
ˤ͊͒͟͡ ˹Φ˶Φ ˨͔ͦ͋ͪͼ͍ͦ͊ ͍ ͙ͯ͘;͔͙͔ͤ ͍͙ͯ͊ͤ͟͡;͔͙ͫ͟ͻ ͙͔ͫͫͭͣ 

ʀ.ʖ. ʂʫʣʘʢʦʚ, ʀʅɻɻ ʉʆ ʈɸʅ 

ʅʘ ʀʯʠʥʩʢʦʤ ʚʫʣʢʘʥʝ (2015 ʛ.) 

ʌʦʪʦ ɸ. ʂʦʪʣʷʨʦʚʘ 



ʅʘʫʢʘ ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ ï ʵʪʦ 

ʥʝ ʥʘʙʦʨ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʥʘʫʯʠʪʴ ʢʘʞʜʦʛʦ, ʥʦ, ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ, ʠʩʢʫʩʩʪʚʦ, 

ʧʦʜʦʙʥʦʝ ʧʦʵʟʠʠ ʠʣʠ 

ʞʠʚʦʧʠʩʠ, ʜʦʩʪʫʧʥʦʝ ʜʘʣʝʢʦ 

ʥʝ ʢʘʞʜʦʤʫ.  

ʅʘ ʀʯʠʥʩʢʦʤ ʚʫʣʢʘʥʝ (2015 ʛ.) 

ʌʦʪʦ ɸ. ʂʦʪʣʷʨʦʚʘ 



ˮͻ ͙ͯ͘;͔͙͔ͤ ͔͔ͭͪ͋ͯͭ ͔͙ͣ͗͒ͫͼ͙͙͎ͨͤ͊ͪͤͦͦ͡ ͨͦ͒ͻͦ͒͊ 

Supercritical 
slab fluids rich 
in LILE and 
other elements 

Flux to 
deep 
mantle 

Primary 
melts 

Lithosphere 
hydration 

Inherent 
flux 

Forearc fluids 

Volcanic gases 

Hydrothermal 
fluids 

Shallow 
exsolution 

Deep 
exsolution 

ˤ͙ͯ͊ͤ͟͡;͔͙͔ͫ͟ ͔ͦͣͨͫ͟͟͡· ͍ ͦͤ͊͘ͻ ͫͯ͋͒ͯ͟ͼ͙͙ ς ͫ ͦ͗ͤ͡·͔ ͙͔ͫͫͭͣ·Σ ͍ 
ͦͭͦͪ͟·ͻ ͫͦͫͯ΅͔͍ͫͭͯΌͭ ͪ͊ͤͦͣ͊ͫ͘΄ͭ͊͋ͤ·͔ ͔ͣͻ͙͊ͤ;͔͙͔ͫ͟Σ ͔͙ͭͪͣ;͔͙͔ͫ͟Σ 

ͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ·  



ʉʧʝʮʠʘʣʠʩʪʳ ʠʟ ʨʘʟʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠʟʫʯʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʝʜʤʝʪ: 



˾͊ͤͦͣ͊ͫ͘΄ͭ͊͋ͤ͊Ύ 
͎͔ͦͺ͙͙͊͘͟ ό͎ͭͦͣͦͪ͊ͺ͙Ύύ 

˥͔ͦͻ͙͙ͣΎ 

˽͔͎͙ͭͪͦͦ͡Ύ 

͙͔͔̉ͫͤͤͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

ˢ͎͍͔ͤ͊ͦͦͦ͡ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡ 

ɹʦʣʴʰʦʡ ʧʨʦʨʳʚ ʚ ʠʟʫʯʝʥʠʠ ʚʫʣʢʘʥʠʟʤʘ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ ʙʳʣ ʩʜʝʣʘʥ ʙʣʘʛʦʜʘʨʷ 

ʠʥʪʝʛʨʘʮʠʦʥʥʦʤʫ ʧʨʦʝʢʪʫ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʛʦ ʅ.ʃ. ɼʦʙʨʝʮʦʚʳʤ 



ʈʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʥ ʩʫʙʜʫʢʮʠʠ 

ʅ.ʃ. ɼʦʙʨʝʮʦʚ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʩʚʦʝʛʦ ʙʦʛʘʪʦʛʦ 

ʦʧʳʪʘ ʠ ʟʥʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢ ʦ ɿʝʤʣʝ.  

ʄʘʩʰʪʘʙʳ ʚ  

ʩʫʙʜʫʢʮʠʦʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ: 

1. ʉʣʵʙ (~1000 ʢʤ); 

2. ʄʘʥʪʠʡʥʳʡ ʢʣʠʥ 

(~100 ʢʤ); 

3. ʂʦʨʘ (~ 10 ʢʤ); 

4. ɺʝʨʭʥʝʢʦʨʦʚʳʝ ʦʯʘʛʠ 

(~1 ʢʤ); 

5. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ (~100 ʤ) 

6. ʇʝʪʨʦʣʦʛʠʷ, 

ʛʝʦʭʠʤʠʷ, 

ʨʘʩʧʣʘʚʥʳʝ 

ʚʢʣʶʯʝʥʠʷ (ʤʤ-ʤʢ) 



˾͔͎͙ͦͤ͊͡Έͤ͊Ύ ͔͚͙ͫͫͣ;͔ͫ͊͟Ύ ͎ͭͦͣͦͪ͊ͺ͙Ύ 
͍͙ͨͦͦ͊͘͡͡ ͔͔͙ͦͨͪ͒ͭ͡Έ ͺͦͪͣͯ ͎ͨͦͪͯ͗͊Ό΅͔͚ͫΎ 
͙́ͻ͔͚ͦͦ͊ͤͫͦ͟͟ ͙ͨͭ͡· ͨͦ͒ ˴͙ͯͪͦ͡-˴͊ͣ;͚͊ͭͫͦ͟ 
͎͚͒ͯͦΦ ˹͊ ͍͙͙ͦͫͤͦ͊ͤ Ή͚ͭͦ ͔͙ͣͦ͒͡ ˹Φ˶Φ ˨͔ͦ͋ͪͼ͍ͦ 
͔͙ͨͪ͒ͦ͗͡͡  ͍͒͊ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͔ͣͻ͙͊ͤͣ͊͘ άtǳǎƘέ 
͙ άtǳƭƭέΣ  ͦͭͦͪ͟·͔ ͙͍ͨͪͦ͒Ύͭ ͍ ͍͙͔͙͔͒͗ͤ ͨͪͦͼ͔ͫͫ 
ͫͯ͋͒ͯ͟ͼ͙͙ ͍ Ήͭͦͣ ͔͎͙͔ͪͦͤΦ  

˴͍ͯ͊ͦ͟͡ ˮΦ ̑ΦΣ ˨͔ͦ͋ͪͼ͍ͦ ˹Φ ˶ΦΣ ˣͯ΄͔͍ͤͦ͊͟ ˹Φ ˢΦΣ ͍͔͍̒ͦ͟͡ ˢΦ ˤΦΣ 
όнлммύΦ ̅ͦͪͣ͊ ͫ͡Ή͍͋ͦ ͍ ͦͤ͊͘ͻ ͫͯ͋͒ͯ͟ͼ͙͙ ͨͦ͒ ˴͙ͯͪͦ͡-˴͊ͣ;͚͊ͭͫͦ͟ ͙ 
ˢ͔͚ͯͭͫͦ͟͡ ͎͙͒ͯ͊ͣ ͨͦ ͒͊ͤͤ·ͣ ͔͎͙ͪͦͤ͊͡Έ͚ͤͦ ͎ͭͦͣͦͪ͊ͺ͙͙Σ ˥͔͎͙ͦͦ͡Ύ 
͙ ͎͔ͦͺ͙͙͊͘͟Σ ͭΦ рнΦ ЅсΣ ͫΦ уол-851 



ʅ.ʃ. ɼʦʙʨʝʮʦʚ ʧʨʝʜʣʦʞʠʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʝʡʩʤʠʯʥʦʩʪʴ ʥʝ ʚʢʨʝʩʪ, ʘ ʚʜʦʣʴ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʦʙʥʘʨʫʞʝʥʳ ʪʦʥʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ çʧʘʣʴʮʳè, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʣʵʙ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ, ʯʝʤ ʧʣʦʩʢʠʡ çʢʦʥʚʝʡʝʨè.    

ʀʜʟʫ-ɹʦʥʠʥʩʢʘʷ ʠ ʄʘʨʠʘʥʩʢʘʷ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʚʜʦʣʴ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ 

ɺʳʜʝʣʝʥʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

˹Φ ˶ Φ ˨͔ͦ͋ͪͼ͍ͦΣ ˮΦ ̑Φ ˴͍ͯ͊ͦ͟͡Σ ˻Φ˽Φ ˽ͦ͡Ύ͙͚ͤͫ͟Σ όнлмоύΦ ˥͔͙͙ͦ͒ͤ͊ͣ͊͟Σ ͨͦ͡Ύ ͤ͊ͨͪΎ͔͙͚͗ͤ ͙ ͍͙ͯͫͦ͡Ύ ͔͒ͺͦͪͣ͊ͼ͙͚ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͎͔͙͙ͦ͒ͤ͊ͣ;͔ͫ͟ͻ͙ 
͍ͦ͋ͫͭ͊ͤͦ͊͟ͻΣ ˥͔͎͙ͦͦ͡Ύ ͙ ͎͔ͦͺ͙͙͊͘͟Φ ЅрпΣ пΣ псф-499. 
Jaxybulatov K., Koulakov I., Dobretsov N.L., (2013), Segmentation of the Izu-Bonin and Mariana plates based on the analysis of the Benioff seismicity 
distribution and regional tomography results, Solid Earth, 4, 1ς15 



ʇʣʶʤʦʚʳʡ ʚʫʣʢʘʥʠʟʤ: ʦʪ ʛʦʨʷʯʠʭ ʪʦʯʝʢ 

ɻʘʚʘʡʩʢʦʛʦ ʪʠʧʘ ʜʦ ʁʝʣʦʫʩʪʦʥʩʢʦʛʦ ʩʫʧʝʨʚʫʣʢʘʥʘ 

Toba 

Yellowstone 

rhyolite 
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d
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e
 

ʅ.ʃ. ɼʦʙʨʝʮʦʚ ʩʦʚʤʝʩʪʥʦ 

ʩ ɸ.ɻ. ʂʠʨʜʷʰʢʠʥʳʤ ʚʥʝʩ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʠʟʫʯʝʥʠʝ ʧʣʶʤʦʚ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʧʣʶʤʳ ʚʳʟʳʚʘʶʪ 

ʩʧʦʢʦʡʥʳʝ ʠʟʚʝʨʞʝʥʠʷ 

ʛʘʚʘʡʩʢʦʛʦ ʪʠʧʘ, ʘ ʚ 

ʜʨʫʛʠʭ ï ʩʫʧʝʨʚʫʣʢʘʥʠʟʤ? 



Koulakov, I., Gordeev, E. I., 

Dobretsov, N. L., Vernikovsky, V. 

A., Senyukov, S, Jakovlev, A., 

Jaxybulatov, K., (2013). Rapid 

changes in magma storage 

beneath the Klyuchevskoy group 

of volcanoes inferred from time-

dependent seismic tomography, 

Journal of Volcanology and 

Geothermal Research, v.263, 

p.75-91 

 

ɼʦʙʨʝʮʦʚ ʅ. ʃ., ʀ. ʖ. ʂʫʣʘʢʦʚ, 

ʖ. ɼ. ʃʠʪʘʩʦʚ, (2012), ʇʫʪʠ 

ʤʠʛʨʘʮʠʠ ʤʘʛʤ ʠ ʬʣʶʠʜʦʚ ʠ 

ʩʦʩʪʘʚʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʂʘʤʯʘʪʢʠ, ɻʝʦʣʦʛʠʷ ʠ 

ʛʝʦʬʠʟʠʢʘ, ʪ. 53, ˉ12, ʩ. 1633-

1661 

ʂʣʶʯʝʚʩʢʘʷ ʛʨʫʧʧʘ ʚʫʣʢʘʥʦʚ 

ɺʳʧʦʣʥʝʥʳ ʧʦʚʪʦʨʥʳʝ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʷʚʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʢʦʨʝ ʧʦʜ ʚʫʣʢʘʥʘʤʠ ʂʣʶʯʝʚʩʢʦʡ 

ʛʨʫʧʧʳ, ʠʤʝʶʱʠʝ ʩʚʷʟʴ ʩ ʧʝʨʠʦʜʘʤʠ 

ʠʟʚʝʨʞʝʥʠʡ. ʅ.ʃ. ɼʦʙʨʝʮʦʚ ʚʧʝʨʚʳʝ 

ʧʨʝʜʣʦʞʠʣ, ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʨʝʜʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʳʩʪʨʳʤ 

ʧʝʨʝʪʝʢʘʥʠʝʤ ʬʣʶʠʜʦʚ ʠ ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʚʪʦʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʦʪʥʦʰʝʥʠʝ Vp/Vs) ʚʳʷʚʠʣʠ ʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʢʨʫʧʥʦʡ ʘʥʦʤʘʣʠʠ ʥʘ ʧʦʜʦʰʚʝ ʢʦʨʳ ʠ ʚʘʨʠʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʨʝ 



˿͙͍ͣͦͤͦ ˤΦˢΦΣ ˨ ͔ͦ͋ͪͼ͍ͦ ˹Φ˶ΦΣ ˴ͦͭ͡Ύ͍ͪͦ ˢΦˤΦΣ ˴͍͊ͪͣ͊ͤͦ ˹Φ˿ΦΣ ˣ͍͙͍ͦͪͦͦ͟ 
ˢΦˢΦ ˻ ͔͙ͫͦ͋ͤͤͦͫͭ ͙͙ͪͫͭ͊͊͘͟͡͡ͼ͙͙ ͙͔͍ͣͤͪ͊ͦ͡ ͤ͊ ͪ͊ͤ͘·ͻ ͙ͫͭ͊͒Ύͻ ͍͙͙ͪ͊ͭ͘Ύ 
͎͙ͣ͊ͣ͊ͭͣ͊͘ ͍ͯ͊ͤ͊͟͡ ˥͔ͦͪ͡·͚ ό˴͊ͣ;͊ͭ͊͟ύΥ ͒͊ͤͤ·͔ ͨͦ ͍ͪ͊ͫͨ͊ͤ͡·ͣ ͙ ͺ͡Ό͙͒ͤ·ͣ 
͍͟͡Ό;͔͙ͤΎͣ κκ ˥͔͎͙ͦͦ͡Ύ ͙ ͎͔ͦͺ͙͙͊͘͟Φ ς 2021. ς ́ Φ снΦ ς Ѕ мΦ ς ˿ Φ мло-133 

ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʜ ʚʫʣʢʘʥʦʤ ɻʦʨʝʣʳʡ  
ʇʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʠʟʫʯʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʘʭ 

ʧʦʜ ʚʫʣʢʘʥʦʤ ɻʦʨʝʣʳʡ ʠ ʦʮʝʥʝʥʘ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʣʴʜʝʨʳ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʧʦʩʪʨʦʝʢ.   

ɻʦʨʝʣʳʡ ʚ ʧʝʨʠʦʜ 

ʜʝʛʘʟʘʮʠʠ ʚ 2013 

ʛʦʜʫ 

ʂʘʣʴʜʝʨʘ 

ʚʫʣʢʘʥʘ 

ɻʦʨʝʣʳʡ 

ʨʘʩʧʣʘʚʥʳʝ 

ʚʢʣʶʯʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʷ 

ʛʝʦʭʠʤʠʷ 

ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʪʦʤʦʛʨʘʬʠʷ 



ʋʧʨʦʱʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʘ, ʉʨʝʜʠʥʥʦʛʦ ʭʨʝʙʪʘ.  

ɼʦʙʨʝʮʦʚ, ʅ.ʃ., ʉʠʤʦʥʦʚ, ɺ.ɸ., ʂʦʪʣʷʨʦʚ, ɸ.ɺ., ʂʫʣʘʢʦʚ, ʈ.ʀ. and ʂʘʨʤʘʥʦʚ, ʅ.ʉ., 2016. ʌʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʘʤʝʨʘʭ (ʥʘ 

ʧʨʠʤʝʨʝ ʚʫʣʢʘʥʦʚ ʊʦʣʙʘʯʠʥʩʢʠʡ ʠ ʀʯʠʥʩʢʠʡ, ʂʘʤʯʘʪʢʘ). ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ, 57(7), pp.1265-1291. 

ʌʦʪʦʛʨʘʬʠʠ ʧʝʨʚʠʯʥʳʭ ʨʘʩʧʣʘʚʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʵʬʬʫʟʠʚʦʚ 

ʀʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ 

ʀʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ ʟʦʥʘʣʴʥʳʭ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʠʟ ʵʬʬʫʟʠʚʦʚ 

ʀʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʣʘʚʦʚ ʀʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʢʘʤʝʨʘʭ 

ɺʫʣʢʘʥʠʟʤ ʉʨʝʜʠʥʥʦʛʦ 

ʭʨʝʙʪʘ ʂʘʤʯʘʪʢʠ 



ʄʦʥʦʛʨʘʬʠʷ çʊʦʣʙʘʯʠʥʩʢʦʝ ʪʨʝʱʠʥʥʦʝ ʠʟʚʝʨʞʝʥʠʝ 

2012-2013 ʛʛ.è ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ 

ʪʨʫʜ ʧʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ, ʢʦʪʦʨʳʡ 

ʦʙʲʝʜʠʥʠʣ ʙʦʣʴʰʦʡ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʠ ʤʥʦʛʦʩʪʦʨʦʥʥʝ 

ʦʧʠʩʘʣ ʵʪʦ ʫʥʠʢʘʣʴʥʦʝ ʠʟʚʝʨʞʝʥʠʝ.  

ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʝʦʭʠʤʠʷ 

ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ 2012-2013 ʛʛ. ʩʝʡʩʤʦʣʦʛʠʷ 


