ⱪꜝ♇♩ⱱכⱶ ╩ ↑ ╣╢⁹ 

 

(e) 29  

⌐╟╢ ╩ ∆╢⌐│⁸ ─ ≤⌂╢ ╩

⇔⁸ ≤∆╢ ─ ─ ─ ╩ ∂≡ ∕╣╠─ ╩ ╖ ∆

⅜ ≤⌂╢⁹↓─√╘─ ≤⇔≡⁸ ▪ ⌐ ⇔≡│⁸ ⌐

⌐ ↕╣√ⱨ▫כꜟ♪◄Ⱶ♇◦ꜛfi ⱴ▬◒꜡ⱪ꜡כⱩ ⌐ ⇔

≡⁸ ⌂ ─fi♅כꜟ ∟ →╩ ™⁸ ─ ⅜≢⅝╢ ╩

∆╢⁹ ▬ ⌐ ♃כ♦⁸│≡⇔ ─ⱪ꜡◓ꜝⱶ─ ╩ ™⁸ ♃כ♦⌂

⅜ ⅎ╢ ╩ ∆╢⁹ ► ⌐ ⇔≡│⁸ⱷfiⱣכ≢ ⇔≡ ∆╢═⅝

─♃כ♦ ⌐≈™≡ ∆╢⁹ ◄ ⌐ ⇔≡│⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⌐≈™≡⁸ ⌂ ⌐≈™≡

╩ ™⁸ⱴ◓ⱴ ╡─ ⁸ ⁸ ⁸ ╩ ╠⅛⌐∆╢⁹╕√⁸

C- 1 ─ ≤⇔≡⁸ ╩ ∆╢⁹ 

 

(2) 29 ─  

 

(a) ─  

─ ⅛≈ ─ (▪)≤(▬)) ⌐ ⇔≡│⁸

29 3 ⌐ ⌐ ↕╣√ⱨ▫כꜟ♪◄Ⱶ♇◦ꜛfi ⱴ▬◒꜡ⱪ

Ⱪכ꜡ ╩ ⌐ ⇔⁸ ⌂ ≤ ♃כ♦⌂ ⅜ ⌂ ╩ ∆╢

╩ ⌂∫√⁹╕√⁸◄Ⱡꜟ◑כ EDS) ╩ EPMA ⌐ ⇔√⁹ (►)

⌐ ⇔≡│⁸ ╠⅛♃כ♦ ─♃כ♦╢∆ ╩ √∆╟℮⌂ ╩⁸ ⌐

∆╢ ╩ ∆╢ ╩ ⌂∫√⁹ (◄ ⌐ ⇔≡│⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⌐≈™≡ ─ ⌐ ⇔⁸

─ ≤⌂╢ ≤⇔≡ ⇔≡™╢ⱴ◓ⱴ ╡ ╛ⱴ◓ⱴ─ ⌐≈™≡
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╩♃כ♦ ╘╢≤≤╙⌐⁸ ⌐≈™≡─ ╙ ∫√⁹ 

 

 

(b) ─  

ה (1 ⱪꜝ♇♩ⱱכⱶ─ ▪ ⁸ ▬ ⌐  

⌐ ⇔√ⱨ▫כꜟ♪◄Ⱶ♇◦ꜛfi ⱴ▬◒꜡ⱪ꜡כⱩ⌐≈™≡⁸

⌂ ─fi♅כꜟ ∟ →╩∆╢≤≤╙⌐⁸◄Ⱡꜟ◑כ EDS) ╩ ⇔⁸

⌂ ⅜ ⅎ╢╟℮⇔√ ⁹╕√⁸ ≤Ⱡ♇♩꞉כ◒≢ꜞfi◒⇔√

PC ≢ ⅛∆ ₁⌂ ☻◒ꜞⱪ♩─ ╩ ™⁸ ♃כ♦⌐ ⅜ ⅎ╢╟

℮⌐ ⇔√ ⁹ ⌐│⁸ ─ a) - g)⌐≈™≡ ╩ ∫√ ⁹ 

 

 

 EDS ╩ ∫√ ≤ ⱴ♇ⱪ  
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 PC≢ ⌐≈™≡ ⇔ ╩ ⌂∫√≤↓╤ 

 

a) ⌂ ─fi♅כꜟ  

12 kV ⅔╟┘ 15 kV ─ ≢ ⌂ ZAF ⅜ ⅎ╢╟℮⌐⁸

≤ ╩ ⇔⁸ ─ ╩ ∫√⁹╕√⁸ ─ ⱨ

□▬ꜟ╩ ╡╕≤╘√ ⱨ□▬ꜟ╩ ∆╢√╘─☻◒ꜞⱪ♩╩ ⇔√⁹ 

 

b)  

╩ ⇔⁸ ╛ⱷꜟ♩─ ╩ ≢ ℮☻◒ꜞⱪ♩╩ ⇔√⁹ 

 

c) ⅛╠ ⌂◓ꜝⱨ─  

≢ ⌂ ♃כ♦⁸│≡™≈⌐ ─√╘⌐ ≤⌂╢ ⌂

╩ ⌐ ∆╢☻◒ꜞⱪ♩╩ ⇔√⁹ ─ Comment ─ keyword⌐ ∂≡

╩ ↑≡ ∆╢↓≤⅜≢⅝╢⁹↓╣⌐╟╡⁸ ─ ─ ⅜ ⌐⌂╡⁸

╣⌂≥⅜ →╢↓≤⅜ ↕╣╢⁹  
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 ≢ ↕╣╢ ─  

 

d) ♦כ♃─  

─ ─♅▼♇◒─√╘⁸ ─ ◓ꜝⱨ╩ ∆╢≤≤

╙⌐⁸ ⌐ ∑≡ ∆╢♅▼♇◒ ─ ╩ ⌐◓ꜝⱨ ∆╢☻◒ꜞⱪ

♩╩ ⇔√⁹◓ꜝⱨ│ WWW◘כⱣכ ⌐ ⅛╣⁸™≈≢╙ ≢⅝╢⁹↓╣⌐╟╡⁸

─ ⅜ ⌐ ≢⅝⁸ ─ ⌐╟╢ ─♃כ♦ ⌐™∟ ↄ ≠⅝⁸

∕╣⌐ ≢⅝╢ ╩ ⇔√⁹ 
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 ─ ≤Ⱨכ◒ ─ ◓ꜝⱨ─  (Al, Ch- 1  

 

e) ─  

⇔√ ─ ♃כ♦ ⇔⁸ ─ ╩♪כ⸗╛ ∆╢

☻◒ꜞⱪ♩╩ ⇔√⁹ 

 

 ─  

 

f) ╡ ─  

≤ ╩ ⇔≡ ⇔√ ⌐⁸ ⌐ ─

╩ⱴכ◒⇔√ ╩ ∆╢ ╩ ⇔√⁹╕√⁸ ⌐ ☺כ♥☻─

⌐☻כⱬ♃כ♦≡↑≈╩ ∆╢╟℮⌐⇔√⁹↓─ ⁸ ─ ≤

≤─ ⅜ ⌐⌂╢≤≤╙⌐ ⌂ ♃כ♦≢ ⅜≢⅝╢ ╖⅜≤≤
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─∫√ ◓ꜝⱦ▪ ⁹↓╣│ ⌐ ⌐ ♃כ♦╢∆

► ⌐ ↑√ ╩ ⌡≡™╢⁹ 

 

g) ─  

─ ⅜ ⌐ ⅎ╢ ╩ ⇔√⁹ ⌐╟╢ X ─ ─√

╘⁸ ⅜ ™ ⌐│ ⅜ ↄ⁸ ™ ⌐│ ⅜

ↄ⌂╢⁹∞⅜⁸↕╠⌐ ™ ⌐│ ⱪ─√╘⁸♇▪☺כꜗ♅─ ⅜

⌐ ↄ⌂╢⁹ ⌐╟ↄ ™╠╣╢ An (Ca/(Ca+Na)x 100)╛ Mg# (Mg/(Mg+Fe)x100)

≤™∫√ ─ ⁸ ⅜ 95 wt% ⅛╠ 105 wt% ─ ⌐↕ⅎ ∫≡™╣

┌⁸↓╣╠─ │ ⌂ ╩ ↑⌂™↓≤╩ ⇔√⁹ 

 

 

 

 ─ ↕⅜ ⌐ ⅎ╢  

─ ↕╩ ⅎ√ ≈⅛─ ╩ ⇔∕╣╠ ⇔√⁹(a) ⁸(b) ⅛

╪╠╪ ─ Mg#⁸(c) An ⅜ ™ ─ ⁸(d) An ⅜ ™●ꜝ☻─ ⁹ ─Ɫ

♇♅ ⅜ ─ ─ ↕─ ⁹ 

 

h) MELTS─ ╩  

╩ ⌐ ∆╢ ≤⇔≡⁸MELTS─ ╩ ⇔√⁹

Mac Mini (Intel Core i7, 3 GHz )╩ MELTS ─ ≤⇔≡ ⇔⁸ ─ ☻

◒ꜞⱪ♩⁸ ☻◒ꜞⱪ♩⁸ ─ ☻◒ꜞⱪ♩╩ ⇔√⁹ ⅎ┌ 1200 ⅛╠

1000 ╕≢ ╖ ↕∑⌂⅜╠ ─ ─ ╩ ∆╢ ⁸

⌐ ╛ ╩ ↕∑√ 5⌂™⇔ 6 ╡─ ⌐≈™≡─ ╩ ≢⁸

12 ⌐│ 4000 ╡─ ⌐≈™≡─ ╩ ⅎ╢⁹ 
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♃כ♦ (2 ╩ ► ⌐  

∆═⅝ ─≡™≈⌐♃כ♦ ╩ ≤⅔↓⌂℮≤≤╙⌐⁸∕╣╠─

╩ ⌐ ⌐ ∆╢ ╩ ⌂∫√⁹ ⌐│⁸ ≤ ╩

╗ ─ ≈↑⁸ ─ ─ ☻כⱬ♃כ♦─╠╣↓⁸ ≤™∫√ ╩

∆╢☻◒ꜞⱪ♩╩ ⇔√ ⁹ 

 

3) ─ ≤ ─ ◄ ⌐  

1  

─ ⌐ ↑⁸ ─ⱴ◓ⱴ ╛∕─♃▬ⱶ☻◔כꜟ╩ ╠

⅛⌐∆╢√╘⁸ ─ ≢№╢ ╩ ≤⇔≡⁸ ⅜ ≢№╢

─ ─ ╩ ∫≡™╢⁹ ─ ─ │⁸ ≤™℮ ™

─ ⁸1663 ─ ⱪꜞ♬כ ⱴ◓ⱴ ≢ ╕╡⁸

⅔⅝⌐ ⌐│⁸ ⱪꜞ♬כ ⁸ ⁸ ⱶכ♪ ♦▬

◘▬♩ ⱴ◓ⱴ ╩ ╡ ⇔≡™╢ 1)⁹ 

2017 │⁸ ╙ ⇔™ 2000 ─ ♦▬◘▬♩ ⌐≈™≡⁸ ─

─♃כ♦ ≤⁸ √⌂ ╩ ∫√⁹ ⌐│⁸2000 ─ ⌐≈

™≡⁸ⱳ☻♪◒≢ ≡™√ ≤≤╙⌐⁸EPMA ( ⱴ▬◒꜡▪♫ꜝ▬◙) ╩

™≡ ⅔╟┘ ╩⁸LA- ICP- MS (꜠ fiꜛ◦כ꜠Ⱪ▪כ◙כ ICP ) 

╩ ™≡ ╩ ∫√⁹↓╣⌐╟╡⁸ ⌐ ╢ⱴ◓ⱴ ╩ ⇔≡™╢

ꜟ▬□fi◓ⱪ꜡ⱨ♬כ♂ ╩ ═√⁹ ─ ⁸ ⌐▪ⱡכ◘▬♩

An=100×Ca/(Ca+Na+K); Ca, Na, K ─⸗ꜟ ≢ ─ │⁸ⱴ◓ⱴ─ ה

♩ꜟⱷה ─ ╩ ∆╢⁹ ⁸ ─ │⁸ ─

│ ⌂ↄ⁸ⱷꜟ♩ ─ ⌐ ≢№╢⁹↓─√╘⁸ ≤ ─ ╩

╖ ╦∑╢↓≤≢⁸ⱴ◓ⱴ ╩ ∆╢↓≤⅜≢⅝╢⁹↕╠⌐⁸ ⌐≈

™≡│⁸1977- 78 2000 ─ 1 ≈ ─ ⌂≥─ ╩ SIMS ( ▬○

fi ) ≢ ⇔√ ⌐╟╢ ♃כ♦ ≤ ∆╢↓≤╙ ∫√ ◓

ꜝⱦ▪ ⁹ 

↓╣╕≢⌐ ╠╣√ │ ─ ╡≢№╢⁹ ─ ─ ≢│⁸

─ 1663 ⅛╠ ─ 2000 ⌐ ↑≡⁸ ─ Mg╛ Ti ⌂≥

⅜ ⇔ ↑≡™╢ ◓ꜝⱦ▪ ⁹↓╣│ ─  2)≤ ≢№╢⁹

√≤ⅎ┌⁸1663 ─ │ An=43₩46 ⌐ ⇔⁸Mg │ ╙ ™⁹ ⁸

∆╢ ─ Mg │⁸ ─ ─╟℮⌐ 2000 ⌐ ⅛∫≡ ⇔≡™ↄ⁹

An⅜ ∆╢─│⁸ⱴ◓ⱴ─ ─ ╩ ↑√√╘≤ ⅎ╠╣≡™╢

3)⁹╕√⁸1663 ⌐ ⇔√ ⱴ◓ⱴ⅛╠╙√╠↕╣√ An ─◖▪⌐

⇔≡╖╢≤⁸Mg │ ─ ─ ╙ ↑≡™╢≤╖╠╣╢ ─

⁹↓─√╘⁸ ⸗♦ꜟ 4)─ ⌐╟∫≡⁸ⱴ◓ⱴ ─♃▬ⱶ☻◔כꜟ╩

≢⅝╢ ⅜ ↕╣√⁹╕√⁸ ∫√ LA- ICP- MS ⅛╠│⁸ ⌂ SIMS╩ ™

√ ≤╒╓ ─ ⅜ ╠╣≡⅔╡⁸SIMS╟╡╙ ⌂ LA- ICP- MS ⌐╟∫≡╙

⅜♃כ♦⌂ ╠╣╢ ⇔⅜ ╠╣√⁹ 
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↓╣╠─ │⁸2018 5 ─ JpGU2018⌐⅔™≡ ∆╢ ≢№╢⁹ 

 

2  

⌐≈™≡│ ─ ╛ ╩♃כ♦ ™√⁸ⱴ◓ⱴ

╛ ⌐ ∆╢ ⅜ ⌂™⁹ │ Suzuki and Nakada5)⌐╟╢ ♠

6 ₩7 ─ ≢№╢⁹∕↓≢│

Fe- Ti ╩ ∆╢ⱴ♇◦ꜙ ⱴ◓ⱴ SiO2=60.5₩61.5 wt. ⌐⁸╒╓

─ ⱴ◓ⱴ⅜ ⇔⁸ⱴ♇◦ꜙ⅜ ↕╣ ⅜ ↕╣√↓≤⅜ ╠⅛⌐

↕╣√⁹ ─ ─ ╩♃כ♦ ⇔≡⅔ↄ↓≤│⁸ ⌐ ↕╣╢

⌐ ⅜ ╕╣╢⅛≥℮⅛╩ ∆╢ ≢╙ ⌐⌂╢↓≤⅜№╢⁹ ─

≢⁸ ─ ─ ─ ╩ ╘≡™╢⁹ ─ │ ◌ꜟ♦ꜝ 45ka

≢ ⇔⁸∕─ ⁸ ♠ ╩ ╗ ⱶכ♪ ה ﬞ 45₩29ka ⁸

20₩15ka ⁸ ⅔╟∕ 10ka ⅜ ⇔√⁹ ♠ ≢│⁸5 ₩6

⌐╙ⱴ◓ⱴ ♠ 6 ⅜ ⅝≡™╢⁹H29 │⁸ ♠ ─ ─ ה

5) ⅔╟┘ ♃כ♦ ≤⁸ ™ 4 ─ⱶכ♪─≈ ╩⁸ ה

ה ─ ⅛╠ ⇔⁸ ─ ╩ ╖√⁹⌂⅔ ♠

⌐≈™≡│⁸H30 ⌐◘fiⱪꜟ╩ ⌐ ∆╢ ≢№╡⁸ ⌂ ≢№╢⁹ 

♠ ╩ ↄ ™ ⱶכ♪─≈ SiO2=59.5₩64.5 wt. │⁸╒≤╪≥⅜

Fe- Ti ─ ╩ ⇔⁸SiO2 ─◘fiⱪꜟ≢│

◌fiꜝfi ╙ ╕╣╢⁹╕∏ ⅜ ╕╣╢ ≢⁸ ♠ ≢─ ≤ ⌂∫≡™╢

↓≤⅜ ↕╣√⁹ ≤⁸ ─ ⅛╠⁸ ™ ⱶכ♪

⌐⅔™≡╙⁸ⱴ♇◦ꜙ ⱴ◓ⱴ Fe- Ti

⌐ ⱴ◓ⱴ⅜ ⇔ ⅜ ↕╣√≤ ↕╣√⁹ ─ │⁸ SiO2

─ ≤≤╙⌐ ∆╢ ⅜№╡⁸ ♠ ⌐ ⅜ ⌐ ⇔⅛

∫√↓≤╩ ∆⁹◌fiꜝfi ╩ ╗↓≤⅛╠ ⱴ◓ⱴ⅜ ⱴ◓ⱴ╩ ⇔√

∞↑≢│⌂ↄ ⱴ◓ⱴ ⅜ ⅝√↓≤─ ⌂ ─ ◘fiⱪꜟ╩ ™≡ ⅎ╢≤⁸

™ ≈─ ⱶכ♪ ─ ─ ─ │ SiO2=60.9₩64.5 wt. ─

⌐№╢⁹↓╣│ ♠ ─ ─ SiO2=60.5₩61.5 wt. ╟╡╙ SiO2 ⌐

╪≢⅔╡⁸ ─ ≤╙ ≢№╢⁹⇔⅛⇔ ™ ≈─ ─ⱶכ♪ ₩

10ka ≤⁸ ♠ ─ ≢⁸ ↄ ⌂╢ ⱴ◓ⱴ⅜ ⇔√≤│ ⅎ⌂™⁹ ™

─ⱶכ♪ ╛ ─◖▪ ⱴ◓ⱴ≤─ ╛⁸ ╩ ↑╢ ─

│⁸∕╣∙╣⁸An50₩80 ≤ Mg#65 ≢№╡⁸Suzuki and Nakada 5)─ ♠ ─ ≤

⇔≡™╢⁹⇔√⅜∫≡ ⱴ◓ⱴ─ │ ≢№╢⅜⁸ ⌐ ⱴ◓ⱴ─

╩ ↑╢╕≢─ ╛ ⅜⁸ ⌐╟╡ ⌂∫√ ⅜ ╡⁸ ⁸↕╠

⌂╢ ≢ ∆╢ ⅜№╢⁹ 

 

 

3  

a) ⱴ◓ⱴ─ ⌐ ╓∆ⱪ꜠ ─ ─  ( )  
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─ ⱴ◓ⱴ│ ╩ ↄ ╗√╘⁸ ה ●☻⅜ ∆╢↓≤≢ ⅜

↕╣⁸ ⌐ⱴ▬◒꜡ꜝ▬♩⅜ ∆╢⁹ⱴ▬◒꜡ꜝ▬♩─ │⁸ⱴ◓ⱴ

─ⱷꜟ♩ ≤ ╩ ↕∑⁸ⱴ◓ⱴ─ ≤ ♄▬♫Ⱶ◒☻⌐╙ ™ ╩

╓∆≤ ⅎ╠╣╢⁹∕↓≢ ≢│ⱴ◓ⱴ─ ⱪ꜡◓ꜝⱶ

rhyolite - MELTS╩ ™≡⁸ ⌂ ה ─ ─ ≢ ⱷꜟ♩─

◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸ ⌐⅔↓╢ⱴ◓ⱴ─ ה ─ ⌐ ╓∆

ⱪ꜠ ─ ╩ ⇔√⁹ ⁸ 1707 ─ ─ⱷꜟ♩╩ ≤

⇔⁸ 1184- 1094ϴ⁸ 0.5 - 3.0wt.%─ ≢ ╩ ∫√⁹◦Ⱶꜙ꜠כ◦

ꜛfi─ ⁸ ─┤╢╕™│ ─╖⌐ ⇔⁸ │

ↄ ⇔⌂™↓≤⅜╦⅛∫√⁹╕√⁸ ─ ⌐ ™⁸ⱴ◓ⱴ⅜ ⌐ ∆

╢╕≢⌐ ∆╢ ⅜ ⇔ↄ ⇔⁸ ⌐ⱷꜟ♩─ SiO2 ╙ ⇔√⁹↓─ ≤

⇔≡⁸ⱴ◓ⱴ─ ⅜ ∆╢≤⁸ ⌐ ℮ⱴ◓ⱴ─ ─ ≤⁸

─ⱴ◓ⱴ─ ─ ⅜ ⇔ↄ ∆╢↓≤⅜╦⅛∫√⁹ⱴ◓ⱴ ≢─ⱴ▬◒꜡ꜝ▬

♩─ ≤ ─ │≤╙⌐⁸ⱴ◓ⱴ⅛╠─ ●☻╩ →╢ ╩ ≈√╘⁸∕─

╩╟╡ ⌂╙─┼≤◦ⱨ♩↕∑╢≤ ≢⅝╢⁹ ⁸╕∞◘fiⱪꜟ │ ⌂

™╙──⁸ ─™ↄ≈⅛─ ⌐≈™≡⁸╟╡ ⌂ ╩⅔↓⇔√ⱴ◓ⱴ─

⅜ ⌐ ≢№╢≤™℮ ⅜ ╠╣√⁹⇔√⅜∫≡⁸ ⅜ ╛⅛⌐

∆╢ⱴⱨ▫♇◒ⱴ◓ⱴ─ ♄▬♫Ⱶ◒☻│⁸∕─ⱪ꜠ ⌐ ↄ ╩℮↑╢╙

─≤ ⅎ╠╣╢⁹ ⁸ⱴ◓ⱴ─ ≤ ─ ⌐≈™≡─ ╩♃כ♦ ∆

╢↓≤⌐╟∫≡⁸ ─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 

b) - 2 ☻◖ꜞ▪ ( )  

─ ≢№╢ - 2 ☻◖ꜞ▪ 2200 ╩ ⇔√⁹↓─ ⌐

│⁸ ─ ⌂╢ ⱴ◓ⱴ⅜ ⇔≡™╢↓≤⅜⁸ ╛♃כ♦

⌐≥╙╩♃כ♦ ↕╣≡™√ 7)⁹ │⁸™∏╣╙⁸◌fiꜝfi ≤ ╩ ⇔≡⅔

╡⁸ ⌐ ⇔™ⱴ◓ⱴ⅛╠⁸ ⌐ ╗ⱴ◓ⱴ⅜⁸ ⌐≡ ╩╒≤

╪≥ ↕∑∏⌐ ⇔√↓≤╙ ↕╣≡™√⁹H29 ⌐│⁸ ⱴ◓ⱴ─

╩ ╢√╘⁸◌fiꜝfi ⌐ ╕╣╢ⱷꜟ♩ ─ ╩ FT- IR 8)

⌐≡ ⇔√⁹ ⌂ⱷꜟ♩ │⁸ ⌐ ╗ ─╖⅛╠ ↕╣⁸

│ 1.1₩1.6wt.%─ ⌐№∫√⁹ ⁸ ⌐ ⇔™ ⌐≈™≡⁸MELTS ⌐╟╡

╩ ╘╢≤ ⱷꜟ♩⅜⁸ꜞ◐♄☻ ≢⁸◌fiꜝfi ≤ ╩ ∆

╢↓≤╩ ≤⇔√ ⁸2.5kbar ─ ⁸ 1.5₩1.8wt.%⁸1100₩1120ϴ≤

™℮ ⅜ ╘╠╣√⁹ ╩╕≤╘╢≤⁸ ⌐ ⇔™ⱴ◓ⱴ⅛╠⁸ ⌐ ╗ⱴ◓ⱴ

╩ ↕∑╢ ≢⁸ │ ⅝ↄ ⇔⌂⅛∫√↓≤≤⌂╢⁹ ⌐ ⇔™ⱴ◓ⱴ│

⌐ ≢№∫√≤ MELTS ⅛╠ ⅎ╢─≢⁸ ⱴ◓ⱴ─ ─ ⌐

≈™≡│ ≢⅝⌂⅛∫√⁹ 

 

 

c) │╪╣™ ─ ⌐╟╢ ⱴ◓ⱴ ╕╡ ─ ( ה
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)  

≢№╢ ≤ ≢ ─ ⌐

↕╣√│╪╣™ ─ ╩ ™⁸ ─ ≢ⱴ◓ⱴ─ ⇔╛∆™ ⌐≈™

≡ ⇔√⁹ ↕ 5km⅛╠ 11 km№√╡─ ⌐ ⅜ ╕╡⁸◒ꜞ☻♃ꜟⱴ♇

◦ꜙ ⱷꜟ♩╛ ⅜ ─ ⅜⁸↓─ ─ ⌐│ ─

⌐ ⇔≡™√↓≤⅜ ╠⅛⌐⌂∫√⁹ 

 

d) ☻◖ꜞ▪─ ( )  

⌐ ╩ ∫√ ⌐≈™≡⁸ ─ ╩ ∫√⁹ │⁸ ⌂≥

─ⱴ◓ⱴ∞╕╡ ⁸ ⌂≥ ─√╘─ ╩♃כ♦ ∆

╢⁹ 

 

4 ( )  

1986 ─ⱪ꜠ ⌐≈™≡ ⇔√⁹ ≢ 1986 ⌐ ⇔√

B ◘Ⱪⱪꜞ♬Ί ─ ⌐ ╕╣╢ ꜠▬ ⌐≈™≡⁸

≤ ─☻ꜝ●ה ╩ ∫√⁹↓─ ꜠▬ │⁸ ⌐ ≤

─○ꜞⱦfiה ⅛╠ ↕╣╢⅜⁸ ╩ ╗ ●ꜝ☻⅜ 30 vol.%╩ ╘╢⁹

●ꜝ☻│ SiO2 54.5 57.5 wt.%─ ≢⁸∕─ │ B ⱴ◓ⱴ≤

⇔√⁹╕√⁸ ΅○ꜞⱦfi΅ⱷꜟ♩─ ⅛╠ ╙╠╣√ ╙⁸ ≢

B ⱴ◓ⱴ⌐≈™≡ ╙╠╣√ ≤ ⌡ ≢№∫√⁹↓─↓≤╟╡⁸↓─ ꜠

▬ │ B ─ⱴ◓ⱴ∞╕╡ ─◒ꜞ☻♃ꜟⱴ♇◦ꜙ ─ ≢№╢≤ ⅎ╠╣╢⁹

●ꜝ☻⌐│ ⇔ ─ ⅜ ↕╣√⁹↓─↓≤│⁸B ⱴ◓ⱴ─ ⅜

ⱷꜟ♩ ⌐╟╢↓≤╩ ∆╢⁹ⱪ꜠ ≢─ⱷꜟ♩ │ 4 wt.% ≤

╙╠╣⁸∕─ │ 6 km ≤ ↕╣╢⁹↓─ │⁸ ⅎ╠╣≡⅝√ Bⱴ◓

ⱴ∞╕╡─ ↕ 4 ╟╡╙ ™⁹ ꜠▬ ⌐ ╕╣╢○ꜞⱦfi─ꜞⱶ⌐ ╠╣╢

─◓fi♬כ♂ ─ ╩ ╙∫√≤↓╤⁸⅔╟∕ 40 ─ ╩ √⁹↓─

│⁸ ⱷꜟ♩─ ⅜ ⇔≡⅛╠⅔╟∕ 40 ⌐ ⌐ ∫√↓≤╩ ∆╢⁹ 

 

5  

│◌ꜟ♦ꜝ╩ ∆╢╟℮⌂ ╩ 4 ↓⇔ │ ◌ꜟ♦ꜝ ≤

ⅎ╠╣≡™╢⁹ ─ ─ ↄ│ ⱴ◓ⱴ≤ ⱴ◓ⱴ─ ⁸№╢™

│ ╘╠╣╢⁹∕↓≢ ≢№╢⁸ 

a) ⱴ◓ⱴ≤⇔≡ 3 ─ ﬞ ─♦▬◘▬♩ ⁸ 

b) ⱴ◓ⱴ≤⇔≡ 4,000₩3,300 ─ ⁸ ⁸ ─

⁸ 

⌐ ╕╣╢ ─ⱷꜟ♩ ─ ⁸ ╩ ⇔⁸ ⌐ ⅎ

╢ ╩♃כ♦ ⇔√⁹ 

a) ─ ≢ ﬞ ─ ≈─ⱨ◊כꜟꜚ♬♇♩

╩ ≈↑⁸ ╩ ∫√⅜⁸ ─ ⌐ ⅝⌂ ™│ ™∞∑⌂⅛∫√⁹ -
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─ Fe- Mg │ ╡ ∫≡™⌂⅛∫√⁹ ﬞ ─ⱷꜟ♩ ─ SiO2

⁸ │∕╣∙╣ 68₩71 wt.% ⁸ 2.8 wt.%≢№╡⁸ ╒⅛ 9)⅜ ⇔√

4 ─ ⁸ ─ⱷꜟ♩ ─ 72₩74 wt.% ⁸3₩5 wt.% ╟

╡≥∟╠╙ ™ ╩ ⇔√⁹Cpx- melt ─ ⅛╠ Putirka 10) ─ ╩ ∫≡⁸ 6₩8 

Km─ ⁸900₩930ϴ─ ╩ √⁹ 

b) ⁸ ⁸ ─ ⱴ◓ⱴ─ⱷꜟ♩ ≢│⁸ ™

47₩68 wt.% SiO2 ⅜ ╠╣√⅜⁸⅛╪╠╪ ─ⱷꜟ♩ ⅜ ╙ ⌂

╩ ⇔⁸ ™ S ╩ ≈↓≤⅜ ⇔√⁹↓╣╠│ ⱴ◓ⱴ≤ ⱴ◓ⱴ─

≢ ⅜ ≢№╢⁹pMELTS 11)─ ─ ⁸S⌐ ╗ⱴⱨ▫♇◒ⱴ◓ⱴ

│⅛╪╠╪ ⌐ ↕╣√ ≢ ⌐ ╪≢™√≤ ↕╣√⁹⅛╪╠╪ ─ CaO

⅜ ™↓≤╙ ⌐ ╗↓≤≤ ≢№∫√⁹ 

 

 

 ⅛╪╠╪ ⁸ ⁸ ─ꜞ◐♄☻ ─  

: 6 wt.% H 2O⁸ : 1  wt.% H2O⁹fO2│ FMQ+1╩ ⁹Pl: ⁸Cpx: ⁸

Ol: ⅛╪╠╪ ⁹ 

 

6  

1716- 1717 │⁸2011 ╟╡╙ ─ ─ⱴ◓ⱴ ≢№╡⁸ⱴ◓ⱴ

╛ ─ ⌐│ ⅛∑⌂™⁹↓─ ⅛╠⁸H28 ⌐ ≢

⌐ ⇔≡№∫√⁸ ─ ה ≤⁸ ꜚ♬♇♩

≢ ♃▬ⱪ│ ─⁸ ╩ ⇔√⁹Suzuki et al. 12)≢ ↕╣≡™

╢ 2011 ─ ≤ ∆╢≤⁸ ≈─ ≢⁸ ⇔≡™╢↓≤⅜ ⇔√⁹ a)

ה │ SiO2=56.9₩59.3wt.%⁸ │ SiO2=61.0₩65.8 wt.%─

╩ ⇔⁸⇔⅛╙ 2011 ─♩꜠fi♪≤ ⌂╢↓≤⁸b) ─ ⌐│⁸ ה ─

№╢ ⱴ◓ⱴ⅜ ⇔⁸ ⅜∕─╕╕ ≤⌂╡⁸ ─
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⅜ ה ≤⌂∫√↓≤⁸c) ⱴ◓ⱴ ─ │⁸

Fe- Ti ≢№╢↓≤⁸≢№╢⁹ ⁸ ≤⇔≡⁸ ─

│⁸2011 ≢│◌fiꜝfi ≢№╢─⌐ ⇔⁸ │ ─╖⁸≤™

℮↓≤⅜ ↕╣√⁹2011 ≢│⁸◌fiꜝfi │⁸ ⱴ◓ⱴ⅜ ╟╡ ⱴ

◓ⱴ ╕╡┼≤ ⇔≡™ↄ ⌐ ⇔√≤↕╣√ 12)⁹ ≢ ─ⱴ◓ⱴ◦☻♥ⱶ≤⁸

─ ╩ ∆╢≤⁸ ≢│ ⱴ◓ⱴ─ ⅜ ≢№∫√

⅜№╢⁹↓╣│ ─ ⅜ ─ ⅝™ ≢№∫√↓≤≤╙ ⇔≡™╢⅛╙

⇔╣⌂™⁹↓─ ⌐⁸2011 ─◒ꜝ▬ⱴ♇◒☻ ⌐⅔↑╢ ≢─ⱴ◓ⱴ♄▬♫Ⱶ♇

◒☻⌐ ∆╢ ╩⁸ ┼ ∆╢ ╩ ∫√ 13)⁹╕√⁸2017 ⌐ ⅝√

─ ─ ⌐ ╦∫√⁹ 

 

7  

a) ─ⱴ◓ⱴ─  

─ⱴ◓ⱴ─ ╩ ╘╢√╘⁸ ─ ─ ה ה

⁸ ─Ⱪꜟ◌ⱡ ─ⱷꜟ♩ ─ ╩ ⇔√⁹

│ ─ FT- IR ≢╙╒╓ ₩50 ppm ≢№∫√⁹╕

√ │⁸ FT- IR ≤─ ╩ ⅛╘√ ≢ FT- IR ≢ ╩ ∫√⁹ⱪꜞ

כ♬ ≢│ ─ ≢╒╓ ⌂ │ ↄ⁸ ⇔√ 101 ─ⱷꜟ♩

─℮∟ ⅜♃כ♦─95% 1.4Έ3.0 wt%─ ⌐⁸╕√ 1975 ─Ⱪꜟ◌ⱡ ≢│⁸

⇔√ 25 ─℮∟ 92 ⅜ 0.7Έ1.9 wt%─ ⌐ ∫√⁹ⱪꜞ♬כ ─ⱷꜟ♩

│⁸ ꜞⱶ≤●ꜝ☻ ─ ⅛╠ ⇔√ ≤ ™ ╩ ⇔⁸

⁸Ⱪꜟ◌ⱡ ─ ─ ≢│⁸ ╟╡╙ ⅜ ↄ⌂∫√⁹↓─↓≤

│⁸ⱪꜞ♬כ ≢│ⱴ◓ⱴ⅜ ⌐ⱴ◓ⱴ ╡≢ ⌐ ⇔≡⅔╡⁸ⱷ

ꜟ♩ ⅜ ⇔⌂™ ≢ⱴ◓ⱴ⅜ ⇔√─⌐ ⇔⁸Ⱪꜟ◌ⱡ ≢│⁸ⱴ◓

ⱴ│╝∫ↄ╡≤ ╕≢ ⇔√↓≤⌐╟╢≤ ≢⅝╢⁹ ≢

─ⱴ◓ⱴ─ ⁸ ─ ♩ꜟ⁸ⱷ│ꜟכ◔☻ ⅛╠ ה ─

╩ ∂≡ ∆╢╙──⁸∕╣⌐ ⇔√ ꜞⱶ─ │ ™≈⅛⌂™

─ ≢№∫√≤ ⅎ╠╣╢⁹ 

 

b) ─  

─ ╩ꜞ▪ꜟ♃▬ⱶ≢ ⇔⁸⸗♬♃ꜞfi◓╩ ∆╢√╘─ ╩ ∫√⁹

⌐╟╢ꜞ▪ꜟ♃▬ⱶ⸗♬♃ꜞfi◓ ─ ─ ♃כ♦⁸│≈ ⌐⅛⅛╢ ─

≢№╡⁸ ≢│ ⌂ ⅜ ⌂ ה ─ ╩ ⇔≡™╢⁹

│ ⌐ ⅜ ⌂Ᵽꜟ◒ ─ ⌐≈™≡⁸ ≤ ⌐

⅜№╢↓≤╩ ╠⅛⌐⇔√⁹╕√⁸ ⌐╟╡ ⌂╢ ╩ ≈↓≤⅛╠⁸ ⇔√™

↔≤⌐ ╩ ∆═⅝↓≤⅜ ⅛∫√ ⁹∆⌂╦∟⁸ │ ⌂≥

⌐╟╢ ⅜ ⅝ↄ⁸ ─ ⌂≥⅜ ↕╣╛∆™─⌐ ⇔⁸ ⌐≈

™≡│ ⌂ ─●ꜝ☻ ⌂≥⅜ ↕╣≡™╢√╘⁸ ⅛╠ↄ╢ⱴ◓ⱴ⌐

∆╢ ⌂≥⅜ ↕╣≡™╢≤ ⅎ╠╣╢⁹↓╣╠♦כ♃ ─√╘⁸ ⌐
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∆╢ ╩ ה ⇔√⁹ │⁸ ─ ╩ ™⁸ꜞ▪ꜟ♃▬ⱶ

⸗♬♃ꜞfi◓╩ ≢⅝╢ ╩ ╡ ╗≤≤╙⌐⁸└⅝≈≠⅝⁸ ─√╘─

╩ ℮⁹ 

 

  

 

8  

a) 1813 ─  

1813 ─ ╩ ∫√⁹ ⌐ ─ ⌐ ╢ ⌐ ⇔√≤ ⅎ╠╣╢

─ ⌐≈™≡⁸ ╩ ⇔≡ ⇔⁸ ─ ≤ ─

╩ ═√ H30 ⁹ │⁸1813 ⌐≈™≡│╟╡ ─

╩♃כ♦ ≢ ⇔⁸ ⌐ ℮ ─ ╩ ╠⅛⌐∆╢⁹ 

 

 1813 Ί ─⁸(a) ─ ⁸

┘⁸(b) ─ │™∏╣╙ ⁹ 
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b) 20 ─ ─ ה  

1813 ⌐ ⇔√ ─ ╩ ⌐ ≠™≡ ∫√⁹2014

15 ─ ⌐≈™≡│⁸ⱷꜟ♩ ─ ╩ ™⁸ ─ EPMA⌐╟╢

⌐ ≠™≡ ─ ╩ ∫√⁹∕─ ⁸ ─ ╙ ╕ⅎ╢≤⁸ ⌂ↄ

ה▪ꜞ◖☻╙≥ ⌐≈™≡│⁸⅔╟∕ 1 ⅛╠ⱴ◓ⱴ─ ה ⌐

₁⌐ ⌐№╢↓≤⅜ ↕╣√ ⁹ │⁸ ─ ⌂ ⌐≈™

≡⁸ⱴ◓ⱴ∞╕╡⌐ ∆╢ ╩♃כ♦ ⅎ╢⁹ ⌐ ─ ⌐≈™≡⁸FE- EMPA⌐╟

╢ ╩ ™ ⌂ ╩ ∆╢⁹ 

 

 

 

 ⱴ◓ⱴ∞╕╡─ ה  

 

9  

⌂ ┼─ ≤⇔≡⁸2017 ─ ─ ⅜ ─

╩ ™⁸ ─ⱴ◓ⱴ ╩ ╘√⁹2013- 15 ─ ╛ ≢ ↕╣

√ ≤╒╒ ─ ≤ ≢№∫√⁹ ─ ↕ 1- 2km№√╡≢

─ⱴ◓ⱴ⅜ ⇔≡ ●☻⇔≡⅔╡⁸∕↓≢─ⱴ◓ⱴ ⅜ 1020- 1050 ≢№

╢↓≤⅜╦⅛∫√⁹ 

 

10) ─  

─ ⌐ ↑⁸ ─ⱴ◓ⱴ─ ה ה ╩ ╠⅛⌐

∆╢√╘─ ≤⇔≡⁸ⱴ◓ⱴ─ ♁ⱨ♩►◄▪ Rhyolite - MELTS14 ─

╩ ⇔≡ ⇔√⁹2017 │ ☻◒ꜞⱪ♩╩ ⇔⁸ ─♪כ⸗

♃כ♦┘╟⅔ ╩ ⇔√⁹╕√⁸ⱴ◓ⱴ─ ─ ≢№╢ RAI 15)─

╩ ♃כ♦⌐℮╟╢⅝≢ ☻◒ꜞⱪ♩╩ ⇔√⁹ ≢ ↕╣╢

⌐│ ⅜№╢√╘⁸ ⌂ ╩ ∆╢Ᵽ♇♅ ╟╡╙ ⅜

⇔≡™╢↓≤│ ╠⅛≢№∫√⅜⁸ ─ ⌐ ≢⅝⌂⅛∫√√╘↓╣╕≢│Ᵽ♇
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♅ ─╖╩ ∫≡™√⁹ ↕╣√ ☻◒ꜞⱪ♩╩ ⇔≡⁸4.1 ka ⌐ ─

─ ≈≢№╢ ⱡ ⅛╠ ↕╣√ ACP1 16)≤⁸

⌐ ◌ꜟ♦ꜝ╩ 12 ka ⌐ ⇔√ ─ ╩ ⌐ ╩ ∫√ 17)⁹

∕─ ⁸ ⌐ ⇔≡│ ♅♃fi ⅛╠ ↕╣≡™√╟╡╙ ™ ≢

⅜ ⇔√ ⅜ ↕╣√⁹╕√⁸ ─ ACP1⌐≈™≡│⁸RAI ⅜ ה ה

⌐╟∫≡ ⌐ ∆╢↓≤≤⁸ RAI │ 8₩9 kbar 850₩950ϴ ≤⁸

0.4 kbar 775ϴ ─ ≢ ╩≤╡ ⅜ ⇔ ⁸ ⌐ 1050ϴ

⅛╠ 3 kbar700ϴ⌐⅛↑√ ה ≢│ ⇔ ⅜ ⇔≡ ⱴ◓ⱴ⅜

⇔ ↄ⌂╢↓≤⅜ ↕╣√⁹2017 ╕≢⌐ ╠╣√ ─ │⁸2018 8 ─

Goldschmidt ≢ ∆╢ ≢№╢⁹ 

 

 

 

 ─ An ─ ⁹ 

Rhyolite - MELTS╩ ™√⁹ a:Ᵽ♇♅ ⁸b: ⁹ │

kbar ⁸ │ ϴ ⁸ │ Miyagi et al. 17)⅜ ╘√ 2.5wt%H2O⌐

⇔√⁹ │ ↕╣√ An ⁸ │ ♅♃fi ⅛╠ ↕╣√

─ⱴ◓ⱴ─ ╩ ∆⁹ ⁸│≢♪כ⸗ ♅♃fi ⅛╠ ↕╣√╟╡╙ ™

≢ ─ An ⅜ ↕╣╢⁹ ⅎ┌ ⅛╠ ↕╣√ ⱴ◓ⱴ⅜ ⱴ◓

ⱴ≤ ⇔√ ─ ⌂≥⅜⁸ ≤⇔≡ ⅎ╠╣╢⁹ ⅝ꜝⱬꜟ─ │ MELTS

─ ⌐╟╡ ∂√ ≢№╡⁸↓╣╩ ↄ∆↓≤│⁸ ─ ─└≤≈≢№╢⁹ 

 

 

( c) ⌂╠┘⌐ ─  

29 ─ │⅔⅔╗⌡ ⌐ ≢⅝≡™╢⁹ ₁⌂ ╩ ⅛≈ ⌐
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≢⅝╢╟℮⌐ ⅝ ⅝ ה ⱪꜝ♇♩ⱱכⱶ─ ╩ ╘╢⁹╕√ │≢⅝╢

∞↑ ⌐ ⌂ ─ ↑ ╣╩ ⇔⁸ ─ ╩◘ⱳ

ↄ⁹™≡⇔♩כ ≤⇔√ 11 ⌐≈™≡│ ⅜♃כ♦⌐ ╕╡≈≈№╢⁹╕√⁸

⌐≈™≡╙ ⅜ ╪≢™╢⁹ │⁸ ⌐≈™≡ ─

⌐ ♃כ♦√↑ ╛ ─♃כ♦≥ ╩ ∆╢≤≤╙⌐⁸∕╣╕≢⌐ ╠╣√

─ ⌂ ⌐ ╘╢⁹ 
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♅ ╩ ⇔√⁹∕─ ─ ה ⌐≈™≡│⁸ ⅝ ⅝ ╩ ™⁸

Ⱳכꜞfi◓ ⅔╟┘♩꜠fi♅ ─ ╩ ⇔√⁹╕√ ⌐ ≤⇔⅜⌂

™⅛─ ╩ ≢ ⇔⁸ ⌐ ╖ ╪∞⁹↕╠⌐⁸ ≢─ ⅔╟┘

≤─ כ◐☻ⱶ♅ꜗ♠◌─▪Ᵽ♅fi◌ה▪◦꜡⁸≡⇔≥ ─

╩ ⇔√⁹↓╣╠ ⌐╟╡ ╠╣√ ⌐ ≠™≡ ╩

⇔⁸ ╩ ∆╢⁹₈ⱴ◓ⱴ ☿fi♃⁸│≢₉כ ─ ה

─ ↑ ╣╩ ⇔√ ⁹╕√⁸ ⌐ ⇔√ⱨכꜞ◄

⌐⁸ ◦☻♥ⱶ╩ ⇔≡ ◦☻♥ⱶ╩ ↕∑╢⁹↕╠

⌐ ─ ─ ⌐⅔™≡⁸ ⅔╟┘ ─√╘─ ╩ ∆╢⁹ 

 

  3)  

30 │⁸ 29 ╕≢⌐ ∫√ ╩╙≤⌐⁸ ה◖☿♬ה ה

ה ה ה ה ⌐⅔™≡♩꜠fi♅ ╩ ⇔⁸ ╩

⌐ ╠⅛⌐∆╢⁹↕╠⌐⁸ 29 ≢╟╡ ⅜ ╪∞ ≢│⁸ ≢─

Ⱳכꜞfi◓ ╙ ⇔⁸♥ⱨꜝ─ ⌐⅔™≡♩꜠fi♅ ≢│ ≢⅝⌂™

╟╡ ™ ⌐≈™≡ ─ ╩ ∆⁹ ≢│Ⱳכꜞfi◓ ╩ ⇔≡ 330

╕≢ ∆╢⁹∕⇔≡⁸ ≢│ ⅔╟┘ ─√╘⌐Ⱳ

◓fiꜞכ ╩ ∆╢⁹∕─ ⌐≈™≡│⁸ ⅝ ⅝ ╩ ≤⇔√

╩ ℮≤≤╙⌐⁸ ⌐ ≤⇔⅜⌂™⅛─ ╩ ≢ ∆╢⁹↕╠⌐⁸꜡◦

כ◐☻ⱶ♅ꜗ♠◌─▪Ᵽ♅fi◌ה▪ ╩ ⌐ ⅝ ⅝ ≢─ ⅔╟┘

─ ╩ ℮⁹ ₁─ ⌐⅔™≡⁸ ╛ ─ ⌂ ⌐≈

™≡ ⌂ ╩♃כ♦ ∆╢≤≤╙⌐⁸ ≢ ⌂ ╩ ⇔⁸₈ⱴ◓

ⱴ ☿fi♃₉כ≢╟╡ ⌂ ╩♃כ♦ ╘╢⁹ ╠╣√ ⁸

⅔╟┘ⱴ◓ⱴ─ ≤∕─ ☻כⱬ♃כ♦≡™≈⌐ ╩│⅛╢⁹╕

√⁸ ─ ⌐ ™╢ ≤⇔≡⁸ ─ ⌐ כ♦╢∆

♃╩ ╢√╘⌐⁸ ⌐ ─ VEI>5◒ꜝ☻─ ─ ♃כ♦≡™≈⌐ ╩ ℮⁹

↕╠⌐⁸ ─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹ 
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  4)  

≢│ ─ ╩ ⇔ ─Ⱳכꜞfi◓╩ ∆╢⁹ ⌐≈™≡│

≤ ─ ╩≤╡╕≤╘⁸↕╠⌐ⱴ◓ⱴ ╩ ╠⅛⌐∆╢⁹ ⁸

⌐≈™≡╙ ≤ ⌐≈™≡ ∆╢⁹╕√ ⌐ ≤⇔⅜⌂™

⅛─ ╩ ≢ ∆╢⁹↕╠⌐⁸ ≢─ ⅔╟┘ ≤─

╩ ℮⁹ ⅔╟┘ ⌐⅔™≡│⁸∕╣∙╣─ ─ ≤ ─ ╩

╠⅛⌐⇔⁸∕─ ─ⱴ◓ⱴ ─ ≤ ⌐≈™≡ ∆╢⁹ ⌐≈™≡│⁸ ⅝

⅝ ╩ ≤⇔√ ╩ ™⁸ ⅜№╣┌♩꜠fi♅ ╙ ∆╢⁹ ₁─

⌐⅔™≡⁸ ⌂ ╩♃כ♦ ∆╢≤≤╙⌐⁸ ≢ ⌂ ╩

⇔⁸₈ⱴ◓ⱴ ☿fi♃₉כ≢╟╡ ⌂ ╩♃כ♦ ╘╢⁹ ╠╣√

⁸ ⅔╟┘ⱴ◓ⱴ─ ≤∕─ ☻כⱬ♃כ♦≡™≈⌐ ╩│

⅛╢⁹ ─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹  

 

 5)  

⅔╟┘ ─ ⇔╩ ℮⁹ √⌐ ⇔√ ⌐⅔™≡⁸

⌐ ⅎ≡♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╩ ⇔≡⁸ ⅔╟┘ ╩

╠⅛⌐∆╢⁹ ⌐≈™≡│⁸ ⅝ ⅝ ╩ ≤⇔√ ╩ ™⁸ ⅜

№╣┌♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╙ ∆╢⁹ ⅔╟┘ ⅜ ⇔√

⌐⅔™≡⁸ ╩ ™⁸ ╩ ∆╢⁹╕√ ─

╩ ℮⁹ ⁸ ⅔╟┘ ≢│ ⌐◌ꜟ♦ꜝ ╙ ⇔√ ╩

∆╢⁹╕√ ⌐ ≤⇔⅜⌂™⅛─ │ ⅝ ⅝ ≢ ∆╢⁹↕╠⌐⁸

≢─ ⅔╟┘ ≤─ ╩ ℮⁹ ₁─ ⌐⅔™≡⁸ ⌂

╩♃כ♦ ∆╢≤≤╙⌐⁸ ≢ ⌂ ╩ ⇔⁸₈ⱴ◓ⱴ ☿

fi♃₉כ≢╟╡ ⌂ ╩♃כ♦ ╘╢⁹ ╠╣√ ⁸ ⅔╟┘ⱴ

◓ⱴ─ ≤∕─ ☻כⱬ♃כ♦≡™≈⌐ ╩│⅛╢⁹ ─

⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹  

 

  6)  

⌐⅔™≡⁸ ⁸♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╩ ⇔≡⁸

⅔╟┘ ╩ ╠⅛⌐∆╢⁹ ⌐≈™≡│⁸ ╩ ≤⇔√ ╩

™⁸ ⅜№╣┌♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╙ ∆╢⁹ ⅔╟┘

─◌ꜟ♦ꜝ ⌐⅔™≡♩꜠fi♅⅔╟┘Ⱳכꜞfi◓⌐╟╡ ╩ ℮⁹╕√

⌐ ≤⇔⅜⌂™⅛─ │ ⅝ ⅝ ≢ ∆╢⁹↕╠⌐⁸ ≢─ ⅔╟┘

≤─ ╩ ℮⁹ ₁─ ⌐⅔™≡ ⌂ ╩♃כ♦

∆╢≤≤╙⌐⁸ ≢ ⌂ ╩ ⇔⁸₈ⱴ◓ⱴ ☿fi♃₉כ≢╟╡ ⌂

╩♃כ♦ ╘╢⁹ ╠╣√ ⁸ ⅔╟┘ⱴ◓ⱴ─

≤∕─ ☻כⱬ♃כ♦≡™≈⌐ ╩│⅛╢⁹ ≢ ⅜ ⇔√ ⌐⅔™

≡⁸ ╩ ™⁸ ╩ ∆╢⁹╕√ ─ ╩ ℮⁹

─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹ 
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  7)  

≢│⁸ ⁸♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╩ ⇔≡⁸

⅔╟┘ ╩ ╠⅛⌐∆╢⁹ ⌐≈™≡│⁸ ╩ ≤⇔√ ╩ ™⁸

⅜№╣┌♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╙ ∆╢⁹ ⌐ ≤⇔⅜⌂™

⅛─ │ ⅝ ⅝ ≢ ∆╢⁹↕╠⌐⁸ ≢─ ⅔╟┘ ≤

─ ╩ ℮⁹ ₁─ ⌐⅔™≡ ⌂ ╩♃כ♦ ∆╢≤≤╙⌐⁸

≢ ⌂ ╩ ⇔⁸₈ⱴ◓ⱴ ☿fi♃₉כ≢╟╡ ⌂ ♃כ♦

╩ ╘╢⁹ ╠╣√ ⁸ ⅔╟┘ⱴ◓ⱴ─ ≤∕─ ⌐

☻כⱬ♃כ♦≡™≈ ╩│⅛╢⁹ ≢ ⅜ ⇔√ ⌐⅔™≡⁸

╩ ™⁸ ╩ ∆╢⁹╕√ ─ ╩ ℮⁹ ⇔√

≤ │ ╛ ─ ⌐ ⇔⁸ ╩ ↑≡ ╩

╢⁹ ─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹ 

 

 8)  

⌐ ⅔╟┘ ─ ⇔╩ ℮⁹ ≢│⁸ ⁸♩꜠

fi♅ ⅔╟┘Ⱳכꜞfi◓ ╩ ⇔⁸ ⅔╟┘ ╩ ╠⅛⌐∆╢⁹

⌐≈™≡│⁸ ╩ ≤⇔√ ╩ ™⁸ ⅜№╣┌♩꜠fi♅ ⅔╟┘Ⱳ

◓fiꜞכ ╙ ∆╢⁹ ₁─ ⌐⅔™≡ ⌂ ╩♃כ♦ ∆╢≤≤

╙⌐⁸ ≢ ⌂ ╩ ⇔⁸₈ⱴ◓ⱴ ☿fi♃₉כ≢╟╡ ⌂

╩♃כ♦ ╘╢⁹ ╠╣√ ⁸ ⅔╟┘ⱴ◓ⱴ─ ≤∕─

☻כⱬ♃כ♦≡™≈⌐ ╩│⅛╢⁹ ⅜ ⇔√ ⌐⅔™≡⁸

╩ ™⁸ ╩ ∆╢⁹╕√ ─ ╩ ℮⁹ ⇔√

≤ │ ╛ ─ ⌐ ⇔⁸ ╩ ↑≡ ╩

╢⁹ ─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩ ∆╢⁹  

 

  9)  

≢│⁸ ⌐ ⅎ≡♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╩ ⇔⁸

⅔╟┘ ╩ ╠⅛⌐∆╢⁹ ⌐≈™≡│⁸ ╩ ≤⇔√ ╩

™⁸ ⅜№╣┌♩꜠fi♅ ⅔╟┘Ⱳכꜞfi◓ ╙ ∆╢⁹ ₁─ ⌐⅔™≡

⌂ ╩♃כ♦ ∆╢≤≤╙⌐⁸ ≢ ⌂ ╩ ⇔⁸₈ⱴ◓ⱴ

☿fi♃₉כ≢╟╡ ⌂ ╩♃כ♦ ╘╢⁹ ╠╣√ ⁸

⅔╟┘ⱴ◓ⱴ─ ≤∕─ ☻כⱬ♃כ♦≡™≈⌐ ╩│⅛╢⁹ ⅜

⇔√ ⌐⅔™≡⁸ ╩ ™⁸ ╩ ∆╢⁹╕√

─ ╩ ℮⁹ ─ ⌐⅔™≡ ⅔╟┘ ─√╘─ ╩

∆╢⁹ 

 

10)  

─≤╡╕≤╘≤ ⅔╟┘ ╩ ™⁸ ≤⁸ ≤
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╩ ∆╢⁹ ⅔╟┘ ─ ⌐╟╡ ╩ ⇔⁸

⌐ ₁─ ─ ≤ ⌐≈™≡ ⌂ ╩ ℮⁹∕⇔≡

⁸ ⁸ ⁸ ⅔╟┘ ≢⁸ ⅔╟┘ ⌐ ∆

╢ ╩ ℮⁹╕√ │ ⌐ ∆╢⁹  

 

(e)  

↓─ ≢│ ⅔╟┘ ─√╘─ ♃כ♦ ⌐

╘╢⁹∕╣│ ₁─ ≢─ ≤ ₁─ ╩ ≢ ╠⅛⌐∆╢

↓≤⁸∕⇔≡∕─ ⌐♃כ♦ ≠⅝⁸ⱴ◓ⱴ─ ≤ ₁─ ≢─ ⱪ꜡☿☻

╩ ╠⅛⌐∆╢↓≤≢№╢⁹╕∏ ─ ⅔╟┘ ≢─ ╩ ⌐

∆╢⁹╕∏ ⌐⅔™≡ ─Ⱳכꜞfi◓ ╩ יִ ≢ ℮ ≢⁸ ╟

╡ ╩ ∆╢⁹╕√⁸ ≢│ 10◔ ≢─♩꜠fi♅ ╩ ⇔⁸

─ ╩ ∆⁹╕√⁸ ה ╩ ≤⇔√ 4 ה ה

ה ⌐≈™≡⁸ ⌐♩꜠fi♅ ╩ ∆╢⁹∕─ ─ ה

⌐≈™≡│⁸ ⅝ ⅝ ╩ ™⁸Ⱳכꜞfi◓ ⅔╟┘♩꜠fi♅ ─

╩ ∆╢⁹↕╠⌐⁸ ≢─ ⅔╟┘ ≤─ ≤⇔≡⁸

כ◐☻ⱶ♅ꜗ♠◌─▪Ᵽ♅fi◌ה▪◦꜡ ─ ╩ ∆╢⁹↓╣╠ ⌐╟

╡ ╠╣√ ⌐ ≠™≡ ╩ ⇔⁸ ╩ ∆╢⁹₈ⱴ◓

ⱴ ☿fi♃⁸│≢₉כ ה ─ ה ─ ↑ ╣╩ ∆

╢⁹╕√⁸ ⌂ ╩♃כ♦ ╢√╘⌐ⱨכꜞ◄ ⌐

◦☻♥ⱶ╩ ⇔⁸ fi♅כꜟ ─ ╩ ℮⁹↕╠⌐⁸ ≢

│⁸ ─ ─ ⌐ ╩♃כ♦╢∆ ╢√╘⌐⁸ ⌐⅔↑╢

Ⱨ♫♠Ⱳ ⁸◒ꜝ◌♃►⁸◌♩ⱴ▬ ╩♃כ♦ ∆╢⁹╕√⁸ ≢№

╢ │⁸ ≤≤╙⌐⁸Ⱳכꜞfi◓◖▪ ─ ה

◦☻♥ⱶ─ ╩ ℮⁹∕⇔≡⁸ ─ ⌐⅔™≡ ⅔╟┘

─√╘─ ╩ ∆╢⁹ 

 

(2) ─  

 

(a) ─  

≢№╢ ⌐⅔™≡♩꜠fi♅ ─ ╩ ™⁸ ─♩꜠fi♅

⅔╟┘↓╣╕≢─ ─ ╩№╦∑≡⁸ ─ ─ ╩↓╣╕≢

⌐ ≢ ⇔√⁹╕√⁸ ⌐≈™≡│◌ꜟ♦ꜝ ⌐ ∆╢ ╩

╠⅛⌐∆╢√╘⌐⁸ ─Ⱳכꜞfi◓ ╩ ⇔√⁹ ≢│╒╓ ≥⅔╡

⅜ ⇔≡™╢⁹∕─ ─ ה ╩ ≤⇔√ ⌐≈™≡╙⁸♩

꜠fi♅ ╛ ⌂ ╩ ∫√⁹∕⇔≡⁸9 ⌐⅔™≡ ─Ⱳכꜞfi

◓ ♅fi꜠♩ה ╩ ⇔√⁹╕√⁸ ─☻כⱬ♃כ♦ ⌐ ↑≡⁸

⌐⅔↑╢ ⌐≈™≡ ╩♃כ♦ ⇔ Ɽ♃כfi⅔╟┘

─Ᵽꜞ◄כ◦ꜛfi─ ╦↑╩ ⇔√⁹╕√ ≢│⁸ ≤
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≤╙⌐Ⱳכꜞfi◓◖▪ ─ ה ◦☻♥ⱶ─ ╩ ∫√⁹↕╠⌐⁸

─₈ⱴ◓ⱴ ☿fi♃₉כ≢│ⱨכꜞ◄ ⌐ ◦☻♥ⱶ╩

√⌐ ⇔⁸ ◦☻♥ⱶ╩ fi♅כꜟ⁸⇔ ─ ╩ ∫

√⁹╕√ ☿fi♃⁸│≢כ ה ─ ─ ↑ ╣╩ ⇔√⁹ 

 

(b) ─  

⌐ ─ ─ ⌐≈™≡⁸4 ≈─ ה ⌐ ∆╢⁹∕╣╠─

│ ─≤⅔╡≢№╢⁹ 

1) ─ ┘ⱴ◓ⱴ ⌐ ∆╢  

2) ♩꜠fi♅ ⌐╟╢ ⅔╟┘ DB ─

 

3) Ⱳכꜞfi◓◖▪ ─ ה ◦☻♥ⱶ─ ה  

4) ⱴ◓ⱴ ☿fi♃כ─ ≤  

 

 1) ─ ┘ⱴ◓ⱴ ⌐ ∆╢  

29 │⁸ ה ╩ ≤⇔√ ─ ⌐⅔™≡⁸ ⁸

♩꜠fi♅ ╩ ⇔⁸ ╩ ╠⅛⌐⇔√⁹╕√⁸ ─ ⅜ ╪≢™╢

⌐≈™≡│⁸ ╙ ⇔√⁹↕╠⌐⁸ ≤⇔≡⁸

Ⱳכꜞfi◓ ה ה ⁸♩꜠fi♅ ה◖☿♬ה ה

ה ה ה ╩ ⇔√⁹ ⌐⁸ ⌂ ─№∫√ ⌐≈™≡⁸

∕─ ╩ ═╢⁹ 

 

ủ ⌐╟╢  

 

│ ◌ꜟ♦ꜝ─ ⌐ ⇔√ ≢№╡⁸ ≈─ ⅛╠

↕╣╢⁹∕─ ≢╙ ⱴ♅Ⱡ◦ꜞ│⁸ ─ ≢ ╙ ⌂ ╩ ∫√

≢№╡⁸ ⌐ 14,000 ─ ⱴ♅Ⱡ◦ꜞ ≢│ ╛ ╩

⅛╠ ┼ ↄ ↕∑√ ⁹∕↓≢ │⁸ ⱴ♅Ⱡ◦ꜞ

⌐ ⇔⁸ ⅔╟┘ⱴ◓ⱴ ╩ ╠⅛⌐∆╢√╘⌐⁸ ה

╩ ∫√⁹∕─ ⁸ ⱴ♅Ⱡ◦ꜞ │⁸4≈─ꜚ♬♇

♩⌐ ↑╠╣╢↓≤⁸ ∕─ │⁸ ≈─ ☺כ♥☻ ┘ ≈─ ⱨ▼כ☼⌐

↑╠╣⁸ⱨ▼כ☼ ╩ ™≡ⱴ◓ⱴ ⅜ ≢№∫√↓≤⁸ ⱨ▼כ☼

⌐╟∫≡ ⅜ ⇔≡™√↓≤⅜ ╠⅛⌐⌂∫√⁹ ⌐∕─ ╩╕≤╘╢⁹ 

ⱴ♅Ⱡ◦ꜞ │⁸ ⁸ ⅔╟┘ ╟╡⁸ ≈

─ꜚ♬♇♩ ꜚ♬♇♩ 1 4 ⌐ ↕╣╢ ⁹ꜚ♬♇♩ │ ┘ ≢│

☺כ◘ ┘ ⁸ ≢│ ☺כ◘ ⅛╠⌂╡⁸ ⌐ ⇔⁸

⅜ ™─⅜ ≢№╢⁹╕√⁸ ⌐ ╕╣╢ ╟╡⁸12,180±40 

yrBP⅔╟┘12,330±40 yrBP─ ⅜ ╠╣√⁹ꜚ ♬♇♩ │ ≢│

╛ ☺כ◘ ⁸ ⅛╠⌂╡⁸ꜚ♬♇♩ ─●☻ ↑Ɽ▬ⱪ
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╩ ╢ ⁹╕√⁸ ┘ ≢│ꜚ♬♇♩ ≤ ╩ ╪≢ ☺כ◘ ⁸

┘ ⅛╠⌂╢ ⁹↓╣╠ ┘╟⅔☺כ◘ ⌐

│ ─ ⅜ ⌐ ╘╠╣╢⁹ꜚ♬♇♩ │ ≤☻◖ꜞ▪

⅛╠⌂╢ ≢⁸ ≢│ ─ ⌐ ╩☺כ◘ ╗ ⁹ꜚ♬♇

♩ │ ─╖ ╘╠╣⁸ ☺כ◘ ⅛╠⌂╡⁸ │☻◖ꜞ▪⅜ ∆╢⁹

ⱴ♅Ⱡ◦ꜞ ─ │⁸ ≤☻◖ꜞ▪⁸∕⇔≡ ─ ╩╙≈

╙─⅛╠⌂╢⁹ │⁸ ה ♦▬◘▬♩≢№╡⁸ │11- 29 

vol . %≢№╢⁹ ⁸☻◖ꜞ▪│⁸⅛╪╠╪

≢№╡⁸ ╟╡╛╛ ⌐ ⇔™ 6- 17 vol.% ⁹ Ɫכ◌כ ╩╖╢≤⁸

MgO╛K2O⌂≥ ≤⇔≡1 ─ ♩꜠fi♪╩ ↄ ╙№╢⅜⁸P2O5╛Sr≢│ ≢

⇔≡⅔╡⁸ ꜚ♬♇♩≢ ⌂╢♩꜠fi♪╩ ↄ⁹╕√⁸ꜚ♬♇♩ ─

⌐ ╕╣╢ │⁸ꜚ♬♇♩ ─☻◖ꜞ▪≤ ⇔√ ╩ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

≢│⁸ ⱴ♅Ⱡ◦ꜞ ╩⁸ ⌂ ─ ╩ ⌐ ≈─

ⱨ▼כ☼ ⱨ▼כ☼ 4 ⌐ ⇔√⁹╕√⁸ ─ ╩ ꜚ⁸⇔≥☺כ♥☻─≈

♬♇♩ ≤ ─ ─ ╩ ⌐ ⌐☺כ♥☻─≈ ⇔√⁹∕⇔≡⁸ ─ ⌂

≥⅛╠⁸∕╣∙╣─ ⱨ▼כ☼─ ⌐≈™≡╙ ⇔√⁹ 

ủ☻♥כ☺ / ⱨ▼כ☼ ꜚ♬♇♩ ⱴ♅Ⱡ◦ꜞ ─ ≢№╡⁸

ⱴ◓ⱴ ≢ ≠↑╠╣╢⁹↓─ ⌐╟∫≡ ⌐ ╩╙≈ ⌂

╩ ⇔⁸ⱬכ◘☻כ☺╩ ⇔√≤ ⅎ╠╣╢⁹╕√⁸ ⌐ ╩ ↕

 14,000 ─ ⱴ♅Ⱡ◦ꜞ

─ ─

∆═╡☿fi♃1996,כ ≤ ─

⁹ 
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∑√⁹ ─ ⱴ♅Ⱡ◦ꜞ ┘∕─ ⌐ ╘╠╣∏⁸ꜚ♬♇♩ ─ ─

≤⇔≡ ↕╣╢⁹ꜚ♬♇♩ ─ ⅜ ─╖⌐ ╘╠╣╢↓

≤⅛╠⁸ⱨ▼כ☼ │ ⱴ♅Ⱡ◦ꜞ ─ ≢ ⇔√≤ ⅎ╠╣╢⁹↓─

─ ⁸ ⌐ ╩ ↕∑╢╟℮⌂ │ ⇔√⁹∕─ ─ ↕│⁸

☺כ◘ ⅜ ⌐ ╡ ╠╣╢ ─ ≢№╢⅜⁸ ⅜ ∂╢╒≥─ ↕≢│

⌂™⁹╕√↓─ ─ ⌐│ ⅜ ↕╣╢ ⅜ ↓∫√≤ ≢⅝╢⁹ 

ủ☻♥כ☺ / ⱨ▼כ☼ ꜚ♬♇♩ ⇔√ ─ ≢№╡⁸ⱴ◓ⱴ

≤ⱴ◓ⱴ ╩ ╡ ⇔√⁹ ─ │ ≤ ☺כ◘ ┘

⅛╠⌂╢⁹ ─ │ ┘ ⁸╡№≢☺כ◘ ⌐ ─

│ ─ ┼ ⇔√⁹ꜚ ♬♇♩2⌐ ╕╣╢ ⅜ꜚ♬♇♩ ≤

∆╢↓≤⁸ꜚ♬♇♩ ─ ⅜ ≢ ╙ ↄ⌂╢↓≤⅛╠⁸ⱨ▼כ☼ ╙╕√ 1

─ ≢ ⇔√ ⅜ ™⁹ 

ủ☻♥כ☺ / ⱨ▼כ☼ ꜚ♬♇♩ ⱴ◓ⱴ ⌐ ⇔≡ⱴ◓ⱴ ⅜ ⇔⁸

ⱪꜞ♬כ ╩ ∫√ ≢№╢⁹ │ ≢│ ≤ ☺כ◘

┘ ≢№╡⁸ │ ⌐ ╩╙∫≡ ⇔√⁹ ─

⌐│ ☺כ◘ ⅜ ∆╢⁹ⱴ◓ⱴ ⌐⌂╢⅛ⱴ◓ⱴ ⌐⌂╢⅛│⁸

─ ≤ⱴ◓ⱴ ⌐╟∫≡ ↕╣╢≤ ⅎ╠╣╢⁹∆⌂╦∟⁸ ─ ⌐╟

╢ ─ ⌐ ⅜⌂™≤⇔√ ⁸ⱨ▼כ☼ ≢│ⱴ◓ⱴ ⅜ ─ⱨ▼כ☼⌐

═≡ ↄ⁸ ╩ ≢⅝╢╟℮⌂ⱴ◓ⱴ ╩ ⌐ ↑√≤ ⅎ╠╣╢⁹ꜚ♬

♇♩ ─ ─ ┘ ─ ⅜ ⅛╠ ⌐⅛↑≡ ∆╢

↓≤⅛╠⁸ⱨ▼כ☼ │ ⅛╠ ⇔√≤ ⅎ╠╣╢⁹ 

ủ☻♥כ☺ / ⱨ▼כ☼ ꜚ♬♇♩ ⱴ♅Ⱡ◦ꜞ ─ ─ ≢№╡⁸

ⱨ▼כ☼ ≤─ ╩ ∆ │ ↕╣≡™⌂™⁹ⱴ◓ⱴ ⌐╟∫≡⁸

⌐ ╩☺כ◘ ↕∑√⁹ ⅜ ⱴ♅Ⱡ◦ꜞ ─ ⌐ ⌐

⇔≡™╢↓≤⅛╠⁸ 1 ─╛╛ ≢ ⇔√≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⌐⅔↑╢ꜚ♬♇♩ ה ≤∕─ ⁹ 
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ủ ⌐╟╢ . ─◌ꜟ♦ꜝ ─  

 

⌐ ∆╢ ⌐⅔™≡ 7,600 ⌐ ⇔√ 20 

km3 ─◌ꜟ♦ꜝ ⌐≈™≡ ⇔™ ╩ ╠⅛⌐⇔√⁹ ─ ⌐╟╢◌ꜟ

♦ꜝ ─ │⁸ ∆╢ ⅛╠ Ma- j Ma- g ≤∕╣╩ ℮

Ma- f ⅛╠⌂╢⁹Ma- f │↕╠⌐ 3 ⌐ ↕╣≡™√⅜⁸ ≢│⁸↓╣╠

╩ ─ ™⌐╟╡ 7 ⌐ ⇔√ ⅛╠ Ma- f1 Ma- f7 ⁹Ma- f7 ⅔╟┘ f6

│⁸ ה ─ ∆╢ ≈─ⱨ꜡⁸╡№≢♩♇♬ꜚכ≤╙⌐ ≢⁸ ╩ ╘╢╟℮

⌐ ∆╢ ≢№╢⁹ │ ╛ ≤ ─ ≢№╡⁸

─ ⌐ ╗⁹Ma- f5 │  cm ─ ≢⁸ ╩ ↄ

╗⁹Ma- f4 │ ≢ cm─ ≢№╡⁸Ma- f7 ⅔╟┘ f 6 ╟╡╙ ⌐

╗⁹Ma- f3 │ ⌐ ≢⁸ ─╒⅛⌐♦▬◘▬♩ ─ ╩ ⌐ ╗⁹

Ma- f2 │ ↕╣√ ⌐ ╖⁸⇔┌⇔┌ ╩ ℮ ☺כ◘ ≢№╢⁹

 ⌐⅔↑╢ꜚ♬♇

♩ ⁹  

 ⌐⅔↑╢ꜚ

♬♇♩ ⁹  
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Ma- f1 │⁸ ⌐ ∆╢ ≢ ⅜ ∆╢⁹Ma- f1 f3 │⁸╒≤╪≥ ⌂ↄ

☿♇♩≢ ╘╠╣⁸↓╣╠│ ─ ↕⅛╠ ≡ Ma- f ─ ─ ╩ ╘╢ ⁹ 

 Ma- f ─ ≢╙⁸Ma- f3 │♦▬◘▬♩ ╩ ⌐ ╗ ⌂ ╩ ∆⁹ │ 2 m

≢⁸ ╩ ⇔ↄ ↄ ─ ╩ ≈⁹ ╒≥ ⅜ ↄ⁸ ╒≥

⌐ ╗⁹ │ ◌ꜟ♦ꜝ ⌐ ╢⁹ │ 30 km ⁸ │ 400 m

─ ╩ ⅎ≡ 30 km ╣√ ≢╙ ≢⅝╢⁹ ╩ ⇔ↄ ╡ ╖⁸Ⱪ

꜡♇◒ ⌐ ╡ ╗⁸№╢™│ ╡ →╢╟℮⌂ ╙ ╠╣╢ ⁹╕√⁸ ⅛╠

10 km ─ ≢│⁸ 1 m ⌐⅔╟┬♦▬◘▬♩ ⅜ ⌐ ╖ ╗▬fi

Ɽ◒♩ה◘◓ ╩ ∆⁹◘◓ ─ ≤ ⅛╠⁸↓╣╠│ ⅛╠ ╩

™≡ ⇔√≤ ≢⅝╢⁹♦▬◘▬♩ │⁸ ≢⁸ ─ Ma- f7⁸ f6 ≢ ⌂

≤ SiO2=68 72%⁸K2O=0.58 0.75% ⅜ ∆╢ ⁹↓╣╠♦▬

◘▬♩ ╩ ◘fiⱪꜞfi◓⇔⁸ ⌐╟╡ ╩ ∫√ ⁸

─ │ ╦∏⁸ ≢ ⇔√ │ ╘╠╣⌂⅛∫√⁹ 

╠⅛♃כ♦─ ─╟℮⌂ ה ⅜ ≢⅝╢⁹╕∏⁸Ma- f3 ⌐ ⌐ ╕

╣╢♦▬◘▬♩ │⁸Ma- f3 ⌐ ⌐ ⇔√ ⱶכ♪ ≢№╢

⅜№╢ Ma- f7⁸ f6 ⌐│♦▬◘▬♩ │ ╕╣⌂™ ⁹↓╣╠ ⌐│ ╩

™≡ ⇔√≤ ≢⅝╢╙─⅜№╢↓≤⁸ ⌐ ╩ ∟ 400 m─ ╩ ⅎ

≡ ∆╢↓≤⌂≥⅛╠⁸Ma- f3 │ ⇔™ ╩ ≈ Blast ─ ≤ ⅎ╠╣╢⁹╕

√⁸ ≤ ─ ⅜ ─ ™≢╟ↄ ╢™ ↑╠╣≡™╢↓≤╛⁸Ma- f2 ⅔╟┘

Ma- f1 ≤☿♇♩≢ ╘╠╣╢↓≤⌂≥⅛╠⁸Ma- f3 │ ─№╢ ─ ╣≢⁸Ma- f2 ≤

Ma- f1 │∕─ ╣⌐ ℮ Ash cloud ⌐╟╢ ≤ ╦╣╢⁹√∞⇔ ⅛╠⁸

♦▬◘▬♩ │⁸Ma- f3 ─ ⌐│⁸ ⌐ ⇔≡™√≤ ≢⅝╢⁹Ma- f

─ ⌐ ╩ ↑╢≤⁸ ⅛╠ Ma- j Ma- g ⌐ ⅛∫≡⁸ ⌂

⅜ ⅛╠ ┼≤ ∆╢⁹ ™≡ ─ │ Ma- f6 ≢

≤⌂╡ Ma- f5 ≢│ ┘ ⅜ ≤⌂╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ◌ꜟ♦ꜝ

─ ─ ⁹  

 

 ≤ Ma -f ╩ ∆╢ ─ ⁹  
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─↓≤⅛╠⁸ ◌ꜟ♦ꜝ ≢│⁸Ma- f6 ≤ Ma- f5 ─ ⌐⁸ⱴ◓ⱴ ─

╛ ─ⱶכ♪ ╩ ≤∆╢╟℮⌂ ⅜№∫√≤ ≢⅝╢⁹≈╕╡⁸

─◌ꜟ♦ꜝ │⁸ ⅎ╠╣≡™√╟℮⌂⁸ ⌂ ⱴ◓ⱴ ╡╛

⌂ ─ ≤™∫√ ≢│ ≢⅝⌂™↓≤⅜ ╠⅛≤⌂∫√⁹ 

 ⌂⅔⁸ ─ ≢ ╠╣√Ⱳכꜞfi◓◖▪ ╩ ⌐ ⇔√ ⁸

≢№╢ Ma- i ─ ⌐ ⅜№╡⁸∕╣╩ Ma- f4 f1 ⅜ ℮

⅜ ╠╣√⁹↓─ ╙⁸ ≢ ⇔√ ─ ╩ ∆╢⁹ 

 

 

ủ♬☿◖ ▬꞉○♯ⱪꜞ ─ ─  

 

⌐ ∆╢▬꞉○♯ⱪꜞ │♬☿◖ ─ ≢ ╙ ⇔™ ≢

№╡⁸ ꜝfi◒ C ⌐ ↕╣≡™╢⅜⁸▬꞉○♯ⱪꜞ ─ ⌐≈™≡│

⅜ ⌂ↄ⁸™╕∞ ⌂ ⅜ ™⁹∕↓≢ │▬꞉○♯ⱪꜞ ─ ╩ ╠⅛

⌐∆╢√╘⌐⁸ ╩ ∫√⁹▬꞉○♯ⱪꜞ │⁸ 1,116 ─ ⱶכ♪

╩ ∆╢ ≢№╡ ⁸∕─ ≢│⁸ ⌂ ⅜ ⌐ ⅜∫≡™╢⁹

∕─ ⌐│⁸ ⌐ 1km─ ⅜╖╠╣⁸ ∆╢♬♩♯ⱪꜞ ╩ ∫

≡™╢↓≤⅜ ⅛╢⁹↓─ ─ ⌐│ ▬꞉○♯ⱪꜞ ⅜⁸∕─ ⌐ ▬꞉○♯

ⱪꜞ ⅜ ∆╢⁹▬꞉○♯ⱪꜞ ⅔╟┘ ⌐│ ─ ⅜╖╠╣⁸

≢│ ⌐ ↕╣╢╟℮⌐ ⅜ ╪≢№╢⁹↓╣╕≢▬꞉○♯ⱪꜞ

─ │ ₁≢№∫√⅜⁸ ≢│⁸ ⌐ ⅎ≡ ╩ ⇔⁸▬꞉○

♯ⱪꜞ ─ ─ ╩ ∫√⁹∕─ ⁸ ↄ─ Ɫכ◌כ ≢⁸♬

♩♯ⱪꜞ ≤▬꞉○♯ⱪꜞ ─ ─ ⅜⁸ ─ ▬꞉○♯ⱪꜞה ▬꞉

○♯ⱪꜞ ⁸⅔╟┘ ─ ≤│ ⌂╢ ♩꜠fi♪╩ ↄ↓≤⅜ ⅛∫√⁹╟

∫≡⁸♬♩♯ⱪꜞ≤ ─ ─ │♬♩♯ⱪꜞ ⁸∕⇔≡♬♩♯

ⱪꜞ ╟╡ ─ ╩₈▬꞉○♯ⱪꜞ ₉≤ ∆╢⁹ 

 

 Ma -f3 ─ ≤♦▬◘▬♩

⅔╟┘ Ma -f6 ─ ─ ⁹ 

 

 Ma -f3 ─ ⌂ ⅜ ╠

╣╢ ─ 43 ⁹  
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 ▬꞉○♯ⱪꜞ ≤ ꜚ♬♇♩─Ⱪ꜡♇◒ ⁹ ─ A│ ─

╩ ∆⁹ 

 

 ▬꞉○♯ⱪꜞ │⁸ ⁸ ⁸ ─ ™⅛╠ ─ ⅝ↄ 6≈─ꜚ

♬♇♩⌐ ↕╣╢ ⁹ 

▬꞉○♯ⱪꜞ KPR │▬꞉○♯ⱪꜞ ⌐ ∆╢ ▬꞉○

♯ⱪꜞ ╩ ≤∆╢ ≢№╡⁸ ≢ ∆╢↓≤⅜≢⅝╢⁹ (2003)

⅜ ⇔√♥ⱨꜝ ⌐ ⇔⁸ km─ ≢│ ╟╡⁸ ⁸

☻◖ꜞ▪ ⁸ ⁸ ☻◖ꜞ▪ ⅛╠ ↕╣╢ ⁹

⌂ ╩ ∆ │⌂ↄ⁸ ─ ⌐╟╢ ≢№╢≤ ⅎ╠╣╢⁹↓─ ☻

◖ꜞ▪ │ ⌐╗⅛∫≡ ⅔╟┘ ─ ⅜ ⇔⁸ ▬꞉○♯ⱪꜞ ─

≢│⁸ 10m─ ⅜ ≢⅝╢⁹╕√⁸ ─ │⁸ ▬꞉○

♯ⱪꜞ ⌐⅔™≡ 30m─ ≤⇔≡ ≢⅝╢⁹

─ ⅔╟┘ ─ ─ │⁸∕╣∙╣ 10,910 cal BP ⁸ 

9, 480 cal BP ≢№╢ ה , 2017 ⁹ 

▬꞉○♯ⱪꜞ KL │⁸ 500m⁸ 160m─ №≢ⱶכ♪

╢⁹ ─ ▬꞉○♯ⱪꜞ ⌐⁸∕─ ⌐ ↕╣√⁹╒╓ ─

╩ ⇔≡⅔╡⁸ ─ ⌐╟╢╙─≢№╢≤ ⅎ╠╣╢⁹ 

 ▬꞉○♯ⱪꜞ OL1 │⁸▬꞉○♯ⱪꜞ ⌐ ∆╢⁸

600m⁸ 130m─ ⱶ≢№╢⁹כ♪ ─ ▬꞉○♯ⱪꜞ ⅔╟┘ ▬꞉

○♯ⱪꜞ ╩ ∫≡⅔╡⁸↓╣╕≢ ▬꞉○♯ⱪꜞ ─ ⌐ ∆╢⁹╕√

∆╢ ▬꞉○♯ⱪꜞ ╙ ╘≡⁸ ⌐ ─ ⅜ ≢⅝╢⁹ 

 ▬꞉○♯ⱪꜞ OL2 ▬꞉○♯ⱪꜞ ╩ ℮╟℮⌐⁸ ▬꞉○

♯ⱪꜞ ⅜ ∆╢⁹ │⁸ ▬꞉○♯ⱪꜞ ╟╡ ⅜╛╛

⌐№╢ ⱶ≢№╢⁹כ♪ │☼▬◘─ⱶכ♪ 1.3km⌐ ┬≤ ↕╣╢⁹

╕√ ⇔√╟℮⌐⁸ ⌐ ─ ⅜ ≢⅝╢⁹ 

A 
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 ▬꞉○♯ⱪꜞ OL3 │⁸ ▬꞉○♯ⱪꜞ ─ ⌐ ∆

╢ ─ ⅛╠ ↕╣⁸ ⌐ ∆╢⁹↓╣╠│⁸ ─ ⅛╠

⇔√≤╖╠╣⁸∕╣╠ │ ─ ╩ ∫≡™╢⁹ 

 ▬꞉○♯ⱪꜞ IPR │⁸ ▬꞉○♯ⱪꜞ ─ ⌐ ∆╢⁸

▬꞉○♯ⱪꜞ ⁸ ⅔╟┘ ™≢ ↄ ╘╠╣╢ ⁸

⁸ꜝⱧꜞכ♩☻כfi⅔╟┘ ⅛╠⌂╢ ─ ─ ≢№╢⁹↓╣╠│ⱴ

◓ⱴ ⁸ⱴ◓ⱴ ⅔╟┘ ⌐╟╢⁸ ⅔╟┘ ≢№╡⁸

│ ▬꞉○♯ⱪꜞ ⅔╟┘ ▬꞉○♯ⱪꜞ ─ ≤ ≢⅝╢╙─╙№╢

≤ ⅎ╠╣╢⅜⁸ ⅜ ≢№╢─≢↓↓≢│ ⇔√⁹∕─ ≢╙ ─

│ ╩ ⇔≡⅔╡⁸ ⅔╟┘ ⅛╠⌂╢ ≤

≢⅝⁸↔ↄ ─ ≢№╢≤ ⅎ╠╣╢⁹╕√ A≢│⁸ ─

ⱴ◓ⱴ ⅜ ╘╠╣╢ ⁹↓╣╠ │ ⌂

╩ ╪≢⅔╡⁸№╢ ─ ⌂ ⌐╟∫≡ ⇔√≤ ╦╣╢⁹↓╣╠

─ ─ ⅔╟┘ ─ ⅛╠⁸3, 140 360 cal BP ─ ⅜

╠╣≡™╢⁹ 

 ─ ⅛╠⁸▬꞉○♯ⱪꜞ ─ │⁸ ─╟℮⌐╕≤╘╠╣╢⁹ 9,500 ⁸

⌐⅔™≡ ⅜ ⅝⁸▬꞉○♯ⱪꜞ ─ ⅜ ╕∫√⁹ │

≢№∫√⅜⁸∕─ ⱴ◓ⱴ ⌐ ⇔⁸ ☻◖ꜞ▪ ⅛╠ ⁸∕⇔≡ ┘

☻◖ꜞ▪ ≤⁸ ╩ ⇔√⁹↓─ ≢ 1,000m 700m─ ▬꞉

○♯ⱪꜞ ⅜ ↕╣√⁹ ▬꞉○♯ⱪꜞ ─ ─ ⁸ ─ ╩

∆╢ ─ ⅜│∂╕∫√⁹╕∏⁸ ▬꞉○♯ⱪꜞ ⌐ ▬꞉○♯ⱪꜞ

⅜ⱶכ♪ ↕╣√⁹∕─ ⁸ ─ ▬꞉○♯ⱪꜞ ─ ⌐ ⇔√⁹

▬꞉○♯ⱪꜞ ─ ≢│⁸ ─ ⅜ⱶכ♪ ↕╣⁸ ─ ⌐│

─ ╙ ⅝√⁹╕√⁸ ╩ ⇔√ ⅜∕─ ─ ─ ╩ ∫≡™╢↓

≤⅛╠⁸↓╣╠─ ─ ≤ ⇔≡ ⅜ ⅝≡™√≤ ⅎ╠╣╢⁹▬꞉

○♯ⱪꜞ ─ ─ ≢│⁸▬꞉○♯ⱪꜞ ≢ ⅜ ⅝√⁹∕─ ⁸

∞↑≢⌂ↄ ─♬♩♯ⱪꜞ ⌐№√╢ ⌐⅔™≡╙ ─

⅜ ↕╣⁸ ╙ ⅜ ≢№╢⁹ 

 

 

ה 2017 ♬☿◖ ▬꞉○♯ⱪꜞ ─ ≤

2017 SVC50- P13  

2003 ꜞ꞉○♯ⱪ▬ה◖☿♬ ה ╢↑⅔⌐ꜞⱪ♯◘♩▪ה

─ ⌐⅔↑╢ ─ ─  12 

 14  
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 2 km⌐⅔↑╢ ▬꞉○♯ⱪꜞ KPR ─ ≤ ⁹  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 A ▬꞉○♯ⱪꜞ ⌐⅔↑╢ ─ ─▬꞉○♯ⱪꜞ

IPR ⁹ ⅜ ╕╣╢ │ ⁹ ─ │ ⁹ 

 

 

ủ ♩꜠fi♅ ⅔╟┘ ⌐╟╢ ─ ה  

 

│⁸ ╩ ⌐ ╩ ╗ ⌐⅔↑╢

─ ⁸ ⌐⅔↑╢ ה ꜝⱢכꜟ ─ ⁸⅔╟┘

360 cal BP 

760 cal BP 

1020 cal BP 

3140 cal BP 

1600 cal BP 
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◌ꜟ♦ꜝ ─ ─ ─√╘─ ╩ ⇔√⁹ 

 

 ╩ ╗ ⌐⅔↑╢ ╩ ∆╢√╘─  

│ ╩ ≤⇔⁸♥ⱨꜝ⅜╒≤╪≥ ╘╠╣⌂™ ≢№╢≤ ⅎ╠╣

≡™√⅜⁸ ╛ ⌐╟╡⁸ ─ ♥ⱨ

ꜝ ⅜ ↕╣√⁹⇔⅛⇔⌂⅜╠⁸™∏╣─ ╙ ≢

─ ⌐≤≥╕∫≡™╢√╘⁸ ╛ ╩ ╗ ⌂ ╩ ∆╢↓

≤│≢⅝≡™⌂™⁹ ≢─ ⅛╠⁸ ─ │ ⌐ ∆╢↓

≤⅜╒╓ ≢⅝⌂™⁹∕─√╘⁸ ─ ⅜ ≢⅝╢ ╩ↄ╕⌂ↄ

∆╢ ⅜№╢⁹∕↓≢⁸ │♩꜠fi♅ ⅛ ╩ ╘⁸ ⌐ ∆╢♥

ⱨꜝ ─ ≤ ╩ ⇔√⁹ 

─ ╩ ╘⁸8 ﬞ ─ ╩ ™∞⇔√⁹⇔⅛⇔⌂⅜╠ 1500m ≢│

─√╘⌐ ⅜ ↄ⁸ 1974 ─♥ⱨꜝ⅜ ↕╣≡™╢

│ ™∞↕╣⌂⅛∫√⁹↓╣╠ 8ﬞ ⌐≈™≡ ⌂ ( )╩ ⇔⁸

─ ╩⅔↓⌂∫√⁹ ─♥ⱨꜝ│ ⅜ ™℮ⅎ⌐⁸ ╛ ─

│ ⅜ ⇔™√╘⁸ ╩⅛↑√ ⅜ ≢№╢⁹╕√⁸

─ ─ ⌐⅔™≡♩꜠fi♅ ╩ ⇔√⁹∕─ ⌂ↄ≤╙ 12

─♥ⱨꜝ╩ ∆╢↓≤⅜≢⅝√⁹ ╟╡ 500mm⁸625mm≢ ╩ ⇔⁸

╩ ∫√⁹∕─ ⁸ ⌐ ─ 2500±30 yBP⁸ 788- 537 cal BC

⅜ ╠╣√⁹↓─ │ ─ ≢ ↕╣≡™╢ ⌂∞╣ ─

─ ≤ ∆╢⁹╟∫≡⁸625mm ─ ─ ⌐ ∆╢

⅜↓─ ≤ ∆╢ ≤ ⅎ╠╣╢⁹↓─ ⌐≈™≡ ⅔╟┘

╩⅔↓⌂∫√ ⁸ ─ ⅛╠⌂╢ ≢№╡⁸☻♩꜡fiⱲ

ꜞ Ⱪꜟ◌ⱡ ≢№∫√ ⅜№╢⁹ ─ ⌐│ⱴ◓ⱴ ⅜ ⇔

√╙─≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 ─ ≤ ⁹ 

 

⌐⅔↑╢ ה ꜝⱢכꜟ ─  

 ≢│♥ⱨꜝ⅜ ╕≢ ∆╢↓≤⅜ ⌂™⅜⁸ ⌐ꜝⱢכꜟ⅜ ⇔⁸
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╕≢ ∆╢↓≤⅜№╢╟℮≢№╢⁹ ⌐⁸1801 ≢│ꜝⱢכꜟ⅜ ╕≢

⇔⁸⌐⅛╒ ─ ⌐ ⇔√ ⅜№╢⁹ ⌐⅔↑╢ꜝⱢכꜟ ─ │⁸

∆≢⌐ ╒⅛ 2015 ⌐╟╡ ↕╣≡™╢⅜⁸∕─ ─ ⌐≈™≡│ ⅜⅔↓⌂╦

╣≡™⌂™⁹∕↓≢⁸ ⅜ ╘╠╣⁸ ⱴ♇ⱪ ⌐╙ ─

⅜ ↕╣≡™╢ ⌐⅔↑╢ ╩ ⇔√⁹∕─ ⁸ ─ │⁸

⌐ ⅛╠⌂╡⁸↓─ ─ │ 2 ≢№╢↓≤⅜ ⇔√⁹ 

  

◌ꜟ♦ꜝ ─ ─  

│ ⅛╠ ╩ ↑≡™╢ ≢№╡⁸ ≤ ╩ ╡ ⇔≡™

╢ ⁹ ─ │ ⌐ ⇔⁸∕─ ⌐ ◌ꜟ♦ꜝ ◌

ꜟ♦ꜝ ≢─ ⅜ ⇔≡™╢⁹∕─└≤≈ ─ ⌐╟∫≡ ◌ꜟ♦ꜝ⅜

↕╣√ ≤ ⅎ╠╣≡⅔╡⁸∕─◌ꜟ♦ꜝ╩ ⇔√ │ ╟

╡ ™≤ ↕╣≡™√⅜⁸ ─ ⌐╟∫≡⁸∕╣╠─ ⅜ ─╙─

≢№╢ ⅜ ↕╣√⁹↓─√╘ ─ ╛ ╩ ∆╢√╘⌐⁸

╩ ⇔√⁹ 

◌ꜟ♦ꜝ ⌐│⁸ ⅛╠⁸ ─ ☻◖ꜞ▪⁸ ⁸ ─ ⁸

⁸ ⅜ ∆╢⁹H29 ─ ⌐╟∫≡⁸ ─ ☻◖ꜞ▪─ ⌐│ 20cm

⅜ⱶכ꜡─ ⇔≡⅔╡⁸∕─ ⌐ ⅜ ⌂∫≡™╢↓≤⅜ ╠⅛⌐⌂∫√⁹

─ ─ 14C ╩ ∫√≤↓╤⁸ 2,700 ─ ⅜ ⱶכ꜡⁹√╣╠ ─

↕╙ ⅎ╢≤ ─ ☻◖ꜞ▪─ │ ─ │ ™⁹ ─ │ ≤

≢ ⅜ ⌂╢⁹ ─ ─ │ ⌐ ⌐ ↕╣≡⅔╡⁸ ⅜

≢№╢ ⅜№╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ─ ╒⅛,  2001 ≤ ◌ꜟ♦ꜝ ─

⁹ 

 



 

51 

 

 

ủ ♩꜠fi♅ ⅔╟┘ ⌐╟╢ ─ ─  

 

 ─ ─ ╩ ⌐⁸♥ⱨꜝ ⌐╟╢ ⱨ▼כ☼─ ⁸

⁸ ₁─ⱨ▼כ☼─ ─ ╩ ⁸ ≤♥ⱨꜝ ─ ╩ ™⁸╕√ⱴ

◓ⱴ ─ ╩ ⇔√⁹ ⌐ ⌐≈™≡ ╩ ⌐ ∆⁹ 

 

< 2 ─ ⱨ▼כ☼> 

 ↓╣╕≢─ ⌐ ─╙─╙ ⅎ≡♥ⱨꜝ ⌐ ⇔⁸ ─ ╩

9 ≈─ⱨ▼כ☼⌐ ↑√⁹∕╣╠│⁸ 2 ⅛╠⅔╟∕ 8 ─ ─ 2 ⱨ▼כ☼

Za- Gs1⁸ 2 ♥ⱨꜝ⌐ ⁸⅔╟∕ 900 ⅛╠ 1894 1897 ╕≢─ 7 ⱨ▼כ☼

Za- Ok1~7♥ⱨꜝ⌐ ≢№╢⁹Za- Ok1~7│ ╩ ≤⇔⁸Za- Gs1⁸ 2 │ ╟

╡╙╛╛ ⌐ ⇔√ ⅛╠─╙─≤ ↕╣╢⁹ ─♥ⱨꜝ─

╩ ⌐ ∆⁹ 

 ≤ ⅛╠ Za- Ok7│ 1894 1897 ⌐╟╢╙─≤ ↕╣≡™╢⁹∕╣

─♥ⱨꜝ⌐≈™≡⁸↓╣╕≢ ∫≡⅝√♥ⱨꜝ ⌐ ↕╣╢ ╛♥ⱨꜝ ⌐

╕╣╢ ─ 14C ╩╕≤╘ ⇔⁸╕√ √⌐ ⇔√ ╩ ╦∑╢≤⁸

Za- Gs1│ 2 7 ⁸ Za- Gs2│ 9 11 ⁸Za- Ok1 4 │ 13 16 ⁸Za- Ok5

│ 17 ⁸Za- Ok6│ 18 19 ─ ⌐╟╢╙─≤ ⇔√⁹ 

 

< ⱨ▼כ☼ ♥ⱨꜝ ─ > 

 Za- Ok1 3⁸ 5⁸ 6 │ ₁─ ⌐ ⌐╟╢♥ⱨꜝ ⅜ ╘╠╣⁸∕─ ⌐

ⱴ◓ⱴ ⌐╟╢♥ⱨꜝ ⅜ ⇔≡™╢⁹Za- Ok4│ ─ ─ ─

⌐╟╢♥ⱨꜝ ⅜ ⌐ ╘╠╣⌂™⁹ⱴ◓ⱴ ⌐╟╢♥ⱨꜝ │⁸Ⱪꜟ◌ⱡ ⱴ

◓ⱴ ⌐╟╢╙─⅜ ≢№╢⁹Za- Ok1 3 ⌐│◘Ⱪⱪꜞ♬כ ⌐╟╢╙─╙

╕╣╢⁹╕√ Za- Ok4 ─ⱴ◓ⱴ ⌐╟╢♥ⱨꜝ ⌐│ ⅜ ∂∫≡™╢↓≤⅜ ↄ⁸

Za- Ok6 ─ⱴ◓ⱴ ⌐╟╢♥ⱨꜝ │ ─ ⌐ ⅜ ∂∫≡™╢≤™∫√

≢№╡⁸ ─ ─ │ Za- Ok1 5 ─ⱴ◓ⱴ ⌐ ═╢≤ ↕⅛∫√≤ ↕╣╢⁹

Za- Ok7│ ⌐╟╢♥ⱨꜝ ─╖⅛╠ ╢⁹Za- Gs1⁸ 2 ⌐ ⌐ ⌐

╟╢♥ⱨꜝ ⅜ ╘╠╣⁸∕─ ⌐ⱴ◓ⱴ ⌐╟╢♥ⱨꜝ ╩ ≤∆╢ ⅜

⇔≡™╢⁹ ⌐ Za- Gs1⌐≈™≡│ ─ │ 2 ⌂ ⌂≥⌐╟╡ ⅜ ⌐

⇔≡™╢ ⅜ ↄ ╩ ∆╢─│ ⇔™⁹ⱴ◓ⱴ ⌐╟╢╙─ ⌐ ⌐

╟╢╙─≤ ╦╣╢ ╛⁸ ™ ╙ ╘╠╣╢⁹ ─ │⁸ ⌐ ♩꜠fi

♅ ╩ ∫√ ↕╣√ ⌐╟∫≡ ↕╣√⁹♩꜠fi♅ ─

╩ ⌐ ∆⁹Za- Ok5 7 ─ ⅜ ⇔≡™╢ ⅜ ─

≢ ↕╣√ ⁹ ─ │ ╩ ∫√ ⅜

≢№╢⅜⁸ ─ ≢⁸ №╢™│ ⅜ ╕╣╢↓≤⅜

╠⅛≤⌂∫√⁹ 
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 ─♥ⱨꜝ─ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ♩꜠fi♅ ⌐╟╢

≤♩꜠fi♅ ─ ⁹ 



 

53 

 

 

      

  

 

 

 

 

 

 ─ ≢ ╠╣╢ 

Za- Ok5 7 ─ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Za- Ok5 7 ─ ⌐ ╕╣╢ ≤ ⁹ 

 

< ≤♥ⱨꜝ ─ >  

 ╛ ╩ ⌐⁸ ≤♥ⱨꜝ ─ ╩ ∫√⁹ │ ╩ ╡

ↄ ⌐ ↄ ⇔≡™╢⁹∕╣╠│ ⌐╟∫≡ unit1 5 ⌐ ⅝ↄ ↑╠╣╢⁹↓

─℮∟ unit4 ≤ 5 ⅜ ╩ ≤∆╢ ≤ ↕╣╢⁹╕√⁸unit4 │ ⁸

╩ ⌐ unit4 - 1 4- 5 ⌐ ≢⅝╢⁹unit4 ≤ 5 ⌐≈™≡ ╛ ╩

⌐ Za- Ok1 7 ≤─ ╩ ∫√ ⁸Za- Ok1│ unit4 - 1⁸Za- Ok2│ unit4 - 2⁸Za- Ok3│

unit4 - 3⁸Za- Ok4│ unit4 - 4⁸Za- Ok5│ unit4 - 5⁸Za- Ok7≤ Za- Ok6│ unit5 ⌐ ↕╣√⁹ 

 

< 2 ─ ⱨ▼כ☼─ > 

 ╩ ∆╢ Za- Gs1⁸ ╩ ≤⇔ ⅛╠ⱴ◓ⱴ ⌐ ⇔

√ⱨ▼כ☼╩ ∆╢ Za- Ok5⁸ ─╖≢№∫√ Za- Ok7⌐≈™≡⁸ ↕╣╢

⅛╠ ╩ ⇔⁸ ה ╩ ∫√⁹∕─ ⁸ⱴ◓ⱴ ⌐╟
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╢ ⌐≈™≡│⁸™∏╣╙ ⱴ◓ⱴ⌐ ⱴ◓ⱴ⅜ ה ⇔√╙

─≢№╢↓≤⁸ ⱴ◓ⱴ ╡│ 5 6km⌐ ⇔√↓≤⁸ ⱴ◓ⱴ─ │

╟╡ 20 ╒≥ ⅛╠ ⇔≡™√↓≤⌂≥⅜ ╠⅛≤⌂∫√⁹╕√ ⌐≈

™≡│⁸ ⌐ ╩ ↑√ ⅛╠⌂╢⅜⁸ ╙ ⌐ ∆╢↓≤⅜ ╠⅛

≤⌂∫√⁹↓─ ⁸ ⌐ⱴ◓ⱴ⅜ ⇔√ ⅜№╢⁹ 

 

 

ủ ⅔╟┘ ⌐╟╢ ─ ─ ♃▬

ⱪ≤ⱴ◓ⱴ ─  

 

 ─ ה ╩ ™⁸ ⌐⅔↑

╢ⱴ◓ⱴ ♃▬ⱪ─ ≤ⱴ◓ⱴ ⁸№╢™│ ≤─ ╩ ⇔⁸

ⱴ◓ⱴ─ ≤ ≤─ ╩ ⇔√⁹ 

 5, 000 6, 000 ⅛╠ 4, 750 ╕≢─ ╡─ ⌐ ╦╣√

─ │⁸ ─ ╩ ∆╢꜠☻─ ╛⁸ ─ ⌐╟╡⁸4

⌐☺כ♥☻ ≢⅝╢ ⁹ ─ ─ ╩ ⌐ ♃▬ⱪ╩ ∆╢≤⁸

♃▬ⱪ ⱨ▼כ☼ ─ │⁸ 1 ┘ ≢☺כ♥☻4 ≢⅝╢⁹ ≢☺כ♥☻1

│⁸ⱴ◓ⱴ ќ☻♩꜡fiⱲꜞ ќⱩꜟ◌ⱡ ┼≤⁸ Ⱪ│≢☺כ♥☻4

ꜟ◌ⱡ ќ☻♩꜡fiⱲꜞ ќ ┼≤ ∆╢⁹⌂⅔⁸ 3ה2 │☺כ♥☻

™∏╣╙Ⱪꜟ◌ⱡ ≢№∫√⁹ 

 ⌐ ⇔√⁸ⱴ◓ⱴ ╩╙√╠⇔√ⱴ◓ⱴ ─

│ SiO2 ⅜ 60wt%≤⁸ ─ ─ ≢│ ™ ╩ ∆⁹╕√⁸ ⌐ ⇔

√Ⱪꜟ◌ⱡ ⁸☻♩꜡fiⱲꜞ ≢│⁸ ─ SiO2 ≤ ─ ⌐⁸ ╕⅛⌂ ─

⅜ ╘╠╣╢ ⁹⅔⅔╟∕ SiO2 58- 59wt ⁸ 33- 40 ╩ ⌐⁸

SiO2 ⌐Ⱪꜟ◌ⱡ ⅜ ↕╣⁸ ⌐│ 2.5 - 3%⁸Ⱪꜟ◌ⱡ

⅜ ™ ╩ ∆ ⁹ 1⁸ 4 ⌐╙≥☺כ♥☻ ♃▬ⱪ─ │⁸ ⌡ⱴ◓

ⱴ ⅜↓─ ╩ ╢№√╡≢ ↓∫√↓≤⅜ ⅛╢⁹ 

 4 ☺כ♥☻ ─☻♩꜡fiⱲꜞ │⁸SiO2 ⅜ 58.5- 59.5wt ≤╛╛ ™

◦ꜞ◌ ╩ ∆⁹↓╣≤╒╓ ∂ SiO2 ─Ⱪꜟ◌ⱡ │⁸

≢╙ ╘╠╣╢⁹√∞⇔↓─ ⁸Ⱪꜟ◌ⱡ ─ ⅜ ⌐ ⌐

╗ ⅜№╡⁸ ≢ 5 ™ ╩ ∆↓≤⅜ ⅛∫√⁹ 

 ╛ ╩╒╓ ∂≤ ⇔≡⁸ ≢│ⱴ◓ⱴ ─ ⅜ 103Pas

≢№∫√≤⇔⁸ ☺כ♥☻ ≢─ ♃▬ⱪ─ ╩ ╖ ⇔√ ─ ╩⁸

Takeuchi ( 2011)⌐ ≠™≡ ╙∫√⁹∕─ ⁸SiO2 ⅜ 2.5wt% ™ ⌐│ 1

⌂™⇔ 2 ⁸Ⱪꜟ◌ⱡ ─ ⅜ⱴ◓ⱴ ⅜ ⅛∫√↓≤⌐⌂╢⁹╕√⁸ ∂

SiO2 ≢ ⅜ 5 ∆╢≤⁸ 1₩2 ─ ⅜ ╙╠╣╢

╙ ∫√⁹ 

 ≈╕╡⁸ ─ │⁸ ☺כ♥☻ ─ ♃▬ⱪ─ │⁸ ⌐ⱴ◓ⱴ ─

⌐ ∆╢ ─ ≢ ⌡ ≢№╢ ╩ ⇔≡™╢⁹╕√⁸Ⱪꜟ◌ⱡ
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─ⱴ◓ⱴ⌐ ⇔™ SiO2 ╩ ⇔√⌐╙⅛⅛╦╠∏⁸☻♩꜡fiⱲꜞ ♃▬ⱪ⅜ ╘╠╣

√ ⌐│⁸ ─ⱴ◓ⱴ⌐ ╕╣√ ⅜ ⌐ ⅛∫√↓≤⅜⁸ⱴ◓ⱴ─

╩ ↄ ⅎ√ ≢№∫√≤ ⅎ╠╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ─ ─▬ⱷכ☺ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ─ Si O2 ≤ ─ ⁹ 
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ủ ⌐╟╢◌ꜟ♦ꜝ ─ ─  

 

 ⌐ ∆╢ (OT- pfl) ≤⁸ ─ ≤↕╣╢ 

So- OT│⁸ ⌐ ╘╠╣╢ ◌ꜟ♦ꜝ ⌐ ⇔√≤↕╣╢⁹ ≢

│⁸ ⁸ ─ ●ꜝ☻╛ ─ ╩ ™╢↓≤⌐╟╡⁸ ◌ꜟ

♦ꜝ ─ ─ ≤⁸ ⅔╟┘ ╩ ⌐∆╢↓≤╩ ⌐ ⅔

╟┘ ╩ ∫√⁹∕─ ⁸OT- pfl ╩ ה ⅛╠ 3ꜚ♬♇

♩⌐ ⇔√ ⁹ꜚ ♬♇♩ ⱶכ꜡│⌐ ⅜ ⇔⁸ ⌂ ⅜ ╘╠╣╢⁹

╕√ ꜚ♬♇♩│ ─ ●ꜝ☻ ╛ ╕╣╢ ─ ⅜ ⌂╢↓≤⅜

⅛∫√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ≤ ⁹ 

 

 

ủ ♩꜠fi♅ ⌐╟╢ ─  

 

│∂╘⌐ 

1 ╟╡ ╕≢ ⌂ ╩ ↑╢ ─ ─ ╩ ≤⇔⁸

≤⇔≡ ⅔╟┘ ⌐╟╡⁸ ⅛≈ ─ ╩ ∆╢

↓≤╩ ≤∆╢⁹╕∏ ─ ╩ ℮ ≢─ ≤⁸ ⌐≈™≡

⌐ ═╢↓≤≤∆╢⁹ 

─ ≢№╢ 1783 ─╟℮⌐⁸ ≤⇔≡ ─

╩ ∆ ─ ≢│⁸ ─ ⌐⅔™≡ ↄ─ ⅜╙√╠↕╣╢ ⅜№╢⁹

─ As- A │⁸ ⌐╟╡ ─ ⌐ ∆╢↓≤⅜╦

⅛∫≡™╢ ה 1997 ⌂≥ ⁹ ─ ≢ ⅜ ↄ ↕╣≡™╢√╘⁸

As- A│ ─ ⅜ ∂ ⌐ ∆╢↓≤⅜ ⅛╠╦⅛╢ ─ ≢№╢⁹╕

12m

OT-3

OT-2

APmŷ OT-1

Loc.2
Loc.2

APm

KMT
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√ ₁─ ⅔╟┘ ⌐ ∆╢ │ ™ ╩ ∆ ⅜ ↄ⁸ ⅜

⌐ ↄ ↕╣╢ ⅜ ⅛∫√↓≤╩ ⇔≡™╢⁹ ─ ─ ⅛╠─ │

─ ─ ╩ ∆⅜⁸ ─ │ ₁≢№╢√╘⁸ ⌐╟╡

∆╢ ⅜ ∆╢⁹≈╕╡ ─ ─ │ ─ ╩ ↕⌂™⁹ ∫≡⁸

─ ╩ ∆╢√╘⌐│⁸ ─ ─╖⌂╠∏⁸ ⌐╦√╢ ⌂ ⅜

≢№╢⁹↓↓≢│ 28 ⅔╟┘ 29 ⌐⁸ ─ ─ 180 13ﬞ ≢♩

꜠fi♅ ╩ ⇔⁸ ╩ ╖ ╦∑╢↓≤≢ ⅛≈

─ ╩ ╖√⁹ 

28 │⁸ ─ ⅜ ™≤ ↕╣╢ ─ ╩

⌐⁸3⅛ ⌐⅔™≡♩꜠fi♅ ⌐╟╢ ⌂ ╩ ⇔√⁹ ─ ⌐

╟╡⁸ ─ 1 ─ ⌐╟∫≡╙√╠↕╣√ ╩

∆╢↓≤⅜≢⅝⁸6, 300 ╛8, 300 ⌐ ⅝√ ─ ⅛╠│⁸

─╟℮⌐ ⌂ ╩ ╡ ⇔√ ╩ ∆↓≤⅜≢⅝√⁹ ⌐ ™ ⌐│ ↄ

─ ─ ⅜ ↕╣╢⅜⁸ ⇔™ ─ ⅜ ↄ ⇔≡™╢√╘⁸ ─

─╖≢│⁸ ™ ⌐ ∆╢ │ ╘≡ ⇔⅛∫√⁹ 28 ─ ⅛

╠│⁸ ⌐ ™ ≢─♩꜠fi♅ ⅜↓─ ⌐ ≢№╢↓≤⅜

╦⅛∫√⁹∕↓≢ 29 │⁸ ─ ⅜ ™≤ ↕╣╢

─ ⌐╙ ╩ ⇔≡10◌ ─ ╩ ™⁸ 13◌ ─

⌐ ≠™≡ ╩ ∫√⁹ 

 

─ ⌐ ∆╢ ─ ─  

─ ⌂ ╩ ⌐ ⇔√─│ Aramaki 1963 ≢№╢⁹

Aramaki 1963 │ ─ ─ ╩ ™⁸ ⅛╠⁸A Aΐ

B C D- 1 D- 2 E F G─ 9 ⌐ ⇔√⁹∕─ ⁸ ה 1995 │ ─

╩ ™⁸ ╟╡ A⁸Aΐ⁸ ♥ⱨꜝ⁸B⁸C⁸D2⁸ ﬞ ⁸ ⁸ ⁸

⁸ ─ 11 ╩ ⇔√⁹╕√⁸ ≤ ─ ⌐ ♥ⱨꜝ≢№╢▪◌ⱱ

ꜘ ╩ ╘≡™╢⁹ ה 2013 ≢│⁸ │ ה 1995 ⌐

⇔≈≈⁸ ﬞ ─ ⌐⅔↑╢ ─ ↕⌂≥╩ ⇔≡⁸ ⌂

♄▬ꜘ◓ꜝⱶ╩ ⇔√⁹∕╣⌐╟╣┌⁸ ─ ⌐│ 3 ─

≤∕─ ─ 2 ─ ⅜№╡⁸⅛≈ C ─ 3 ⌐⌂∫≡ ⅜ ⇔ↄ

⇔√↓≤⅜ ↕╣√⁹ 2015 │ C ─ ─ ╩ ≢ ╠⅛⌐

⇔⁸1 ─ ≢╙⁸ ⌐╟∫≡ ≢─ ─ ⅜ ∆╢√╘⁸

⌂™ ─ ≢│ ─ ╩ ╠⅛⌐≢⅝⌂™↓≤╩ ⇔√⁹™∏╣⌐

⇔≡╙⁸↓╣╕≢─ ≢│⁸ ─ ⌐ ⅜╖╠╣∏⁸ ⌂

╩ ∆╢√╘⌐│⁸ ⅛╠ 180 ─ ─ ₁⌂ ≢ ╩ ╘√

╩ ╠⅛⌐⇔⁸↕╠⌐∕╣╠╩ ∆╢ ⅜№∫√⁹ 

 

⅔╟┘  

3- 1 ⌂ ⌐⅔↑╢  
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─℮∟⁸↓↓≢│♩꜠fi♅ ─ ╩ ⌐ ╩ ═╢⁹⌂⅔⁸

─ ╛ ⌐≈™≡│⁸ ⁸ ╛ ⌐≡ ≢№╢⁹ 

♩꜠fi♅  

♩꜠fi♅ │ ─ 9.4km⌐ ⇔⁸4.3 ⱷכ♩ꜟ─ ╕≢ ╩ ∫√

⁹ ≤ ╩ ⌐ ∆⁹ ⌐ ⅜ ≢⁸ ⌐ ↄ─

⅜ ╕╣≡™╢⁹ ⌐│ ─ ⅜ ⇔√⁹ 2015 ⌂≥

─ ─ ⌐╟╢ ─ ≤⁸ ─ ⅛╠⁸ ╟╡ ╕≢│ As- A⁸ Bΐ

⅔╟┘ B⌐ ↕╣√⁹As- A│ ─ ⅜ ⅝™ ≤│ ⅜ ⌂╡⁸↓─ ≢

│ ↕ 5cm ≢⁸ ⌐꜠fi☼ ⌐ ╣╢⁹As- B ─ ⌐ ╕╢

╛ ─ ⌐≈™≡PR- 1~ PR- 6─ ╩ ⅎ⁸ ⌂ ≤ ╩ ∫√⁹PR- 1

│ ⅜ ↄ⁸ ≤ ⅛╠ ╢⁹PR- 2~6│ ─╟™ ─ ╩ ≤⇔⁸PR- 5

│ ─ ™⅛╠ ⌂ↄ≤╙ ─ ⌐ ↑╠╣╢⁹PR- 5 ─ ─ │ ↄ

⁸ ⌐ ⅜ 3cm ≢ ∂꜠ⱬꜟ⌐ ╢ PR- 6 ⁹↓─╟℮⌂ │

≢╙⇔┌⇔┌ ╘╠╣╢⁹ PR- 6 ─ ─ ⅛╠│ⱣⱩꜟ►◊כꜟ ─ ●

ꜝ☻⅜ ↕╣√ ⁹↓─ ●ꜝ☻│⁸ 28 ─♩꜠fi♅ ╛ 2015

2017 ≢ ↕╣≡™╢▪◌ⱱꜘ ≤ ─ ≢№╢√╘⁸↓╣⌐ ≢⅝⁸

7, 300 ─ ≤╖⌂∑╢⁹PR- 1 PR- 6 ∕╣∙╣ ─ ─ 14C ╩

∫√≤↓╤⁸ ≢ 3, 900 7, 500 ─ ╩ ∆√╘⁸PR- 1 PR- 6 │↓─

─ ≢╙√╠↕╣√≤╖╠╣╢⁹PR- 6 ─ ─ ≤⁸ ─▪◌ⱱꜘ ─

│ ⇔⌂™⁹ ╩ ∆╢≤⁸♩꜠fi♅ ─ │ ⅛╠

╕≢─ ─ ╩ ⇔≡™╢≤™ⅎ╢⁹ 

♩꜠fi♅ ⅔╟┘♩꜠fi♅ 13  

♩꜠fi♅ │ ─ 9 ⁸♩꜠fi♅ 13│ ─ 11.7km⌐ ⇔⁸

⌐ ⌂ ─ ⅜ ╘╠╣╢ ⁹∕╣∙╣ ─ 10cm

─꜠ⱬꜟ⅛╠▪◌ⱱꜘ ⅜ ↕╣√ ⁸ ⁹ ⌐ ╕╣╢

─ │⁸≤╙⌐ ≢№╢⁹ ─ ⌐│ ─

⅜ ∆╢⁹ ⌐│ ⌐ ╕╣╢ ⅜ ╠╣⁸∕─ 14C

│ 1.5 ╩ ⇔√⁹ ≢│⁸ ─ ⌐ ⅜ ╠╣√⁹ ╩

╕≤╘╢≤⁸ 1 ─ ⅜ ⇔√ ⌐│⁸↓╣╠─ ⌐│

─ ─ ⅜╒≤╪≥ ┌⌂⅛∫√≤╖╠╣╢⁹ 

♩꜠fi♅ 12  

─ 7.9km─ ⌐ ™ ≢⁸ ⇔√ ─ ╩ ⇔ ⁸

─ ⌂≥⌐ ∆╢ ⅜ ╠╣√⁹ 

♩꜠fi♅ 7  

─ 5.4km─ ≢⁸ ─ ⅜ 5 ⇔≡™╢↓≤

╩ ⇔√ ⁹ 

♩꜠fi♅ ─╕≤╘  

╩ ⇔≡⁸ ⌐⅔↑╢ ─ ─ ↕╛ ⌐ ∆╢

⅜ ↄ ╠╣√⁹ ⌐ ⅛╠ ─ │ ─ ⅜ ≢№∫√√╘⁸ ─♩
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꜠fi♅ ⌐╟╡ ⅜∆∆╪∞⁹ ─♩꜠fi♅ 13≤ ─♩꜠fi♅ 4≢│⁸

╟╡ 1ⱷכ♩ꜟ╕≢─ ⌐ ╕╢ ─ │ ⌐

⌂⅛∫√⁹ ⁸ ─♩꜠fi♅ ⅛╠ ─♩꜠fi♅ ─ ≢│

─ ⁸ ↕≤╙⌐ ↄ⁸ ─♩꜠fi♅ ≢│ 6.5 ⇔≡╙ ─

≤ ─ ─ ⅜ ⇔⌂⅛∫√⁹ ╟╡⁸ ⁸

⅛╠ ─ ⅜⁸ ─ ⌐⌂╢ ⅜ ╙ ↄ⁸ ╙ ⅛∫√╙─≤

ⅎ╠╣╢⁹ 

 

3- 2 ─ ─  

⅜ ⅎ√↓≤⌐╟╡⁸ (2015)⅜ ⇔√ As- A⁸Bΐ⁸B⁸C─ ⅜╟

╡ ⇔ↄ ↑╢↓≤≤⌂∫√ Yasui(2018) ⁹As- C ╟╡ ™ ⌐≈™≡│⁸♩꜠

fi♅ ─ ─╟℮⌐ ↄ─ ─ ⅜ ↕╣╢⅜⁸ ⅜ ⌂™√╘⁸ ₁─

─ ╕≢│ ╠⌂™⁹√∞⇔⁸10km ≢─ ≢│ ↕╣╢ ─

⅜ ⌂™√╘⁸10km ⌐─╖ ╩ ∆ ─ ⅜ ™↓≤⅜ ⌐

↕╣╢⁹ 

 

3- 3 ≤  

29 ─ ⱪ꜡☺▼◒♩≢│⁸ ─ 24 ⌐≈™≡ 14C

╩ ⇔⁸ ⌐ ∆╢ ╩ √⁹↓╣╕≢ ⇔≡⅝√ ≤╙№

╦∑≡ ⌐ ⇔√ ⁸ ≢ ⇔√⁸ ─ ≤ ⅛╠ ╢≤™℮

─ ─ ה (2013)≤ ⌡ ⅜⌂™↓≤⅜ ↕╣√⁹↕╠⌐ ⁸

⅜╟ↄ╦⅛╠⌂⅛∫√ 5000 ─ │⁸10km ⌐│ ╩ ↕⌂™

─ ╩ ╡ ⇔≡™√╠⇔™ ⅜ ⅎ≡⅝√⁹╕√♩꜠fi♅ 12 ─╟℮⌐⁸

─╟ↄ╦⅛∫≡™⌂⅛∫√ ─ ⌐≈™≡╙⁸ ╛ ⅛╠─

⅜ ╠╣ ╘√⁹ 

 

─  

─ 180 ─ ⌐ ┬ ─♩꜠fi♅ ⌐╟╢ ≢─

╩ ╖√ │ ⌐╙ ≢⁸ ─╖≢│ ╠╣⌂™ ↄ─ ⅜ ╠╣√⁹

─ ⌐ ≠™≡ ─ ╩ ∆╢ ≢⁸ ⌐ ⇔≡│

≢─ ⅜∆∆╖⁸ ─ ─ ⅜╖ⅎ≡⅝√≤™ⅎ╢⁹⇔⅛⇔⌂

⅜╠⁸ ⌐ ⇔≡│⁸ ─ ™ ─ ╡⌐ ≤⇔≡ ↄ─ ⅜№

╢√╘⁸↕╠⌐ ╩ ╛∆⌂≥⁸ ─ ⅜ ≢№╢⁹╕√⁸ ⌐ ╠⌂™

─ ⌐≈™≡─ │ 29 ╕≢⌐│ ⅎ⌂⅛∫√⁹1930 ─╟℮⌂

Ⱪꜟ◌ⱡ ╛ ⅜ ∆╢Γ Δ─ ─√╘⁸ ─

⌂≥⁸ ⌂ ╩ ⌐ ╖ ↄ ╩ ℮↓≤╙ ─ ≢№╢⁹ 

 

  

⌐⅔↑╢♩꜠fi♅ ⌐⅔™≡ ─ ╛ ─ ₁⌐ ⅔ ⌐⌂
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╡╕⇔√⁹ 

ה ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⱪꜞfi☻ⱱ♥ꜟ⁸ ⁸ ⁸∕─

─ ₁⅔╟┘ ⁹↓↓⌐ ⇔≡ ↄ ™√⇔╕∆⁹  

 

 

Aramaki, S. (1963) Geology of Asama Volcano. Jour.  Fac. Sci . Univ.  Tokyo sec.2, 14,  

229- 443.  

ה (2013) ⱪ꜡◐◦ⱴꜟ ┘ ḣ

─ ḣ. , 58,311- 328. 

Takahashi M, Yasui M, and Kanamaru T. (2018) High resolution stratigraphy of 

pyroclastic fall deposits of Asama - Maekake volcano since 10 ka based on trenching 

and 14C dating: 2 Eruptive history and type of pumice eruption. 2018  JpGU meeting, 

abstract  

ה 1995 ─ ╖╛╕  

 (2015) ⅛╠╖√ ─ . . 60, 211 - 240.  

(2017) 12 ─ ─ ⅜⅛╡- ╩ ≤

⇔√ - , , vol. 62 p. 117 - 134 

Yasui, M.(2018)Textures of the Eruptive Products of Asama - Maekake Volcano from the 

12th Century -   Indicator  of Eruptive Processes.Proceedings of the institute of 

natural sciences, Nihon University, vol. 53, p. 37 - 50 

ה ה 1997 ≤ ⅛╠╖√  1783 ─ⱪ

ꜞ♬ 41 281- 297  

Yasui M, Takahashi M, and Kanamaru T. (2018) High resolution stratigraphy of 

pyr oclastic fall deposits of Asama - Maekake volcano since 10 ka based on trenching 

and 14C dating: 1 Result of trenching and tephra - stragtigraphy. 2018  JpGU 

meeting, abstract  
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 ⌐⅔↑╢♩꜠fi♅ ⁹ 

28 ─ ⁸ 29 ─ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 ♩꜠fi♅ 8─ ⁹        ♩꜠fi♅ 7─ ⁹ 

 

 

1 

2 

3 

4 

5 

6 

7 
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10 

11 

12 

13 

╦ ᴲῢ 
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 ♩꜠fi♅ 8─ PR- 5 ─ ™

⁹ ─ꜝⱬꜟ─ ⅜▪◌ⱱꜘ

ꜟכ◔☻⁹  

 ♩꜠fi♅ 8 ─

≤ ⁹  

ꜟכ◔☻─ 3  

 ♩꜠fi♅ 4 ─

≤ ꜟכ◔☻⁹ 3

 

 ♩꜠fi♅ 13

ꜟכ◔☻⁹ 3  

 ♩꜠fi♅ 12

─ ─

ꜟכ◔☻⁹ 1  
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♩꜠fi♅ 8 ♩꜠fi♅ 4 ♩꜠fi♅ 13     1.1mm  

 

 

ủ ⅔╟┘ ⌐╟╢ ─ ─  

 

│⁸ ה ⌐ ∆╢ ≢№╢⁹ ⌐ ╢ ─ ─

│ 1659 ≢№╡⁸ ⌐│ 350 ╩ ↑≡™╢⁹⇔⅛⇔⌂⅜╠⁸1999

⌐⸗ⱱ ≢ ⅜ ⇔≡™╢↓≤╛⁸ ≤ ♩⸗◓ꜝⱨ▫כ─

⅛╠ ─ ─ ⌐│ⱴ◓ⱴ ╡⅜ ∆╢≤ ↕╣╢↓≤⅛╠ 2006 ⁸

™ ⌐↓─ⱴ◓ⱴ ╡⅜ ∆╢ ╙№╢⁹ 

─ ─ ⁸ ⌐ ⅜ ∫≡™╢ ─ ⌐≈™≡│⁸

─ ╛ ה ⱴ◓ⱴ ⅛ ⅛ ⅜ ⌐⌂∫≡™⌂™⁸⌂≥

─ ⅜ ↕╣≡™╢⁹ ─ ─ ה ⌐╙ ⌂ ⅜ ↄ⁸

↕╣≡™╢ K- Ar ⌐≈™≡╙ ─ ⅜ ≢⌂™╙─⅜ ™ ╒⅛

1984 ╒⅛ 1987 ╒⅛ 1999 ╒⅛ 2000 Hasebe et al., 2016 ⁹

─ⱴ◓ⱴ ─ ╩ ≤⇔√ ╙⁸ ─ ≢ ╦╣≡™╢╙──

ⅎ┌⁸ ╒⅛ 1995 ⁸ ─ⱴ◓ⱴ─ ⌐≈™≡│╒≤╪≥╦⅛∫≡

™⌂™─⅜ ≢№╢⁹ 

 ∕↓≢ ≢│⁸ ⱪ꜡☺▼◒♩─ ⌐⁸ ─╟℮⌂ ≢ ╩ ℮⁹ 

30 ⌐ ─ ╩ ⇔⁸ ≡─ ꜚ♬♇♩⌐≈™

≡ ≤ ╩ ™⁸ ─ ≤ⱴ◓ⱴ ─ ╩ ╠

⅛⌐∆╢⁹ 

30 ⅛╠⁸ 5000 ─ ▬ⱬfi♩ ─ ⌐≈™≡ ⌐

╩ ∆╢⁹ ⌐│⁸ ⌐ ⇔√ ─ ה ─

⁸ ─ ─ ⁸ ⌐ ⇔√ ╛

─ ה ה ╩ ╠⅛⌐∆╢⁹╕√⁸ ⌐≈™≡

╩ ™⁸ ⌐ ╢╕≢─ 5, 000 ─ⱴ◓ⱴ ─ ╩ ℮⁹ 

│⁸ ─ ≤ ┘ⱴ◓ⱴ─ ─ ╩ ⌐⁸

⁸ ⁸ ⁸ ╩ ∫√⁹ ╕≢⌐ ╠╣√

╩ ≢ ∆╢⁹⌂⅔⁸ ⁸Γ Δ│⁸ ↔≤⌐ ⁸

⁸ ≤ ↕╣≡™√⅜ ⅎ┌⁸ ╒⅛ 1985 ⁸ ⌐╟╡⁸Γ

Δ⅜ ⱴ◓ⱴה ╩ ⌐∆╢⁸ ⇔√ 3≈─ ⅛╠ ↕╣╢↓≤⅜ ╠

 ⅛

╠ ↕╣√

◘▬☼─ⱣⱩꜟ►

ꜟכ◊ ●ꜝ☻

─ ⁹ 
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⅛≤⌂∫√⁹ ∫≡⁸ ─ ⁸ │∕╣∙╣⁸Γ ─ Δ⁸Γ

Δ≤ √⌐ ⇔ ↓╣╠⌐ ╩ ⅎ√ 3 ─ ╩ ⇔≡ Γ

Δ≤ ┬↓≤⌐∆╢⁹ 

 

─ ≤  

 ⌐╟╡ ↕╣√ ─ ≤ ─ ╩ ⇔√Ⱪ꜡♇◒♄▬

▪◓ꜝⱶ╩ ⌐ ∆⁹ ⅜ ℮ │⁸ ⁸ ⁸

≢№╢⁹ ─ ⅜ 2, 500 m⌐ ∆╢√╘⁸ │ ⅜ ™╙──⁸

─ │ ⅝ↄ⌂™⁹ ─ │⁸ ™╙─⅛╠ ⌐⁸

0.43 0.22 Ma⁸ ─ 0.14 0.06 Ma ⁸ 0.06 Ma

≢№╢ │ ─ K- Ar ⌐ ≠ↄ ⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ ≤Ⱪ꜡♇◒♄▬▪◓ꜝⱶ ⁹ 

∆═╡ Js- rs/ls ⁸ Vb ⁸ Sdl ⁸ ⌂∞

╣ Oda⁸ ﬞ Mil ⁸ B Py- b ⁸ A Py- a ⁸

ﬞ Gwl ⁸ ﬞ Gsl ⁸ Ryl ⁸ ﬞ

Mrl ⁸ Oml ⁸℮←™∆ 1~3 Udv- 1~3 ⁸ ﬞ

Kmgl ⁸ ─ Mkl ⁸◗ⱴ Gdl ⁸ ﬞ Sgl ⁸

Kdl ⁸ Yyl ⁸ Kgl  

 

 

│⁸ ≤ ─ ⌐╟╡ ↕╣⁸⅛≈≡│ ╩ ⇔≡
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™√≤ ⅎ╠╣╢⁹ ≢│⁸ ─ ╩ ⅝⁸ ─ │ ⌐╟╡

╦╣≡™╢↓≤⅜ ⅛╢⁹ 

─ │⁸ ─ ╩╙∟⁸ ─ ╩ ℮⁹ ─

⌐│ 3.5 km ─ ◌ꜟ♦ꜝ⅜ ↕╣⁸ ─ ⅜ ╦╣≡™╢⁹ ╛

⌐│ ⅜ ⇔⁸ ─ ╙ ↕╣≡™╢⁹◌ꜟ♦ꜝ ⌐│ ╛

─ ⅜ ↕╣≡⅔╡ ╒⅛ 1985 ⁸ ─ ╙ ∆╢≤⁸◌ꜟ♦

ꜝ ─ Γ ─ Δ ⌐ ⅜ ⇔√≤ ↕╣╢⁹ ⌐│⁸

╩≤╙⌂℮ │ⱶ╙⇔ↄכ♪ ≢ ↕╣╢℮←™∆ ⅜ ∆╢⁹℮

←™∆ │⁸ ─ ⅛╠ ─ ─ ≤ ⅎ╠╣

╢⁹ 

│⁸ ─ ≥ⱶכ♪ ⅔╟┘ ⅛╠ ↕╣╢⁹ ⌐│

∂╦╛ ⌂≥─ ⅜ ⌐ ↕╣≡™╢⁹╕√⁸ │⁸NE- SW⌐ ™

⌐ ⌂ 2 ≢ ⇔√ 12 ─ ⅜ ╠╣╢⁹ ⌐│⁸ 5, 000 ╒

⅛ 1987 ⌐ ⇔√ ─ ⌐ ∆╢ ⌂∞╣ ╙ ╠╣╢⁹ 

 

⅛╠ √ⱴ◓ⱴ ─  

 ─ │⁸ ╩ ╘╢≤ ─ ♦▬◘▬♩

SiO2 52.8 65.0 wt .% ≢№╢⁹ ∑│⁸ ⅜ ⁸

⁸ ⁸ ⁸ ⁸ ≢№╡⁸ ─ ≤ ─

⌐│↓╣╠─ ∑⌐⅛╪╠╪ Ol ⅜ ╦╢⁹ ─⅛╪╠╪ ─ ⌐

│⁸ ≤ ∆╢ ≢ ⅜ ╠╣⁸ ⌐ ⇔√ ﬞ Gwl ≤

─ │ Ol ⌐ ╖⁸∕─ ─ ≢│ Ol ╩╒≤╪≥ ╕⌂™⁹ 

⌐│ ↔≤⌐ ⌂ ™⅜ ╠╣⁸ ∂ SiO2 ≢ ∆╢≤⁸

╛ ─ ╟╡ ─ ─ ⅜ CaO╛ Sr ⅜ ™ ⁹↓─╟℮

⌂ ─ ⅛╠⁸ ≢│ ↔≤⌐ ─ⱴ◓ⱴ ╕╡⅜

⇔⁸ ⌐ⱴ◓ⱴ ╩ ↕∑◖fi♩꜡כꜟ⇔≡™√≤ ⅎ╠╣╢⁹╕√⁸ ⌐

⅔™≡╙⁸ ∂ SiO2 ≢ ⇔√≤⅝⁸GwlќGwl╩ ↄ ─ ќ ─

─ ⌐ Sr ⅜ ∆╢⁹↓─↓≤⅛╠⁸ ≢│⁸ Sr ─ⱴ◓ⱴ≤ Sr ─ⱴ◓

ⱴ ╡⅜∕╣∙╣ ⌐ ⇔⁸ │╟╡ Sr ─ⱴ◓ⱴ⅜ ╩ ⇔≡⅔

╡⁸ ⅜ⱴ◓ⱴ ╕╡╩ꜞ☿♇♩↕∑╢ ⌐⌂∫√ ⅜ ↕╣╢⁹  

 

 

ה ה ה ה 2000 ─ Ί

⌐╟╢ Ί 153  

Defant. M. J., Richerson. P.M., De. Boer. J.Z., Stewart. R. H., Maury. R.C., Bellon. H., 

Drummond. M. S., Feigenson. M. D. and Jackson. T. E. 1991 Dacite genesis via 

both  slab melting and differentiation: petrogenesis of La Yeguada Volcanic 

Complex, Panama. J. Petrol., 32, 1101-1142. 

2006 ⅛╠ ╢ ─ ☿fi♃₈כ│ↄ↕╪₉ 33
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2-7  

Hasebe, N., Nakano, Y., Miyamoto, H., Higashino, T., Tamura A., Arai, S. and Kim 

Ju -Yong. 2016 A multi ΅geochronological study of the Hakusan volcano, central 

Japan Island Arc, 25, 111 -125. 

1995 ─ ╩ ∆╢ ≤ ╩ ⇔⌂™

─ ─ ☿fi♃כ 22 1-10 

ה ה ה ה 1984 ┘ ﬞ

─ K -Ar ☿fi♃כ 10 23-29  

ה ה 1985 ─ ≤ ☿fi

כ♃ 12 9-24  

ה ה ה ה 1999 ─ ─ K -Ar

☿fi♃כ 26 7-11  

ה ה ה 1987 ─ 14C

32 123-124  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ─ Y- Sr/Y ⅔╟┘ SiO2- Sr ⁹▪♄◌▬♩≤

─ │ Defant et al. (1991) ⌐╟╢⁹ 

 

 

ủ ⌐╟╢ ⱡ ─ ─  

 

│∂╘⌐ 

─ ⌐│ ⁸ ⁸ ⁸ ≤™∫√



 

67 

 

a ⅜ ⇔≡™╢ 2001 ⁹↕╠⌐∕─ ⌐│ ⱡ 754.3 

m ⅜ ∆╢ ה 1985 ⅜⁸∕─ ⌂≥─ ⌐≈™≡│↓╣╕≢ ≢

№∫√⁹∕↓≢⁸ ─ ⌐╟∫≡⁸ ⱡ ─ ╛ ╩ ╠

⅛⌐⇔⁸ ─ ≤─ ─ ™╩ ⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 ( a) ─ ⁸( b) ⅛╠╖√ ⱡ ─

⁹ 

 

ⱡ ─ ≤  

ⱡ ה , 1985 │ ◌ꜟ♦ꜝ─ ⌐ ⇔⁸ ─ ╩

⇔≡™╢ b ⁹↓─ │ ─ ⅝↕⅜ 750×550 m ╟┘

⁸ ↕ 150 m ≢⁸ ⌐│ 300 350 m⁸ ↕ 70 m ─ ╩

⇔≡™╢⅜⁸ ⅜ ⇔≡™╢─│ ─╖≢⁸ │ ╠⅛─ ≢ ╦╣≡™

╢ b)⁹ 

ⱡ ─ │⅔╙⌐☻◖ꜞ▪⌐╟∫≡ ↕╣≡™╢ 2001 ⅜⁸∕─

⌐│ 1.3 4.7 m ─♥ⱨꜝ╛ ⅜ ⇔≡™╢⁹ ⱡ ≤ ↕╣

╢ │ ⅔╟┘ Ⱳ◒ ╩ ╪≢⁸∕─ ─ ≤ ─☻◖ꜞ▪

─ 2≈─ꜚ♬♇♩⅛╠⌂╢⁹ ⱡ ─ ⌐№√╢ ⅜ ≤⇔≡ ≢⅝

╢─│ ─ ≤ ⱡ ⅛╠ 1 km─ ─╖≢⁸∕╣ ─ ≢│

◦ꜟ♩ N7 ה ; 1997 ⌐ ⅜ ∆

╢ ╩ ∆⁹ ≢─ │ 113 cm≢⁸ ─ ⁸ ─ ⇔√

⁸ ─ ⌐ ↑╠╣╢⁹ │♦▬◘▬♩ SiO2=65.4 67.7 wt.% ≢

╩ ⇔≡ ⌐ ⅜ ↄ⁸ ≤⇔≡ ⁸ ⁸ ⁸ ⁸

╩ ╗⁹╕√⁸ ─ ™ ⅜ ⌐ ╘╠╣╢ a ≤≤╙⌐⁸

47 cm⌐ ∆╢ ⌂●ꜝ☻ ╙ ∆╢⁹ │ ∑╛

⅛╠⁸ 1 ACP1; 1989 ⌐ ↕╣╢⁹ACP1│⁸∕─ ⅛

╠ │ ⌐ ╦╣╢ ≤ ↕╣≡™√ 2001 ⅜⁸ ⌂

│ ↕╣≡™⌂⅛∫√⁹⇔⅛⇔⁸ ⱡ ⌐ ↄ ⇔⁸ ╙≤ↄ⌐

⅝™↓≤⅜ ↕╣√↓≤⅛╠⁸ACP1─ │ ⱡ ≤ ⅎ╠╣╢⁹ 
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─☻◖ꜞ▪ │ ─ ≢№╡⁸ ⱡ ☻◖ꜞ▪ JnS ≤ ⇔√⁹

─ ≢│ 3 m ─ ╩ ⇔≡™╢⅜⁸ ≢│ ⌂ↄ≤╙ ↕ 30 m

─☻◖ꜞ▪ ≤⇔≡ ≢⅝╢⁹JnS│⁸ 1 5 cm ─ ⇔√ ─

SiO2=54.7 55.5 wt.% ☻◖ꜞ▪╩ ≤⇔≡⅔╡⁸◌ꜞⱨꜝ꞉כ ─

╩ ⇔⁸ ⅜╛╛ ⌂ ╙ ╕╣╢ b ⁹☻◖ꜞ▪ ─ │

⁸ ⁸⅛╪╠╪ ⁸ ⁸ ≢№╡⁸ ─ ⌐│ ─

⅜ ╘╠╣╢⁹╕√⁸ ⱡ ⌐ ∆╢ SiO2=56.8 59.5 wt.%

─ ה 1985 │ ╛ ⌂ ⅜ ≢№∫√⅜⁸

∑ > >⅛╪╠╪ >> ≤ ⌂≥⅛╠⁸ ⱡ ⅜ ≢

№╢↓≤⅜ ╠⅛≤⌂∫√⁹ 

 

ⱡ ─  

↓╣╕≢ ⱡ ─ │⁸ ╩ ∆╢☻◖ꜞ▪─ ⌐ ▪◌ⱱꜘ

⅜ ╘╠╣√≤™℮ ⅛╠ 7.3 ka ╟╡╙ ™≤ ⅎ╠╣≡™√ 2001 ⁹

⇔⅛⇔⌂⅜╠⁸♥ⱨꜝ ─ ╩ ∫√ ⁸∕─ ╩ ∆ ⅜ ∂√⁹∕↓

≢⁸ ─ ⌂ ╩ ╠⅛⌐∆╢√╘⁸♥ⱨꜝ ⌐ ∆╢ Ⱳ◒

╩ ⇔⁸ AMS ⌐╟╢ 14C ╩ ⇔√⁹ 

ACP1╩ ╗ ─ ⅛╠ 3, 800±30 BP≤™℮ 14C ⅜ ╠╣⁸∕╣╩

∆╢≤ 4.2 4.1 ka ≤⌂╢⁹↓─ │ ≢ ↕╣≡™╢ ACP1─

4.1 ka; ה 1997; Miyabuchi, 2009 ≤╒╓ ⇔≡™╢⁹ ⁸JnS⌐≈™

≡│ ─ 14C ⅜ ╠╣⌂⅛∫√√╘⁸ │ ─ Ⱳ◒ ⅜ ∆ 4.2 4.1 

ka ╟╡ ™≤™℮↓≤⇔⅛™ⅎ⌂™⅜⁸ ≤─♥ⱨꜝ ─ ⅛╠⁸∕─

│ 4.9 4.3 ka ≤ ↕╣√⁹⇔⅛⇔⌂⅜╠⁸7.3 ka ⌐ ⱡ ≢ ─

⌐≈™≡│ ∆╢ ⅜№╢⁹ 

 

 

 

 ( a) 1 ACP1 ⌐ ╕╣╢ ⁹( b) ⱡ ☻◖ꜞ

▪ ─ ⌂ ⁹ 
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ⱡ ╩ ⇔√ ≤ ─ ─  

ⱡ ─ │⁸4.9 4.3 ka ─ ⱴ◓ⱴ─ ⌐╟∫≡ ╕∫√⁹

∕─ │⁸ ─ ☻◖ꜞ▪╩ ∆╢☻♩꜡fiⱲꜞ ≢№∫√≤ ⅎ╠╣⁸

ⱡ ⅜ ↕╣√⁹ 100 ─ ╩⅔™√ ─ 4.2 4.1 ka ≢│⁸

╩ ⌐ ╗ 1 ACP1 ⅜ ∆╢≤≤╙⌐⁸ ╙

⇔√⁹∕─ ─ ⌐╟∫≡ ─ ⅜ ↕╣√ ⅜№╢⁹ 

⌐ ⇔⁸4 3.3 ka ⌐ ⇔√ ה ה

ה ─ │⁸ ⱴ◓ⱴ⌐ ∆╢╙─≢№╢ ╒

⅛ 2005; 2010 ─⌐ ⇔⁸ ⱡ │ ♦▬◘▬♩≤™

℮ ™ ╩ ∆ ⁹ ⱡ │ ─ ⌐ ⅜ ↕╣╢╟℮⌂

100 ╩ ╗↓≤╛ ⱴ◓ⱴ∞↑≢⌂ↄ ⱴ◓ⱴ╙ ⇔≡™╢

↓≤⌂≥⁸ ─ ─ ≤│ ⌂╢ ╩ ∆╢↓≤⅜╦⅛∫√⁹ 

 

 

Miyabuchi, Y. (2009) A 90,000 - year tephrostratigraphic framework of Aso Volcano, 

Japan. Sedimentary  Geology, 220, 169 - 189. 

 (2010) ─ . , 55 219- 225. 

ה  (1997) Ⱳ◒ ─14C ⅛╠╖√ ♥ⱨꜝ─

 

 ⱡ ─ ⁹ 



 

70 

 

. , 42 403- 408. 

ה ה  (2005) ◌ꜟ♦ꜝ ⌐ ⇔√ ⌂ⱴ◓ⱴ≤

∕╣╠─ ⌐≈™≡. , 50, 269 - 283.  

ה  (1985) 5 ─1 4, .  

 (1989) ─♥ⱨꜝ , 90, 8 - 11.  

 (2001) ─ ™ ∟ ⅜ ╢ ─ . ─

₈ ─  ≤ 7₉, ─ , 241p.  

 

 

ủ Ⱳכꜞfi◓ ─ ⁸⅔╟┘ ה ─

ה  

 

◌ꜟ♦ꜝ≢7.3 ka ⌐ ⇔√ ▪◌ⱱꜘ │⁸ ⌐⅔↑

╢ ─ ≢№╢⁹ ─ ╛▪◌ⱱꜘ ─ ה ┼─

⌐≈™≡│⁸ ⌐ ⅜ ╪≢™╢⅜⁸ ─ ╙ ↄ ↕╣≡™╢⁹

↓─ ⌐⅔™≡⁸▪◌ⱱꜘ ⅔╟┘ ─ ╩ ⇔⁸ 1 Ⱳכꜞ

fi◓ ≤ 2 ⌐ ≠ↄ ╩ ⇔√⁹Ⱳכꜞfi◓ │⁸ ▪◌ⱱꜘ

⌐ ∆╢ ─ ≤∕╣ ─ ─ ╩ ╠⅛⌐∆╢

↓≤╩ ≤⇔≡™╢⁹↓─ │2018 1 ⅛╠ ≢ ⇔⁸2018 5 ⌐

⅛↑≡ ≢№╢⁹ ⁸ ⌐ ≠ↄ ≢│⁸ ▪◌ⱱꜘ ─ Stage 1

ⱪꜞ♬כ ≤ Stage 2 ( ◒ꜝ▬ⱴ♇◒☻) ─ ┼ ╩ ⅎ╢↓≤╩

≤⇔⁸ ╩fiכ꜡♪╛ ⇔≡ ⇔√⁹ ⌐⁸ 1 ⁸ 2 ─ ╩ ═╢⁹ 

 

▪◌ⱱꜘ ⌐ ∆╢ ╩ ╠⅛⌐∆╢√╘─Ⱳכꜞfi◓  

─ ─ ╩ ∆╢ │⁸ ─ ▪◌ⱱꜘ ─ ─

≤─ ⅛╠⁸ ▪◌ⱱꜘ ⌐ ∆╢ ≢ ∂√ ⅜ ─

⌐╟╡ ↕╣≡™╢⁹ │⁸ ⌐ ╣≡™╢ ∞↑≢╙ 100 m ⌐

∆╢ ≢№╢⁹Ⱳכꜞfi◓ │⁸ ─ ↕⅜ ↄ⌂╡⁸ ─

╩ ≢⅝╢ ⅜ ™⁸ ─ ≢ ⇔√ ⁹

│⁸ 60 m⁸ ╩ ⌐⇔√ ─ ─ │ 100 m≢№╢⁹2018

1 ⌐ ⇔√ │⁸3 24 ≢ ⅛╠185 m─ ⌐ ⇔≡™╢⁹ ⅛╠ 11 

m╕≢│ ▪◌ⱱꜘ ⅔╟┘∕╣ ─ ™♥ⱨꜝ⅛╠⌂╢⅜⁸∕╣ │ ≢⁸

─ ≢⁸ ⌐ ∆╢≤ ⅎ╠╣╢⁹√∞⇔149 

m ≢│ ●ꜝ☻ ≢ ₁☻ⱨ▼ꜟꜝ▬♩⅜ ⇔⁸ ─ ≤⌂╡⁸

╩ ∆╢ ⅜ ╘╠╣╢↓≤⅛╠⁸ ─ ⌐ ∆╢≤ ⅎ╠╣╢⁹

│↕╠⌐ m ╘╢ ≢№╡⁸ ⁸ ─ ↕╛ ─ ⌂ ⌐ ⅎ≡⁸

⌐ ∆╢ ─ ⅜│∂╘≡ ╠⅛⌐⌂╢↓≤⅜ ↕╣╢⁹╕√

⌐│⁸↓─ ─ ⌐ ™ ⇔√≤ ⅎ╠╣╢♥ⱨꜝ⅜ ⇔≡⅔╡⁸∕

╣╠≤─ ⌐╟╡ ─ ⅜╟╡ ⌐⌂╢↓≤╙ ↕╣╢⁹ 
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 Ⱳכꜞfi◓ ≤ ─ ⁹ │ ─

≢ ⇔≡™╢ ⁹ ⅜ ⇔√ ⅜ ↕╣≡™╢ ⁹ 

 

▪◌ⱱꜘ ─ ╩ ╠⅛⌐∆╢√╘─  

▪◌ⱱꜘ ─ ⌐ ∆╢ ≢│⁸ ─ ╛ ─ ╩ ⇔⁸

↓─ ▬ⱬfi♩─ ⌐≈™≡ ∆╢≤≤╙⌐⁸∕─ ≢╙≤ↄ⌐◒ꜝ▬ⱴ♇◒☻ ◌

ꜟ♦ꜝ ⌐ ╢╕≢─▬ⱬfi♩≤∕─ ⌐ꜟכ◔☻ ⇔≡ ╩ ╘≡™╢⁹▪

◌ⱱꜘ ─ │ ⅝ↄ ☺כ♥☻ ≈─ꜚ♬♇♩ Unit A: ⁸B: 

⁸C: ⁸D: ⌐ ↕╣╢ Maeno 

and Taniguchi, 2007; 2009 ⁹Unit  AהB│⁸ ─ⱪꜞ♬כ ≤∕╣⌐ ↄ

⅜№∫√↓≤╩ ∆ ☺כ♥☻ ⁹Unit B │ ─ ₁⌐─╖ ╘╠╣╢⅜⁸

10 km ⁸ 20 m ⌐ ∆╢ ─ ⅝⌂ ─

≢№╢⁹╕√ ⅜ ⇔⁸ m ≢╙ ∆╢⌂≥⁸ ה ─ ╣⌐

∆╢ ╩ ∆╢⁹Unit C ꜝ♦ꜟ◌│Dה ╩ ℮ ─◒ꜝ▬ⱴ♇◒☻כ♥☻ה☺─

⌐ ⇔⁸ ╛ ה ╕≢ ⅜∫√

≤∕╣⌐ ℮ ▪◌ⱱꜘ ╩ ╗ ☺כ♥☻ ⁹ ≢│™∏╣─ꜚ♬

♇♩╙ ─◘Ⱪꜚ♬♇♩⌐ ≢⅝⁸ │≡™⅔⌐☺כ♥☻ ≢ ⅜ ⇔√≤

ⅎ╠╣╢⁹ 

↓╣╠─ ─ ≢ ∆═⅝ │⁸Unit B - C ⌐ ╩ ∆╢ ⅜
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∆╢↓≤≢№╢⁹∕─ ─ ≤⇔≡⁸Unit B ─ Ⱪ꜡♇◒  >1 m ⅜ Unit C

⌐ ╡ ╕╣≡™╢ ⅜ →╠╣╢ ⁹↓─ ☺כ♥☻⁸│ 1─ Unit 

B ⌐ ה ⅜ ⌐ ╗∞↑─ ⅜ ⇔⁸∕─ ☺כ♥☻ 2 ─

⌐╟╡ Unit  B─ ⅜ ⌐ ה ↕╣⁸Unit C ⌐ ╡ ╕╣√↓≤╩ ∆⁹

╕√ ╢╟⌐fiכ꜡♪┘ ⌂ ─ ⁸Unit B - C ⌐│ ⌐╟∫≡

⌐╟╡ ↕╣√≤ ⅎ╠╣╢♅ꜗⱠꜟ ⅜ ╘╠╣╢↓≤⅜ ╠⅛≤⌂╡

⁸ ☺כ♥☻ ⌐№╢ ─ ⅜№∫√↓≤⅜ ↕╣╢⁹ 

─ ה ≥♃כ♦ ─  (e.g., Riehle et al. 1995; Quane 

et al. 2009) ╩╙≤⌐⁸ ≢ ⇔√ ⅜ ⌐╟╡ ⇔⁸ ⇔≡ ╛

⅜ ╕╢╕≢─ ╩ꜟכ◔☻ ≢⅝╢⁹ ⇔⌐≥╙╩♃כ♦

≡ ₁⌂ ╩ ⇔≡ ⇔√ ⁸ ↕╣╢ ─ ╛ ╩ ∆╢√╘

⌐│⁸ ⅛╠ ─ ╩ ∆╢≤™℮ ⅜ כ♥☻⁸╡╕≈⁹√╣╠

☺ ≤ ─ ⌐│ ⌂ↄ≤╙ ⁸ ╣⧵│™╢№⅛כ♄כ○─ ─◑ꜗ♇ⱪ⅜№∫√

⅜№╢⁹ ↄ─◌ꜟ♦ꜝ ≢│⁸ ∆╢ⱪꜞ♬כ ☺כ♥☻ ≤∕

╣⌐ ↄ ─ ☺כ♥☻ ≤™℮ ╩☺כ♥☻─ ≡ ⅜ ⇔

≡™ↄ↓≤⅜ ╠╣≡™╢ e.g., Druitt and Sparks, 1984 ⅜⁸ ⌐≥─ ─

≢ꜟכ◔☻ ⅜ ⇔≡™ↄ⅛⌐≈™≡│⁸ ⌐ ה ↕╣√ ╩ ⅝╒

≤╪≥╦⅛∫≡⅔╠∏⁸ ─ │◌ꜟ♦ꜝ ─ ╩ ∆╢ ≢─ ⌂

⌐⌂╢≤ ⅎ╠╣╢⁹ 

⁸◒ꜝ▬ⱴ♇◒☻כ♥☻ה☺ Unit C ─ │⁸ ┘ ─

⅛╠⌂╢ ─ꜚ♬♇♩⌐ ≢⅝ ⁸ ⁸ ─ ⅜ ╙

™⁹↓─↓≤⅛╠⁸ ⌐ 1 ─ ⅜ ⇔√╦↑≢│⌂ↄ⁸ ה

≤≤╙⌐ ⌐ ⅜ ⇔⁸ ─╙─⅜ ╛ ה

⌐ ⇔√≤ ⅎ╠╣╢⁹☻♥כ☺ 1─ⱪꜞ♬כ ≢ ╕∫√▪◌ⱱꜘ │⁸

⌐╛╛ ╩☺כ♥☻⌂ ╖⁸∕─ ☺כ♥☻ 2⅜ ╕∫√⁹∕⇔≡ ⌐

─ ┘◌ꜟ♦ꜝ ⌐ ∫√≤ ⅎ╠╣╢⁹ 

⌐ ↕╣√◌ꜟ♦ꜝ 1815 ♃fiⱲꜝ⁸1883 ◒ꜝ◌♃►⌂≥ ≢│⁸

─ⱪꜞ♬כ ─☺כ♥☻ ⁸◒ꜝ▬ⱴ♇◒☻≤─ ⌐ ⌂ │ ∑∏⁸

╕√⁸◒ꜝ▬ⱴ♇◒☻│◌ꜟ♦ꜝ ≤≤╙⌐ ⌐ ⇔√╟℮≢№╢⁹↓╣╠─

╟╡╙ ⅜ ⅝™ ▪◌ⱱꜘ ≢≥─╟℮⌂ ╩ √─⅛⌐≈™≡⁸

↕╠⌐ ∆╢ ⅜№╢⁹ ⁸▪◌ⱱꜘ ≢│ ≤ ─ ╛

─ ⅜ ↕╣≡™╢⁹ ה ─♃▬Ⱶfi◓╛⁸∕╣╠─ ≤─ ╛ ⱷ

◌♬☼ⱶ⌐≈™≡╙ ⇔≡™ↄ ⅜№╢⁹ 
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 ▪◌ⱱꜘ ⌐⅔↑╢ ─ ⁹ ⇔√

Unit B ─Ⱪ꜡♇◒⅜ Unit C ⌐ ╡ ╕╣≡™╢ ⁸ ⁹Unit C │ ─◘Ⱪ

ꜚ♬♇♩⌐ ≢⅝⁸∕╣∙╣─ ⌐│ ╛ ─ ⅜ ╘╠╣╢ ⁹ 

 

 

 

 

 

 

 

 

 

 

 ▪◌ⱱꜘ ⌐⅔↑╢ Unit A ⅛╠ C⌐⅛↑≡─ ≤

⁹Unit C │ ⌐ ⇔≡™╢⁹ ─ ╢╟⌐fiכ꜡♪⁸│

⌐╟╡ ╠⅛⌐⌂∫√⁹ 

 

 

ủ ⌐ ↑√ ─ ≤ ⌐ ∆╢  

 

│∂╘⌐ 

 ⁸ ⌐∕─ │⁸ ⅜ ╪≢⅔╠∏ ⅜╟ↄ ↕╣≡™╢⁹∕

─√╘⁸ ⌐ ∆╢╟℮⌂ ─ ╩ ⇔√ ⇔™ ╩ ↄ ╘

╢↓≤⅜≢⅝⁸ ≤∕↓⌐ ∆╢♥ⱨꜝ ⅛╠ ─ ⅜ ╦╣≡™╢

ⅎ┌⁸ 1991⁸ ╒⅛ 2014 ⁹⇔⅛⇔⁸ ╩ ∆╢ ⌐ ╦╣√

╟╡ ™ ─ ─ │ ↄ⁸ ╩ ∆╢ ─ ╩ ∆╢↓≤│

≢№╢⁹ ⁸ ≢│ ⅜ ⌐ ⇔≡™╢ ⅜ ↄ⁸ ⌐⅔™

≡╙⁸™ↄ≈⅛─ ─ ⅜ ╠╣≡™╢⁹↓╣╠─ │⁸ ⅜ ⌐

↕╣≡ ≤⌂╡⁸ ╩ ⇔≡ ⇔≡⅔╡⁸ ╩ ∆╢ ⌐

≤─ - ⌐╟╡⁸ ⅜ ↕╣╢≤ ↕╣╢⁹⇔√⅜∫≡⁸ ↕╣╢


