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ʊʀʊɸʅ ʀ ʍʈʆʄ ɺ ʉʆʉʊɸɺɽ ʄɸʅʊʀʁʅʓʍ ʌʃʆɻʆʇʀʊʆɺ: ʈɽɿʋʃʔʊɸʊʓ 

ʕʂʉʇɽʈʀʄɽʅʊʆɺ ʀ ɸʊʆʄʀʉʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ɹʝʥʜʝʣʠʘʥʠ ɸ.ɸ.1,2, ɽʨʝʤʠʥ ʅ.ʅ.1, ɹʦʙʨʦʚ ɸ.ɺ.1,2,3 
 

1ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ 
2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ 

3ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠ ̫ʩʠʩʪʝʤ ʧʝʨʠʜʦʪʠʪ-

K2CO3-H2O ʠ ʙʘʟʘʣʴʪ-K2CO3-H2O ʧʨʠ 7 ɻʇʘ ʠ 900-1200Áʉ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʨʠʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Ti- ʠ Cr-ʩʦʜʝʨʞʘʱʠʭ ʬʣʦʛʦʧʠʪʦʚ, ʩʜʝʣʘʥ 

ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʬʣʦʛʦʧʠʪʦʚ ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʢʦʨʦʚʦ-

ʤʘʥʪʠʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʦʞʠʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʬʣʦʛʦʧʠʪʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʢʦʨʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʟʚʦʣʠʪ ʥʘʢʦʧʠʪʴʩʷ ʚ ʝʛʦ 

ʩʦʩʪʘʚʝ ʪʠʪʘʥʫ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʭʨʦʤʫ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʘʚʝ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʩ ʘʣʤʘʟʦʤ ʬʣʦʛʦʧʠʪʦʚ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʜʝʶ ʅ.ɺ. ʉʦʙʦʣʝʚʘ ʦ ʪʦʤ, ʯʪʦ ʥʘʭʦʜʢʠ 

ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʧʘʨʘʛʝʥʝʟʠʩʘ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʣʦʛʦʧʠʪ, ʤʘʥʪʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ, ʘʪʦʤʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ  

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʘ, ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʫ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɸ ʧʨʠ ʨʘʟʛʨʘʥʠʯʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʘ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ, ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʦ ʠ 

ʧʨʠʤʝʩʠ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ. ʆʜʥʘʢʦ, ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʶʪ ʨʝʜʢʠʤ ʚʢʣʶʯʝʥʠʷʤ ʩʣʶʜ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʢʦʥʪʝʡʥʝʨʘʤʠ OH, F ʠ Cl. ɺʧʝʨʚʳʝ ʥʘ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ 

ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʘʢʘʜʝʤʠʢ ʅ.ɺ. ʉʦʙʦʣʝʚ, ʫʢʘʟʘʚ ʥʘ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ TiO2 ʚʦ 

ʬʣʦʛʦʧʠʪʘʭ ʠʟ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʠ Cr2O3 ʠʟ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ 

(Sobolev et al., 2009).  

ɺ ʯʠʩʣʝ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʩʪʘʚ 

ʤʝʪʘʩʦʤʘʪʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʩʪʝʧʝʥʴ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʞʬʘʟʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ P-T ʫʩʣʦʚʠʡ, ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʠʥʝʨʘʣʘ. ɺʭʦʞʜʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚʦ ʬʣʦʛʦʧʠʪ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʦʜʥʘʢʦ ʚ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʥʘʧʨʠʤʝʨ, Ventruti et al., 2020; Thu et al., 2016), ʭʦʪʴ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʬʣʦʛʦʧʠʪʳ, ʨʝʜʢʦ ʫʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɸ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (Safonov et al., 2019; Saha, Dasgupta, 2019), ʨʝʜʢʦ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʤʠʥʝʨʘʣʘ, ʦʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʥʘ ʵʪʦ ʯʘʱʝ ʩʪʘʣʠ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ (Foley, Pertermann, 2021; Shatskiy et al., 2022). 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʣʶʜʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʠʥʪʝʟʝ ʩʣʶʜ ʚ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ 

ʩʠʩʪʝʤʘʭ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʤʘʥʪʠʡʥʦʛʦ (Cr) ʠ ʢʦʨʦʚʦʛʦ 

(Ti) ʩʫʙʩʪʨʘʪʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 7 ɻʇʘ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 900-1200  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ ʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡ (ɻɽʆʍʀ ʈɸʅ). ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʩʦʩʪʘʚʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʝ ʚʦʜʦʩʦʜʝʨʞʘʱʠʝ 

ʩʤʝʩʠ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ: ʉʠʩʪʝʤʘ ʧʝʨʠʜʦʪʠʪ + 
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K2CO3 + Cr2O3 + H2O (70% ʧʝʨʠʜʦʪʠʪʘ (Boyd, Danchin, 1980), 30% ʢʘʨʙʦʥʘʪʘ, 1 ʤʘʩ.% Cr2O3, 

0,5 ʤʘʩ.% H2O) ʠ ʩʠʩʪʝʤʘ ʙʘʟʘʣʴʪ + K2CO3 + TiO2 + H2O (70% MORB (Hofmann, 1998), 30% 

ʢʘʨʙʦʥʘʪʘ, 1,65 ʤʘʩ.% TiO2, 1,0 ʤʘʩ.% H2O). 

ʉʤʝʥʘ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʝʘʢʮʠʷʤʠ: ʬʣʦʛʦʧʠʪ + 

K-ʨʠʭʪʝʨʠʪ + ʤʘʛʥʝʟʠʪ Ÿ ʦʣʠʚʠʥ + ʵʥʩʪʘʪʠʪ + ʛʨʘʥʘʪ + ʬʣʶʠʜ (K2O, H2O, CO2) (Erlank et al., 

1987) ʠ 2KMgAlSi 4O10(OH)2 + 3CaCO3 = K2Si4O9 + Ca2Al 2Si3O12 + 2H2O + 2MgCO3 + SiO2 + 

CO2. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʦʣʴʢʦ ʚ ʧʝʨʠʜʦʪʠʪʦʚʦʡ ʩʠʩʪʝʤʝ ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʭʨʦʤʩʦʜʝʨʞʘʱʠʡ 

ʬʣʦʛʦʧʠʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʩʦʩʪʘʚʫ ʚʢʣʶʯʝʥʠʷʤ ʚ ʘʣʤʘʟʘʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ. ʇʨʠ ʵʪʦʤ, ʚ ʙʘʟʘʣʴʪʦʚʦʡ ʩʠʩʪʝʤʝ, ʘʥʘʣʦʛʝ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ (ʢʦʨʦʚʦʛʦ 

ʩʫʙʩʪʨʘʪʘ), ʙʳʣ ʧʦʣʫʯʝʥ ʘʣʶʤʦʩʝʣʘʜʦʥʠʪ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʠʪʘʥʘ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʝʠʭ ʩʣʶʜ (ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ) 

ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʣʶʤʠʥʠʷ ʧʨʠ ʨʦʩʪʝ ʢʨʝʤʥʠʷ. ɼʣʷ ʘʣʶʤʦʩʝʣʘʜʦʥʠʪʦʚ, 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ 

ʩʣʶʜʳ, ʷʚʣʷʝʪʩʷ AlIV + AlVI = SiIV + MgVI. ɺr ʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘ (ʜʦ 1.3 ʤʘʩ.% TiO2) 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ (Mg+Fe)/AlVI >1, ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ 

ʠʟʙʳʪʢʘ ʘʣʶʤʠʥʠʷ ʚ ʦʢʪʘʵʜʨʝ. ʊʦ ʝʩʪʴ, ʪʠʪʘʥ ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʫ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ: 2AlVI = TiVI 

+ (Mg+Fe)VI ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʢʣʘʜʦʤ ʪʠʪʘʥʠʩʪʦʛʦ ʤʠʥʘʣʘ KMgTiAlSi3O10(OH)2.  

 

 
ʈʠʩ. 1. ʉʦʩʪʘʚʳ ʬʣʦʛʦʧʠʪʦʚ, ʘ) - ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ (Sobolev et al., 2009 ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ) ʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʣʘʤʧʨʦʠʪ-ʧʝʨʠʜʦʪʠʪ (1 - Foley, Pertermann, 2021; 2 - Shatskiy et al., 

2022) ʙ) ï ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ (ʧʦ 

ʜʘʥʥʳʤ Sobolev et al., 2009) 

 

ʉʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1, ʘ), ʚ ʧʝʨʠʜʦʪʠʪʦʚʦʡ ʩʠʩʪʝʤʝ, ʭʨʦʤ ʚʭʦʜʠʪ ʚʦ ʬʣʦʛʦʧʠʪ ʧʦ 

ʩʭʝʤʝ: (Mg2+)VI +(Si4+)IV = (Cr3+)VI + (Al3+)IV. ʉʨʘʚʥʠʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʬʣʦʛʦʧʠʪʦʚ ʠʟ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩ ʩʦʩʪʘʚʦʤ ʚʢʣʶʯʝʥʠʡ ʤʠʥʝʨʘʣʘ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʠ 

ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʦʚ, ʘ ʪʘʢʞʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (Foley, Pertermann, 2021; Shatskiy et al., 2022), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʭʦʞʜʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ Ti4+ ʚ ʩʪʨʫʢʪʫʨʫ ʩʣʶʜʳ (ʦʪ 1.3 ʤʘʩ.% TiO2), ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʥʘʢʦʧʣʝʥʠʷ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ (ʈʠʩ. 1, ʘ). ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʢʦʧʣʝʥʠʠ ʪʠʪʘʥʘ ʚ ʩʦʩʪʘʚʝ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʬʣʦʛʦʧʠʪʘ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʧʦ ʩʭʝʤʘʤ: MgVI + 2SiIV = TiVI + 2Al IV ʠʣʠ 2(Mg2+)VI = (Ti4+)VI + (Ǐ)VI 

(Dymek, 1983). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʠʪʘʥʘ ʠ 

ʭʨʦʤʘ ʚ ʩʦʩʪʘʚʝ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʩʣʶʜʳ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʪʠʪʘʥʘ 

ʙʦʣʝʝ ~1.3 ʤʘʩ.% TiO2, ʵʣʝʤʝʥʪ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ ʦʢʪʘʵʜʨʘ, ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, 
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ʢʦʥʢʫʨʠʨʫʷ ʩ ʭʨʦʤʦʤ, ʟʘʤʝʱʘʝʪ ʤʘʛʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʬʣʦʛʦʧʠʪʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʦʙʲʷʩʥʝʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ TiO2 ʚ ʩʣʶʜʘʭ ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʧʨʝʚʳʰʘʶʪ ʩʦʜʝʨʞʘʥʠʷ Cr2O3 ʚʦ ʬʣʦʛʦʧʠʪʘʭ ʧʝʨʠʜʦʪʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʈʠʩ. 1, ʙ). 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʚʭʦʞʜʝʥʠʝ ʭʨʦʤʘ ʚ ʩʦʩʪʘʚ 

ʬʣʦʛʦʧʠʪʘ, ʷʚʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʧʨʠ ʨʦʩʪʝ ʢʦʪʦʨʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʨʝʤʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʥʝʨʘʣʘ (Enggist, Luth, 2016), ʯʪʦ ʤʦʞʝʪ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥʘʪʘ. ʅʝʢʦʪʦʨʳʝ ʬʣʦʛʦʧʠʪʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʣʘʤʧʨʦʠʪʘ ʠ ʧʝʨʠʜʦʪʠʪʘ (Foley, Pertermann, 2021), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʠʪʘʥʘ (ʦʪ 1,3 ʜʦ 5 ʤʘʩ.% TiO2) ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ. ɼʣʷ 

ʪʘʢʠʭ ʬʣʦʛʦʧʠʪʦʚ ʪʘʢʞʝ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʨʦʤʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘʨʷʜʫ ʩ ʜʘʚʣʝʥʠʝʤ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʬʣʦʛʦʧʠʪʘ ʦʢʘʟʳʚʘʝʪ 

ʩʦʩʪʘʚ ʩʪʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʘ 

ʤʝʞʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝ ʠʛʨʘʝʪ ʚʝʜʫʱʝʡ ʨʦʣʠ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʘʚʣʝʥʠʝʤ ʠ ʩʦʩʪʘʚʦʤ ʩʠʩʪʝʤʳ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʨʠʤʝʩʝʡ ʚʦ ʬʣʦʛʦʧʠʪʝ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʠʟʦʤʦʨʬʠʟʤʘ.  
 

ʊʘʙʣʠʮʘ 1. ʉʭʝʤʳ ʠʟʦʤʦʨʬʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʠʦʥʦʚ Ti4+ ʠ Cr3+ ʚ ʩʪʨʫʢʪʫʨʫ ʬʣʦʛʦʧʠʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʨʘʡʥʠʝ ʯʣʝʥʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʉʭʝʤʘ ʠʟʦʤʦʨʬʠʟʤʘ ʄʠʥʘʣ 

(Mg2+)VI + 2(Si4+)IV = (Ti4+)VI + 2(Al3+)IV K(Mg2Ti)(Al 3Si)O10(OH)2 

2(Mg2+)VI = (Ti4+)VI + (Ǐ)VI K(Mg,Ti,Ǐ)AlSi3O10(OH)2 

(Mg2+)VI + 2(Al3+)IV = (Ǐ)VI + 2(Ti4+)IV K2(Mg5,Ǐ)Ti2Si6O20(OH)4 

(Si4+)IV = (Ti4+)IV KMg3AlTi 3O10(OH)2 

(Mg2+)VI + (Si4+)IV = (Cr3+)VI + (Al3+)IV K(Mg2,Cr)Al2Si2O10(OH)2 

3(Mg2+)VI = 2(Cr3+)VI + (Ǐ)VI K(Al,Cr,Ǐ)AlSi3O10(OH)2 

3(Mg2+)VI = (Al3+)VI + (Cr3+)VI + (Ǐ)VI KMg3CrSi3O10(OH)2 

(Al 3+)IV = (Cr3+)IV K(Cr2,Ǐ)AlSi3O10(OH)2 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʜʝʷ ʚʪʦʨʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʝ ʩʭʝʤʳ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʘʪʦʤʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ GULP (Gale and Rohl. 2003), ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ 

ʥʘ ʧʨʠʥʮʠʧʝ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ 

ʤʝʞʘʪʦʤʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʝʨʭʷʯʝʝʯʥʳʝ ʨʘʩʯʝʪʳ ʠʟʦʤʦʨʬʥʦʛʦ ʚʭʦʞʜʝʥʠʷ 

ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʮʝʜʫʨʳ 

ʨʘʩʯʝʪʦʚ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʤʝʪʦʜʦʤ ʄʦʪʪʘ-ʃʠʪʪʣʪʦʥʘ (Mott, Littleton, 1938), ʚʪʦʨʦʡ 

ʟʘʢʣʶʯʘʣʩʷ ʚ ʥʝʚʦʩʨʝʜʩʪʚʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʩʩʦʮʠʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʚʝʨʭʲʷʯʝʝʢ: 4Ĭ2Ĭ2 (704 ʘʪʦʤʘ) ʠ 6Ĭ3Ĭ3 (2376 ʘʪʦʤʦʚ) ʤʦʜʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʣʦʛʦʧʠʪʘ ʩʦ 

ʩʥʷʪʦʡ ʥʝʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ. 

 
ʈʠʩ. 2. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʣʴʚʫʩʳ ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 1-9 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨ 373-1573ʂ, ʚ 

ʩʠʩʪʝʤʘʭ ʬʣʦʛʦʧʠʪ- ʘ) - KMg3AlTi 3O10(OH)2, ʙ) - K(Mg2Ti)(Al 3Si)O10(OH)2,  

ʚ) - K(Mg2,Cr)Al 2Si2O10(OH)2 
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ʀʩʩʣʝʜʫʝʤʳʝ ʩʭʝʤʳ ʚʭʦʞʜʝʥʠʷ Ti4+ ʠ Cr3+ ʚ ʩʪʨʫʢʪʫʨʫ ʬʣʦʛʦʧʠʪʘ, ʘ ʪʘʢʞʝ 

ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʤʠʥʘʣʳ, ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʬʣʦʛʦʧʠʪʫ, ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 

1. ʕʥʝʨʛʝʪʠʯʝʩʢʠ ʤʝʥʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʚʘʢʘʥʩʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ. ʇʦʵʪʦʤʫ ʚ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʤʝʭʘʥʠʟʤʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʪʠʪʘʥ ʠ ʭʨʦʤ 

ʟʘʤʝʱʘʝʪ ʤʘʛʥʠʡ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʠʣʠ ʢʨʝʤʥʠʡ ʚ ʪʝʪʨʘʵʜʨʝ. ʉʦʛʣʘʩʥʦ 

ʧʦʩʪʨʦʝʥʥʳʤ ʩʦʣʴʚʫʩʘʤ (ʨʠʩ. 2), ʚʠʜʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ (Mg2+)VI + (Si4+)IV = (Cr3+)VI + (Al 3+)IV, 

ʧʨʠ ʢʦʪʦʨʦʤ ʭʨʦʤ ʟʘʤʝʱʘʝʪ ʤʘʛʥʠʡ ʚ ʦʢʪʘʵʜʨʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʜʣʷ ʩʭʝʤʳ (Mg2+)VI + 2(Si4+)IV = (Ti4+)VI + 2(Al 3+)IV, 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʞʝ ʩʦʣʠʜʫʩʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ 

ʫʩʣʦʚʠʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʭʦʜʠʪʴ ʪʠʪʘʥʫ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʞʝʣʠ ʭʨʦʤʫ. ɼʣʷ ʤʝʭʘʥʠʟʤʦʚ ʟʘʤʝʱʝʥʠʷ (Si4+)IV = (Ti4+)IV ʥʘʙʣʶʜʘʝʪʩʷ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʤʝʩʠʤʦʩʪʴ ʠ ʧʦʟʚʦʣʷʝʪ ʚʭʦʜʠʪʴ ʧʨʠʤʝʩʠ ʚ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʜʣʷ 

(Al 3+)IV = (Cr3+)IV ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʩʤʝʩʠʤʦʩʪʴ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʩʦʣʴʚʫʩ ʥʝ ʩʪʨʦʠʣʩʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʜʝʶ ʅ.ɺ. ʉʦʙʦʣʝʚʘ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʬʣʦʛʦʧʠʪʘ, ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʘʣʤʘʟʦʚ ʥʘ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʬʣʦʛʦʧʠʪʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ 

ʘʣʤʘʟʘʭ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʝʘʣʠʟʫʝʪʩʷ ʩʭʝʤʘ 

ʠʟʦʤʦʨʬʠʟʤʘ: (Mg2+)VI +(Si4+)IV = (Cr3+)VI + (Al 3+)IV. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʠʪʘʥʘ ʚ 

ʩʦʩʪʘʚʝ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʬʣʦʛʦʧʠʪʦʚ ʚʳʰʝ 1.3 ʤʘʩ.% TiO2, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʩʪʘʚʘ ʩʣʶʜʳ ʚ ʤʝʥʝʝ ʤʘʛʥʝʟʠʘʣʴʥʫʶ ʨʘʟʥʦʩʪʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʭʦʞʜʝʥʠʝ ʭʨʦʤʘ ʚ 

ʩʪʨʫʢʪʫʨʫ ʤʠʥʝʨʘʣʘ ʠʟ-ʟʘ ʢʦʥʢʫʨʝʥʪʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠʦʥʦʚ Ti4+ ʠ Cr3+, ʢʦʪʦʨʳʝ ʟʘʤʝʱʘʶʪ 

ʤʘʛʥʠʡ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʬʣʦʛʦʧʠʪʘ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʘʛʥʠʷ ʚ ʩʠʩʪʝʤʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʪʠʪʘʥ ʙʫʜʝʪ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʛʣʠʥʦʟʝʤʠʩʪʦʡ ʩʣʶʜʳ. 

ɺʭʦʞʜʝʥʠʝ ʪʠʪʘʥʘ ʚ ʩʪʨʫʢʪʫʨʫ ʘʣʶʤʦʩʝʣʘʜʦʥʠʪʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ (Mg+Fe)/AlVI 

> 1, ʧʨʠʯʝʤ ʪʠʪʘʥ ʚʭʦʜʠʪ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ 2AlVI = TiVI + 

(Mg+Fe)VI. ʊʠʪʘʥʩʦʜʝʨʞʘʱʠʝ ʬʣʦʛʦʧʠʪʳ ʤʦʛʫʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ, 

ʤʦʜʝʣʠʨʫʶʱʠʭ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʢʦʨʦʚʳʤ ʩʫʙʩʪʨʘʪʦʤ. ɺ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʦʞʠʜʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʣʦʛʦʧʠʪʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʢʦʨʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʟʚʦʣʠʪ ʥʘʢʦʧʠʪʴʩʷ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʪʠʪʘʥʫ. ɺʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʠ ʪʠʪʘʥʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʨʦʤʘ ʚ ʩʦʩʪʘʚʝ ʩʣʶʜʳ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʢʦʥʢʫʨʠʨʫʶʱʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʪʠʪʘʥʘ ʠ ʭʨʦʤʘ ʚ ʩʪʨʫʢʪʫʨʝ ʬʣʦʛʦʧʠʪʘ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʘ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʣʦʛʦʧʠʪ, 

ʢʘʢ ʧʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʛʦ ʨʘʩʧʣʘʚʘ ʩ ʧʝʨʠʜʦʪʠʪʦʚʦʡ 

ʤʘʥʪʠʝʡ, ʪʦ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʝ ʬʣʦʛʦʧʠʪʳ ʩʧʦʩʦʙʥʳ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʘ ʧʨʠ ʤʘʣʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʭʨʦʤʘ, ʝʩʣʠ ʤʘʥʪʠʷ ʙʫʜʝʪ ʦʙʦʛʘʱʝʥʘ ʢʦʨʦʚʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʝʡ ʩʣʶʜʳ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʛʦʩʟʘʜʘʥʠʝ ɻɽʆʍʀ ʈɸʅ, ʈʌʌʀ 21-55-50011. 
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TITANIUM AND CHROMIUM IN MANTLE PHLOGOPITES: RESULTS OF 

HIGH -PRESSURE EXPERIMENTS AND ATOMISTIC MODELING  
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1Geol Faculty, Moscow State University, 2Vernadsky Institute of Geochemistry and analytical 

Chemistry RAS, Moscow, 3Institute of Experimental Mineralogy RAS, Chernogolovka 

a.bendeliani@outlook.com 

 
Abstract. Based on the experimental study of the peridotiteïK2CO3ïH2O and basaltïK2CO3ïH2O 

systems at 7 GPa and 900ï1200ÁC, as well as the results of atomistic computer simulation of a series of solid 

solutions of Ti- and Cr-bearing phlogopite, it was concluded that titanium-bearing phlogopite may 

crystallized under the conditions of crustïmantle interaction only. In such systems, the optimal ratio of 

petrogenic elements is expected for phlogopite crystallization, and the crustal component will stimulate 

accumulation of titanium in it to a greater extent than chromium, which is consistent with the data on the 

composition of phlogopite syngenetic inclusions in diamond and supports the idea of N.V. Sobolev that the 

findings of phlogopite inclusions in natural diamonds may be considered as indicators of diamond 

assemblages. 

 

Key words: phlogopite, mantle, experiment, atomistic modeling 
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ʉʀʅʊɽɿ ʂ-BA ʊʀʊɸʅɸʊʆɺ ʄɸɻʅɽʊʆʇʃʖʄɹʀʊʆɺʆʁ ɻʈʋʇʇʓ 

ʇʈʀ ɺʓʉʆʂʆʄ ɼɸɺʃɽʅʀʀ 

 

ɹʫʪʚʠʥʘ ɺ.ɻ.1, ʉʘʬʦʥʦʚ ʆ.ɻ.1,2, ʉʧʠʚʘʢ ɸ.ɺ.1, ʃʠʤʘʥʦʚ ɽ.ɺ.1, ɺʦʨʦʙʝʡ ʉ.ʉ.3, 

ɹʦʥʜʘʨʝʥʢʦ ɻ.ɺ.1, ɺʘʥ ʂ.ɺ.1 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ K-Ba-ʪʠʪʘʥʘʪʦʚ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ (ʠʤʵʥʛʠʪʘ ʠ 

ʭʦʪʦʨʥʝʠʪʘ) ʚ ʩʠʩʪʝʤʝ ʭʨʦʤʠʪ-ʨʫʪʠʣ/ʠʣʴʤʝʥʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʣʶʠʜʘ H2O-CO2-KCO3/BaCO3 ʧʨʠ 

ʜʘʚʣʝʥʠʷʭ 3.5 ʠ 5.0 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1200ʉ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʬʘʟ ʚ 

ʭʦʜʝ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʝʨʠʜʦʪʠʪʦʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʪʠʧʦʚ ʪʚʝʨʜʦʬʘʟʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè (ʀʕʄ ʈɸʅ): ʅʃ-40 

(3.5 ɻʇʘ, 1200Áʉ) ʠ ʅʃ-13ʊ ʩ ʪʦʨʦʠʜʘʣʴʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʷʯʝʝʢ (5.0 ɻʇʘ, 1200Áʉ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʳʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʵʥʛʠʪ ʠ ʭʦʪʦʨʥʝʠʪ ʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ. ɺ 

ʩʠʩʪʝʤʝ ʩ ʠʣʴʤʝʥʠʪʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʤʠʥʝʨʘʣʳ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʘʪʘʤʠ ʛʦʣʣʘʥʜʠʪʦʚʦʡ ʛʨʫʧʧʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠʤʵʥʛʠʪʘ ʠ ʭʦʪʦʨʥʝʠʪʘ. ʇʦʣʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʤʵʥʛʠʪʘ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʘʣʴʥʳʡ ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʤʘʛʥʝʪʦʧʶʤʙʠʪʦʚʘʷ ʛʨʫʧʧʘ, ʭʦʪʦʨʥʝʠʪ-

ʠʤʵʥʛʠʪʦʚʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ (HAYI), ʚʳʩʦʢʦʙʘʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʬʣʶʠʜ 

 

ʊʠʧ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ ʬʘʟ ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ɹ. ʍʘʨʪʘ (Harte, 1983) ʠʤʝʥʫʝʪʩʷ çʤʦʜʘʣʴʥʳʤ 

ʠʣʠ ʷʚʥʳʤ ʤʘʥʪʠʡʥʳʤ ʤʝʪʘʩʦʤʘʪʦʟʦʤè. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʘʤʬʠʙʦʣʦʚ, 

ʬʣʦʛʦʧʠʪʘ, ʘʧʘʪʠʪʘ, ʢʘʨʙʦʥʘʪʦʚ, ʩʫʣʴʬʠʜʦʚ, ʪʠʪʘʥʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʨʫʪʠʣʘ. ɺ ʭʦʜʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʪʦʣʴʢʦ ʚ 

ʧʨʦʜʫʢʪʘʭ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʤʘʥʪʠʠ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ (ʭʦʪʦʨʥʝʠʪ-ʠʤʵʥʛʠʪ), ʢʨʠʯʪʦʥʠʪʘ (ʣʠʥʜʩʣʝʠʪ-ʤʘʪʠʘʩʠʪ) ʠ ʛʦʣʣʘʥʜʠʪʘ 

(ʨʝʜʣʝʜʞʝʠʪ-ʧʨʘʡʜʝʨʠʪ) (Haggerty, 1991) - ʨʝʜʢʠʝ K-Ba ʪʠʪʘʥʘʪʳ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʢʨʫʧʥʦʠʦʥʥʳʤʠ ʣʠʪʦʬʠʣʴʥʳʤʠ (LILE), ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ (HFSE), ʣʝʛʢʠʤʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ (LREE) ʵʣʝʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ U ʠ Th.  

ʀʤʵʥʛʠʪ K(Cr, Ti, Mg, Fe, Al)12O19 ï ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʘ PbFe12O19 

(ʥʘʧʨ. Haggerty, 1991) ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ɸʄ12ʆ19. ʇʦʟʠʮʠʷ ɸ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ 12 ʚ 

ʩʪʨʫʢʪʫʨʝ ʪʠʧʘ ʙʘʨʠʝʚʦʛʦ ʬʝʨʨʠʪʘ (BaFe12O19) ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʝʨʦʚʩʢʠʪ-

ʧʦʜʦʙʥʳʭ ʩʣʦʷʭ (ɸʄʆ3) ʠ ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ (K, Ba ʠ ʜʨʫʛʠʝ LILE), ʪʦʛʜʘ ʢʘʢ 

ʤʝʣʢʠʝ ʢʘʪʠʦʥʳ ʄ (Ti, Cr, Fe, Mg, Zr, Nb, V, Zn) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʣʠʵʜʨʘʭ ʩ ʢʦʦʨʜʠʥʘʮʠʝʡ 4 

ʠ 6 ʚ ʰʧʠʥʝʣʝʧʦʜʦʙʥʳʭ ʩʣʦʷʭ (Grey et al., 1987). ʀʤʵʥʛʠʪ ʦʙʨʘʟʫʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ ʩ ʭʦʪʦʨʥʝʠʪʦʤ Ba(Cr, Ti, Mg, Fe, Al)12O19 (Haggerty et al., 1989). ʇʨʠʨʦʜʥʳʝ 

ʤʠʥʝʨʘʣʳ ʨʷʜʘ ʠʤʵʥʛʠʪ-ʭʦʪʦʨʥʝʠʪ ʦʙʳʯʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʫʣʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʦʠʭ ʧʦʟʠʮʠʷʭ ʠ 

ʥʘʣʠʯʠʝʤ ʚʘʢʘʥʩʠʡ ʚ ʩʪʨʫʢʪʫʨʝ. ʀʤʵʥʛʠʪ ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʘʡʢʘʭ 

ʧʨʦʚʠʥʮʠʠ ʐʘʥʴʜʫʥ, ʂʠʪʘʡ (Dong et al., 1983) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʣʠʚʠʥʦʤ, ʧʠʨʦʧʦʤ, 

ʭʨʦʤʠʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʭʨʦʤ-ʜʠʦʧʩʠʜʦʤ, ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʤʫʘʩʩʦʥʠʪʦʤ. 

ʂʘʢ ʧʨʦʜʫʢʪ ʠʟʤʝʥʝʥʠʷ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʚ ʭʨʦʤʠʪʘ ʠʤʵʥʛʠʪ ʚʳʷʚʣʝʥ ʚ ʪʷʞʝʣʦʤ ʢʦʥʮʝʥʪʨʘʪʝ 

ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʩʠʣʣʘ ʚ ʨʘʡʦʥʝ ɻʫʘʥʠʘʤʦ, ɺʝʥʝʩʫʵʣʘ (Nixon, Condliffe, 1989) ʠ ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʊʸʨʢʠ-ʋʵʣʣ, ɸʚʩʪʨʘʣʠʷ (Kiviets et al., 1998). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʠʤʵʥʛʠʪ ʩʦʜʝʨʞʠʪ 
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BaO (ʜʦ 3.4 ʤʘʩ. % ʚ ʠʤʵʥʛʠʪʝ ʠʟ ɺʝʥʝʩʫʵʣʳ), ʫʢʘʟʳʚʘʷ ʥʘ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʩ ʭʦʪʦʨʥʝʠʪʦʤ 

(Grey et al., 1987; Haggerty et al., 1989; Peng, Lu, 1985). ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʭʨʦʤʠʪʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʚʠʚʘʝʪʩʷ ʠʤʵʥʛʠʪ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʘʩʩʦʮʠʘʮʠʷʤ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʛʨʘʥʘʪʦʚʳʭ ʛʘʨʮʙʫʨʛʠʪʦʚ (Nixon, Condliffe, 1989). ʀʟʚʝʩʪʥʳ ʥʘʭʦʜʢʠ 

ʚʢʣʶʯʝʥʠʡ ʠʤʵʥʛʠʪʘ ʚ ʘʣʤʘʟʘʭ (Sobolev et al., 1988, 1998; Bulanova et al., 2004), ʛʜʝ ʦʥ ʪʘʢʞʝ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʪʠʧʦʤʦʨʬʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʭʨʦʤʠʪʦʤ, 

ʩʫʙʢʘʣʴʮʠʝʚʳʤ ʭʨʦʤʠʩʪʳʤ ʛʨʘʥʘʪʦʤ, ʵʥʩʪʘʪʠʪʦʤ. ɺʢʣʶʯʝʥʠʷ ʠʤʵʥʛʠʪʘ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ɻ. ʇ. ɹʫʣʘʥʦʚʦʡ ʠ ʜʨ. (Bulanova et al., 2004), ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Rb, Cs, Sr. 

ʊʘʢ ʯʪʦ ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʘʚʪʦʨʦʚ ʠʤʵʥʛʠʪ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʡ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʛʘʨʮʙʫʨʛʠʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʦʩʥʦʚʘʥʠʝ ʣʠʪʦʩʬʝʨʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʤʘʥʪʠʠ ʥʘ ʛʣʫʙʠʥʘʭ 

ʧʦʨʷʜʢʘ 150 ʢʤ, ʩ ʬʣʶʠʜʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ K, HFSE, LREE. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʤʫ 

ʷʚʣʷʝʪʩʷ ʥʘʭʦʜʢʘ ʠʤʵʥʛʠʪʘ ʠ ʭʦʪʦʨʥʝʠʪʘ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʞʠʣʝ, ʩʝʢʫʱʝʡ ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ 

ʢʩʝʥʦʣʠʪ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ɹʫʣʣʬʦʥʪʝʡʥ (ʖɸʈ), ʩʦʚʤʝʩʪʥʦ ʩ ʬʣʦʛʦʧʠʪʦʤ, ʢʘʣʠʝʚʳʤ 

ʨʠʭʪʝʨʠʪʦʤ, ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʣʠʥʩʜʣʝʠʪ-ʤʘʪʠʘʩʠʪ, ʘʨʤʘʣʢʦʣʠʪʦʤ, ʨʫʪʠʣʦʤ, ʠʣʴʤʝʥʠʪʦʤ 

(Haggerty et al., 1987). 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʦʧʫʙʣʠʢʦʚʘʥʥʦʛʦ ʮʠʢʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʘʚʪʦʨʘ (ɹʫʪʚʠʥʘ ʠ ʜʨ., 2019,2021, 2022; Butvina et al., 2020) ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʜʢʠʭ ʪʠʪʘʥʘʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʫʙʣʠʢʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʠʥʪʝʟʘ K-Cr/Ba-Cr 

ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ: ʭʦʪʦʨʥʝʠʪ-ʠʤʵʥʛʠʪ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ ʧʨʠ 

1.8-2.0; 3.5; 5.0 ɻʇʘ, 900-12000ʉ.  ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʦʚ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (1) çʮʠʣʠʥʜʨ-ʧʦʨʰʝʥʴè ʎʇ-40 (1.8-2.0 ɻʇʘ, 900-1000Áʉ), (2) çʥʘʢʦʚʘʣʴʥʷ 

ʩ ʣʫʥʢʦʡè ʅʃ-40 (3.5 ɻʇʘ, 1200Áʉ) ʠ (3) çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè ʅʃ-13ʊ (5 ɻʇʘ, 1200Áʉ) ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʤʘʛʤʘʪʠʟʤʘ ʠ ʛʝʦʜʠʥʘʤʠʢʠ ʣʠʪʦʩʬʝʨʳ ʀʥʩʪʠʪʫʪʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ ʠʤ. ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʨʦʜʥʳʡ ʭʨʦʤʠʪ ʩʦʩʪʘʚʘ (Mg0.49-0.54Fe0.50-0.54Mn0.01-0.02Zn0.01-0.02)(Al0.17-

0.20Cr1.55-1.61Fe0.10-0.22Ti0.03-0.07)O4 ʠʟ ʢʩʝʥʦʣʠʪʘ ʛʨʘʥʘʪʦʚʦʛʦ ʣʝʨʮʦʣʠʪʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ 

ʇʠʦʥʝʨʩʢʘʷ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ), ʠʣʴʤʝʥʠʪ ʩʦʩʪʘʚʘ Fe0.98Mg0.01Mn0.06Ti0.93Al0.01Nb0.01O3, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʩʝʥʦʢʨʠʩʪʘʣʣʦʤ ʠʟ ʢʠʤʙʝʨʣʠʪʘ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʗʢʫʪʠʷ), ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʨʦʰʦʢ TiO2. ʌʣʶʠʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʛʦʪʦʚʠʣʘʩʴ ʠʟ ʩʤʝʩʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ K2CO3 /ʠʣʠ 

BaCO3 ʠ ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʉʦʩʪʘʚ ʬʘʟ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Tescan Vega-II XMU, ʦʩʥʘʱʝʥʥʦʤ 

ʩʠʩʪʝʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʩʯʸʪʘ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ INCA Energy 450 

ʚ ʨʝʞʠʤʝ EDS ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ, ʪʦʢʝ 400 ʧɸ ʠ ʜʠʘʤʝʪʨʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ 157 ï 180 ʥʤ (ʜʣʷ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ) ʠʣʠ 60 ʥʤ (ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ). ʂʈ-ʩʧʝʢʪʨʳ ʪʠʪʘʥʘʪʦʚ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʘʤʘʥ-ʩʧʝʢʪʨʦʤʝʪʨʘ Renishaw 

RM1000, ʦʩʥʘʱʝʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʦʤ Leica. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʩ ʜʠʦʜʥʦʡ 

ʥʘʢʘʯʢʦʡ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 532 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ 20 ʤɺʪ. ʉʧʝʢʪʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠ 50-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 100 ʩʝʢ. 

 

ʉʠʩʪʝʤʘ ʭʨʦʤʠʪ-ʠʣʴʤʝʥʠʪ-H2O-CO2-K2CO3 

ɺ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʠʣʴʤʝʥʠʪʘ ʤʘʪʠʘʩʠʪ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʘʟʦʡ, ʘ 

ʥʘʨʷʜʫ ʩ ʧʨʘʡʜʝʨʠʪʦʤ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʠʤʵʥʛʠʪ (ʨʠʩ.1ʘ). ʇʦʤʠʤʦ ʩʪʘʨʪʦʚʳʭ ʭʨʦʤʠʪʘ ʠ 

ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʠʣʴʤʝʥʠʪʘ, ʚ ʧʨʦʜʫʢʪʘʭ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʡ ʭʨʦʤʠʪ ʠ ʨʫʪʠʣ. ɺ ʦʧʳʪʘʭ ʩ ʨʘʟʥʳʤʠ ʩʪʘʨʪʦʚʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʭʨʦʤʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ, ʧʨʘʡʜʝʨʠʪ ʠ ʠʤʵʥʛʠʪ ʩʦʩʫʱʝʩʪʚʫʶʪ. ʇʦʤʠʤʦ 

ʚʢʣʶʯʝʥʠʡ ʚ ʧʨʘʡʜʝʨʠʪʝ, ʠʤʵʥʛʠʪ ʦʙʨʘʟʫʝʪ ʪʘʢʞʝ ʩʨʦʩʪʢʠ ʩ ʭʨʦʤʠʪʦʤ, ʩʭʦʞʠʤʠ ʩʦ 

ʩʨʘʩʪʘʥʠʷʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʚ ʧʨʠʨʦʜʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ (Nixon, Condliffe, 1989). ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ B1 ʠ B2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʥʳʝ ʩʪʘʨʪʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʭʨʦʤʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ 

ʥʝ ʚʣʠʷʶʪ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

(ʂʀʉʀ-ʂʫʨʯʘʪʦʚ) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʙʳʣʘ ʠʟʫʯʝʥʘ 
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ʩʪʨʫʢʪʫʨʘ ʠʤʵʥʛʠʪʘ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ K0.90Ti5.16Cr2.94Fe2.54Mg0.87Al0.22Mn0.30O19 (ʈʠʩ. 2) 

(ɹʫʪʚʠʥʘ ʠ ʜʨ., 2023).  
 

 
 

ʈʠʩ. 1. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠʤʵʥʛʠʪʘ (ʘ, Yim) b 

ʭʦʪʦʨʥʝʠʪʘ (ʙ, Hwt) ʚ ʩʠʩʪʝʤʝ ʭʨʦʤʠʪ-ʠʣʴʤʝʥʠʪ-H2O-CO2-K2CO3/BaCO3 ʧʨʠ 5 ɻʇʘ. 

 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʠʤʵʥʛʠʪʘ. 

 

ʉʠʩʪʝʤʘ ʭʨʦʤʠʪ-ʠʣʴʤʝʥʠʪ-H2O-CO2-BaCO3 

ʇʨʠ 3.5 ʠ 5 ɻʇʘ, 12000ʉ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: ʠʟʤʝʥʝʥʥʳʡ ʭʨʦʤʠʪ, 

ʠʣʴʤʝʥʠʪ, Nb-ʩʦʜʝʨʞʘʱʠʡ ʨʫʪʠʣ, ʭʦʪʦʨʥʝʠʪ (ʨʠʩ.1ʙ), ʣʠʥʜʩʣʝʡʠʪ. ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ 

ʭʦʪʦʨʥʝʠʪ ʠ ʣʠʥʜʩʣʝʡʠʪ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʠʜʠʦʤʦʨʬʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ 

ʩʫʙʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 20 - 40 ʤʢʤ ʠ ʤʝʥʝʝ. ɺʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ 

ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 100 ʤʢʤ ʠ ʙʦʣʝʝ. ʇʨʠ 1.8 ɻʇʘ, 10000ʉ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʬʘʟʳ: ʠʟʤʝʥʝʥʥʳʡ ʭʨʦʤʠʪ, ʠʣʴʤʝʥʠʪ, Nb-ʩʦʜʝʨʞʘʱʠʡ ʨʫʪʠʣ, 

ʨʝʜʣʝʜʞʝʠʪ, ʭʦʪʦʨʥʝʠʪ. ʍʦʪʦʨʥʝʠʪ ʦʙʥʘʨʫʞʝʥ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʫʛʣʦʚʘʪʳʭ ʟʝʨʝʥ ʨʘʟʤʝʨʘ ʜʦ 

150 ʤʢʤ, ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ. ʈʝʜʣʝʜʞʝʠʪ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 30 ʤʢʤ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʩʚʝʪʣʳʝ 

ʦʚʘʣʴʥʳʝ ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʠʟʤʝʥʝʥʥʦʤ ʭʨʦʤʠʪʝ. 
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ʈɸʄɸʅ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ  

ʇʨʠʩʫʪʩʪʚʠʝ ʠʤʵʥʛʠʪʘ ʠ ʭʦʪʦʨʥʝʠʪʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩ ʧʦʤʦʱʴʶ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʈ-ʩʧʝʢʪʨʳ ʠʤʵʥʛʠʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ 200-1200 ʩʤ-1 (ʈʠʩ. 2). ɺ 

ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʤʵʥʛʠʪʘ ʧʨʠ 5.0 ɻʇʘ ʚʳʜʝʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʥʘ 357-382 

(ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ), 532, 692 ʠ ʥʝʙʦʣʴʰʦʝ ʚʦʟʤʫʱʝʥʠʝ ʥʘ 746 ʩʤ-1, ʚ 

ʩʧʝʢʪʨʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʠʤʵʥʛʠʪʘ ʧʨʠ 3.5 ɻʇʘ ʚʳʜʝʣʷʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʥʘ 354-381 

(ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ), 522, 689 ʠ ʥʝʙʦʣʴʰʦʝ ʚʦʟʤʫʱʝʥʠʝ ʥʘ 750 ʩʤ-1, 

ʢʘʢ ʚʠʜʥʦ, ʩʧʝʢʪʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. ʀʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʥʘ 357, 539 ʠ 689 ʩʤ-1 ʚ 

ʩʧʝʢʪʨʝ ʭʦʪʦʨʥʝʠʪʘ (ʞʝʣʪʘʷ ʧʦʣʦʩʘ ʥʘ ʈʠʩ. 3) ʧʦʣʥʦʩʪʴʶ ʩʦʧʦʩʪʘʚʠʤ rʩ ʧʠʢʘʤʠ ʚ ʩʧʝʢʪʨʘʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʤʵʥʛʠʪʦʚ (ʩʠʥʠʷ ʠ ʦʨʘʥʞʝʚʘʷ ʧʦʣʦʩʳ ʥʘ ʈʠʩ. 3).  
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ʈʠʩ. 3. ʉʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʠʥʪʝʟʠʠʨʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ (ʠʤʵʥʛʠʪʦʚ ʠ ʭʦʪʦʨʥʝʠʪʘ).  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ ʭʨʦʤʠʪʘ ʠ ʨʫʪʠʣʘ, 

ʘ ʪʘʢʞʝ ʭʨʦʤʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ ʩ K ʚʦʜʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʬʣʶʠʜʦʤ (ʨʘʩʧʣʘʚʦʤ) ʧʦʣʫʯʝʥʳ ʧʘʨʳ 

ʬʘʟ ʪʠʪʘʥʘʪʦʚ (ʧʨʘʡʜʝʨʠʪ, ʠʤʵʥʛʠʪ ʠ ʠʤʵʥʛʠʪ, ʤʘʪʠʘʩʠʪ) ï ʤʠʥʝʨʘʣʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ 

ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʵʥʛʠʪʘ, 

ʤʘʪʠʘʩʠʪʘ ʠ K-Cr-ʧʨʘʡʜʝʨʠʪʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʪʠʪʘʥʘʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʥʪʠʡʥʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ ʚʝʨʭʥʝʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ 

ʢʘʣʠʷ (ʉʘʬʦʥʦʚ, ɹʫʪʚʠʥʘ, 2016). ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ Cr- ʩʦʜʝʨʞʘʱʠʭ Ba ʪʠʪʘʥʘʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʚʳʩʦʢʦʭʨʦʤʠʩʪʦʡ ʰʧʠʥʝʣʠ ʠ ʨʫʪʠʣʘ/ʠʣʴʤʝʥʠʪʘ ʩ Ba ʚʦʜʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʬʣʶʠʜʦʤ 

(ʨʘʩʧʣʘʚʦʤ) ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂ-

ɺʘ Cr-ʩʦʜʝʨʞʘʱʠʭ ʪʠʪʘʥʘʪʦʚ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʜʘʚʣʝʥʠʡ ʦʪ 

1.8 ʜʦ 5.0 ɻʇʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʩ ʠʣʴʤʝʥʠʪʦʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʤʠʥʝʨʘʣʳ ʤʘʛʥʝʪʦʧʣʶʤʙʠʪʦʚʦʡ ʛʨʫʧʧʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʪʘʥʘʪʘʤʠ ʛʦʣʣʘʥʜʠʪʦʚʦʡ ʛʨʫʧʧʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠʤʵʥʛʠʪʘ ʠ ʭʦʪʦʨʥʝʠʪʘ. ʇʦʣʫʯʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʠʤʵʥʛʠʪʘ.  
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Abstract. Paper presents the results of an experimental study on the crystallization of Cr-bearing K-Ba-

titanates of the magnetoplumbite group (yimengite and hawthorneite) in the chromite-rutile/ilmenite system 

in the presence of H2O-CO2-KCO3/BaCO3 fluid at pressures of 3.5 and 5.0 GPa and a temperature of 1200 

ÁC, simulating the formation of these phases during metasomatism of the upper mantle peridotites. The 

experiments were carried out using two types of the anvil-with-hole high-pressure devices (IEM RAS), i.e. 

NL-40 (3.5 GPa, 1200 Á C) and toroidal NL-13T (5.0 GPa, 1200 Á C). The experiment showed that yimengite 

and hawthorneite were formed in the entire studied pressure range. In a system with ilmenite, minerals of the 

magnetoplumbite group are preferably crystallized in comparison to titanates of the hollandite group. Raman 

spectra of yimengite and hawthorneite are presented. The structure of the yimengite is refined. 

Keywords: modal mantle metasomatism, magnetopumbite group, hawthorneite-iymengite solid solution 

(HAYI), high-pressure experiment, aqueous-salt fluid 

mailto:butvina@iem.ac.ru


 ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ɺɽʉʕʄʇɻ-2022 

16 

ʋɼʂ 552.11 

 

ʆʂʀʉʃʀʊɽʃʔʅʆ-ɺʆʉʉʊɸʅʆɺʀʊɽʃʔʅʓɽ ʈɽɸʂʎʀʀ ʇʈʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʀ 

ʇɽʈʀɼʆʊʀʊɸ ʉ ʂɸʈɹʆʅɸʊʀɿʀʈʆɺɸʅʅʓʄʀ ʆʉɸɼʂɸʄʀ ʀ ʕʂʃʆɻʀʊɸʄʀ: 

ʕʂʉʇɽʈʀʄɽʅʊʓ ɺ ʉʀʉʊɽʄɽ CaO-MgO-Al 2O3-SiO2-C-O2 

 

ɻʠʨʥʠʩ ɸ.ɺ.1, ɹʫʣʘʪʦʚ ɺ.ʂ.2, ɺʫʜʣʘʥʜ ɸ.3, ɹʨʘʡ ɻ.ʇ.3, ʍʸʬʝʨ ʍ.3 

 
1ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ; 2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ; 3ʋʥʠʚʝʨʩʠʪʝʪ ɻʝʪʝ, ʌʨʘʥʢʬʫʨʪ ʥʘ ʄʘʡʥʝ, 

ɻʝʨʤʘʥʠʷ 

 girnis@igem.ru; v.bulatov@bk.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ, ʟʘʜʘʚʘʝʤʘʷ 

ʤʠʥʝʨʘʣʘʤʠ ʧʝʨʠʜʦʪʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʟʥʘʯʝʥʠʷ, ʙʫʬʝʨʠʨʫʝʤʳʝ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʤʝʪʘʦʩʘʜʢʘʤʠ ʠʣʠ ʵʢʣʦʛʠʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ ʞʝʣʝʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʬʦʨʩʪʝʨʠʪʘ (çʧʝʨʠʜʦʪʠʪʘè) ʩʦ ʩʤʝʩʷʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʘʦʩʘʜʢʠ ʠ ʵʢʣʦʛʠʪʳ ʧʨʠ 10 ɻʇʘ ʠ 1200ï1500ÁC. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʥʦʩʘ ʢʘʪʠʦʥʦʚ ʩʤʝʩʠ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʛʨʘʬʠʪʦʚʳʤ ʜʠʩʢʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʣʦ ʢ ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ 

ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʶ ʚ ʤʝʪʘʦʩʘʜʢʝ ʠ ʨʘʩʪʚʦʨʝʥʠ ʁʛʨʘʬʠʪʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʬʦʨʩʪʝʨʠʪʦʤ. ʅʘʙʣʶʜʘʣʘʩʴ 

ʪʘʢʞʝ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʬʦʨʩʪʝʨʠʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʦʢʦʣʦ ʛʨʘʬʠʪʦʚʦʛʦ 

ʜʠʩʢʘ. ʉʦʧʨʷʞʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʢʦʥʪʘʢʪʝ 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʤʝʪʘʦʩʘʜʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʜʠʬʬʫʟʠʝʡ ʢʠʩʣʦʨʦʜʘ ʚʜʦʣʴ ʤʝʞʟʝʨʥʦʚʳʭ ʢʘʥʘʣʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʣʝʨʮʦʣʠʪʘ ʠ 

ʘʣʤʘʟʩʦʜʝʨʞʘʱʝʛʦ ʵʢʣʦʛʠʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ FeïNi 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʟʘʩʪʳʚʘʥʠʷ (redox 

freezing) ʠ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʛʘʪʳʭ ʘʣʤʘʟʦʤ ʵʢʣʦʛʠʪʦʚ ʠ ʨʝʜʢʦʩʪʴ ʘʣʤʘʟʦʚ ʚ 

ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʘʭ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʵʢʩʧʝʨʠʤʝʥʪ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ, ʢʘʨʙʦʥʘʪ, ʘʣʤʘʟ  

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ 

ʢʠʩʣʦʨʦʜʘ ʚ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʘʭ, ʚʧʣʦʪʴ ʜʦ ʚʳʜʝʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ (Ballhaus, 

1995). ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʘʪʚʝʨʜʝʚʘʥʠʶ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ 

ʠʟʚʝʩʪʝʥ ʢʘʢ Redox Freezing (Rohrbach, Schmidt, 2011) ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʩʪʦ 

ʧʨʠʚʣʝʢʘʝʪʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. FeïNi ʩʫʣʴʬʠʜʳ ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (Jacob et al., 2016). ʄʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʝʪʘʣʣʘ 

ʠʣʠ ʩʫʣʴʬʠʜʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʣʘʚʣʝʥʠʝʤ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʝʤ, ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ Fe.  

ʃʫʪ (Luth, 1993, 1999) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ fO2, ʙʫʬʝʨʠʨʫʝʤʦʝ 

ʨʝʘʢʮʠʝʡ EMOD, 

Mg2SiO4 (oʣʠʚʠʥ) + C (ʘʣʤʘʟ) + O2 = MgSiO3 (ʧʠʨʦʢʩʝʥ) + MgCO3 (ʤʘʛʥʝʟʠʪ) (1) 

ʤʝʥʴʰʝ, ʯʝʤ ʟʥʘʯʝʥʠʝ fO2, ʟʘʜʘʚʘʝʤʦʝ ʨʝʘʢʮʠʝʡ 

CaMgSi2O6 (ʧʠʨʦʢʩʝʥ) + 2C (ʘʣʤʘʟ) + 2O2 = CaMg(CO3)2 (ʜʦʣʦʤʠʪ) + 2SiO2. (2)  

ʈʝʘʢʮʠʷ (2) ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʢʠʩʣʦʨʦʜʘ ʚ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʤ ʵʢʣʦʛʠʪʝ. ʃʫʪ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʝʟʫʛʣʝʨʦʜʠʩʪʳʭ ʤʘʥʪʠʡʥʳʭ 

ʧʝʨʠʜʦʪʠʪʦʚ ʩ ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʵʢʣʦʛʠʪʘʤʠ ʠ ʧʠʨʦʢʩʝʥʠʪʘʤʠ. ʈʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʍʦʣʣʘʥʜʘ ʠ ʇʘʫʵʣʣʘ (Holland, Powell, 2011) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʤʝʪʘʦʩʘʜʢʘʭ ʠ ʤʝʪʘʙʘʟʠʪʘʭ 
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ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʡ ʫʨʦʚʝʥʴ EMOD, 

ʠ ʵʪʦ ʨʘʟʣʠʯʠʝ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ (ʈʠʩ.1). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʧʨʦʪʝʢʘʪʴ ʤʝʞʜʫ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʧʝʨʠʜʦʪʠʪʘʤʠ ʠ ʤʝʪʘʦʩʘʜʢʘʤʠ ʠʣʠ ʵʢʣʦʛʠʪʘʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ ʚ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʤʝʪʘʦʩʘʜʢʘ ʠʣʠ ʵʢʣʦʛʠʪʘ, ʩʦʧʨʷʞʝʥʥʘʷ ʩ ʢʘʨʙʦʥʘʪʠʟʘʮʠʝʡ ʧʝʨʠʜʦʪʠʪʘ. 

ɸʣʤʘʟ ʠʣʠ ʛʨʘʬʠʪ ʙʫʜʝʪ ʨʘʩʪʠ ʚ ʤʝʪʘʦʩʘʜʢʝ ʠʣʠ ʵʢʣʦʛʠʪʝ ʠ ʦʢʠʩʣʷʪʴʩʷ ʚ ʧʝʨʠʜʦʪʠʪʝ. ɽʩʣʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ PïT ʫʩʣʦʚʠʷ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʦʩʘʜʢʘ ʠʣʠ ʵʢʣʦʛʠʪʘ, ʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʠ ʟʘʩʪʳʚʘʥʠʶ ʨʘʩʧʣʘʚʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʠʜʫʩʘ 

ʧʝʨʠʜʦʪʠʪʘ, ʯʪʦ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʝʛʦ ʯʘʩʪʠʯʥʦʤʫ ʧʣʘʚʣʝʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʝʥ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʟʘʩʪʳʚʘʥʠʷ/ʧʣʘʚʣʝʥʠʷ, ʥʝ 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʳ 

ʧʨʦʚʝʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ ʥʘ ʢʦʥʪʘʢʪʝ ʤʦʜʝʣʴʥʳʭ ʧʝʨʠʜʦʪʠʪʘ, ʤʝʪʘʦʩʘʜʢʘ ʠ ʵʢʣʦʛʠʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʦʥʘʪʦʚ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʩʦʝʜʠʥʝʥʠʡ Fe0, Fe2+ ʠ Fe3+, ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ Fe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʚʥʦʚʝʩʥʦʡ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʤʦʜʝʣʴʥʳʭ ʧʝʨʠʜʦʪʠʪʘ, ʤʝʪʘʦʩʘʜʢʘ ʠ ʵʢʣʦʛʠʪʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʍʦʣʣʘʥʜʘ ʠ ʇʘʫʵʣʣʘ (Holland, Powell, 2011) ʜʣʷ ʜʘʚʣʝʥʠʡ 10 ʠ 5 ɻʇʘ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʩʠʩʪʝʤʝ CaOïMgOïAl 2O3ïSiO2ïCïO2. ɺ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʴʥʦʛʦ ʧʝʨʠʜʦʪʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʩʪʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʬʦʨʩʪʝʨʠʪ. ʄʦʜʝʣʴʥʳʝ 

ʤʝʪʘʦʩʘʜʢʠ ʠ ʵʢʣʦʛʠʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʩʷʤʠ ʧʨʠʨʦʜʥʳʭ ʢʘʨʙʦʥʘʪʦʚ (CaCO3 ʠ 

MgCO3) ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ SiO2 ʠ Al2O3. ʉʦʩʪʘʚʳ ʤʦʜʝʣʴʥʳʭ ʤʝʪʘʦʩʘʜʢʦʚ ʠ ʵʢʣʦʛʠʪʦʚ 

ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʘʩʩʦʮʠʘʮʠʷ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʧʦʪʝʥʮʠʘʣ ʢʠʩʣʦʨʦʜʘ. ɼʣʷ ʤʝʪʘʦʩʘʜʢʘ ʪʘʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʷʚʣʷʝʪʩʷ 

ʩʪʠʰʦʚʠʪ + ʢʠʘʥʠʪ + ʛʨʦʩʩʫʣʷʨ + ʘʨʘʛʦʥʠʪ (ʈʠʩ. 1). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʝʣʴʥʳʡ ʤʝʪʘʦʩʘʜʦʢ 

ʛʦʪʦʚʠʣʩʷ ʠʟ CaCO3, SiO2 ʠ Al 2O3. ɺ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʤ ʤʝʪʘʙʘʟʠʪʝ ʚʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ 

ʨʘʚʥʦʚʝʩʠʡ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʩʪʝʡʰʝʝ ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʘʢʮʠʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ MgSiO3 (ʈʠʩ. 1). ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʤʝʩʴ 

MgCO3 ʠ SiO2. ɼʣ̫ ʦʮʝʥʢʠ ʨʦʣʠ ʜʨʫʛʠʭ ʨʝʘʢʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʛʨʘʥʘʪ ʠ ʜʦʣʦʤʠʪ, ʙʳʣʠ 
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ʧʨʠʛʦʪʦʚʣʝʥʳ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʵʢʣʦʛʠʪʦʚʳʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʞʝ Al 2O3 ʠ CaCO3. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (Bulatov et al., 2014; Woodland et al., 2018), 

ʠʩʭʦʜʥʳʝ ʩʤʝʩʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʛʨʘʬʠʪʦʚʳʤ ʜʠʩʢʦʤ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʝʨʝʥʦʩʘ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, MgO ʠ SiO2). ɻʨʘʬʠʪ ʪʘʢʞʝ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ. ɼʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʚʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʧʦʵʪʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʜʥʦʤ 

ʜʘʚʣʝʥʠʠ 10 ɻʇʘ ʚ ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ.  

ʀʩʭʦʜʥʳʝ ʩʤʝʩʠ ʟʘʛʨʫʞʘʣʠ ʚ ʧʣʘʪʠʥʦʚʳʝ ʢʘʧʩʫʣʳ (1.6 ʤʤ ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ, ʜʣʠʥʘ 

1.5ï2.0 ʤʤ) ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩʥʠʟʫ-ʚʚʝʨʭ): ʤʝʪʘʦʩʘʜʦʢ ʠʣʠ ʵʢʣʦʛʠʪ, 

ʛʨʘʬʠʪʦʚʳʡ ʜʠʩʢ ʪʦʣʱʠʥʦʡ ~0.6 ʤʤ, ʬʦʨʩʪʝʨʠʪ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ 

ʠʤ. ɻʝʪʝ (ʌʨʘʥʢʬʫʨʪ-ʥʘ-ʄʘʡʥʝ, ɻʝʨʤʘʥʠʷ) ʥʘ ʤʥʦʛʦʧʫʘʥʩʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʷʯʝʡʢʠ ʄ-14, ʩʦʩʪʦʷʱʝʡ ʠʟ 95% MgO + 5% Cr2O3 ʦʢʪʘʵʜʨʦʚ, ZrO2 ʚʪʫʣʦʢ, ʥʘʛʨʝʚʘʪʝʣʷ ʠʟ Re 

ʬʦʣʴʛʠ ʠ MgO ʚʪʫʣʢʠ ʚʦʢʨʫʛ ʦʙʨʘʟʮʘ. ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʨʘʥʝʝ (Brey 

et al., 2008). ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 1/4 ʜʦ 72 ʯʘʩʦʚ. ʇʨʦʜʫʢʪʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Jeol JXA-8530F Plus Hyper Probe. ɸʣʤʘʟʳ ʚ 

ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE) 

ʠ ʢʘʪʦʜʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (CL) (Girnis et al., 2018).  

ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʦʧʳʪʝ ʄ805 ʧʨʠ 1200Áʉ ʚ ʧʣʘʪʠʥʦʚʫʶ ʢʘʧʩʫʣʫ ʟʘʛʨʫʟʠʣʠ ʪʦʣʴʢʦ 

ʤʝʪʘʦʩʘʜʦʢ ʠ ʛʨʘʬʠʪʦʚʳʡ ʜʠʩʢ (ʈʠʩ. 2ʘ). ɿʘ 24 ʯʘʩʘ ʠʩʭʦʜʥʘʷ ʩʤʝʩʴ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʚ 

ʘʩʩʦʮʠʘʮʠʶ ʛʨʘʥʘʪ + ʢʠʘʥʠʪ + ʩʪʠʰʦʚʠʪ + ʘʨʘʛʦʥʠʪ. ʇʨʦʧʦʨʮʠʠ ʬʘʟ ʠ ʚʝʣʠʯʠʥʳ ʟʝʨʝʥ 

ʚʘʨʴʠʨʦʚʘʣʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʛʨʘʜʠʝʥʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʪʘʦʩʘʜʢʦʤ ʠ ʛʨʘʬʠʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ ʘʨʘʛʦʥʠʪʘ ʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʪʘʙʠʣʴʥʘ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʂʦʥʬʠʛʫʨʘʮʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. (ʘ) ʂʦʥʪʨʦʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʄ805, 10 

ɻʇʘ, 1200Áʉ, 24 ʯʘʩʘ) ʩ ʦʩʘʜʦʯʥʦʡ ʩʤʝʩʴʶ (SiO2ïAl2O3ïCaCO3) ʠ ʛʨʘʬʠʪʦʤ ʚ Pt ʢʘʧʩʫʣʝ. 

ʇʨʦʜʫʢʪ ʦʧʳʪʘ ï ʘʛʨʝʛʘʪ ʘʨʘʛʦʥʠʪʘ, ʢʠʘʥʠʪʘ, ʛʨʘʥʘʪʘ ʠ ʩʪʠʰʦʚʠʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʛʨʘʬʠʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. (ʙ) ʕʢʩʧʝʨʠʤʝʥʪ (ʄ797, 10 ɻʇʘ, 1500Áʉ, 1 ʯʘʩ) ʩ ʦʩʘʜʦʯʥʦʡ 

ʩʤʝʩʴʶ, ʛʨʘʬʠʪʦʚʳʤ ʜʠʩʢʦʤ ʠ ʬʦʨʩʪʝʨʠʪʦʤ (ʤʦʜʝʣʴʥʳʡ ʧʝʨʠʜʦʪʠʪ). ʂʦʣʠʯʝʩʪʚʦ ʘʨʘʛʦʥʠʪʘ ʚ 

ʦʩʘʜʦʯʥʦʡ ʩʤʝʩʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. ɺ ʧʝʨʠʜʦʪʠʪʦʚʦʤ 

ʩʣʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʦʛʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚʙʣʠʟʠ ʛʨʘʬʠʪʦʚʦʛʦ 

ʜʠʩʢʘ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʦʣʠʚʠʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʢʘʣʴʮʠʝʚʦʛʦ ʧʠʨʦʢʩʝʥʘ ʠ ʤʘʛʥʝʟʠʪʘ ʥʘ 

ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʘʬʠʪʘ. ʅʘ ʢʦʥʪʘʢʪʝ ʩ ʦʩʘʜʦʯʥʦʡ ʩʤʝʩʴʶ ʛʨʘʬʠʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʩʣʦʡ 

ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʘʣʤʘʟʘ. 

 

ɼʦʙʘʚʣʝʥʠʝ ʬʦʨʩʪʝʨʠʪʘ, ʦʪʜʝʣʝʥʥʦʛʦ ʛʨʘʬʠʪʦʚʳʤ ʜʠʩʢʦʤ, ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ 

ʬʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʠʥʠʮʠʠʨʫʝʪ ʨʷʜ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʘʢʮʠʡ. ɺ ʥʘʯʘʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʬʦʨʩʪʝʨʠʪʦʚʦʤ ʩʣʦʝ ʧʦʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʛʥʝʟʠʪʘ ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʦʛʦ 

ʧʠʨʦʢʩʝʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʢʘʨʙʦʥʘʪ ʠʩʯʝʟʘʝʪ ʚ ʪʦʥʢʦʡ ʟʦʥʝ ʤʝʪʘʦʩʘʜʢʘ, ʧʨʠʤʳʢʘʶʱʝʡ ʢ 



ʌʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʈʊ ʧʘʨʘʤʝʪʨʘʭ 

19 

ʛʨʘʬʠʪʦʚʦʤʫ ʜʠʩʢʫ. ɿʦʥʳ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʜʝʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʨʘʩʰʠʨʷʶʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʟʦʥʘ ʩ ʦʣʠʚʠʥʦʤ, ʥʠʟʢʦ-

ʢʘʣʴʮʠʝʚʳʤ ʧʠʨʦʢʩʝʥʦʤ, ʤʘʛʥʝʟʠʪʦʤ ʛʨʘʥʘʪʦʤ ʠ ʚʳʩʦʢʦ-ʢʘʣʴʮʠʝʚʳʤ ʧʠʨʦʢʩʝʥʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʜʥʝ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʩʣʦʷ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʧʣʘʪʠʥʦʚʦʡ ʢʘʧʩʫʣʳ (ʈʠʩ. 2). 

ʅʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʚ ʤʝʪʘʦʩʘʜʦʯʥʦʡ ʟʦʥʝ ʥʘ ʜʥʝ ʠ ʫ ʩʪʝʥʢʠ ʧʣʘʪʠʥʦʚʦʡ 

ʢʘʧʩʫʣʳ. ɻʨʘʬʠʪ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʤʝʪʘʦʩʘʜʦʯʥʦʡ ʩʤʝʩʴʶ ʟʘʤʝʱʘʝʪʩʷ ʘʣʤʘʟʦʤ ʚ ʚʠʜʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʩʣʦʷ (ʈʠʩ. 2). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʵʢʣʦʛʠʪʦʚʳʤʠ ʠʩʭʦʜʥʳʤʠ 

ʩʤʝʩʷʤʠ (ʤʘʛʥʝʟʠʪ + SiO2, ʤʘʛʥʝʟʠʪ + SiO2 + Al 2O3 ʠ ʢʘʣʴʮʠʪ + MgO + SiO2 + Al 2O3) 

ʧʨʦʪʝʢʘʶʪ ʩʭʦʜʥʳʝ ʨʝʘʢʮʠʠ, ʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʳʯʥʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ, ʯʝʤ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʦʩʘʜʦʯʥʦʡ ʩʤʝʩʴʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʧʝʨʠʜʦʪʠʪʝ ʠ ʤʝʪʘʦʩʘʜʢʝ (ʵʢʣʦʛʠʪʝ): Mg2SiO4 + C + O2=MgSiO3 

+ MgCO3 ʠ CaCO3 + 1/3Al 2SiO5 + 2/3SiO2 = 1/3Ca3Al 2Si3O12 + C + O2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ, ʚʳʜʝʣʷʶʱʠʡʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʘʨʘʛʦʥʠʪʘ ʚ ʤʝʪʘʦʩʘʜʦʯʥʦʡ ʩʤʝʩʠ, 

ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʝʨʠʜʦʪʠʪʘ. ʪʝʧʝʥʴ 

ʧʨʦʪʝʢʘʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʜʠʬʬʫʟʠʝʡ ʢʠʩʣʦʨʦʜʘ ʚʜʦʣʴ ʤʝʞʟʝʨʥʦʚʳʭ 

ʢʘʥʘʣʦʚ, ʟʘʧʦʣʥʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ 

ʧʝʨʝʥʦʩ ʦʩʥʦʚʥʳʭ ʢʘʪʠʦʥʦʚ (ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʥʦʩʦʤ ʢʠʩʣʦʨʦʜʘ) ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʣʝʨʮʦʣʠʪʘ ʠ ʘʣʤʘʟʩʦʜʝʨʞʘʱʝʡ ʵʢʣʦʛʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. ʊʦʪ ʞʝ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʚ ʧʨʠʨʦʜʝ, ʥʘ ʢʦʥʪʘʢʪʝ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʘʦʩʘʜʢʘ ʠʣʠ ʵʢʣʦʛʠʪʘ ʩ ʧʝʨʠʜʦʪʠʪʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ FeïNi ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠ ʦʙʲʷʩʥʷʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʛʘʪʳʭ ʘʣʤʘʟʦʤ ʵʢʣʦʛʠʪʦʚ ʠ ʨʝʜʢʦʩʪʴ ʘʣʤʘʟʦʚ ʚ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʘʭ.   
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Abstract. Calculations show that fO2 in C-bearing peridotite is lower than that buffered by the minerals of 

metasediments or eclogites. Hence, redox interaction can occur between C-bearing peridotite and 

metasediment even in a Fe-free system. We report experiments on interaction of forsterite (peridotite proxy) 

with mixtures simulating carbonated metasediment and eclogite at 10 GPa and 1200ï1500ÁC. To minimize 

cation transport, the mixtures were separated with graphite. The interaction resulted in decarbonation of the 

metasediment (eclogite) and diamond formation. Graphite dissolved in contact with forsterite, where 

metasomatic zoning developed. These observations suggest that coupled redox reactions occur in the 

peridotite and metasediment (eclogite) layers owing to oxygen diffusion along intergranular channels. 

Subsequently, major cation transport produced carbonated lherzolite and diamond-bearing eclogite. Thus, 

FeïNi metal is not necessary for redox freezing. Our results provide an explanation for the formation of 

diamond-rich eclogites and scarcity of diamonds in peridotite xenoliths. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʧʣʘʚʣʝʥʠʠ ʛʨʘʬʠʪ-ʥʘʩʳʱʝʥʥʦʡ ʩʠʩʪʝʤʳ FeïSïC ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠ ʈ = 4 ɻʇʘ, T=1400Áʉ ʞʠʜʢʠʝ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʤʝʩʠʤʳʤʠ FeïS (Ms) ʠ Feï

C (Mc) ʨʘʩʧʣʘʚʘʤʠ, ʜʘʶʱʠʤʠ ʧʨʠ ʟʘʢʘʣʢʝ Fe-ʩʫʣʴʬʠʜʥʫʶ ʤʘʪʨʠʮʫ ʩ ʚʢʣʶʯʝʥʠʷʤʠ Fe-C ʛʣʦʙʫʣʴ, 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩ ʨʝʣʠʢʪʘʤʠ ʠʩʭʦʜʥʦʛʦ Re ʠ ʤʥʦʛʦʬʘʟʥʳʤ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʨʝʩʪʠʪʦʤ. Re 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ Mc ʨʘʩʧʣʘʚʝ, ʩ DMc/Ms ~ 10. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ Re ʚ Mʩ > 11 

ʤʘʩ.% ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʩʳʱʝʥʠʝ Mʩ ʨʘʩʧʣʘʚʘ Re ʩ ʚʳʧʘʜʝʥʠʝʤ Fe-Re ʬʘʟʳ ʩʦʜʝʨʞʘʚʰʝʡ ʜʦ 25 ʤʘʩ.% 

Re. ʈʝʣʠʢʪʳ ʠʩʭʦʜʥʦʛʦ ʨʝʥʠʷ ʚ Ms ʨʘʩʧʣʘʚʝ Fe-Re ʩʦʩʪʘʚʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ Fe ʬʘʟʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Fe-2 Ms ʨʝʥʠʝʤ ʚ ʭʦʜʝ red-ox ʨʝʘʢʮʠʠ ʧʦ ʩʭʝʤʝ: 

FeS (Ms) + Re = Fe + ReS (Ms) ʠʣʠ +2Fe (Ms) + 2e = 0Fe (Mʩ), 0Re (ʄʩ) ï 2e = +2Re (Ms). ʅʘʙʣʶʜʘʝʪʩʷ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ Re ʦʪʥʦʩʠʪʝʣʴʥʦ Os ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʞʜʫ Mc-Ms ʨʘʩʧʣʘʚʘʤʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Kd Re/Os (Mc-Ms) ~ 9. ʕʪʦʪ ʵʬʬʝʢʪ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʱʝʥʠʶ 

Re/Os ʦʪʥʦʰʝʥʠʷ ʠ ʩʠʩʪʝʤʳ Re-Os ʠʟʦʪʦʧʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ɓ-ʨʘʩʧʘʜʝ 187Re ʜʦ 187Os ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩ 

Mc-Ms ʨʘʩʩʣʦʝʥʠʝʤ. 
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ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʨʘʥʥʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ, ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʝʪʝʦʨʠʪʦʚ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʞʝʣʝʟʦïʩʫʣʴʬʠʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ (ʣʠʢʚʘʮʠʷ) ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ Feïʤʝʪʘʣʣʠʯʝʩʢʠʡ 

(Mc) ʠ Feïʩʫʣʴʬʠʜʥʳʡ (Ms) ʨʘʩʧʣʘʚʳ, ʥʝʩʤʝʩʠʤʳʭ ʩ ʩʠʣʠʢʘʪʥʳʤʠ.  ʈʘʥʝʝ, ʠʩʭʦʜʷ ʠʟ 

ʤʦʜʝʣʝʡ ʛʦʤʦʛʝʥʥʦʡ ʘʢʢʨʝʮʠʠ ɿʝʤʣʠ ʠ ʫʜʘʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʝʝ ʚʝʱʝʩʪʚʘ, ʨʘʥʥʷʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Fe ʷʜʨʘ ʠ ʩʠʣʠʢʘʪʥʦʡ ʤʘʥʪʠʠ ʙʳʣʘ 

ʩʚʷʟʘʥʘ ʩ ʦʪʜʝʣʝʥʠʝʤ ʨʘʩʧʣʘʚʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʦʪ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʉʦʨʦʭʪʠʥ, 

ʋʰʘʢʦʚ, 1991; Halliday, Wood, 2009). ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʷʜʨʘ ʩʦʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦ-ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (HSE) ʚ 

ʤʘʥʪʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʦʥʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʙʳʪʴ, ʠʩʭʦʜʷ ʠʟ ʨʘʚʥʦʚʝʩʠʷ 

ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʩ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʧʨʠ ʝʛʦ ʩʝʧʘʨʘʮʠʠ (Li , Agee, 1996). 

ʄʝʞʜʫ ʪʝʤ ʠʩʭʦʜʷ ʠʟ ʭʦʥʜʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʚʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ, 

ʙʣʠʟʢʠʭ ʧʦ ʩʦʩʪʘʚʫ ʢ ʫʛʣʠʩʪʳʤ ʭʦʥʜʨʠʪʘʤ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 15 ʤʘʩ.% Fe-FeS (Mc Donougf, 

Sun, 1995), ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʦʮʝʩʩʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ Fe-S-C c ʥʝʩʤʝʩʠʤʦʩʪʴʶ ʤʝʞʜʫ Mc ʠ Ms 

ʨʘʩʧʣʘʚʘʤʠ.  

ʌʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ Fe-S-ʉ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʛʝʥʝʟʠʩʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ FeC-FeS ʣʠʢʚʘʮʠʠ ʧʨʠ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʳʪʝʢʘʝʪ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ (ɻʦʨʙʘʯʝʚ ʠ ʜʨ., 2021). 

ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʨʫʜʦʥʦʩʥʳʝ ʠʥʪʨʫʟʠʠ ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʧʨʦʨʳʚʘʣʠ 

ʤʦʱʥʳʡ, ʜʦ 15 ʢʤ, ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʯʝʭʦʣ, ʤʥʦʛʠʝ ʧʦʨʦʜʳ ʢʦʪʦʨʦʛʦ ʦʙʦʛʘʱʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʩʝʨʦʡ, ʥʦ ʠ ʫʛʣʝʨʦʜʦʤ, (ʫʛʣʠʩʪʦʝ ʚʝʱʝʩʪʚʦ, ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ). ɽʩʣʠ ʚʦʟʤʦʞʥʘ 

ʘʩʩʠʤʠʣʷʮʠ ̫ʨʘʩʧʣʘʚʘʤʠ ʨʫʜʦʥʦʩʥʳʭ ʠʥʪʨʫʟʠʡ ʩʝʨʳ ʠʟ ʧʦʨʦʜ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʯʝʭʣʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ (ŭS34 + 8-12ă), ʪʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʘ, 
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ʝʩʣʠ ʥʝ ʥʝʠʟʙʝʞʥʘ ʠ ʘʩʩʠʤʠʣʷʮʠʷ ʫʛʣʝʨʦʜʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ - FeC-FeS ʣʠʢʚʘʮʠʷ ʩʫʣʴʬʠʜʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʧʨʠ ʢʦʥʪʘʤʠʥʘʮʠʠ ʫʛʣʝʨʦʜʦʤ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʧʦʚʝʜʝʥʠʷ 

ʨʝʥʠʷ, ʦʩʤʠʷ ʠ ʧʣʘʪʠʥʳ ʚ ʩʠʩʪʝʤʝ ʙʘʟʘʣʴʪ-FeS-Fe-C ʚ ʧʨʠ 4 ɻʇʘ, 1400Áʉ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʕʄ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ ʅʃ-40 ʧʦ ʤʥʦʛʦʘʤʧʫʣʴʥʦʡ 

ʟʘʢʘʣʦʯʥʦʡ ʤʝʪʦʜʠʢʝ (Gorbachev, 1990). ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ Pt30Rh/Pt6/Rh ʪʝʨʤʦʧʘʨʦʡ, 

ʜʘʚʣʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʣʠʙʨʦʚʘʣʦʩʴ ʧʦ ʨʘʚʥʦʚʝʩʠʶ ʢʚʘʨʮïʢʦʵʩʠʪ. ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ Ñ 10ÜC ʠ Ñ 1 ʢʙʘʨ (ʃʠʪʚʠʥ, 1991). 

ʀʩʭʦʜʥʘʷ ʥʘʚʝʩʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʠʣʠʢʘʪʥʦʡ (ʩʪʝʢʣʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʙʘʟʘʣʴʪʘ) ʠ ʨʫʜʥʦʡ 

(ʧʠʨʨʦʪʠʥ ï 58 ʤʘʩ.%, Fe ï 36 ʤʘʩ.%, ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʤʘʨʢʠ ʇ-803 ï 6 ʤʘʩ.%) 

ʬʨʘʢʮʠʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Re, Os ʠ Pt.  

ɿʘʢʘʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʩʪʦʷʣ ʠʟ ʩʠʣʠʢʘʪʥʦʡ ʠ ʨʫʜʥʦʡ ʯʘʩʪʝʡ. ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ 

ʧʨʦʜʫʢʪʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʙʘʟʘʣʴʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʨʝʩʪʠʪʦʤ Grt-

Cpx ʩʦʩʪʘʚʘ ʠ ʩʠʣʠʢʘʪʥʳʤ ʩʪʝʢʣʦʤ ʬʝʨʨʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʠʜʝ ʤʝʞʟʝʨʥʦʚʳʭ ʧʣʝʥʦʢ 

ʤʝʞʜʫ Grt ʠ Cpx ʠ ʤʘʩʩʠʚʥʳʭ ʚʳʜʝʣʝʥʠʡ ʩʨʝʜʠ ʩʫʣʴʬʠʜʦʚ ʧʨʠ ʠʥʲʝʢʮʠʠ ʩʠʣʠʢʘʪʥʦʛʦ 

ʨʘʩʧʣʘʚʘ. ɻʨʘʥʘʪ alm60ïpyr20ïgros20 ʩʦʩʪʘʚʘ, ʍMg = 0.42, XCa = 0.23, ʩʦʜʝʨʞʠʪ Ò 1 ʤʘʩ.% TiO2 ʠ 

Cr2O3. ʂʣʠʥʦʧʠʨʦʢʩʝʥ ʜʠʦʧʩʠʜ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (Ca0,6Mg0,5Fe0,4)(Al0,3Na0,1)Si2O6 

ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ ʬʝʨʨʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʈʫʜʥʘʷ ʯʘʩʪʴ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʟ ʠʩʭʦʜʥʦʡ ʨʫʜʥʦʡ ʬʨʘʢʮʠʠ, ʧʨʝʪʝʨʧʝʚʰʝʡ ʯʘʩʪʠʯʥʦʝ 

ʧʣʘʚʣʝʥʠʝ. ʈʝʩʪʠʪ ʦʙʨʘʟʫʝʪ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʟʘʢʘʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʣʝʛʢʦʧʣʘʚʢʘʷ ʚʳʧʣʘʚʢʘ ï ʩʫʣʴʬʠʜʥʳʡ ʨʘʩʧʣʘʚ, ʦʪʜʝʣʠʚʰʠʡʩʷ ʦʪ ʨʝʩʪʠʪʘ, ʧʨʠ ʟʘʢʘʣʢʝ 

ʦʙʨʘʟʫʝʪ ʧʨʦʩʣʦʠ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʦʚ (ʊʘʙʣʠʮʘ 1, ʈʠʩ. 1).  
 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʣʴʬʠʜʥʳʭ ʬʘʟ ʚ ʨʫʜʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ 

ʌʘʟʘ S Fe Ni Co Re Os Pt 

ʄʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʩʪʠʪʦʚʘʷ ʤʘʪʨʠʮʘ 

1 27.04 Ñ 1.04 71.67 Ñ 1.22 0.43 Ñ 0.14 0.77 Ñ 0.11 - 0.77 Ñ 0.41 0.67 Ñ 0.38 

2 33.97 Ñ 2.75 62.51 Ñ 3.03 0.22 Ñ 0.12 - - - - 

3 - 88.01 Ñ 1.61 - - 8.88 Ñ 1.49 - - 

4 - 32.57 Ñ 4.59 0.13 Ñ 0.06 - 65.92 Ñ 4.69 1.80 Ñ 0.37 - 

5 - 86.19 Ñ 1.35 0.39 Ñ 0.25 - 11.58 Ñ 2.26 - - 

ʄʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʳ 

6 26.68 Ñ 0.56 72.18 Ñ 0.80 0.40 Ñ 0.12 0.80 Ñ 0.18 0.79 Ñ 0.45 0.36 Ñ 0.06 0.63 Ñ 0.10 

7 10.80 Ñ 3.69 88.34 Ñ 3.38 0.49 Ñ 0.08 - 0.47 Ñ 0.21 Ò 0.17 0.17 Ñ 0.04 

8 1.45 Ñ 0.49 88.18 Ñ 1.69 0.37 Ñ 0.15 1.28 Ñ 0.16 9.96 Ñ 1.49 0.54 Ñ 0.16 0.39 Ñ 0.22 

9 0.89 Ñ 0.08 84.74 Ñ 1.44 0.47 Ñ 0.12 - 11.60 Ñ 1.48 1.92 Ñ 0.54 0.65 Ñ 0.10 

10 0.10 Ñ 0.06 71.69 Ñ 0.83 0.29 Ñ 0.13 - 27.25 Ñ 0.76 0.96 Ñ 0.35 Ò 0.10 

11 1.01 0.63 90.34 Ñ 1.20 0.39 Ñ 0.08 - 8.01 Ñ 1.20 0.31 Ñ 0.07 Ò 0.10 

ʈʝʣʠʢʪʳ ʨʝʥʠʷ ʚ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʘʭ 

12 - 32.57 Ñ 4.59 0.13 Ñ 0.06 - 65.92 Ñ 4.69 1.80 Ñ 0.37 - 

13 1.42 Ñ 0.85 88.73 Ñ 1.69 0.36 Ñ 0.20 - 8.86 Ñ 1.99 - - 

ʇʨʠʤʝʯʘʥʠʝ: ʄʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʩʪʠʪʦʚʘʷ ʤʘʪʨʠʮʘ: 1 ï ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ; 2 ï ʩʫʣʴʬʠʜʳ; 3 ï Fe-

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ; 4 ï ʨʝʣʠʢʪʳ ʨʝʥʠʷ; 5 ï Fe-ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʨʝʣʠʢʪʘʤʠ ʨʝʥʠʷ. ʄʘʩʩʠʚʥʳʝ 

ʩʫʣʴʬʠʜʳ: 6 ï ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ; 7 ï ʟʘʢʘʣʦʯʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ; 8 ï ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʛʣʦʙʫʣʴ ʙʝʟ ʚʢʣʶʯʝʥʠʡ; 9 ïʚʘʣʦʚʳʡ ʩʦʩʪʘʚ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʣʦʙʫʣʴ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʨʝʥʠʝʚʦʡ ʬʘʟʳ;  

10 ï ʚʢʣʶʯʝʥʠʷ ʨʝʥʠʝʚʦʡ ʬʘʟʳ ʚ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʣʦʙʫʣʷʭ; 11 ï ʤʘʪʨʠʮʘ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʣʦʙʫʣʴ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʨʝʥʠʝʚʦʡ ʬʘʟʳ. ʈʝʣʠʢʪʳ ʨʝʥʠʷ ʚ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʘʭ: 12 ï ʨʝʣʠʢʪʳ ʨʝʥʠʷ; 13 ï Fe-

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʨʝʣʠʢʪʘʤʠ ʨʝʥʠʷ. 
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 çʄʠʥʝʨʘʣʴʥʳʡ ʭʘʦʩè ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ 

ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʤʠʢʨʦʥʥʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʩʫʣʴʬʠʜʥʦʛʦ, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ 

ʨʝʣʠʢʪʦʚ ʨʝʥʠʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ. 

ɺʘʣʦʚʳʡ ʩʦʩʪʘʚ: Fe ï 72 ʤʘʩ.% ʠ S ï 27 ʤʘʩ.%, 

ʩʦʜʝʨʞʘʥʠʷ Ni, Co, Re, Os, Pt 0,4ï0,8 ʤʘʩ.%.  

ʄʘʪʨʠʮʘ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʦʚ ʩʦʜʝʨʞʠʪ 

ʚʢʣʶʯʝʥʠʷ ʛʣʦʙʫʣʝʡ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, 

ʦʜʥʦʬʘʟʥʳʭ, ʙʝʟ ʚʢʣʶʯʝʥʠʡ ʠ ʧʦʣʠʬʘʟʥʳʭ, ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ Fe-Re ʬʘʟʳ, ʘ ʪʘʢʞʝ ʨʝʣʠʢʪʳ ʨʝʥʠʷ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ. ɽʝ ʩʦʩʪʘʚ, ʩ 

ʫʯʝʪʦʤ ʟʘʢʘʣʦʯʥʳʭ ʬʘʟ, ʦʪʚʝʯʘʶʱʠʡ ʩʦʩʪʘʚʫ 

ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʦʠʣʠʪʘ, ʥʠʟʢʠʤʠ 

(0,4ï0,8 ʤʘʩ.%) ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʘʞʜʦʛʦ ʠʟ ʨʫʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ Ni, Co, Re, Os, Pt. 

Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʣʦʙʫʣʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʟʘʢʘʣʢʠ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ (Mc), ʥʝʩʤʝʩʠʤʦʛʦ 

ʩ ʩʫʣʴʬʠʜʥʳʤ (Ms) ʨʘʩʧʣʘʚʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ 

ʨʘʩʩʣʦʝʥʠʠ (ʣʠʢʚʘʮʠʠ) ʉ-ʩʦʜʝʨʞʘʱʝʛʦ ʩʫʣʴʬʠʜʥʦʛʦ 

ʨʘʩʧʣʘʚʘ.   

ʆʜʥʦʬʘʟʥʳʝ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʣʦʙʫʣʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʩʦʩʪʘʚʫ Fe-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, 

ʩʦʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩ ʩʫʣʴʬʠʜʥʳʤ ʨʘʩʧʣʘʚʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Fe 

(87ï89 ʤʘʩ.%), Re (8ï11 ʤʘʩ.%), ʩʦʜʝʨʞʘʪ ʜʦ 1,3 ʤʘʩ.% Co, ʧʦʨʷʜʢʘ 0,3ï0,6 ʤʘʩ.% Ni, Os, Pt.   

ʇʦʣʠʬʘʟʥʳʝ, ʥʘʩʳʱʝʥʥʳʝ ʨʝʥʠʝʤ Fe-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʣʦʙʫʣʠ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ Fe-Re 

ʬʘʟ,r ʩʦʩʪʘʚʘ 72 ʤʘʩ.% Fe, 27 ʤʘʩ.%  Re, ʜʦ 1 ʤʘʩ.% Os,  ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ Pt. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʨʝʥʠʷ ʚ ʄʩ ʨʘʩʧʣʘʚʝ, ʦʪʚʝʯʘʶʱʘʷ ʥʘʩʳʱʝʥʠʶ, ʙʦʣʴʰʝ 10,0 Ñ 1,5 ʠ ʤʝʥʴʰʝ 

11,6 Ñ 1,5 ʤʘʩ.%, ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʜʦʧʦʣʥʝʥʠʝʤ ʩʫʤʤʳ ʘʥʘʣʠʟʘ ʜʦ 100 

ʤʘʩ.%  ʧʦʨʷʜʢʘ  4 ʤʘʩ.%.   

ʈʝʣʠʢʪʳ ʨʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ʠ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʘʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ Re (61ï69 ʤʘʩ.%) ʠ Fe (28ï36 ʤʘʩ.%), 

ʩʦʜʝʨʞʘʪ ʜʦ 2 ʤʘʩ.% Os, ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ Pt. Fe-ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʨʝʣʠʢʘʤʠ ʨʝʥʠʷ ʩʦʜʝʨʞʠʪ 86ï90 ʤʘʩ.% Fe ʠ 7ï10 ʤʘʩ.% Re. ʊʝʩʥʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʨʝʣʠʢʪʦʚ 

ʨʝʥʠʷ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ Fe ʚ ʩʫʣʴʬʠʜʥʦʡ ʤʘʪʨʠʮʝ ʦʙʫʩʣʦʚʣʝʥ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʤʝʞʜʫ ʩʫʣʴʬʠʜʥʳʤ ʨʘʩʧʣʘʚʦʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʝʥʠʝʤ ʩ  

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʦʥʘ +2Fe ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ: +2Fe (Ms) + 2e = 0Fe 

(Mʩ) ʠ ʦʢʠʩʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʝʥʠʷ: 0Re (ʄʩ) ï 2e = +2Re (Ms) ʜʦ 2-ʭ ʠʣʠ 4-ʭ 

ʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ.  

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʦʮʝʩʩʦʚ ʘʢʢʨʝʮʠʠ ʧʣʘʥʝʪ ʟʝʤʥʦʡ ʛʨʫʧʧʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʷʜʝʨ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Fe, Co, Ni, Re, Os, Pt ʤʝʞʜʫ 

Mc ʠ Ms ʨʘʩʧʣʘʚʘʤʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ Re, Os, Pt ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʢʘʢ ʩʠʣʴʥʦ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ, ʪʘʢ ʠ ʢ ʯʠʩʣʫ ʩʠʣʴʥʦ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʚ ʘʩʩʦʮʠʘʮʠʷʭ 

ʩʠʣʠʢʘʪʥʳʡ (Sil) - Mc ʨʘʩʧʣʘʚʳ ʠʣʠ Sil - Ms ʨʘʩʧʣʘʚʳ ʵʪʠ ʵʣʝʤʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʠ ʚ Mc ʠ ʚ Ms ʨʘʩʧʣʘʚʘʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʜʝʣʝʥʠʷ D Mc/Sil ʠ D 

Ms/Sil ʜʦʩʪʠʛʘʶʱʠʭ 3-ʭ ʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ (Liu, Fleet, 2001; Bezmen N.I. et al., 1994). ʂʨʦʤʝ 

ʪʦʛʦ, Mc ʠ Ms ʨʘʩʧʨʝʜʝʣʝʥʠʝ Re, Os, Pt ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʫʯʠʪʳʚʘʷ ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʠʟʦʪʦʧʦʚ 187Re/187Os ʠ 190Pt/186Os ʦʩʥʦʚʘʥʥʳʭ ʥʘ ɓïʨʘʩʧʘʜʝ 187Re ʜʦ 
187Os ʠ Ŭïʨʘʩʧʘʜʝ 190Pt ʜʦ 186Os ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʥʥʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ ʠ 

ʤʝʪʝʦʨʠʪʦʚ. ʇʦ ʵʪʠʤ ʞʝ ʧʘʨʘʤʝʪʨʘʤ Fe, Co, Ni ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʢʘʢ ʫʤʝʨʝʥʥʦ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ, ʪʘʢ ʠ ʫʤʝʨʝʥʥʦ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ D Mc/Sil ʠ D Ms/Sil ʧʦʨʷʜʢʘ 

nĿ102 (Rajamani, Naldrett, 1978). ɺʳʷʩʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ Mc ʠ Ms 

ʈʠʩ. 1. BSE ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʨʫʜʥʦʡ 

ʯʘʩʪʠ ʟʘʢʘʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʬʘʟʦʚʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ:  

1) ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ,  

2) ʤʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʳ, 3) Fe-

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʣʦʙʫʣʠ, 4) ʨʝʣʠʢʪʳ 

ʨʝʥʠʷ, 5) Fe-Re ʬʘʟʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʨʝʣʠʢʪʘʤʠ ʨʝʥʠʷ. 
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ʨʘʩʩʣʦʝʥʠʠ ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʛʝʦʭʠʤʠʠ ʄʩ-Ms 

ʨʘʩʩʣʦʝʥʠʷ ʚ Fe-S-C ʩʠʩʪʝʤʝ ʠ ʦʮʝʥʢʠ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʠ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʊʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ ʩʦʩʪʘʚʳ Mc ʠ Ms ʨʘʩʧʣʘʚʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʟʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Re/Os ʠ Pt/Os ʤʝʞʜʫ 

Mc ʠ Ms ʨʘʩʧʣʘʚʘʤʠ. 

 

ɺ ʘʩʩʦʮʠʘʮʠʠ Re-Os ʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʩʠʜʝʨʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, D Mʩ/Ms = 12,64 ʯʝʤ 

ʦʩʤʠʡ, D Mʩ/Ms = 1,51. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ D (Mʩ/Ms) 

Re ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ D (Mʩ/Ms) Os ʠ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Kd (Mʩ/Ms) Re/Os (8,37) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ 

Re ʦʪʥʦʩʠʪʝʣʴʥʦ Os ʧʨʠ Mʩ-Ms ʨʘʩʩʣʦʝʥʠʠ 

ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ Re ʚ 

Fe-ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʫʤʝʥʴʰʝʥʠʶ Re/Os ʠ 187Re/ 187Os ʦʪʥʦʰʝʥʠʡ ʚ 

ʩʦʩʫʱʝʩʪʚʫʶʱʝʤ ʩʫʣʴʬʠʜʥʦʤ ʨʘʩʧʣʘʚʝ.  

ɺ ʘʩʩʦʮʠʘʮʠʠ Pt-Os ʦʩʤʠʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ Kd (Mʩ/Ms) Os ʠ Pt (1,51 ʠ 

0,62 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʷʚʣʷʝʪʩʷ ʩʠʜʝʨʦʬʠʣʴʥʳʤ, ʘ Pt ï 

ʭʘʣʴʢʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ.  

ʋʯʠʪʳʚʘʷ ʙʣʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʜʝʣʝʥʠʷ Re, Os ʠ Pt ʤʝʞʜʫ ʩʠʣʠʢʘʪʥʳʤ, Mc ʠ Ms 

ʨʘʩʧʣʘʚʘʤʠ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʙʫʜʫʪ 

ʪʘʢʠʤʠ ʞʝ ʠ ʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ Mc ʠ Ms ʨʘʩʧʣʘʚʘʭ. 

ʉʦ ʠ Ni, ʧʦ ʪʝʤ ʞʝ ʧʘʨʘʤʝʪʨʘʤ, ʯʪʦ ʠ Re, Os, Pt, ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʢʘʢ ʫʤʝʨʝʥʥʦ 

ʩʠʜʝʨʦʬʠʣʴʥʳʭ, ʪʘʢ ʠ ʢ ʯʠʩʣʫ ʫʤʝʨʝʥʥʦ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ D Mc/Si ʠ D Ms/Si 

ʧʦʨʷʜʢʘ nĿ102. ʈʘʩʧʨʝʜʝʣʝʥʠʝ Co ʠ Ni ʤʝʞʜʫ Mʩ ʠ Ms ʨʘʩʧʣʘʚʘʤʠ ʩʭʦʜʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

Pt ʠ Os. ʀʩʭʦʜʷ ʠʟ D (Mʩ/Ms) Co (1,60) ʠ Ni (0,92) ʩʠʜʝʨʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ Cʦ, ʘ 

ʭʘʣʴʢʦʬʠʣʴʥʳʤ ï Ni.  ʆʜʥʘʢʦ ʙʣʠʟʢʠʝ ʢ 1 ʟʥʘʯʝʥʠʷ D (Mʩ/Ms) ʠ Co, ʠ Ni ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ Co ʠ Ni ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʞʜʫ Mʩ ʠ Ms 

ʨʘʩʧʣʘʚʘʤʠ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩ ʤʝʪʘʣ-ʩʫʣʴʬʠʜʥʳʤ ʨʘʩʩʣʦʝʥʠʝʤ ʚ ʩʠʩʪʝʤʝ ʙʘʟʘʣʴʪïFeïSïC.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʜʝʥʠʝ Re, Co, Ni, Os ʠ Pt ʧʨʠ ʤʝʪʘʣ-ʩʫʣʴʬʠʜʥʦʤ ʨʘʩʩʣʦʝʥʠʠ 

ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʩʠʩʪʝʤʝ ʙʘʟʘʣʴʪïFeSïFeïC ʨʘʟʣʠʯʥʦ. ɹʣʠʟʢʠʝ ʢ 1 D Mʩ/Ms Co, Ni, 

Os ʠ Pt ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʦʛʦ ʠʭ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʤʝʞʜʫ Mʩ ʠ Ms ʨʘʩʧʣʘʚʘʤʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ D Mʩ/Ms Re ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ Re ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ Mʩ ʨʘʩʧʣʘʚ. 

ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ Re ʧʨʠ ʤʝʪʘʣ-ʩʫʣʴʬʠʜʥʦʤ ʨʘʩʩʣʦʝʥʠʠ ʚ ʩʠʩʪʝʤʝ ʙʘʟʘʣʴʪïFeïSïC ʙʫʜʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ Re/Os ʠ 187Re/187Os ʦʪʥʦʰʝʥʠʡ ʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʣʠʢʘʪʥʦʤ, Fe-

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʠ Fe-ʩʫʣʴʬʠʜʥʦʤ ʨʘʩʧʣʘʚʘʭ.  ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ Pt/Os ʠ 190Pt/186Os 

ʦʪʥʦʰʝʥʠʡ ʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ Mc, Ms ʠ Sil ʨʘʩʧʣʘʚʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ Os ʠ Pt ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʞʜʫ Mc, Ms ʠ Sil ʨʘʩʧʣʘʚʘʤʠ 

ʠ ʥʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ Pt/Os ʠ 190Pt/186Os ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʩʠʣʠʢʘʪʥʳʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ ʩʫʣʴʬʠʜʥʳʤ ʨʘʩʧʣʘʚʘʤʠ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩ ʤʝʪʘʣ-ʩʫʣʴʬʠʜʥʳʤ 

ʨʘʩʩʣʦʝʥʠʝʤ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʀʕʄ ʈɸʅ ʧʦ ʪʝʤʝ FMUF-2022-0001, ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 

21-17-00119. 

 Mc Ms D Mc/Ms 

Fe 88,18 72,18 1,22 

Ni 0,37 0,4 0,92 

Re 9,96 0,79 12,64 

Os 0,54 0,36 1,51 

Pt 0,39 0,63 0,62 

S 1,45 26,68 0,05 

Co 1,28 0,80 1,60 

Re/Os 18,44 2,2 8,37 (Kd) 

Pt/Os 0,72 1,77 0,41 (Kd) 

ʊʘʙʣʠʮʘ 2. ʉʦʩʪʘʚʳ Mc ʠ Ms ʨʘʩʧʣʘʚʦʚ, 

ʦʪʥʦʰʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʜʝʣʝʥʠʷ 

Re/Os ʠ Pt/Os ʤʝʞʜʫ ʥʠʤʠ. 
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MELTING AND PHASE RELATIONS IN THE BASALT -FeS-Fe-C SYSTEM AT ʈ= 4 GPa, 

ʊ= 1400Áʉ: Re BEHAVIOR AT FeS-FeC LIQUATION  OF A Fe-S-C MELT  

 

N.S. Gorbachev, A.V. Kostyuk, A.N. Nekrasov, P.N. Gorbachev, D.M. Sultanov 
D.S. Korzhinskii Institute of Experimental Mineralogy RAS 

gor@iem.ac.ru, nastya@iem.ac.ru 

 
Abstract. During partial melting of the graphite-saturated FeïSïC system with the addition of trace elements 

at ʈ = 4 GPa, T=1400Áʉ, the liquid phases are represented by immiscible FeïS (Ms) and FeïC (Mc) melts, 

which give Fe- sulfide matrix with inclusions of Fe-C globules coexisting with relics of the original Re and 

multiphase microcrystalline restite. Re is predominantly concentrated in the mc melt, with DMc/Ms ~ 10. At 

a Re concentration of Mc > 11 wt.%, saturation of the Mc melt of Re is observed with precipitation of the 

Fe-Re phase containing up to 25 wt.% Re. The relics of the original rhenium in the Ms melt of Fe-Re 

composition coexist with the Fe phase formed as a result of the reduction of Fe-2 Ms by rhenium during the 

red-ox reaction according to the scheme: FeS (Ms) + Re = Fe + ReS (Ms) or +2Fe (Ms) + 2e = 0Fe (Mʩ), 0Re 

(ʄʩ) ï 2e = +2Re (Ms). Fractionation of Re relative to Os is observed when distributed between Mc-Ms 

melts with distribution coefficients Kd Re/Os (Mc-Ms) ~ 9. This effect will lead to a shift in the Re/Os ratio 

and the Re-Os system of isotopes based on the ɓ-decay of 187Re up to 187Os in environments with Mc-Ms 

layering. 

 

Key words: metal, sulfide, silicate, liquation, experiment, distribution of Re 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʛʠʧʦʪʝʟʦʡ ʟʘʨʦʞʜʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦʤʝʥʘʭ 

ʤʘʥʪʠʠ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʘʣʤʘʟʳ ʠ ʠʭ ʤʠʥʝʨʘʣʳ-ʩʧʫʪʥʠʢʠ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʝ 

ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʩʠʩʪʝʤʝ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ (ʙʫʬʝʨ Fe-FeO).  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʘʧʧʘʨʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ çɹɸʈʉè ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Ñ 25Áʉ 

ʠ ʜʘʚʣʝʥʠʠ 4.0 Ñ 0.2 ɻʇʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʤʝʥʷʣʠ ʧʦʨʦʰʦʢ ʢʠʤʙʝʨʣʠʪʘ ʠʟ ʪʨʫʙʢʠ 

çʋʜʘʯʥʘʷè. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʞʝʣʝʟʥʦʡ ʢʘʧʩʫʣʝ. ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ MIRA 3 LMU (ñTESCANò 

Orsay Holding), ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ ñINCA Energyò 450+Xmax80 (Oxford 

Instruments Nanoanalisys Ltd.) ʚ ʎʂʇ ʀɻʄ ʉʆ ʈɸʅ. 

ɺ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ, ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʫʛʣʝʨʦʜʘ ʚ ʞʝʣʝʟʝ ʠ 

ʢʘʨʙʠʜʥʘʷ ʬʘʟʘ (Fe3C). ʉʠʣʠʢʘʪʥʦ-ʦʢʩʠʜʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ: 

ʦʣʠʚʠʥ + ʧʠʨʦʢʩʝʥ + ʛʨʘʥʘʪ + ʤʦʥʪʠʯʝʣʣʠʪ + ʧʝʨʦʚʩʢʠʪ + (ʚʦʟʤʦʞʥʦ) ʠʣʴʤʝʥʠʪ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʠʤʙʝʨʣʠʪʘ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʤʙʝʨʣʠʪ, ʨʘʩʧʣʘʚ ʞʝʣʝʟʘ, ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ.  

 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʩʧʣʘʚʘ ʞʝʣʝʟʘ ʩ ʧʨʠʨʦʜʥʳʤ ʢʠʤʙʝʨʣʠʪʦʤ ʧʨʠ ʚʳʩʦʢʠʭ ʈ - ʊ ʧʘʨʘʤʝʪʨʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ, ʚ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ï ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʣʠ ʥʘ ʙʝʩʧʨʝʩʩʦʚʦʤ ʤʥʦʛʦʧʫʘʥʩʦʥʥʦʤ 

ʘʧʧʘʨʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʪʠʧʘ ñʨʘʟʨʝʟʥʘʷ ʩʬʝʨʘò (ɹɸʈʉ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500 Ñ25 ʉ ʠ 

ʜʘʚʣʝʥʠʠ 4.0Ñ0.2 ɻʇʘ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 5 ʯʘʩʦʚ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʢʠʤʙʝʨʣʠʪʘ ʠʟ ʪʨʫʙʢʠ 

çʋʜʘʯʥʘʷè (ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥ ɸ.ʄ. ɸʛʘʰʝʚʳʤ) ʩʣʝʜʫʶʱʝʛʦ  ʩʦʩʪʘʚʘ: SiO2 ï29.40, TiO2 ï

1.26,  Al 2O3 ï 2.34, FeO+Fe2O3 ï 9.21, MnO ï 0.15, MgO ï 32.00, CaO ï 8.78, Na2O ï 0.01, K2O 

ï  0.97, P2O5 ï 0.40, LOI ï 15.60, Total ï 100.12. ʀʩʭʦʜʥʳʡ ʢʠʤʙʝʨʣʠʪ ʧʝʨʝʜ ʦʧʳʪʦʤ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠ ʢʘʣʴʮʠʪʘ (ʜʦ 300 ʤʢ), 

ʢʨʦʤʝ ʥʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʦʙʣʦʤʢʠ ʢʨʠʩʪʘʣʣʦʚ ʙʠʦʪʠʪʘ ʠ 

ʩʝʨʧʝʥʪʠʥʘ. ʄʝʞʟʝʨʥʦʚʦʡ ʮʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʦʡ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ 

ʩʤʝʩʴʶ, ʩʦʩʪʦʷʱʝʡ ʪʘʢʞʝ ʠʟ ʦʣʠʚʠʥʘ, ʢʘʣʴʮʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ.  

ʇʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʝʮ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

MIRA 3 LMU (ñTESCANò Orsay Holding), ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʘʥʘʣʠʟʘ ñINCA 

Energyò 450+Xmax80 (Oxford Instruments Nanoanalisys Ltd.) ʚ ʎʂʇ ʀɻʄ ʉʆ ʈɸʅ. 
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ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

 

ɺ ʦʙʨʘʟʮʝ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʠʤʙʝʨʣʠʪʘ 

ʠ ʞʝʣʝʟʘ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ (ʈʠʩ. 1). 

 

 
ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʢʘʧʩʫʣʳ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

 

ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʢʠʤʙʝʨʣʠʪʘ ʠ ʞʝʣʝʟʥʦʡ ʢʘʧʩʫʣʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʬʘʟ: ʪʝʤʥʦ ʩʝʨʦʡ ʩʣʠʚʥʦʡ ʬʘʟʳ ï ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ ʠ ʩʚʝʪʣʦʡ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ ʠ ʦʚʘʣʴʥʳʭ çʢʘʧʝʣʴè ʟʘʪʚʝʨʜʝʚʰʝʛʦ ʩʧʣʘʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʩʤʝʩʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʫʛʣʝʨʦʜʘ ʚ ʞʝʣʝʟʝ (Fe ï ʩʨʝʜʥʝʝ ʧʦ 6 ʘʥʘʣʠʟʘʤ 98.3 ʤʘʩ. %) ʠ 

ʢʦʛʝʥʠʪʘ (Fe ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ 6 ʘʥʘʣʠʟʘʤ 93.4 ʤʘʩ. %). ʉʦʩʪʘʚ ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪ: Feʆ ï 54.5-82.5; MgO ï 16.5-45.5 ʤʘʩ. %.  

ʅʠʞʥʷʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʤʝʩʴʶ ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʘ (ʈʠʩ. 1). 

ʇʝʨʠʬʝʨʠʡʥʳʝ ʟʦʥʳ ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʘ, ʧʨʠʩʫʪʩʪʚʦʚʘʚʰʠʭ ʚ ʢʠʤʙʝʨʣʠʪʝ, 

ʧʨʝʪʝʨʧʝʣʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʝʤʦʢ. ɺʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʟʦʥʘʭ ʦʣʠʚʠʥʦʚ (ʠʩʭʦʜʥʳʝ ʩʦʩʪʘʚʳ) ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ: MgO ï 

46.6-47.0; FeO ï 11.9-12.4 ʤʘʩ. %. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʟʦʥ ʠʟʤʝʥʠʣʩʷ ʚ 

ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ: MgO ï 51.2-52.3; FeO ï 4.9-6.1 ʤʘʩ. % (ʈʠʩ. 2ʘ). 

ʇʨʠʤʝʨ ʟʦʥʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʠʨʦʢʩʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2ʙ. ʀʩʭʦʜʥʳʡ ʧʠʨʦʢʩʝʥ 

(ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ) ʩʦʜʝʨʞʠʪ: MgO ï 34.4; FeO ï 6.3; CaO ï 1.3; SiO2 ï 57.1 ʤʘʩ. % (ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦ 7 ʘʥʘʣʠʟʘʤ). ɺ ʢʘʡʤʝ ʩʦʩʪʘʚ ʠʟʤʝʥʠʣʩʷ ʠ ʩʪʘʣ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʚʛʠʪʫ: MgO ï 

26.1-28.8; FeO ï 8.0-10.6; CaO ï 11.6-16.2; SiO2 ï 48.8 ʤʘʩ. %. ɺ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʠʩʭʦʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʘ (ʈʠʩ. 2ʚ): FeO ï 38.6; MgO ï 10.7; CaO ï 0.9; TiO2 ï 49.8 ʤʘʩ. 

% (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ 6 ʘʥʘʣʠʟʘʤ).  
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʘ ʞʝʣʝʟʘ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʦʣʠʚʠʥʘ, ʧʠʨʦʢʩʝʥʘ, 

ʠʣʴʤʝʥʠʪʘ: ʘ) ʟʦʥʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʦʣʠʚʠʥʘ: 1 ï ʚʥʫʪʨʝʥʥʷʷ ʟʦʥʘ, 2 ï ʚʥʝʰʥʷʷ ʢʘʡʤʘ, 3 - ʩʤʝʩʴ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʩ ʢʦʛʝʥʠʪʦʤ, 4 ï ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ; ʙ) ʂʨʠʩʪʘʣʣ ʦʨʪʦʧʠʨʦʢʩʝʥʘ (1) ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʡʤʦʡ (2); ʚ) ʂʨʠʩʪʘʣʣ ʠʣʴʤʝʥʠʪʘ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤʠ ʬʘʟʘʤʠ: 1 - ʩʤʝʩʴ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʩ ʢʦʛʝʥʠʪʦʤ; 2 - ʠʣʴʤʝʥʠʪ; 3- 

ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ. 

 

ʂʨʠʩʪʘʣʣʳ ʠʣʴʤʝʥʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 200 ʤʢʤ ʦʢʨʫʞʝʥʳ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʡʤʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ. ʊʦʣʱʠʥʘ ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʡʤʳ ʜʦʩʪʠʛʘʣʘ 7-9 ʤʢʤ. ɺ ʢʘʡʤʝ 

ʥʘʭʦʜʷʪʩʷ ʪʘʢʞʝ ʟʘʩʪʳʚʰʠʝ ʢʘʧʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʩ ʢʦʛʝʥʠʪʦʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʨʙʦʥʘʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʠʤʙʝʨʣʠʪʘ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʞʝʣʝʟʘ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʘʩʧʣʘʚʦʤ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʥʳʝ ʬʘʟʳ 

(ʤʘʛʥʝʟʠʦʬʝʨʨʠʪ) ʠ ʩʚʦʙʦʜʥʳʡ ʫʛʣʝʨʦʜ. ʋʛʣʝʨʦʜ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʞʝʣʝʟʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʫʛʣʝʨʦʜʘ ʚ ʞʝʣʝʟʝ ʠ ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ. ʉʠʣʠʢʘʪʥʦ-ʦʢʩʠʜʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ 

ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ: ʦʣʠʚʠʥ + ʧʠʨʦʢʩʝʥ + ʛʨʘʥʘʪ 

+ ʤʦʥʪʠʯʝʣʣʠʪ + ʧʝʨʦʚʩʢʠʪ + (ʚʦʟʤʦʞʥʦ) ʠʣʴʤʝʥʠʪ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʛʨʘʥʪ ʈʅʌ ˉ 21-

17-00082. 
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INTERACTION OF KIMBERLITE WITH METALLIC IRON AT 4 GPa AND 1500 ÁC 

Zhimulev E.I., Chepurov A.I. , Sonin V.M. , Chepurov A.A., 

Academician Pokhilenko N.P. 

Sobolev Institute of Geology and Mineralogy, Siberian Branch, Novosibirsk, Russia 

ezhimulev@igm.nsc.ru  

 

Abstract. In connection with the hypothesis of the origin of kimberlite magma in reduced mantle domains, 

where diamonds and their companion minerals were present, phase formation in a kimberlite system under 

conditions of metallic iron stability (Fe-FeO buffer) is of interest. 

The experiments were carried out on a high-pressure apparatus of the BARS type at a temperature of 

1500 Ñ 25Áʉ and a pressure of 4.0 Ñ 0.2 GPa. As initial samples, kimberlite powder from the Udachnaya 

pipe was used. The experiments were carried out in an iron capsule. After the experiment, the chemical 

composition of the mineral phases was studied using a MIRA 3 LMU scanning electron microscope 

(TESCAN Orsay Holding) equipped with an INCA Energy 450+Xmax80 microanalysis system (Oxford 

Instruments Nanoanalisys Ltd.) at the Center for Collective Use of the IGM SB RAS. 

Magnesioferrite, a solid solution of carbon in iron, and a carbide phase (FeC3) were diagnosed in the 

experimental products. The silicate-oxide part of the system is represented by the mineral association: olivine 

+ pyroxene + garnet + monticellite + perovskite + (probably) ilmenite. The obtained results testify to the 

instability of the carbonate component of kimberlite under reducing conditions of the stability of metallic 

iron. 

 

Keywords: kimberlite, iron melt, high pressures and high temperatures, reducing conditions 
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ʋɼʂ 550.41+536.7 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ H2O-CO2-CaCl2 ʠ 

H2O-CO2-NaCl (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019, 2021) ʚʳʚʝʜʝʥʦ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʠʟʙʳʪʦʯʥʦʡ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ H2O-CO2-NaCl-CaCl2. ʇʦʩʪʨʦʝʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʠʩʣʝʥʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ. ʇʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

NaCl-CaCl2 ʧʦʣʫʯʝʥ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʣʠʢʚʠʜʫʩʘ ʩʤʝʩʠ ʩʦʣʝʡ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʦʜʝʣʠ: 

ʜʘʚʣʝʥʠʷ 1-20 ʢʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 500ÁC ʜʦ 1400ÁC. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʚ ʩʝʯʝʥʠʷʭ H2O-CO2-ʩʦʣʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ 

xNaCl/(xNaCl+xCaCl2). ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʩʦ ʩʤʝʰʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʦʣʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ ʩ ʦʜʥʠʤ ʩʦʣʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʩʣʝʜʩʪʚʠʝ 

ʩʥʷʪʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ.    

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʬʣʶʠʜ, ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʬʘʟʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ, CO2, NaCl, CaCl2  

 

ɻʣʫʙʠʥʥʳʝ ʚʦʜʥʳʝ ʬʣʶʠʜʳ ʠʛʨʘʶʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʢʦʨʦʚʦʤ ʧʝʪʨʦʛʝʥʝʟʠʩʝ ʠ ʚ 

ʪʨʘʥʩʧʦʨʪʝ ʛʣʫʙʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʶʶ ʢʦʨʫ. ɺʝʩʴʤʘ ʯʘʩʪʦ ʚʦʜʥʳʝ ʬʣʶʠʜʳ ʩʦʜʝʨʞʘʪ 

ʭʣʦʨʠʜʳ ʱʝʣʦʯʥʳʭ ʠʣʠ ʱʸʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʩʪʚʦʨʸʥʥʳʝ ʥʝʧʦʣʷʨʥʳʝ ʛʘʟʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, CO2. ʉ ʧʨʠʙʣʠʞʝʥʠʝʤ ʛʣʫʙʠʥʥʦʛʦ ʬʣʶʠʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʣʁʠʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʩʩʣʦʝʥʠʝ 

ʛʦʤʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ ʥʘ ʥʝʩʤʝʩʠʤʳʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʥʘʰʠʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019, 2021) 

ʤʳ ʩʦʟʜʘʣʠ ʯʠʩʣʝʥʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʚʫʭ ʪʨʦʡʥʳʭ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʩ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦʜʘ, CO2, ʩʦʣʴ. ʆʙʝ ʤʦʜʝʣʠ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 500ÁC ʜʦ 

1400ÁC ʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 1 ʜʦ 20 ʢʙʘʨ. ʄʦʜʝʣʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʩʦʣʝʡ NaCl (ʀʚʘʥʦʚ, 

ɹʫʰʤʠʥ, 2021) ʠ CaCl2 (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019). ʆʙʝ ʩʦʣʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʦʣʷʤ ʢʦʨʦʚʳʭ ʬʣʶʠʜʦʚ (Liebscher, 2007). ɼʣʷ ʦʙʝʠʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʩ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʩʦʣʴʶ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ (ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʣʦʪʥʦʩʪʴ ʬʣʶʠʜʘ). ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ 

ʧʨʠʨʦʜʥʳʭ ʬʣʶʠʜʦʚ ʤʦʛʣʠ ʙʳʪʴ ʥʝ ʦʪʨʘʞʝʥʳ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʬʣʶʠʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ ʯʝʤ ʪʨʸʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʣʶʠʜʘ, 

ʢʦʪʦʨʘʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ, ʚʢʣʶʯʘʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʣʝʡ. ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʦʣʝʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʩʚʦʡʩʪʚʘʭ 

ʬʣʶʠʜʘ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʠʣʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʩ ʯʠʩʪʦʡ ʩʦʣʴʶ. ɺ ʜʘʥʥʦʤ 

ʩʦʦʙʱʝʥʠʠ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ 

H2O-CO2-NaCl-CaCl2, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʥʘʰʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʠʩʪʝʤ 

H2O-CO2-NaCl ʠ H2O-CO2-CaCl2.  

ʅʘʰʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʝ Gmix ʠʩʧʦʣʴʟʫʝʪ ʪʝ ʞʝ ʩʣʘʛʘʝʤʳʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʪʦʪ ʞʝ 
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ʈʠʩ. 1. ʃʠʢʚʠʜʫʩ ʚ ʩʠʩʪʝʤʝ NaCl-CaCl2 

ʧʨʠ P = 1 ʙʘʨ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ (ʢʨʠʚʘʷ). 

ʂʨʫʞʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

(Seltveit, Flood, 1958). 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʥʪʨʦʧʠʡʥʦʡ ʯʘʩʪʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʠ ʚ ʨʘʙʦʪʘʭ (ʀʚʘʥʦʚ, 

ɹʫʰʤʠʥ, 2019, 2021). ɺ ʪʝʨʤʠʥʘʭ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ OH1 2
xx = , 

2CO2 xx = , NaCl3 xx = , 

2CaCl4 xx = , 14321 =+++ xxxx  ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʠʤʝʝʪ ʚʠʜ      
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 (1) 

ɺʝʣʠʯʠʥʳ Ŭi ʷʚʣʷʶʪʩʷ ʯʠʩʣʘʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ, 0 Ò Ŭ3 Ò 1, 0 Ò Ŭ4 Ò 2. V1 and V2 ï ʤʦʣʴʥʳʝ ʦʙʲʸʤʳ ʯʠʩʪʦʡ ʚʦʜʳ ʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ. ʇʨʠ x3 = 0 ʠʣʠ x4 = 0 ʫʨʘʚʥʝʥʠʝ (1) 

ʧʝʨʝʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ H2O-CO2-CaCl2 (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019) ʠʣʠ H2O-

CO2-NaCl (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2021). ʇʘʨʘʤʝʪʨʳ Wij ʚ ʫʨʘʚʥʝʥʠʠ (1) ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʟʘʚʠʩʷʱʠʤʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T ʠ ʜʘʚʣʝʥʠʷ P, ʥʦ ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ. ʌʦʨʤʘ P-T 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ Wij ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʥʳ ʚ ʮʠʪʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʪʘʭ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʬʠʪʠʨʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʭʨʘʥʝʥʳ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʝ. ʇʦʣʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʜʣʷ ʩʠʩʪʝʤʳ H2O-CO2-NaCl-CaCl2, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ ʠ ʪʚʸʨʜʳʝ ʩʦʣʠ, ʩʦʜʝʨʞʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʣʘʛʘʝʤʳʝ ʚ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ (1) ʠ ʩʣʘʛʘʝʤʳʝ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʝʭʦʜ ʪʚʸʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ 

ʜʣʷ ʯʠʩʪʳʭ ʩʦʣʝʡ (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019, 2021).  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʦʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʠ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ 

ʥʝ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ, ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ W34, ʦʧʠʩʳʚʘʶʱʠʡ ʵʬʬʝʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ NaCl ʠ CaCl2 ʚʦ ʬʣʶʠʜʝ. ɺ ʩʣʫʯʘʝ x1 = x2 = 0 ʫʨʘʚʥʝʥʠʝ (1) ʩʦʭʨʘʥʷʝʪ 

ʪʦʣʴʢʦ ʵʥʪʨʦʧʠʡʥʳʝ ʩʣʘʛʘʝʤʳʝ (ʧʝʨʚʳʝ ʜʚʝ ʩʪʨʦʢʠ ʫʨʘʚʥʝʥʠʷ (1)) ʠ ʩʣʘʛʘʝʤʦʝ W34x3x4. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ (1) ʦʢʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʤʝʩʠ NaCl ʠ CaCl2. 

ɺʤʝʩʪʝ ʩʦ ʩʣʘʛʘʝʤʳʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʧʝʨʝʭʦʜ 

ʪʚʸʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ, ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʦʣʞʥʦ 

ʦʧʠʩʳʚʘʪʴ ʧʝʨʝʭʦʜ ʪʚʸʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ ʚ ʩʤʝʩʠ 

ʩʦʣʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʣʠʢʚʠʜʫʩʫ ʚ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ P = 1 ʙʘʨ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ 

(Seltveit, Flood, 1958; Chartrand, Pelton, 2001). 

ʃʠʢʚʠʜʫʩ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʬʦʨʤʫ, ʪʠʧʠʯʥʫʶ ʜʣʷ 

ʩʤʝʩʝʡ, ʥʝ ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ P = 1 ʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 500ÁC 

ʥʘʰʠ ʫʨʘʚʥʝʥʠʷ ʜʘʶʪ Ŭ3 = Ŭ4 = 0, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʳʯʥʫʶ ʬʦʨʤʫ ʵʥʪʨʦʧʠʡʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʩʤʝʩʠ ʜʚʫʭ ʚʝʱʝʩʪʚ NaCl ʠ 

CaCl2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (1) ʚʤʝʩʪʝ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʳʭ 

ʩʦʣʝʡ, ʧʨʠʛʦʜʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʠʢʚʠʜʫʩʘ ʚ ʩʤʝʩʠ 

NaCl-CaCl2. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ W34 ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʈʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʣʠʢʚʠʜʫʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʩ 

ʥʘʰʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʧʨʠ W34 = ï10.3 ʢɼʞ/ʤʦʣʴ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

(Seltveit, Flood, 1958). ʇʨʠ W34 = ï10.3 ʢɼʞ/ʤʦʣʴ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʝʨʘʪʫʨʝ 502ÁC ʠ xNaCl = 0.482, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʦʯʝʥʴ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (Chartrand, Pelton, 2001). ʇʦʣʫʯʝʥʥʦʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʝ W34 ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ (ʀʚʘʥʦʚ, ɹʫʰʤʠʥ, 2019, 2021), 
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ʈʠʩ. 2. ʕʚʦʣʶʮʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤʳ H2O-CO2-ʩʦʣʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʪʥʦʰʝʥʠʷ xNaCl/xsalt, 

xsalt=xNaCl+xCaCl2. T=500ÁC, P=5 ʢʙʘʨ. ɾʠʨʥʘʷ ʩʠʥʷʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʧʦʣʷ ʜʚʫʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ 

ʬʘʟ (ʩʦʣʴʚʫʩ). ʆʪʢʨʳʪʳʤʠ ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʧʦʣʷ ʜʚʫʭʬʘʟʥʦʛʦ ʬʣʶʠʜʘ. ɾʠʨʥʳʝ 

ʟʝʣʸʥʘʷ ʠ ʦʨʘʥʞʝʚʘʷ ʣʠʥʠʠ ʦʙʦʟʥʘʯʘʶʪ ʛʨʘʥʠʮʳ ʧʦʣʝʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʬʘʟ NaCl ʠ CaCl2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʠʩʣʘ ʚ ʨʘʤʢʘʭ ʦʙʦʟʥʘʯʘʶʪ ʦʙʣʘʩʪʠ (ʧʦʣʷ) ʨʘʟʣʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ: 1 ï ʛʦʤʦʛʝʥʥʳʡ 

ʬʣʶʠʜ; 2 ï ʜʚʝ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ; 3 ï ʜʚʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʩ ʪʚʸʨʜʦʡ 

ʩʦʣʴʶ ((a) ï NaCl and (c) ï CaCl2); 4 ï ʨʘʩʩʦʣ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʡ ʩ ʪʚʸʨʜʦʡ ʩʦʣʴʶ; 5 ï ʙʦʛʘʪʳʡ CO2 ʬʣʶʠʜ, 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʡ ʩ ʪʚʸʨʜʦʡ ʩʦʣʴʶ. ʊʦʥʢʠʝ ʯʸʨʥʳʝ ʣʠʥʠʠ ï ʠʟʦʣʠʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ. 

ɿʥʘʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʯʠʩʣʘʤʠ ʩʦ ʩʪʨʝʣʢʘʤʠ.     

 
ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʯʠʩʪʦʡ ʩʦʣʠ ʢ 

ʩʤʝʰʝʥʥʦʡ. ʆʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ. 2. 

ʦʙʨʘʟʫʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʥʘʰʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ H2O-CO2-NaCl-CaCl2.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʥʘʰʝʡ ʤʦʜʝʣʠ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʩʦʣʷʤʠ ʫʜʦʙʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ, ʩʭʦʜʥʦʡ ʩ ʬʦʨʤʦʡ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʩ ʦʜʥʦʡ 

ʩʦʣʴʶ, ʪʦ ʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ xH2O-xCO2-xsalt, ʛʜʝ 

xsalt=xNaCl+xCaCl2, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ rsalt = xNaCl/xsalt ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ. 

ʊʨʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤʳ ʪʘʢʦʛʦ ʨʦʜʘ ʜʣʷ T = 500ÁC ʠ P = 5 ʢʙʘʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 2. 

ʂʨʘʡʥʠʝ ʪʨʦʡʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʨʠʩ. 2a ʠ 2c ʧʦʢʘʟʳʚʘʶʪ ʩʣʦʞʥʫʶ ʬʘʟʦʚʫʶ ʢʘʨʪʠʥʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʡ: 1. ɻʦʤʦʛʝʥʥʳʡ ʬʣʶʠʜ; 2. ɼʚʝ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ 

ʬʣʶʠʜʥʳʝ ʬʘʟʳ; 3. ɼʚʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʩ ʪʚʸʨʜʦʡ ʩʦʣʴʶ; 4. ʈʘʩʩʦʣ, 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʡ ʩ ʪʚʸʨʜʦʡ ʩʦʣʴʶ; 5. ɹʦʛʘʪʳʡ CO2 ʬʣʶʠʜ, ʩʦʩʫʱʝʩʪʚʫʶʱʠʡ ʩ ʪʚʸʨʜʦʡ 

ʩʦʣʴʶ. ɺ ʦʙʰʠʨʥʦʤ ʧʦʣʝ-3 ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʬʘʟʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʚʩʸʤ ʧʦʣʝ (aH2O = 0.474, aCO2 = 0.742, aNaCl = 0.212 

ʧʨʠ rsalt = 1 ʠ aH2O = 0.424, aCO2 = 0.779, aCaCl2 = 0.343 ʧʨʠ rsalt = 0). ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʨʠʩ. 2b 

ʜʣʷ ʬʣʶʠʜʘ ʩ ʨʘʚʥʳʤʠ ʤʦʣʴʥʳʤʠ ʜʦʣʷʤʠ NaCl ʠ CaCl2 ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʜʚʘ ʬʘʟʦʚʳʭ ʧʦʣʷ, ʘ 

ʠʤʝʥʥʦ, ʧʦʣʝ ʛʦʤʦʛʝʥʥʦʛʦ 

ʬʣʶʠʜʘ ʠ ʧʦʣʝ ʜʚʫʭ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʣʶʠʜʥʳʭ ʬʘʟ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʈʠʩ. 2a ʠ 2c, 

ʧʦʣʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʚʸʨʜʫʶ ʩʦʣʴ, ʠʩʯʝʟʘʶʪ 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʠ 

ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʸ ʯʠʩʪʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʆʜʥʘʢʦ, 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʬʣʶʠʜʘʤʠ ʩ ʦʜʥʦʡ ʯʠʩʪʦʡ ʩʦʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʠ ʩʦʣʴʶ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ.       

ʅʘ ʈʠʩ. 3 ʧʦʢʘʟʘʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ H2O-CO2-

CaCl2 ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʘʣʳʭ ʧʦʨʮʠʡ ʚʪʦʨʦʡ ʩʦʣʠ NaCl. ʀʩʭʦʜʥʘʷ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 2c. ʉʠʩʪʝʤʘ ʥʘ ʈʠʩ. 3a ʦʪʣʠʯʘʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ ʚʩʝʛʦ 0.2% 
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ʈʠʩ. 4. ʆʪʥʦʰʝʥʠʝ xNaCl/(xNaCl+xCaCl2) ʚ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʬʘʟʘʭ ʚʜʦʣʴ 

ʠʟʦʣʠʥʠʠ aH2O = 0.6 ʧʨʠ T = 500ÁC, P = 5 kbar 

ʠ ʩʫʤʤʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 

xNaCl/(xNaCl+xCaCl2)=0.5 (Fig. 2b). 

NaCl ʢ CaCl2. ʇʦʣʝ-3 ʩ ʪʨʝʤʷ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʬʘʟʘʤʠ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʝ-5 ʙʦʛʘʪʦʛʦ CO2 ʬʣʶʠʜʘ, ʩʦʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩ ʪʚʸʨʜʦʡ 

ʩʦʣʴʶ, ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ. ʇʦʣʝ-3 ʥʘ ʈʠʩ. 3a ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʧʦʩʪʦʷʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʚʦʜʳ aH2O = 0.424 ʢʘʢ ʥʘ ʨʠʩ. 2c. ʕʪʦ ʧʦʣʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʠʟʦʣʠʥʠʷʤʠ aH2O. ɸʢʪʠʚʥʦʩʪʠ ʚʦʜʳ 

ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʦʣʝ ʜʚʫʭʬʘʟʥʦʛʦ ʬʣʶʠʜʘ. ʩʦʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩ ʪʚʸʨʜʦʡ ʩʦʣʴʶ ʦʪ 0.423 

ʜʦ 0. ɸʢʪʠʚʥʦʩʪʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚ ʵʪʦʤ ʧʦʣʝ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʦʙʘʚʣʝʥʠʝ 0.2% ʚʪʦʨʦʡ ʩʦʣʠ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʣʝʤ-2 ʠ ʧʦʣʝʤ-3, ʪʦ ʝʩʪʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʠ CO2, ʚʳʟʳʚʘʶʱʠʝ 

ʧʦʷʚʣʝʥʠʝ ʬʘʟʳ ʪʚʸʨʜʦʡ ʩʦʣʠ. ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʣʠʥʠʠ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʦʣʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3b.  

ɽʱʸ ʦʜʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ 

ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʘʚʦʤ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʬʘʟ. ɺ ʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʝ ʚʦʜʘ-ʛʘʟ-ʩʦʣʴ ʠʟʦʣʠʥʠʠ ʘʢʪʠʚʥʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʚʳʤʠ ʚ ʧʦʣʝ 

ʛʦʤʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ. ɽʩʣʠ ʦʥʠ ʧʝʨʝʩʝʢʘʶʪ 

ʩʦʣʴʚʫʩ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʣʝ ʜʚʫʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʣʶʠʜʦʚ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ ï 

ʢʦʥʥʦʜʘʤʠ, ʩʦʝʜʠʥʷʶʱʠʤʠ ʜʚʝ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʩʦʣʴʚʫʩʦʤ. ʉʦʩʪʘʚʳ ʜʚʫʭ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʬʘʟ ʚʜʦʣʴ ʢʦʥʥʦʜʳ 

ʧʦʩʪʦʷʥʥʳ. ʆʜʥʘ ʠʟ ʵʪʠʭ ʬʘʟ ʠʤʝʝʪ ʩʦʩʪʘʚ 

ʛʦʤʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ. ʉʦʩʪʘʚ ʜʨʫʛʦʡ ʬʘʟʳ ʩʦʚʧʘʜʘʝʪ ʩ 

ʩʦʩʪʘʚʦʤ ʛʦʤʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ 

ʧʝʨʝʩʝʯʝʥʠʷ. ɺ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NaCl ʠ CaCl2 ʩ ʚʦʜʦʡ ʠ CO2 ʧʨʠʚʦʜʠʪ ʢ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʦʣʝʡ ʤʝʞʜʫ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʬʣʶʠʜʥʳʤʠ ʬʘʟʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʩʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʬʘʟ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʜʦʣʴ ʠʟʦʣʠʥʠʡ 

ʧʦʩʪʦʷʥʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ. ʕʪʠ ʠʟʦʣʠʥʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʥʥʦʜʘʤʠ ʠ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʥʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ. ʇʨʠʤʝʨ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʚʜʦʣʴ ʣʠʥʠʠ 

ʧʦʩʪʦʷʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʜʘʥ ʥʘ ʨʠʩ. 4. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʰʝʥʠʷ rsalt 

ʜʣʷ ʜʚʫʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʬʘʟ ʚʜʦʣʴ ʠʟʦʣʠʥʠʠ aH2O = 0.6 ʨʠʩ. 2b (ʧʦʣʥʳʡ ʩʦʩʪʘʚ 

ʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ rsalt = 0.5) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʣʴʥʦʡ ʜʦʣʠ CO2. ɼʣʷ ʛʦʤʦʛʝʥʥʦʛʦ 

ʬʣʶʠʜʘ rsalt = 0.5. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʠʟʦʣʠʥʠʷ ʧʝʨʝʩʝʢʘʝʪ ʩʦʣʴʚʫʩ ʧʨʠ xCO2 = 0.102 ʧʦʷʚʣʷʝʪʩʷ 

ʚʪʦʨʘʷ ʬʣʶʠʜʥʘʷ ʬʘʟʘ (ʟʝʣʸʥʘʷ ʢʨʠʚʘʷ). ʕʪʘ ʬʘʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʠʩʭʦʜʥʦʡ ʬʘʟʦʡ 

ʧʨʠ aH2O = 0.6, ʦʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʩʦʣʝʡ ʚ ʥʝʡ ʦʯʝʥʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʱʝʛʦ 

rsalt. ʕʪʘ ʚʪʦʨʘʷ ʬʘʟʘ ʦʙʦʛʘʱʝʥʘ NaCl ʟʘ ʩʯʸʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ NaCl ʚ ʠʩʭʦʜʥʦʤ 

ʬʣʶʠʜʝ (ʩʠʥʷʷ ʣʠʥʠʷ). ɺ ʭʦʜʝ ʩʣʝʜʦʚʘʥʠʷ ʚʜʦʣʴ ʠʟʦʣʠʥʠʠ ʜʚʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʩʦʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʆʢʦʥʯʘʪʝʣʴʥʦ, ʧʨʠ xCO2 = 0.563 ʠʩʭʦʜʥʘʷ 

ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʠʩʯʝʟʘʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʘʷ ʬʣʶʠʜʥʘʷ ʬʘʟʘ ʧʨʠʭʦʜʠʪ ʢ ʩʦʦʪʥʦʰʝʥʠʶ 

ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʩʦʣʝʡ ʛʦʤʦʛʝʥʥʦʛʦ ʬʣʶʠʜʘ rsalt = 0.5. 

ʇʨʦʩʫʤʤʠʨʫʝʤ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ: 1. ʇʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚ ʪʝʨʤʠʥʘʭ ʠʟʙʳʪʦʯʥʦʡ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ H2O-CO2-NaCl-CaCl2 

ʧʨʠʤʝʥʠʤʦʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 500ÁC ʜʦ 1400ÁC ʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 1 ʢʙʘʨ ʜʦ 20 ʢʙʘʨ; 

2. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʨʘʝʚʳʭ ʩʠʩʪʝʤ H2O-CO2-NaCl ʠ H2O-CO2-CaCl2; 3. ʇʘʨʘʤʝʪʨ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NaCl-CaCl2 ʧʦʣʫʯʝʥ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʣʠʢʚʠʜʫʩʫ ʩʤʝʩʠ ʵʪʠʭ 

ʩʦʣʝʡ; 4. ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʚʳʯʠʩʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ; 5. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤʳ. ʂʘʞʜʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 
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ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʤʦʣʴʥʳʭ ʜʦʣʝʡ NaCl ʠ CaCl2 ʚ ʩʠʩʪʝʤʝ. ʌʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ ʪʘʢʦʛʦ ʨʦʜʘ, ʚʳʛʣʷʜʷʱʠʝ ʩʭʦʜʥʦ ʩ ʪʘʢʠʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʜʣʷ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ, 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʩʠʩʪʝʤʳ H2O-CO2-ʩʦʣʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʘʚʘ ʩʦʣʠ. ʅʘʨʷʜʫ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʚʦʡʩʪʚ ʧʘʨʳ NaCl-CaCl2 ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʣʷ ʥʘʰʝʡ ʤʦʜʝʣʠ, ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʨʦʡʥʳʤʠ ʠ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ; 6. ʇʨʠ 

ʟʘʜʘʥʥʳʭ P ʠ T ʢʘʢ ʚ ʪʨʦʡʥʳʭ, ʪʘʢ ʠ ʚ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʫʱʝʩʪʚʫʶʪ ʚʝʨʭʥʠʝ 

ʧʨʝʜʝʣʳ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʚ ʧʦʣʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʬʣʶʠʜʥʳʭ ʬʘʟ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ P-T 

ʫʩʣʦʚʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʘʟʳ ʪʚʸʨʜʦʡ ʩʦʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʜʣʷ 

ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʚ ʧʦʣʝ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭ ʬʣʶʠʜʥʳʭ ʬʘʟ. ʕʪʦʪ ʵʬʬʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ ʚ 

ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʭ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʜʚʫʤʷ ʩʦʣʷʤʠ. ɸʢʪʠʚʥʦʩʪʴ ʚʦʜʳ ʚ ʧʦʣʝ 

ʜʚʫʭʬʘʟʥʦʛʦ ʬʣʶʠʜʘ ʚ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʩʦ ʩʤʝʰʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʩʦʣʠ ʤʦʞʝʪ 

ʧʘʜʘʪʴ ʜʦ ʥʫʣʷ. 7. ɺ ʧʦʣʝ ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʬʣʶʠʜʘ, ʨʘʩʩʣʦʝʥʥʦʛʦ ʥʘ ʜʚʝ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʬʣʶʠʜʥʳʝ ʬʘʟʳ, ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʷʚʣʷʶʪʩʷ 

ʢʦʥʥʦʜʘʤʠ, ʪʦ ʝʩʪʴ ʣʠʥʠʷʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʧʦʩʪʦʷʥʥʳ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʵʪʠʭ ʣʠʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ ʬʘʟʘʤʠ.    

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʛʦʩʟʘʜʘʥʠʝ ʧʦ ʪʝʤʝ ʅʀʈ ʀɻɻɼ ʈɸʅ FMUW-2021-0002. 
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Abstract. Based on the earlier obtained equation of state for ternary systems H2O-CO2-CaCl2 and H2O-CO2-

NaCl (Ivanov, Bushmin, 2019, 2021), an equation of state for the four-component fluid system H2O-CO2-

NaCl-CaCl2 is derived in terms of the Gibbs excess free energy. A corresponding numerical thermodynamic 

model is build. The most of the numerical parameters of the model coincide with corresponding parameters 

of the ternary systems. A parameter for NaCl-CaCl2 interaction is obtained from the experimental liquidus 

for the mixture of salts. The model is valid for pressures of 1-20 kbar and temperatures from 500ÁC to 

1400ÁC. The model allowed to carry out a detailed study of the phase state and activities of water in sections 

H2O-CO2-salt at variations of the ratio xNaCl/(xNaCl+xCaCl2). Due to removal of restrictions resulting from a 

smaller number of components in ternary systems, the thermodynamic behavior of systems with a mixed 

composition of the salt is significantly differ from the behavior of those with a single salt component.  

 
Keywords: high temperature, high pressure, fluid, four-component system, phase splitting, CO2, NaCl, CaCl2 
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ɸʥʥʦʪʘʮʠʷ. ʐʧʠʥʝʣʴ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʦʜʥʘʢʦ, ʦʙʣʘʩʪʴ ʝʛʦ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʘ, ʠ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʧʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ. ʌʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʬʝʨʨʠʪʘ ʢʘʣʴʮʠʷ (CF), ʪʠʪʘʥʘʪʘ ʢʘʣʴʮʠʷ (CT) ʠ 

ʤʘʨʦʢʠʪʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʦʣʴ ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ. 

ʇʨʠʨʦʜʥʳʝ ʧʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ. ʉʪʨʫʢʪʫʨʳ ʩ "ʤʘʨʦʢʠʪʦʚʳʤ" ʢʘʥʘʣʦʤ 

ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʪʠʦʥʳ, ʥʘʧʨʠʤʝʨ, Cr, Al, Mg, Fe, Ca, Ti, Fe, Na, ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ. ʇʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, ʚ ʤʝʪʝʦʨʠʪʘʭ ʠ ʚ ʠʤʧʘʢʪʥʳʭ ʢʨʘʪʝʨʘʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʨʘʥʠʮʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʧʨʠʨʦʜʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ 

ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʦʙʣʘʩʪʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ.     

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ, ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ, ʥʠʞʥʷʷ ʤʘʥʪʠʷ, ʩʪʨʫʢʪʫʨʘ, 

çʤʘʨʦʢʠʪʦʚʳʡè ʢʘʥʘʣ, ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ 

 

 ʐʧʠʥʝʣʴ ï ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʤʠʥʝʨʘʣ, ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʰʧʠʥʝʣʝʡ 

ʨʘʟʣʘʛʘʶʪʩʷ ʜʦ ʦʙʨʘʟʫʶʱʠʭ ʠʭ ʦʢʩʠʜʦʚ (Reid, Ringwood, 1969) ʣʠʙʦ ʠʩʧʳʪʳʚʘʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʧʨʝʪʝʥʜʝʥʪʦʚ ʥʘ ʨʦʣʴ ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ 

ʬʘʟ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʬʘʟʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ (CF), ʢʘʣʴʮʠʦʪʠʪʘʥʘʪʘ (CT) ʠ 

ʤʘʨʦʢʠʪʘ (Decker, Kasper, 1957, Rogge et al., 1998, Giesber et al., 2001). ɺʥʫʪʨʠ ʵʪʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʨʦʜʩʪʚʝʥʥʳʭ ʧʦ ʪʦʧʦʣʦʛʠʠ ʩʪʨʫʢʪʫʨ ʩ çʤʘʨʦʢʠʪʦʚʳʤè ʢʘʥʘʣʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ 

ʰʝʩʪʴʶ ʦʢʪʘʵʜʨʘʤʠ, ʚʳʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ Cmcm (Bbmm) ʠ ʩ 

ʧʨʠʤʠʪʠʚʥʳʤʠ Pnma (Pmcn), Pbcm (Pmab) ʷʯʝʡʢʘʤʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ, ʠʭ ʩʚʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʨʷʜʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ 

ʧʨʠʨʦʜʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʦʙʣʘʩʪʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ɺ ʧʨʠʨʦʜʝ ʧʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʬʘʟʘʤʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʘʢ ʠ 

ʬʘʟʘʤʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʩʪʰʧʠʥʝʣʝʚʳʝ ʬʘʟʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ, ʚ ʤʝʪʝʦʨʠʪʘʭ ʠ ʚ ʠʤʧʘʢʪʥʳʭ ʢʨʘʪʝʨʘʭ. ʊʘʢ, ʚ ʘʣʤʘʟʝ ʠʟ ʨʘʡʦʥʘ 

Juina, ɹʨʘʟʠʣʠʷ ʦʧʠʩʘʥʦ ʤʥʦʛʦʬʘʟʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ (Kaminsky et al., 2015), 

ʩʦʜʝʨʞʘʱʝʝ ʘʛʨʝʛʘʪ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ, ʙʦʛʘʪʳʡ Fe ʧʝʨʠʢʣʘʟ, ʛʨʘʬʠʪ, ʨʦʤʙʠʯʝʩʢʠʡ 
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Mg(Cr,Fe)2O4 ʦʢʩʠʜ ʠ ʨʦʤʙʠʯʝʩʢʠʡ ʦʢʩʠʜ CaCr2O4. ɺ ʨʘʙʦʪʝ (Walter et al., 2011) ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʳʩʦʢʦʙʘʨʥʳʭ ʬʘʟ: ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ CF; ʥʦʚʘʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʘʣʶʤʦʩʦʜʝʨʞʘʱʘʷ ʬʘʟʘ (NAL); Al, Ti ʠ Fe-ʩʦʜʝʨʞʘʱʠʡ Mg-ʧʝʨʦʚʩʢʠʪ; ʠ Ca-ʧʝʨʦʚʩʢʠʪ, 

ʙʦʛʘʪʳʡ Ti. ɺ ʤʝʪʝʦʨʠʪʘʭ ʠ ʠʤʧʘʢʪʠʪʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʘʦʭʦʢʠʪ (MgFe2O4), 

ʧʦʩʪʰʧʠʥʝʣʝʚʳʡ ʧʦʣʠʤʦʨʬ ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ CF (Pnma) (Chen et al., 2019); 

ʢʩʠʝʠʪ (FeCr2O4) ï ʧʨʠʨʦʜʥʳʡ ʨʦʤʙʠʯʝʩʢʠʡ ʧʦʣʠʤʦʨʬ ʭʨʦʤʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ (Chen et al., 2008); ʯʝʥʤʠʥʛʠʪ (FeCr2O4) ï ʤʠʥʝʨʘʣ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ CF (Pnma) (Ma et al., 2019); ʱʘʫʥʝʨʠʪ (Fe2+)(Fe2+Ti4+)O4 ï ʚʳʩʦʢʦʙʘʨʥʳʡ 

ʧʦʣʠʤʦʨʬ ʫʣʴʚʦʰʧʠʥʝʣʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ CT (Ma, Prakapenka, 2018). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʨʘʥʠʮʳ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ ʚ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ. ʀʟʫʯʝʥʥʳʝ ʬʘʟʳ ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ɸ2+Fe3+
2O4; ɸ

2+Cr3+
2O4; ɸ

2+Al 3+
2O4 ʠ ɸ

2+Mn3+
2O4, ʛʜʝ 

ʧʦʟʠʮʠʶ A2+ ʟʘʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ ʢʘʪʠʦʥʳ, ʥʘʧʨʠʤʝʨ, Ca, Mg, Fe, Mn, Zn, Co ʠ ʜʨ. ʊʘʢʞʝ 

ʚʳʜʝʣʷʝʪʩʷ ʛʨʫʧʧʘ ʩ ʦʪʣʠʯʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ɸ2+
2B

4+O4, ʛʜʝ ʧʦʟʠʮʠʶ B4+ ʟʘʥʠʤʘʝʪ Ti, ʘ ʚ 

ʧʦʟʠʮʠʠ ɸ2+ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ Fe, Zn, Co (ʀʩʢʨʠʥʘ ʠ ʜʨ., 2022 ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ). 

ʊʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ: MgAl 2O4 - Mg2SiO4 (Kojitani et al., 2007); MgAl2O4-CaAl2O4 (Akaogi et 

al., 1999); NaAlSiO4 - MgAl2O4 (Ono et al., 2009); Mg2SiO4ïMgCr2O4 (Bindi et al., 2018). 

ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ MgAl 2O4 ï Mg2SiO4 ʙʳʣ ʠʟʫʯʝʥ ʜʦ ʜʘʚʣʝʥʠʡ ~27 ɻʇʘ ʠ T=1600ęC 

(Kojitani et al., 2007). ɺ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ >23 ɻʇʘ ʩʨʝʜʠ ʬʘʟ ʧʦʷʚʣʷʝʪʩʷ CF ʬʘʟʘ. ʂʦʛʜʘ 

ʩʦʜʝʨʞʘʥʠʝ MgAl2O4 ʧʨʝʚʳʰʘʝʪ ~23 ʤʦʣ%, ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 26,5 ɻʇʘ ʦʩʪʘʝʪʩʷ 

ʣʠʰʴ ʬʘʟʘ CF. ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ MgAl2O4-CaAl2O4 ʙʳʣ ʠʟʫʯʝʥ ʜʦ ʜʘʚʣʝʥʠʡ ~26 ɻʇʘ ʠ 

T=1200ęC (Akaogi et al., 1999). ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 8 ɻʇʘ ʬʘʟʘ CA-IV ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ CF. ʉʦʝʜʠʥʝʥʠʝ MgAl 2O4 ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʬʘʟʫ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ ʧʨʠ 26-27 ɻʇʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʘʟʦʡ (Hex.P). ʊʚʝʨʜʳʡ ʨʘʩʪʚʦʨ NaAlSiO4 - MgAl2O4 ʙʳʣ ʠʟʫʯʝʥ ʜʦ ʜʘʚʣʝʥʠʡ 

~30 ɻʇʘ ʠ T=1600ęC (Ono et al., 2009). ʇʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ ~17 ɻʇʘ ʬʘʟʘ NaAlSi2O6 Jd 

ʨʘʟʣʘʛʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʳ NaAlSiO4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ (CF). ʕʪʘ ʬʘʟʘ 

ʩʪʘʙʠʣʴʥʘ ʚʧʣʦʪʴ ʜʦ ʢʨʘʡʥʠʭ ʠʟʫʯʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʘʚʣʝʥʠʡ ʚ 30 ɻʇʘ ʩ ʫʩʣʦʚʠʝʤ, ʯʪʦ 

ʧʨʠʤʝʩʴ Mg-ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʤʦʣ.%. ʇʨʠ ʙʦʣʴʰʝʤ ʚʭʦʞʜʝʥʠʠ ʤʘʛʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʫ NaAlSiO4, ʢʨʦʤʝ CF-ʬʘʟr, ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʘʣʶʤʠʥʠʝʚʘʷ ʬʘʟʘ 

Hex.P. ɺ ʨʘʙʦʪʝ (Bindi et al., 2018) ʧʨʠ ʜʘʚʣʝʥʠʠ 20 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600Áʉ ʚ ʩʠʩʪʝʤʝ 

Mg2SiO4ïMgCr2O4 ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʨʠʥʛʚʫʜʠʪʘ (4,23 ʤʘʩ. % Cr2O3) ʩ 

ʦʙʨʘʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʬʘʟʳ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ (Mg,Fe)2SiO4, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ Mg(Mg,Cr,Si)2O4 ʩ ʠʩʢʘʞʝʥʥʦʡ ʨʦʤʙʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ CT, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʘʙʦʪʝ (Sirotkina et al., 2018) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ 

(13ï18 ɻʇʘ) ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ Mg2SiO4ïMgCr2O4. 

ʊʘʢʞʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 16 ɻʇʘ ʠ 1600ęC ʙʳʣ ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ Mg[(Cr,Mg)(Si,Mg)]O4, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ CT ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ Cmc21 (Bindi et al., 2015). 

ʅʘʭʦʜʢʠ ʧʦʩʪʰʧʠʥʝʣʝʚʳʭ ʬʘʟ ʩʨʝʜʠ ʚʢʣʶʯʝʥʠʡ ʚ ʛʣʫʙʠʥʥʳʭ ʘʣʤʘʟʘʭ ʠ ʠʭ 

ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʥʪʠʡʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʦʯʘʛʘʭ ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʛʣʫʙʠʥʥʳʭ ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ. 

ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʭ ʩʦʩʪʘʚʘ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʘʣʶʤʠʥʠʷ, 

ʱʝʣʦʯʝʡ ʠ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ (Irifune and Ringwood, 1993; 

Kesson et al., 1994; Perrillat et al., 2006). 
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Abstract. Spinel is a widespread mineral, however, the area of its stability is limited, and at great depths 

there is a transformation into the so-called postspinel phases. Phases with structures of calcium ferrite (CF), 

calcium titanate (CT) and marokite are considered as the main candidates for the role of postspinel phases. 

Natural postspinel phases have a complex composition. Structures with a "marokite" channel can include 

various cations, e.g. Cr, Al, Mg, Fe, Ca, Ti, Fe, Na, while forming solid solutions. High-pressure postspinel 

phases have been found as inclusions in diamonds, meteorites, and impact craters. Experimental studies have 

determined the conditions of formation, the boundaries of phase transitions and changes in the physical 

properties of postspinel phases in various chemical systems over a wide range of pressures and temperatures. 

In this study we report on natural and experimental postspinel phases of various structures, their solid 

solutions and stability regions. 

 

Key words: postspinel phases, transition zone, lower mantle, structure, "marokite" channel, phase relations 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʧʠʛʘʡʩʢʘʷ ʘʩʪʨʦʙʣʝʤʘ ʩʦʜʝʨʞʠʪ ʘʣʤʘʟ rʩ ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʦʛʨʦʤʥʳʡ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʨʘʩʪʘʥʠʷ ʘʣʤʘʟʘ ʥʘ 

ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʝ ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ Fe-

Ni-C (ʥʠʢʝʣʷ 36 ʤʘʩ.%) ʧʨʠ 5,5 ɻʧʘ ʠ 1450 Áʉ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ: ʥʘʨʘʩʪʘʶʱʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʤʘʟʦʤ 

(ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʦʡ), ʣʦʥʩʜʝʡʣʠʪ ʩʦʭʨʘʥʠʣʩʷ ʚ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʘʭ.  

ʄʦʨʬʦʣʦʛʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʢʪʘʵʜʨʘʤʠ ʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʛʨʘʥʷʤʠ ʛʝʢʩʘʵʜʨʘ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ, ʪʨʠʛʦʥʪʨʠʦʢʪʘʵʜʨʘ. ɿʘʬʠʢʩʠʨʦʚʘʥ ʤʥʦʛʦʛʣʘʚʳʡ ʨʦʩʪ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʜʨʫʟʦʚʳʝ ʘʛʨʝʛʘʪʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠʣʠ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʳʭ ʩʨʦʩʪʢʦʚ ʠʟ ʩʫʙʠʥʜʠʚʠʜʦʚ ʘʣʤʘʟʘ. ɺʝʨʦʷʪʥʦ, ʠʩʭʦʜʥʘʷ ʨʘʟʥʦʨʠʝʥʪʠʨʦʚʢʘ 

ʟʘʨʦʜʳʰʝʡ ʚ ʮʝʥʪʨʘʭ ʥʫʢʣʝʘʮʠʠ ʧʨʠʚʦʜʠʣʘ ʢ ʤʥʦʛʦʛʣʘʚʦʤʫ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʟʘʪʨʘʚʦʯʥʦʤ 

ʠʤʧʘʢʪʥʦʤ ʧʘʨʘʢʨʠʩʪʘʣʣʝ. ɺʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʦʥʳ ʥʘʨʘʩʪʘʥʠʷ ʘʣʤʘʟʘ ʥʘ 

ʟʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ: ʷʤʦʯʥʦ-ʩʣʦʠʩʪʘʷ ʪʝʢʩʪʫʨʘ ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ (ʟʦʥʘ ɸ1) ï> ʧʦʚʝʨʭʥʦʩʪʴ 

ʟʘʪʨʘʚʢʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ (ɸ2) ï> ʪʦʥʢʦʩʣʦʠʩʪʘʷ ʪʝʢʩʪʫʨʘ ʥʘʨʘʩʪʘʶʱʝʛʦ ʘʣʤʘʟʘ 

ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʢʠ (ɹ) ï> ʘʛʨʝʛʘʪ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʫʙʠʥʜʠʚʠʜʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʢʫʙʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ ʨʘʟʤʝʨʦʤ ʚ ʧʝʨʚʳʝ ʤʢʤ (ɺ) ï> ʩʨʦʩʪʦʢ ʢʨʫʧʥʳʭ ʩʫʙʠʥʜʠʚʠʜʦʚ (ɻ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ, ʣʦʥʩʜʝʡʣʠʪ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʵʢʩʧʝʨʠʤʝʥʪ. 

 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʭ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ 

ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʩ ʘʣʤʘʟʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʨʘʩʪʘʥʠʷ ʘʣʤʘʟʘ ʥʘ ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʠʩʪʝʤʝ Fe-Ni-C 

ʧʨʠ 5,5 ɻʧʘ ʠ 1450 Áʉ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʥʦʛʦʧʫʘʥʩʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

çʨʘʟʨʝʟʥʘʷ ʩʬʝʨʘè, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʟʘʜʘʥʠʝʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʨʘʱʠʚʘʣʠ ʘʣʤʘʟ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʙʣʦʤʢʠ ʢʨʠʩʪʘʣʣʦʚ (ʬʨʘʛʤʝʥʪʳ) ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ (ʈʠʩ.1). 

ɿʘʪʨʘʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʩʚʝʪʣʳʝ, ʧʨʦʟʨʘʯʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʦʚ ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʢʨʠʩʪʘʣʣʦʚ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ 

ʇʦʧʠʛʘʡʩʢʦʡ ʘʤʪʨʦʙʣʝʤʳ ʨʘʟʤʝʨʦʤ 0,1 ï 0,3 ʤʤ.  

ʄʦʨʬʦʣʦʛʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʪʘʢʞʝ ʚ ʮʝʣʦʤ, ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦʡ 

ʜʣʷ ʜʘʥʥʦʡ ʤʝʪʘʣʣ-ʫʛʣʝʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʝʦʙʣʘʜʘʶʱʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʬʦʨʤʘ ï ʦʢʪʘʵʜʨ 

ʩ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʛʨʘʥʷʤʠ ʛʝʢʩʘʵʜʨʘ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ, ʪʝʪʨʘʛʦʥʪʨʠʦʢʪʘʵʜʨʘ (ʈʠʩ. 2). 

ɻʨʘʥʠ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ ʧʣʦʩʢʠʝ ʠ ʛʣʘʜʢʠʝ. ʆʪʣʠʯʠʝʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘ ʟʘʪʨʘʚʢʘʭ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ ʦʪ ʨʦʩʪʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʟʘʪʨʘʚʢʝ ʘʣʤʘʟʘ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʟʘʨʦʞʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʘʯʠʥʘʣʦʩʴ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʘʪʨʘʚʢʠ ʠʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʘ. ʅʠ 

ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʥʝ ʦʪʤʝʯʘʣʠ ʨʦʩʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʥʘ ʟʘʪʨʘʚʢʝ ʠʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʘ. 

ʅʘʙʣʶʜʘʣʩʷ ʤʥʦʛʦʛʣʘʚʳʡ ʨʦʩʪ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ 

ʢʫʙʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ (ʈʠʩ. 2).  
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ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ ʠʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʘ 

 

 
ʈʠʩ. 2. ʄʥʦʛʦʛʣʘʚʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʥʘ ʠʤʧʘʢʪʥʳʡ ʘʣʤʘʟ ʇʦʧʠʛʘʡʩʢʦʡ 

ʘʩʪʨʦʙʣʝʤʳ. 

 

ɺ ʩʨʦʩʪʢʝ (ʚʠʜ ʩʦ ʩʪʦʨʦʥʳ ʥʘʨʦʩʰʝʛʦ ʩʣʦʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ ʧʦʧʠʛʘʡʩʢʦʛʦ ʘʣʤʘʟʘ ʢ ʥʘʨʦʩʪʫ ʘʣʤʘʟʘ (ʈʠʩ. 2). ʅʘ ʩʥʠʤʢʝ ʉʂɸʅ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʪ 200 ʜʦ 10 ʤʢʤ ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʣʝʜʫʶʱʠʝ ʟʦʥʳ: ʷʤʦʯʥʦ-ʩʣʦʠʩʪʘʷ ʪʝʢʩʪʫʨʘ 

ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ (ʟʦʥʘ ɸ1) ï> ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʪʨʘʚʢʠ ʩ ʧʨʠʟʥʘʢʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

(ʟʦʥʘ ɸ2) ï> ʪʦʥʢʦʩʣʦʠʩʪʘʷ ʪʝʢʩʪʫʨʘ ʥʘʨʘʩʪʘʶʱʝʛʦ ʘʣʤʘʟʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʢʠ (ʟʦʥʘ ɹ) ï> 

ʘʛʨʝʛʘʪ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ ʨʘʟʤʝʨʦʤ ʧʝʨʚʳʝ ʤʢʤ 

(ʟʦʥʘ ɺ) ï> ʩʨʦʩʪʦʢ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʫʙʠʥʜʠʚʠʜʦʚ ʨʘʟʤʝʨʦʚ ʜʦʣʠ ʤʤ (ʟʦʥʘ ɻ). 

 ɿʦʥʘ ɸ. ʇʦʚʝʨʭʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʠʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʘ (ʟʘʪʨʘʚʢʘ) ʠʤʝʝʪ 

ʷʤʦʯʥʫʶ ʩʣʦʠʩʪʫʶ ʪʝʢʩʪʫʨʫ (ʈʠʩ. 1). ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʦʥʘ ʠʟʤʝʥʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʘʩʪʠʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. ʂʦʝ-ʛʜʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳ, ʪ.ʢ. ʩʦʭʨʘʥʠʣʘʩʴ ʷʤʦʯʥʘʷ 

ʪʝʢʩʪʫʨʘ. ɺ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʷʤʦʯʥʘʷ ʪʝʢʩʪʫʨʘ ʠʩʯʝʟʣʘ, ʥʦ ʩʦʭʨʘʥʠʣʘʩʴ ʩʣʦʠʩʪʦʩʪʴ. ʋʯʘʩʪʢʠ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʢʘʚʝʨʥ, ʟʘʧʦʣʥʝʥʥʳʭ ʤʝʪʘʣʣʦʤ, 

ʢʦʪʦʨʳʡ ʫʜʘʣʷʝʪʩʷ ʧʦʩʣʝ ʦʧʳʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚ ʢʠʩʣʦʪʘʭ. ʂʘʚʝʨʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ 

ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʦʡ ʠ ʥʘʨʘʩʪʘʶʱʠʤ ʩʣʦʝʤ ʘʣʤʘʟʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʘʚʝʨʥʳ ʠʤʝʶʪ 

ʵʣʝʤʝʥʪʳ ʦʛʨʘʥʢʠ. 
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ɿʦʥʘ ɹ. ɿʦʥʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʥʘ ʛʨʘʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ (ʈʠʩ. 3, 

4). ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʘʩʪʘʥʠʝ ʪʦʥʢʠʭ ʩʣʦʝʚ ʘʣʤʘʟʘ (ʪʦʣʱʠʥʦʡ 10-100 ʤʢʤ) ʚ 

ʦʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʝ ʧʦ ʧʣʦʩʢʦʩʪʠ (111), ʪ.ʝ. ʚ ʩʫʙʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʟʘʪʨʘʚʢʠ. ʏʘʩʪʴ ʥʘʨʘʩʪʘʶʱʠʭ ʩʣʦʸʚ ʘʣʤʘʟʘ ʥʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʯʝʨʪʘʥʠʡ, ʘ ʯʘʩʪʴ ʩʣʦʸʚ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʵʣʝʤʝʥʪʳ ʦʛʨʘʥʢʠ. ʅʘʨʘʩʪʘʶʱʠʝ ʩʣʦʠ ʘʣʤʘʟʘ ʧʦʢʨʳʚʘʶʪ ʷʤʦʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʚʠʜʥʦ ʩʨʘʩʪʘʥʠʝ ʩʣʦʝʚ ʘʣʤʘʟʘ ʩ ʚʝʱʝʩʪʚʦʤ ʠʩʭʦʜʥʦʡ ʧʣʘʩʪʠʥʳ (ʈʠʩ. 4). ʂʘʚʝʨʥʳ 

ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪ ʢʦʥʪʫʨʳ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʥʘʨʘʩʪʘʶʱʠʭ ʩʣʦʸʚ.  

 

 
ʈʠʩ. 3. ʂʨʠʩʪʘʣʣʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ. ʇʝʨʝʭʦʜ ʦʪ ʟʦʥʳ ɸ ʢ ʟʦʥʝ ɹ 

 

 
ʈʠʩ. 4. ʂʨʠʩʪʘʣʣʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ. ʇʝʨʝʭʦʜ ʦʪ ʟʦʥʳ ɸ ʢ ʟʦʥʝ ɹ ʜʘʣʝʝ ʢ ɺ ʠ ɻ 

 

ɿʦʥʘ ɺ. ʉʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʩʤʝʥʷʝʪʩʷ ʘʛʨʝʛʘʪʦʤ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ ʨʘʟʤʝʨʦʤ ʧʝʨʚʳʝ ʤʢʤ (ʈʠʩ. 3, 4). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ ʩ 

ʟʘʧʨʝʩʩʦʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʠʩʭʦʜʥʦʡ ʟʘʪʨʘʚʢʠ ʨʘʟʤʝʨ ʩʫʙʠʥʜʠʚʠʜʦʚ ʥʘʨʘʩʪʘʶʱʝʛʦ ʘʣʤʘʟʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʠʩʣʦ ʠʭ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩ. 5). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʩʪʝʪ 

ʘʛʨʝʛʘʪ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʝ ʝʜʠʥʳʡ ʤʦʥʦʢʨʠʩʪʘʣʣ. ɽʱʝ ʨʘʟ ʦʪʤʝʯʘʝʤ, ʯʪʦ ʩʫʙʠʥʜʠʚʠʜʳ ʚ 

ʩʨʦʩʪʢʘʭ ʥʝʩʢʦʣʴʢʦ ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳ ʚ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘʪʨʘʚʦʯʥʦʡ ʧʣʘʩʪʠʥʳ (ʈʠʩ. 2). 
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 ɿʦʥʘ ɻ. ɿʦʥʘ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʠʥʜʠʚʠʜʦʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʘʣʤʘʟʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʤʝʯʘʝʪʩʷ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʟʘʪʨʘʚʢʠ 

ʧʦʧʠʛʘʡʩʢʦʛʦ ʘʣʤʘʟʘ ʢ ʥʘʨʦʩʪʫ ʘʣʤʘʟʘ (ʈʠʩ. 2, 4). ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʨʦʩʪʢʘ ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳ ʧʦ ʚʩʝʡ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʚ 

ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʩʨʦʩʪʢʘ ʥʘ ʧʣʘʩʪʠʥʝ ʠʤʧʘʢʪʥʦʛʦ ʘʣʤʘʟʘ ʦʥʠ ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʩʚʦʠʤ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪ.ʝ. ʦʙʨʘʟʫʶʪ ʥʝʟʘʢʦʥʘʤʝʨʥʳʡ ʩʨʦʩʪʦʢ.    

 
ʈʠʩ. 5. ʂʨʠʩʪʘʣʣʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʘʣʤʘʟʘ. ɼʝʪʘʣʠ ʟʦʥʳ ɺ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʨʘʩʪʘʥʠʝ ʥʘ ʠʤʧʘʢʪʥʳʡ ʣʦʥʩʜʝʡʣʠʪʩʦʜʝʨʞʘʱʠʡ ʘʣʤʘʟ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʫʙʠʯʝʩʢʦʡ ʬʘʟʳ. ʅʘʙʣʶʜʘʣʩʷ ʤʥʦʛʦʛʣʘʚʳʡ ʨʦʩʪ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʨʦʩʪʦʢ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ. ɺʝʨʦʷʪʥʦ, ʠʩʭʦʜʥʘʷ ʨʘʟʥʦʨʠʝʥʪʠʨʦʚʢʘ ʪʦʯʝʢ ʟʘʨʦʞʜʝʥʠʷ ʩʫʙʠʥʜʠʚʠʜʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʤʥʦʛʦʛʣʘʚʦʤʫ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʨʦʩʪʢʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʘʣʤʘʟʘ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʟʘʪʨʘʚʢʝ.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ: ʛʨʘʥʪ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ˉ 075-15-2020-781 

 

MORPHOL OGICAL FEATURES OF DIAMOND GROWN ON SEEDS OF IMPACT 

DIAMONDS OF THE POPIGAI ASTROBLEM IN THE FE -NI-C SYSTEM 
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Abstract. The Popigai astrobleme contains diamonds with unusual properties, which are of great scientific 

and practical interest. In order to study the features of diamond growth on lonsdaleite-containing impact 

diamonds, an experimental study was carried out in the Fe-Ni-C system (nickel 36 wt.%) at 5.5 GPa and 

1450 ÁC. As a result of the experiments, it was established that the growing crystals are represented by 

diamond (cubic phase), lonsdaleite was preserved in the seed crystals. The morphology of newly formed 

diamond crystals is represented by octahedrons with secondary faces of the hexahedron, rhombic 

dodecahedron, trigontrioctahedron. Multi-headed growth was recorded, as a result of which druse aggregates 

were formed, consisting of parallel or misoriented intergrowths of diamond subindividuals. Probably, the 

initial misorientation of the nuclei in the centers of nucleation led to the multiheaded growth of crystals on 

the seed impact paracrystal.The following successive zones of diamond growth on the seed crystal were 

identified: pit-layered texture of the initial seed (zone A1) ï> seed surface with signs of partial dissolution 

(A2) ï> thin-layered texture of growing diamond with faceting elements (B) ï> aggregate of finely 

crystalline subindividuals of the newly formed cubic a few micron-sized diamonds (C) ï> intergrowth of 

large subindividuals (D). 

Key words: impact diamonds, lonsdaleite, high pressure and temperature, experiment. 
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ɸʥʥʦʪʘʮʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʙʘʟʘʣʴʪ-FeS-Fe-C ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʨʘʥʥʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ, ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʤʝʪʝʦʨʠʪʦʚ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʫʣʴʬʠʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʀʕʄ ʈɸʅ ʥʘ 

ʘʧʧʘʨʘʪʫʨʝ ʪʠʧʘ ʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡ (ʅʃ-40). ɿʘʢʘʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʩʪʦʷʣ ʠʟ ʨʫʜʥʦʡ ʠ ʩʠʣʠʢʘʪʥʦʡ 

ʯʘʩʪʝʡ. ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʧʨʦʜʫʢʪʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʘ, ʚʢʣʶʯʘʷ ʨʝʩʪʠʪ 

ʵʢʣʦʛʠʪʦʚʦʛʦ Grt-Cpx ʩʦʩʪʘʚʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ (< 1 %) ʤʝʞʟʝʨʥʦʚʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ 

ʬʝʨʨʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (L1). ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʧʨʠʫʨʦʯʝʥ ʢ ʨʫʜʥʦʡ ʯʘʩʪʠ 

ʦʙʨʘʟʮʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʲʝʢʮʠʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ (L2), ʛʜʝ ʦʥ ʦʙʨʘʟʫʝʪ ʦʙʰʠʨʥʳʝ ʫʯʘʩʪʢʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʫʣʴʬʠʜʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʂʘʢ ʠ ʤʝʞʟʝʨʥʦʚʳʝ, ʠʥʲʝʢʮʠʦʥʥʳʝ ʨʘʩʧʣʘʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ FeO (~30 ʤʘʩ.%). ʉʚʦʡʩʪʚʘ Grt-Cpx ʨʝʩʪʠʪʘ, 

ʚʝʣʠʯʠʥʘ 2-ʛʨʘʥʥʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʦʪʚʝʯʘʣʠ ʫʩʣʦʚʠʷʤ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʤʠʛʨʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʧʣʘʚʘ ʯʝʨʝʟ ʤʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʝʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ ʨʫʜʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʤʠʛʨʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʨʘʩʧʣʘʚ ʟʘʭʚʘʪʳʚʘʣ 

ʦʪʜʝʣʴʥʳʝ ʧʦʨʮʠʠ ʨʘʩʩʣʦʝʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʠʢʘʪ, ʩʫʣʴʬʠʜ, ʤʝʪʘʣ, ʨʘʩʩʣʦʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʧʣʘʚʣʝʥʠʷ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ ʙʘʟʘʣʴʪïFeïFeSïC 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʦ ʠ ʚ ʩʚʷʟʠ ʩ ʠʟʫʯʝʥʠʝʤ 

ʧʨʦʙʣʝʤʳ ʨʘʥʥʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ, ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʝʦʨʠʪʦʚ, ʘ ʪʘʢʞʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʞʝʣʝʟʦïʩʫʣʴʬʠʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʫʛʣʝʨʦʜ- ʠ ʩʝʨʦʥʘʩʳʱʝʥʥʘʷ ʩʠʩʪʝʤʘ ʙʘʟʘʣʴʪïFeSïFeïC, ʧʦʩʢʦʣʴʢʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʫʛʣʝʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʣʦʝʥʠʝ ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ Feïʤʝʪʘʣʣʠʯʝʩʢʠʡ 

(Mc) ʠ Feïʩʫʣʴʬʠʜʥʳʡ (Ms) ʨʘʩʧʣʘʚʳ, ʥʝʩʤʝʩʠʤʳʭ ʩ ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠ ʧʦʚʝʜʝʥʠʷ ʩʠʣʠʢʘʪʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʀʕʄ ʈɸʅ ʥʘ ʫʩʪʘʥʦʚʢʝ ʅʃ-40 ʧʦ ʤʥʦʛʦʘʤʧʫʣʴʥʦʡ 

ʟʘʢʘʣʦʯʥʦʡ ʤʝʪʦʜʠʢʝ (Gorbachev, 1990) ʧʨʠ ʈ=4ɻʇʘ, ʊ=1400Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʣʘʩʴ 

Pt30Rh/Pt6/Rh ʪʝʨʤʦʧʘʨʦʡ, ʜʘʚʣʝʥʠʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʣʠʙʨʦʚʘʣʦʩʴ ʧʦ 

ʨʘʚʥʦʚʝʩʠʶ ʢʚʘʨʮïʢʦʵʩʠʪ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

Ñ 10ÜC ʠ Ñ 1 ʢʙʘʨ (ʃʠʪʚʠʥ, 1991). ʀʩʭʦʜʥʘʷ ʥʘʚʝʩʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʩʠʣʠʢʘʪʥʦʡ ʠ ʨʫʜʥʦʡ 

ʬʨʘʢʮʠʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ Re, Os ʠ Pt. ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ 

ʠʩʭʦʜʥʦʡ ʥʘʚʝʩʢʠ ʩʦʩʪʦʷʣʘ ʠʟ ʪʦʥʢʠʭ ʧʦʨʦʰʢʦʚ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʙʘʟʘʣʴʪʘ 

ʤʦʢʫʣʘʝʚʩʢʦʡ ʩʚʠʪʳ (mk) ʅʦʨʠʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʩʦʩʪʘʚʘ (ʚ ʤʘʩ.%): SiO2 50,02; TiO2 1,85; Al2O3 

14,51; FeO 14,03; MnO 0,20; MgO 5,85; CaO 10,40; Na2O 2,50; K2O 0,72 ʠ ʨʫʜʥʦʡ ʯʘʩʪʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 35 ʠ 65 ʤʘʩ.% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʫʜʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʷʣʘ ʠʟ ʩʤʝʩʠ ʧʠʨʨʦʪʠʥʘ (58 

ʤʘʩ.%), ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ Fe (36 ʤʘʩ.%) ʠ ʫʛʣʝʨʦʜʘ (6 ʤʘʩ.%, ʚ ʚʠʜʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ 

ʤʘʨʢʠ ʇ-803). ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ çʩʵʥʜʚʠʯʘè, ʠʩʭʦʜʥʳʝ ʩʠʣʠʢʘʪʥʘʷ ʠ ʨʫʜʥʘʷ 

ʢʦʤʧʦʥʝʥʪʳ ʧʦʩʣʦʡʥʦ: ʨʫʜʥʘʷïʩʠʣʠʢʘʪʥʘʷïʨʫʜʥʘʷ ʥʘʚʝʩʢʠ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʛʨʘʬʠʪʦʚʫʶ 

ʘʤʧʫʣʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʣʘʩʴ ʝʱʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ. ɿʘʪʝʤ ʧʦʤʝʱʘʣʠ ʝʝ ʚ 

Pt ʘʤʧʫʣʫ ʠ ʛʝʨʤʝʪʠʯʝʩʢʠ ʟʘʚʘʨʠʚʘʣʠ. 

ʇʦʩʣʝ ʦʧʳʪʘ ʟʘʢʘʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʦʭʨʘʥʷʣ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʫʥʘʩʣʝʜʦʚʘʥʥʦʝ ʦʪ 

ʠʩʭʦʜʥʦʛʦ çʩʵʥʜʚʠʯʘè, ʚ ʮʝʥʪʨʝ ï ʩʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ, ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʧʦ ʙʘʟʘʣʴʪʫ, ʦʢʨʫʞʝʥʥʘʷ 

ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʟʘʢʘʣʝʥʥʦʡ ʨʫʜʥʦʡ ʬʨʘʢʮʠʝʡ (ʈʠʩ. 1). 
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ʈʠʩ. 1. ʄʠʢʨʦʬʦʛʨʘʬʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʦʙʨʘʟʮʘ. 1 ï 

ʩʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ, 2 ï çʠʥʲʝʢʮʠʦʥʥʳʝè ʚʳʜʝʣʝʥʠʷ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʚ ʨʫʜʥʦʡ, 3 ï ʨʫʜʥʘʷ 

ʯʘʩʪʴ ʦʙʨʘʟʮʘ. 

 

ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʩʣʦʞʝʥʘ ʧʨʦʜʫʢʪʘʤʠ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʙʘʟʘʣʴʪʘ, ʚʢʣʶʯʘʷ ʨʝʩʪʠʪ 

ʵʢʣʦʛʠʪʦʚʦʛʦ, Grt-Cpx ʩʦʩʪʘʚʘ ʩ ʤʝʞʟʝʨʥʦʚʳʤ ʩʪʝʢʣʦʤ - ʟʘʢʘʣʝʥʥʳʤ ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ. 

ʂ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ Grt-Cpx ʨʝʩʪʠʪʘ ʧʨʠʫʨʦʯʝʥʳ ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʚʢʣʶʯʝʥʠʷ Fe-ʩʫʣʴʬʠʜʥʦʡ 

ʬʘʟʳ. ʅʘ ʨʠʩʫʥʢʝ 2ʘ ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʚ ʊʘʙʣʠʮʝ 1. ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ï ʛʨʘʥʘʪʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ 

ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. 

 

ʆʢʩʠʜ/ʌʘʟʘ Grt Cpx L1 L2 

SiO2 38.87 Ñ 0.50 50.07 Ñ 0.50 41.73 Ñ 1.70 42.14 Ñ 0.64 

TiO2 1.05 Ñ 0.31  ̓ʧ/ʦ 2.54 Ñ 0.22 1.55 Ñ 0.15 

Al 2O3 21.55 Ñ 0.95 8.45 Ñ 0.67 8.91 Ñ 0.50 9.94 Ñ 0.19 

FeO 20.95 Ñ 1.66 13.07 Ñ 1.38 33.96 Ñ 1.46 29.46 Ñ 0.65 

MgO 8.38 Ñ 1.45 10.07 Ñ 0.22 1.85 Ñ 0.33 4.25 Ñ 0.20 

CaO 8.45 Ñ 0.29 15.32 Ñ 0.42  ̓ʧ/ʦ 8.29 Ñ 0.24 

Na2O  ̓ʧ/ʦ 2.29 Ñ 0.31 3.67 Ñ 0.98 2.76 Ñ 0.12 

K2O  ̓ʧ/ʦ  ̓ʧ/ʦ  ̓ʧ/ʦ 0.73 Ñ 0.18 

ʉʫʤʤʘ 99.25 99.27 92.76 99.12 

 

ʂʨʠʩʪʘʣʣʳ ʛʨʘʥʘʪʘ ʠʜʠʦʤʦʨʬʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 30 ʤʢʤ, alm60ïpyr20ïgros20 

ʩʦʩʪʘʚʘ (ʠʣʠ Mg1,0Ca0,7Fe1,3Al2Si3O12), ʍMg = 0.42, XCa = 0.23, ʩʦʜʝʨʞʘʪ Ò 1 ʤʘʩ.% TiO2 ʠ Cr2O3. 

ɺ ʦʪʥʦʰʝʥʠʠ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï SiO2, Al 2O3, MgO, CaO, FeO 

ʛʨʘʥʘʪʳ ʦʜʥʦʨʦʜʥʳ. ʅʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʡ TiO2 (ʦʪ 1.2 ʜʦ 0.6 ʤʘʩ.%) ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʟʝʨʥʘ. ʂʣʠʥʦʧʠʨʦʢʩʝʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʜʝʣʝʥʠʷʤʠ ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ ʜʠʦʧʩʠʜ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

(Ca0,6Mg0,5Fe0,4)(Al0,3Na0,1)Si2O6 ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 50 ʤʢʤ.  

ɺ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʛʨʘʥʘʪʦʤ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ, ʦʙʨʘʟʦʚʘʥʥʦʝ ʧʨʠ ʟʘʢʘʣʢʝ ʤʝʞʟʝʨʥʦʚʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ L1 (ʈʠʩ. 

2ʘ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʞʟʝʨʥʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ FeO (ʜʦ 34 ʤʘʩ.%), ʱʝʣʦʯʝʡ (Na2O+K2O ʜʦ 6 ʤʘʩ.%), ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
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ʉʘʆ (ʜʦ 5 ʤʘʩ.%) ʠ MgO (ʜʦ 2 ʤʘʩ.%). ʇʦ ʩʦʩʪʘʚʫ ʨʘʩʧʣʘʚʳ ʦʪʚʝʯʘʶʪ ʱʝʣʦʯʥʳʤ 

ʧʠʢʨʦʙʘʟʘʣʴʪʘʤ (ʊʘʙʣʠʮʘ 1).  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʠʣʠʢʘʪʥʦʡ ʬʨʘʢʮʠʠ ʩ ʨʫʜʥʦʡ, ʧʨʦʠʩʭʦʜʠʣʦ ʚʥʝʜʨʝʥʠʝ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʟʦʥʫ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʦʚ ʚ ʚʠʜʝ çʠʥʲʝʢʮʠʡè, ʟʘʧʦʣʥʷʶʱʠʭ 

ʧʫʩʪʦʪʳ ʠ ʪʨʝʱʠʥʳ. ʅʘ ʈʠʩ.2 (ʙ) ʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ L2 ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʘʧʦʣʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʚʳʜʝʣʝʥʠʷʤʠ ʩʫʣʴʬʠʜʥʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟ. ʇʦ ʩʦʩʪʘʚʫ 

L2 ʦʪʚʝʯʘʝʪ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʤ ʧʠʢʨʦʙʘʟʘʣʴʪʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ FeO (ʦʢʦʣʦ 30 ʤʘʩ.%), TiO2 (1.5 ʤʘʩ.%), ʱʝʣʦʯʝʡ (Na2O+K2O 3-4 ʤʘʩ.%), 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ MgO (4-5 ʤʘʩ.%) ʠ CaO (ʜʦ 9 ʤʘʩ.%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L1.  

  

   

   ʘ)       ʙ) 

ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ: ʘ) Grt-Cpx ʤʘʪʨʠʮʘ ʩ ʤʝʞʟʝʨʥʦʚʳʤ 

ʩʪʝʢʣʦʤ (L1); ʙ) ʤʘʩʩʠʚʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʩʪʝʢʣʘ (L2) ʚ ʨʫʜʥʦʡ ʯʘʩʪʠ.  

 

ʌʘʟʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠ ̫ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ɺ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʙʘʟʘʣʴʪʘ ʧʨʠ ʈ-ʊ 

ʵʢʣʦʛʠʪʦʚʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ Grt-Cpx ʨʝʩʪʠʪʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

(<1 %) ʤʝʞʟʝʨʥʦʚʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʬʝʨʨʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʚʦʡʩʪʚʘ Grt-Cpx 

ʨʝʩʪʠʪʘ, ʚʝʣʠʯʠʥʘ 2-ʛʨʘʥʥʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʦʪʚʝʯʘʣʠ ʫʩʣʦʚʠʷʤ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʤʠʛʨʘʮʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʧʣʘʚʘ ʯʝʨʝʟ 

ʤʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ ʨʫʜʥʦʡ ʯʘʩʪʠ. ʇʨʠ ʤʠʛʨʘʮʠʠ 

ʠ ʚʥʝʜʨʝʥʠʠ ʨʘʩʧʣʘʚ ʟʘʭʚʘʪʳʚʘʣ ʦʪʜʝʣʴʥʳʝ ʧʦʨʮʠʠ ʨʘʩʩʣʦʝʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ.  
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Abstract. An experimental study of the basalt-FeS-Fe-C system with the parameters of the upper mantle is of 

interest in connection with the problems of early differentiation of cosmic bodies, the chemical composition 

of meteorites and magmatic sulfide deposits. The experiments were carried out at the IEM RAS on an anvil-

and-hole type apparatus (NL-40). The hardened sample consisted of ore and silicate parts. The silicate part is 

composed of products of partial melting of basalt, including restite of eclogitic Grt-Cpx composition with a 

small amount (<1%) of intergranular silicate glass of ferrobasalt composition (L1). The main volume of 

silicate glass is confined to the ore part of the sample as a result of the injection of basaltic melt (L2), where 

it forms extensive areas, mainly in its sulfide part. Like intergranular melts, injection melts are characterized 

by anomalously high FeO contents (~30 wt %). The properties of Grt-Cpx restite, the value of the 2-sided 

contact angle between the crystals corresponded to the conditions of an open system, which contributed to 

the migration of the main volume of the melt through the intergranular space and its intrusion into the 

weakened zones of the ore part. During migration and intrusion, the melt captured individual portions of 

layered sulfide melts. 
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ɸʥʥʦʪʘʮʠʷ. ʂʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʡ ʵʚʦʣʶʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ 

ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʧʣʘʚʦʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ - ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʦʣʠʚʠʥʘ ʠ ʞʘʜʝʠʪ-

ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʧʣʘʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥʘʪ-ʩʦʜʝʨʞʘʱʝʡ ʘʩʩʦʮʠʘʮʠʠ.  

ʇʨʠ 6.0 ɻʇʘ ʠ 700-1400 Áʉ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʉ-ʆ-ʅ-

ʬʣʶʠʜʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʣʠʚʠʥʘ, ʝʝ ʪʝʤʧʝʨʘʪʫʨʫ, ʩʦʩʪʘʚʳ ʨʝʘʢʮʠʦʥʥʳʭ 

ʬʘʟ, ʪʦʯʢʫ ʩʪʘʨʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʘʥʪʠʡʥʳʭ ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʣʠʚʠʥ ï ʞʘʜʝʠʪ ï 

ʜʠʦʧʩʠʜ - (5 ʤʘʩ. % ʉ-ʆ-ʅ) ʠ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʠʣʠʢʘʪ - (Mg-Fe-Ca-Na-ʢʘʨʙʦʥʘʪ) - (7.5 ʤʘʩ. % ʉ-ʆ-

ʅ) ʩʠʩʪʝʤʘʭ. ɺ ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʝ ʧʦʥʠʞʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ ʠ ʣʠʢʚʠʜʫʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 120 ʠ ~60-80 Áʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʦʡ ʩʠʣʠʢʘʪʥʦʡ ʩʠʩʪʝʤʦʡ. ʇʝʨʠʪʝʢʪʠʢʘ 

ʦʣʠʚʠʥʘ ʧʨʠ ʵʪʦʤ ʩʜʚʠʛʘʝʪʩʷ ʥʘ ~10 ʤʘʩ. % ʚ ʩʪʦʨʦʥʫ ʦʣʠʚʠʥʘ. 

ɺ ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ-ʬʣʶʠʜʥʦʡ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʝ ʧʝʨʠʪʝʢʪʠʢʘ ʦʣʠʚʠʥʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 280 Áʉ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ - ʥʘ 380 Áʉ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʠʣʠʢʘʪ-

ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ. ʉʆ2-ʢʦʤʧʦʥʝʥʪ ʢʘʨʙʦʥʘʪʠʟʠʨʫʝʪ ʩʠʣʠʢʘʪʳ. ʅ2ʆ-ʢʦʤʧʦʥʝʥʪ ʥʘ ʩʦʣʠʜʫʩʝ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʛʘʟʦʚʦ-ʬʣʶʠʜʥʫʶ ʬʘʟʫ, ʩʦʟʜʘʚʘʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʪʚʝʨʜʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ʠ/ʠʣʠ ʢʘʨʙʦʥʘʪʘʤʠ.     

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: C-O-H-ʬʣʶʠʜ, ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʘʷ ʵʚʦʣʶʮʠʷ, ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ-ʬʣʶʠʜʥʘʷ 

ʩʠʩʪʝʤʘ, ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ  

 

 ɺ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʤʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʦʩʪʘʚʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʣʠʢʘʪ-

ʦʢʩʠʜʥʳʭ ʠ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʩʠʣʠʢʘʪ-ʦʢʩʠʜ-ʢʘʨʙʦʥʘʪ-ʫʛʣʝʨʦʜʥʳʭ ʩʠʩʪʝʤ ʚʢʣʶʯʘʶʪ 

ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʘʚʝ ʣʝʪʫʯʠʭ ʚ ʤʘʪʝʨʠʥʩʢʦʡ ʩʨʝʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ (Navon et al., 

2017). ʅʘʭʦʜʢʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʣʤʘʟʘʭ ʧʦ ʩʦʩʪʘʚʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʧʦʥʝʥʪʘʤ C-O-HÑNÑS ʬʣʶʠʜʘ, ʪʘʢʠʤ ʢʘʢ CO2 ʠ H2O (Jablon, Navon, 2016; 

Nimis et al., 2016). ɺʦʜʘ ʠ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʩʦʩʪʘʚʝ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ (Symonds et al., 1994). ɾʠʜʢʘʷ ʚʦʜʘ ʠ ʉʆ2 ʚ ʚʠʜʝ ʛʘʟʘ 

ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʬʘʟʳ ʚ ʛʝʨʤʝʪʠʯʝʩʢʠʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʭ ʚ ʘʣʤʘʟʘʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (Schrauder, Navon, 1994; Izraeli et al., 2001). ɺʝʨʦʷʪʥʦ, H2O ʠ CO2 

ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʛʣʫʙʠʥʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʘ, ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʪʦʨʦʛʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ ʤʘʥʪʠʠ, ʩʦʛʣʘʩʥʦ ʤʘʥʪʠʡʥʦ-ʢʘʨʙʦʥʘʪʠʪʦʚʦʡ ʪʝʦʨʠʝʡ 

(Litvin, 2017). ʀʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚʤʝʱʘʶʱʠʝ ʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜ, ʚʦʜʘ, ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ. ʊʘʢ ʬʦʨʤʠʨʫʶʪʩʷ ʦʯʘʛʠ ʤʘʪʝʨʠʥʩʢʠʭ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ 

ʨʘʩʧʣʘʚʦʚ. ɺʨʝʤʷ ʞʠʟʥʠ ʪʘʢʦʛʦ ʦʯʘʛʘ ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝʥʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʬʣʶʠʜʘ. ʆʯʘʛ 

ʧʦʩʪʝʧʝʥʥʦ ʦʩʪʳʚʘʝʪ ʠ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʝʪʩʷ. ɺ ʧʨʦʮʝʩʩʝ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʢʘʨʙʦʥʘʪʥʦ-ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʦʯʘʛʘʭ ʧʨʦʠʩʭʦʜʷʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʩʝʥʦʣʠʪʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʩʝʨʠʠ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʧʝʨʠʜʦʪʠʪ-ʧʠʨʦʢʩʝʥʠʪ-ʵʢʣʦʛʠʪʦʚʳʭ ʧʦʨʦʜ.  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʝʨʠʜʦʪʠʪ-ʵʢʣʦʛʠʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʥʦʡ ʵʚʦʣʶʮʠʠ ʚʝʱʝʩʪʚʘ ʧʨʠʤʠʪʠʚʥʦʛʦ ʛʨʘʥʘʪʦʚʦʛʦ 

ʣʝʨʮʦʣʠʪʘ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʋʩʪʨʘʥʝʥʠʝ ʦʣʠʚʠʥʘ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 
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ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʩʭʦʜʥʦʡ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʡ 

ʩʠʩʪʝʤʳ Ol-Opx-Cpx-Grt ʚ ʙʠʤʠʥʝʨʘʣʴʥʫʶ ʵʢʣʦʛʠʪʦʚʫʶ ʩʠʩʪʝʤʫ Cpx-Grt. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ c ʫʩʪʨʘʥʝʥʠʝʤ ʦʣʠʚʠʥʘ ʠ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ. ʈʝʘʢʮʠʦʥʥʘʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʟʘʮʠʷ ʧʨʠʨʦʜʥʦʛʦ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʧʨʦʠʩʭʦʜʠʣʘ 

ʚ ʦʧʳʪʘʭ ʧʨʠ 4 ɻʇʘ (ʃʠʪʚʠʥ, 1991), ʢʦʛʜʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʣʘʚʣʝʥʠʝ ʤʘʥʪʠʡʥʦʡ ʩʠʩʪʝʤʳ Ol-

Opx-Cpx-Grt. ʈʝʘʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʨʩʪʝʨʠʪʘ ʠ ʞʘʜʝʠʪʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʥʘʪʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʣʦʩʴ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʚʳʰʝ 4 ɻʇʘ, ʧʨʠ 6.5 ɻʇʘ, ʧʨʠ 7 ɻʇʘ. ɺʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʨʝʘʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʞʘʜʝʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʜʦ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʝʡ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ 

ʩʠʩʪʝʤʘʭ (ʃʠʪʚʠʥ ʠ ʜʨ., 2019).  

ɺ ʩʠʣʠʢʘʪʥʦʡ ʩʠʩʪʝʤʝ ʦʣʠʚʠʥ-ʜʠʦʧʩʠʜ-ʞʘʜʝʠʪ (Ol-Di-Jd) ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʛʨʘʥʘʪʠʟʘʮʠʠ ʦʣʠʚʠʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʘ, ʦʧʨʝʜʝʣʝʥʦ ʩʪʨʦʝʥʠʝ ʣʠʢʚʠʜʫʩʘ 

ʩʠʩʪʝʤʳ OlïDiïJd ʠ ʨʘʩʢʨʳʪʘ ʝʛʦ ʢʨʠʪʠʯʝʩʢʘʷ ʨʦʣʴ ʢʘʢ çʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʩʪʠʢʘè 

ʤʝʞʜʫ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʤʠ ʦʣʠʚʠʥʩʦʜʝʨʞʘʱʠʤʠ ʧʝʨʠʜʦʪʠʪ-ʧʠʨʦʢʩʝʥʠʪʦʚʳʤʠ ʠ ʙʘʟʠʪʦʚʳʤʠ 

ʢʨʝʤʥʝʟʝʤʥʘʩʳʱʝʥʥʳʤʠ ʵʢʣʦʛʠʪʦʚʳʤʠ ʩʦʩʪʘʚʘʤʠ ʚʝʱʝʩʪʚʘ ʛʨʘʥʘʪ-ʧʝʨʠʜʦʪʠʪʦʚʦʡ ʬʘʮʠʠ. 

ɺʝʩʴ ʦʣʠʚʠʥ ʠʩʯʝʟʘʝʪ ʧʨʠ 1380ï1420ÁC ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ ~30 ʤʘʩ. % Ol (ʃʠʪʚʠʥ ʠ ʜʨ., 2019). 

 ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʜʝʤʦʥʩʪʨʘʮʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʧʝʨʙʘʟʠʪ-ʙʘʟʠʪʦʚʦʡ 

ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʘʣʤʘʟʦʥʦʩʥʦʝ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ C-O-H-

ʬʣʶʠʜʘ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʩʠʩʪʝʤʘʭ, ʦʪ ʯʠʩʪʦ ʩʠʣʠʢʘʪʥʦʡ ʜʦ 

ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ-ʬʣʶʠʜʥʳʭ 

ʩʠʩʪʝʤ.  

ʕʪʠ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ 

ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʬʠʟʠʢʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ.  

ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʫʣʴʪʨʘʙʘʟʠʪ-

ʙʘʟʠʪʦʚʦʡ ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ 

ʩʠʩʪʝʤʳ ʦʣʠʚʠʥïʞʘʜʝʠʪïʜʠʦʧʩʠʜï

ʛʨʘʥʘʪï(ʉïʆïH-ʬʣʶʠʜ) ʧʨʠ 6 ɻʇʘ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʬʣʶʠʜʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ 5 ʤʘʩ. %. (ʃʠʪʚʠʥ, 

ʂʫʟʶʨʘ, 2021) ʇʝʨʠʪʝʢʪʠʯʝʩʢʘʷ 

ʨʝʘʢʮʠʷ ʦʣʠʚʠʥʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, (ʉïʆïH)-

ʬʣʶʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʚʥʦʩʷʪ 

ʨʘʜʠʢʘʣʴʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʠʩʭʦʜʷʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʝʝ 

ʣʠʢʚʠʜʫʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ï 

ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʦʣʠʜʫʩʥʦʡ 

ʠ ʣʠʢʚʠʜʫʩʥʦʡ ʛʨʘʥʠʮ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 120 ʠ ~60ï80 Áʉ, 

ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʘ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʦʣʠʚʠʥʘ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʣʠʚʠʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ~10 ʤʘʩ. %. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ 

ʤʦʜʝʣʴʥʦʡ ʤʘʥʪʠʡʥʦʡ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ ʢʘʨʙʦʥʘʪ-ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʝʥʳ 

 

ʈʠʩ.1. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ  ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ-ʬʣʶʠʜʥʦʡ 

ʩʠʩʪʝʤʳ Ol-Cpx-Jd-Carb-(C-O-H)-ʬʣʶʠʜ ʚ ʝʝ 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʤ ʩʝʯʝʥʠʠ Ol86.5ʉarb6.0(C-O-H)7.5 ï  

Omph86.5ʉarb6.0(C-O-H)7.5  
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ʧʨʠ ʜʘʚʣʝʥʠʠ 6 ɻʇʘ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 700-1400 Áʉ ʚ ʘʧʧʘʨʘʪʝ ʪʦʨʦʠʜʥʦʛʦ ʪʠʧʘ 

çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè ʚ ʀʕʄ ʈɸʅ. ʀʟ ʩʪʘʨʪʦʚʳʭ ʛʝʣʝʚʳʭ ʩʠʣʠʢʘʪʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ 

ʛʦʪʦʚʠʣʠʩʴ ʩʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʀʩʪʦʯʥʠʢʦʤ ʬʣʶʠʜʘ ʷʚʣʷʝʪʩʷ ʜʠʛʠʜʨʘʪ 

ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʮʝʩʩʝ ʦʧʳʪʦʚ ʜʠʩʩʦʮʠʠʨʦʚʘʣ ʥʘ CO2, H2O ʠ H2. 

ʇʦʩʣʝʜʥʠʡ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʫʜʘʣʷʣʩʷ ʠʟ ʩʠʩʪʝʤʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʩʚʦʡʩʪʚʫ 

ʜʠʬʬʫʥʜʠʨʦʚʘʪʴ ʩʢʚʦʟʴ ʧʣʘʪʠʥʫ. ɺ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʘʤʧʫʣʳ ʧʦʤʝʱʘʣʩʷ ʢʨʠʩʪʘʣʣ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʛʨʘʥʘʪʘ (ʘʥʜʨʘʜʠʪʘ, Andr) ʜʣʷ ʢʦʥʪʨʦʣʷ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɿʘʢʘʣʦʯʥʳʝ 

ʦʙʨʘʟʮʳ ʠʟʫʯʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʩʪʩʦʣʠʜʫʩʥʳʭ ʬʘʟ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʦʣʠʪʝʨʤʠʯʝʩʢʦʛʦ ʩʝʯʝʥʠ ̫Ol86.5ʉarb6.0(C-O-H)7.5 ï Omph86.5ʉarb6.0(C-O-H)7.5 (ʈʠʩ. 1).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʠʣʠʢʘʪ-ʢʘʨʙʦʥʘʪ-ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʦʣʠʚʠʥʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʘ ʣʠʢʚʠʜʫʩʝ ʦʙʨʘʟʫʶʪʩʷ ʦʣʠʚʠʥ, ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʳʡ ʛʨʘʥʘʪ, 

ʦʤʬʘʮʠʪ (ʈʠʩ. 1, 2). ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʛʨʘʥʘʪ ʧʠʨʦʧ-

ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʨʷʜʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʟʘʪʨʘʚʦʯʥʦʛʦ ʘʥʜʨʘʜʠʪʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʦʡ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʠʪʝʢʪʠʢʠ ʧʦʥʠʞʘʝʪʩʷ ʥʘ 280, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʣʠʜʫʩʘ ʥʘ 380 ʦʉ, ʘ ʪʘʢʞʝ ʩʤʝʱʘʝʪʩʷ ʩʦʩʪʘʚ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʣʠʚʠʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ~10 ʤʘʩ. %.  

ʉʆ2-ʢʦʤʧʦʥʝʥʪ ʬʣʶʠʜʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʯʘʩʪʠʯʥʦʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʩʠʣʠʢʘʪʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʟ - ʢʘʣʴʮʠʪʘ, ʤʘʛʥʝʟʠʪʘ, Na,ʉa- ʠ 

Mg,Fe-ʢʘʨʙʦʥʘʪʦʚ, ʪʘʢʠʝ ʬʘʟʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ 

ʦʙʨʘʟʮʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʣʠʜʫʩʥʦʡ ʠ 

ʦʢʦʣʦʩʦʣʜʠʜʫʩʥʦʡ. 

ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʟʘʢʘʣʢʠ (200 

Áʉ/ʩʝʢ) ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʦʙʦʩʦʙʣʝʥʥʳʝ ʧʦʣʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʫʧʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ 

ʞʝʦʜ. ʇʫʩʪʦʪʳ ʟʘʧʦʣʥʝʥʳ ʢʨʫʧʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʩʠʣʠʢʘʪʦʚ (ʜʦ 120 ʤʢʤ) ʠ ʩʤʝʩʴʶ 

ʠʟ ʤʝʣʢʠʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʠʣʠʢʘʪʦʚ ʚ 

ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʈʠʩ. 2). ɺ ʦʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʧʫʩʪʦʪ ʤʝʪʦʜʦʤ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥ ʚʦʜʥʳʡ ʢʘʨʙʦʥʘʪ ʥʝʩʢʚʝʛʦʥʠʪ 

MgCO3*3H2O (ʈʠʩ. 3). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʦ ʚʨʝʤʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʦʧʳʪʘ ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʉʆ2 ʠ ʚʦʜʥʳʡ 

ʅ2ʆ ʢʦʤʧʦʥʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʣʥʦʩʪʴʶ ʩʤʝʩʠʤʦʡ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʉ-ʆ-ʅ-

ʞʠʜʢʦʩʪʠ-ʬʣʶʠʜʘ. ʂʦʤʧʦʥʝʥʪ ʅ2ʆ ʚʳʜʝʣʷʝʪʩʷ 

ʥʘ ʩʦʣʠʜʫʩʝ ʚ ʛʘʟʦʚʦ-ʬʣʶʠʜʥʫʶ ʬʘʟʫ, ʩʦʟʜʘʚʘʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʫʶ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʚ ʦʪʢʨʳʪʦʤ ʨʝʞʠʤʝ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʩʫʙʩʦʣʠʜʫʩʥʳʤʠ 

ʩʠʣʠʢʘʪʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʅ2ʆ-ʬʣʶʠʜ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʦʯʘʛʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʚʠʪʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʪʠʧʘ ʞʝʦʜ.  

 
ʈʠʩ. 2. çɾʝʦʜʘè, ʟʘʧʦʣʥʝʥʥʘʷ 

ʣʠʢʚʠʜʫʩʥʳʤʠ ʬʘʟʘʤʠ (Grt, Cpx) ʠ 

ʩʫʙʩʦʣʠʜʫʩʥʳʤʠ ʢʘʨʙʦʥʘʪʘʤʠ. ʆʙʨ.  

3291. ʉʪʘʨʪʦʚʳʡ ʩʦʩʪʘʚ -

[(Ol80.00Jd12.40Di7.60)80Carb20]92.5COH7.5. 6 

ɻʇʘ. 1130 Áʉ. ɺʳʜʝʨʞʢʘ 95 ʤʠʥ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʨʙʦʥʘʪ-

ʩʠʣʠʢʘʪ-ʬʣʶʠʜʥʦʡ ʤʘʥʪʠʡʥʦʡ 

ʩʠʩʪʝʤʝ ʧʝʨʠʪʝʢʪʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ 

ʦʣʠʚʠʥʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ 

(ʉïʆïH)-ʬʣʶʠʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝ ʚʥʦʩʷʪ ʨʘʜʠʢʘʣʴʥʳʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʧʨʠ 

ʧʣʘʚʣʝʥʠʠ. ɼʦʙʘʚʣʝʥʠʝ ʬʣʶʠʜʘ, 

ʦʜʥʘʢʦ, ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʝʝ 

ʣʠʢʚʠʜʫʩʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʯʘʩʪʠʠ ʉʆʅ-ʬʣʶʠʜʘ ʧʨʦʠʩʭʦʜʠʪ 

çʧʦʩʪʩʦʣʠʜʫʩʥʦʝè ʨʘʩʱʝʧʣʝʥʠʝ ʥʘ ʩʫʙʩʦʣʠʜʫʩʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʠ ʩʦʩʫʱʝʩʪʚʫʶʱʫʶ ʩ ʥʝʡ ʚ ʩʫʙʩʦʣʠʜʫʩʝ ʦʪʢʨʳʪʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʪʝʤʘ FMUF-2022-0001. 
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Abstract. The key mechanism of ultrabasic-basic evolution of magmatic and diamond-forming melts of the 

upper mantle is the peritectic reaction of olivine and jadeite-containing melt with the formation of a garnet-

containing association.  

The influence of increased C-O-H-fluid contents on the possibility of the peritectic olivine reaction, its 

temperature, the compositions of reaction phases, and the starting point in mantle silicate-fluid magmatic 

olivine-jadeiteïdiopside ï (5 wt. % C-O-H) and diamond-forming silicate - (Mg-Fe-Ca-Na-carbonate) - (7.5 

wt. % C-O-N) systems was experimentally studied at 6.0 GPa and 700-1400ÁC. In the silicate-fluid system, 

the solidus and liquidus temperatures decrease, respectively, by 120 and ~60-80 Á C compared to the dry 

silicate system. The olivine peritectic is shifted by ~10 wt. % towards olivine. 

In the silicate-carbonate-fluid diamond-forming system, the olivine peritectic is still occurred at its 

temperature decreases by 280 ÁC, the solidus temperature by 380 ÁC in comparison with the silicate-fluid 

system. The CO2 component carbonatizes silicates. The H2O component is released into the gas-fluid phase 

on the solidus, creating a supercritical hydrothermal system that coexists with solid silicates and/or 

carbonates.     

 
Key words: C-O-H-fluid, ultrabasic-basic evolution, silicate-carbonate-fluid system, peritectic reactions, 

mantle metasomatizm, supercritical hydrothermal system  
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ɸʥʥʦʪʘʮʠʷ. ɺʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʤʦʜʘʣʴʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʪʘʙʠʣʴʥʦʛʦ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ K-ʨʠʭʪʝʨʠʪʘ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʝʘʢʮʠʝʡ 8En + Di + [1/2K2O +1/2Na2O + H2O] = K-Rct + 2Fo, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʣʶʠʜʘ K2CO3-Na2CO3-Cʆ2-H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʠ ʜʘʚʣʝʥʠʠ 3 ɻʇʘ, ʧʨʠ 

ʨʘʟʥʦʤ Na/K ʩʦʦʪʥʦʰʝʥʠʠ. ʇʨʠ Na/K = 50/50 ʠ 70/30 ʘʤʬʠʙʦʣ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

(K2CO3+Na2CO3)/(H2O+CO2) = 30/70. ʉ ʨʦʩʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʣʦʞʝʥʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʘ ʘʤʬʠʙʦʣʘ ʚ ʩʣʫʯʘʝ Na/K = 50/50 ʚ ʩʪʦʨʦʥʫ K-

ʨʠʭʪʝʨʠʪʘ, ʘ ʚ ʩʣʫʯʘʝ Na/K = 70/30 ʚ ʩʪʦʨʦʥʫ ʥʘʪʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. ɺ ʩʠʩʪʝʤʝ Na/K = 30/70 ʧʦʷʚʣʝʥʠʝ 

ʘʤʬʠʙʦʣʘ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʧʨʠ (K2CO3+Na2CO3)/(H2O+CO2) = 20/80 ʠ 30/70. ɽʛʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʱʝʣʦʯʝʡ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ 

ʧʦʧʝʨʝʤʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʳ ʠ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʤʬʠʙʦʣʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ K-ʨʠʭʪʝʨʠʪʘ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʱʝʣʦʯʥʦʩʪʠ ʬʣʶʠʜʘ, ʥʦ ʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʘʤʠʭ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʬʣʶʠʜ, ʵʢʩʧʝʨʠʤʝʥʪ, ʘʤʬʠʙʦʣ, K-ʨʠʭʪʝʨʠʪ 

 

 ʄʦʜʘʣʴʥʳʡ ʤʘʥʪʠʡʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ ï ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʚ 

ʭʦʜʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʬʣʶʠʜʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ ʤʠʥʝʨʘʣʦʚ ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ, ʪʘʢʠʭ ʢʘʢ ʬʣʦʛʦʧʠʪ, ʘʤʬʠʙʦʣ, ʪʠʪʘʥʘʪʳ, ʢʘʨʙʦʥʘʪʳ, ʩʫʣʴʬʠʜʳ ʠ ʜʨ. (OôReilly 

& Griffin, 2013). ɺʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ K-ʨʠʭʪʝʨʠʪʘ ï 

ʥʠʟʢʦʛʣʠʥʦʟʸʤʠʩʪʦʛʦ ʘʤʬʠʙʦʣʘ, ʩʪʘʙʠʣʴʥʦʛʦ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ 

(Trßnnes, 2002). ɽʛʦ ʛʝʥʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ 8En + Di + [1/2K2O +1/2Na2O + 

H2O] = K-Rct + 2Fo, ʧʨʠ ʫʯʘʩʪʠʠ ʚʦʜʥʦ-ʫʛʣʝʢʠʩʣʦʛʦ ʬʣʶʠʜʘ ʠ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʘʤʬʠʙʦʣʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʚʦ ʬʣʶʠʜʝ 

(Zimmermann et al., 1997) ʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (Konzett & Ulmer, 1999).  

 ʆʙʨʘʟʦʚʘʥʠʝ K-ʨʠʭʪʝʨʠʪʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʠ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (1000Áʉ ʠ 

3ɻʇʘ) ʧʨʠ ʨʘʟʣʠʯʥʦʤ Na/K ʩʦʦʪʥʦʰʝʥʠʠ. ʇʨʦʜʫʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ɺ 

ʩʠʩʪʝʤʘʭ I-Kr ʠ II-Kr ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʭʦʞʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʣʶʠʜʝ ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʩʩʦʮʠʘʮʠʷ ʠʟ ʜʚʫʭ 

ʧʠʨʦʢʩʝʥʦʚ ʠ ʦʣʠʚʠʥʘ (ʈʠʩ. 1ʘ). ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʬʠʙʦʣʘ (ʈʠʩ. 1ʙ) ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʨʠ 

Na2CO3 + K2CO3 / H2O + CO2 = 30/70. ɽʛʦ ʛʝʥʝʨʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʣʠʚʠʥʘ, 

ʘ ʪʘʢʞʝ ʨʘʟʣʦʞʝʥʠʝʤ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝʤ 

ʣʠʰʴ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʷ ʚ ʜʨʫʛʠʭ ʬʘʟʘʭ. ʀʟʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʱʝʣʦʯʥʦʩʪʠ ʬʣʶʠʜʘ ʦʢʘʟʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ: ʚ ʩʠʩʪʝʤʝ I-Kr ʨʘʟʣʦʞʝʥʠʝ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʘʣʴʮʠʷ ʚ ʦʨʪʦʧʠʨʦʢʩʝʥʝ, ʘ ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʘ ʩʤʝʱʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ K-ʨʠʭʪʝʨʠʪʘ; ʚ ʩʠʩʪʝʤʝ II-Kr ʢʘʣʴʮʠʝʚʦʩʪʴ ʦʙʦʠʭ ʧʠʨʦʢʩʝʥʦʚ ʩʥʠʞʘʝʪʩʷ (ʈʠʩ. 2ʘ), ʘ 

ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʘ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʥʘʪʨʦʚʳʭ ʩʝʨʠʡ (ʈʠʩ. 2ʙ).  

ɺʳʩʦʢʦʝ K/Na ʦʪʥʦʰʝʥʠʝ ʚ ʩʠʩʪʝʤʝ III -Kr ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʤʬʠʙʦʣʘ ʫʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʩʦʣʝʡ ʚʦ ʬʣʶʠʜʝ. ɽʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠ 

ʦʪʥʦʰʝʥʠʷʭ Na2CO3+K2CO3 / H2O+CO2 = 20 ʠ 30, ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʱʝʣʦʯʝʡ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ ʧʦʧʝʨʝʤʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʩʪʝʡ ʚʦʜʳ ʠ 

ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʬʠʙʦʣʘ. ɺʤʝʩʪʦ ʘʤʬʠʙʦʣʘ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 
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ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʛʦʣʢʠ ʱʝʣʦʯʥʦʡ ʟʘʢʘʣʦʯʥʦʡ ʬʘʟʳ (ʜʣʠʥʘ ʠʛʦʣʦʢ ʜʦ 2 ɛm). ɺʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚʦʜʳ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚ ʩʠʩʪʝʤʝ III -Kr K-ʨʠʭʪʝʨʠʪ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʱʝʣʦʯʝʡ 

ʥʘʧʨʦʪʠʚ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʙʦʣʝʝ ʥʘʪʨʦʚʳʝ ʘʥʘʣʦʛʠ.  

 

ʊʘʙʣʠʮʘ 1.  ʇʨʦʜʫʢʪʳ ʦʧʳʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʧʨʠ 3 ɻʇʘ ʠ 1000Áʉ. 

          Na2CO3+K2CO3 / 

                      H2O+CO2 

ʤʦʣ.% 

     Na/K 
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50/50 

(ʩʦʩʪʘʚ I-Kr) 
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Opx Opx Opx Opx Opx Opx 
70/30 

(ʩʦʩʪʘʚ II-Kr) 
- Ol Ol Ol Ol Ol 

- - Amp Amp Amp Amp 

Di Di Di Di Di Di* ʚ Ol 

Opx Opx Opx Opx Opx Opx 
30/70 

(ʩʦʩʪʘʚ III -Kr) 
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Amp - - Amp Amp Amp 

Di Di Di Di Di Di 

Opx Opx Opx Opx Opx Opx 
ʇʨʠʤʝʯʘʥʠʝ: * - ʬʘʟʘ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʷ.  

 

  

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʦʪʨʘʞʸʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ: ʘ) ʘʩʩʦʮʠʘʮʠʷ ʠʟ ʜʚʫʭ ʧʠʨʦʢʩʝʥʦʚ, 

ʚ ʩʠʩʪʝʤʝ, ʛʜʝ ʘʤʬʠʙʦʣ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ; ʙ) ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʤʬʠʙʦʣʘ (ʜʦ 500 ɛm ʚ 

ʜʣʠʥʫ) ʚ ʦʢʨʫʞʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʧʠʨʦʢʩʝʥʦʚ. ʊʸʤʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʥʫʪʨʠ ʘʤʬʠʙʦʣʘ ï 

ʦʨʪʦʧʠʨʦʢʩʝʥ, ʩʚʝʪʣʳʝ ʚʢʣʶʯʝʥʠʷ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥ.  

 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʬʠʙʦʣʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʣʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʩʠʩʪʝʤʘ ʩ ʚʳʩʦʢʠʤ K/Na ʩʦʦʪʥʦʰʝʥʠʝʤ.  

ʆʩʣʦʞʥʸʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ K-ʨʠʭʪʝʨʠʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʩʚʝʥʥʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʨʝʜʢʫʶ 
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ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʵʬʬʝʢʪʳ ʚʘʞʥʳ ʜʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ 

ʱʝʣʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʣʶʠʜʝ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʤʦʜʘʣʴʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʝʨʠʜʦʪʠʪʦʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. 

 

  

ʈʠʩ. 2. ʘ) ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Ca ʬ.ʝ. ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʦʪ 

ʱʝʣʦʯʥʦʩʪʠ ʬʣʶʠʜʘ ʚ ʩʠʩʪʝʤʝ II-Kr; ʙ) ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ K ʠ Na ʬ.ʝ. ʚ ʘʤʬʠʙʦʣʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʬʣʶʠʜʘ ʚ ʩʠʩʪʝʤʝ II-Kr.  
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Abstract. High degrees of modal mantle metasomatism lead to the formation of K-richterite, which is stable 

over a wide range of temperatures and pressures. Its appearance is due to the reaction 8En + Di + [1/2K2O 

+1/2Na2O + H2O] = K-Rct + 2Fo, which was studied experimentally in the presence of fluid K2CO3-Na2CO3-

CO2-H2O at a temperature of 1000ÁC and a pressure of 3 GPa, at different Na/K ratios. At Na/K = 50/50 and 

70/30, amphibole is formed at (K2CO3+Na2CO3)/(H2O+CO2) = 30/70. With an increase in the activity of 

alkaline components, decomposition of clinopyroxene occurs, as well as a shift in the composition of 

amphibole in the case of Na/K = 50/50 towards K-richterite, and in the case of Na/K = 70/30 towards sodium 

analogues. In the Na/K = 30/70 system, the appearance of amphibole turned out to be impossible only at 

(K2CO3+Na2CO3)/(H2O+CO2) = 20/80 and 30/70. Its presence at lower and higher alkali contents may be 

due to the alternating effect of the activity of water and alkaline components on the stability of amphibole. It 

has been established that the formation of K-richterite depends not only on the alkalinity of the fluid, but also 

on the ratio of the alkaline components themselves. 

 

Key words: mantle metasomatism, fluid, experiment, amphibole, K-richterite 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

Na2O-MgO-SiO2-TiO2ÑAl2O3 ʧʨʠ 10ï24 ɻʇʘ ʠ 1000ï1300ÁC. ʇʨʠ 10 ɻʇʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʬʘʟʥʦʝ 

ʧʦʣʝ Na-Ti-ʧʠʨʦʢʩʝʥʘ. ʇʨʠ 16 ɻʇʘ ʩʪʘʙʠʣʴʥʘ ʘʩʩʦʮʠʘʮʠʷ Na-ʤʵʡʜʞʦʨʠʪʘ, Cf ʠ ʩʪʠʰʦʚʠʪʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚ ʙʨʠʜʞʤʘʥʠʪʝ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʤ ʧʨʠ 24 ɻʇʘ ʠ 

1200Áʉ (3,8 ʤʘʩ. % Na2O), ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʩʦʩʪʘʚʝ ʧʠʨʦʣʠʪʘ (0,4 ʤʘʩ. % 

Na2O). ɺʢʣʶʯʝʥʠʝ Na ʚ ʙʨʠʜʞʤʘʥʠʪ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʷʯʝʡʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʳʤ ʙʨʠʜʞʤʘʥʠʪʦʤ MgSiO3. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʪʨʠʡ, ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʤʘʥʪʠʷ ɿʝʤʣʠ, ʤʥʦʛʦʧʫʘʥʩʦʥʥʳʡ 

ʘʧʧʘʨʘʪ  

 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʣʫʙʠʥʥʳʭ 

ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʬʘʟʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʣʦ ʠʟʫʯʝʥʘ, ʭʦʪʷ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʥʪʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ 

(Andrault, 2007 ʠ ʜʨ.). ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʠʣʴʥʦ 

ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʘʞʥʝʡʰʠʭ ʤʘʥʪʠʡʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʠ ʥʘ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʳʭ ʬʘʟ, ʧʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʚʝʜʝʥʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʛʣʫʙʠʥʥʳʭ ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʤʘʥʪʠʡʥʳʤʠ 

ʬʘʟʘʤʠ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Andrault, 2007 ʠ ʜʨ.). 

ɼʣʷ ʪʠʪʘʥʘ ʠ ʥʘʪʨʠʷ ʭʘʨʘʢʪʝʨʥʳ ʥʝʚʳʩʦʢʠʝ ʚʘʣʦʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ 

(~0,2 ʤʘʩ.% TiO2 ʠ 0.57 wt % Na2O ʚ ʧʠʨʦʣʠʪʝ) (Ringwood, 1966), ʦʜʥʘʢʦ ʙʦʛʘʪʳʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʠʪʘʥʦʤ ʠ ʥʘʪʨʠʝʤ ʬʘʟʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʤʘʥʪʠʶ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʤʦʜʝʣʴʥʦʤ 

ʦʢʝʘʥʠʯʝʩʢʦʤ ʦʩʘʜʢʝ GLOSS (Global Oceanic Subducted Sediments, Plank, Langmuir, 1998) 

ʜʦʩʪʠʛʘʝʪ 0,6 ʤʘʩ.% TiO2, ʚ ʙʘʟʘʣʴʪʘʭ ʩʨʝʜʠʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ï 1,5 ʤʘʩ.% TiO2. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʛʣʘʚʥʳʡ ʤʝʭʘʥʠʟʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʪʠʪʘʥʘ ʚ ʤʘʥʪʠʡʥʦʤ ʚʝʱʝʩʪʚʝ ʩʚʷʟʘʥ ʩ 

ʧʨʦʮʝʩʩʦʤ ʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʭʦʜʝ ʧʦʛʨʫʞʝʥʠʝ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʤʘʥʪʠʡʥʳʝ ʛʣʫʙʠʥʳ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʦʚ ʥʘʪʨʠʡ- ʠ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʬʘʟ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʘʚʣʝʥʠʡ (10ï24 ɻʇʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ï1300Áʉ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ Na2O-MgO-SiO2-TiO2ÑAl2O3. 

 ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Na2O-MgO-SiO2-

TiO2ÑAl2O3 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ 10ï24 ɻʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000ï1300Áʉ ʥʘ 

ʤʥʦʛʦʧʫʘʥʩʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʠʝ 

ʧʫʘʥʩʦʥʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ʈʘʟʤʝʨ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʙʦʨʢʠ, ʩʦʩʪʘʚʣʷʣ 2,5ī4,0 ʤʤ. ʊʨʫʙʯʘʪʳʡ 

LaCrO3 ʥʘʛʨʝʚʘʪʝʣʴ ʧʦʤʝʱʘʣʩʷ ʚ (Mg,Co)O ʦʢʪʘʵʜʨ ʩ ʜʣʠʥʦʡ ʨʝʙʨʘ 8ī10 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʟʘʧʠʨʘʶʱʠʭ ʩʞʠʤʘʶʱʠʡ ʦʙʲʝʤ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʠʨʦʬʠʣʣʠʪʦʚʳʝ ʧʨʦʢʣʘʜʢʠ ʰʠʨʠʥʦʡ 4 ʤʤ. ʆʙʨʘʟʮʳ (ʧʦ ʜʚʘ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ) ʨʘʟʤʝʱʘʣʠ ʚ 

ʧʣʘʪʠʥʦʚʳʭ ʢʘʧʩʫʣʘʭ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ ʚʪʫʣʢʦʡ ʠʟ MgO (Sirotkina et al., 2015). 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʦʧʳʪʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ W97Re3īW75Re25 ʪʝʨʤʦʧʘʨʳ. ɼʣʷ 

ʦʮʝʥʢʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʧʝʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ Bi, ZnS ʠ GaAs (Irifune et al., 2004). ɺʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ Ŭïɓ ʠ 

ɓïɔ ʦʣʠʚʠʥʘ (Katsura, Ito, 1989). ɺʘʨʠʘʮʠʠ ʜʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ~0.5 ɻʇʘ (Irifune et al., 1991). 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ Na-Ti-ʧʠʨʦʢʩʝʥʘ 

(Na(Mg0.5Ti0.5)Si2O6) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʕʭʠʤʝ (ʄʘʮʫʷʤʘ, ʗʧʦʥʠʷ) ʧʨʠ P = 10ï

24 ɻʇʘ ʠ T = 1000ï1300ÁC. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ P-T ʫʩʣʦʚʠʡ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʚ ʦʧʳʪʘʭ, ʷʚʣʷʶʪʩʷ Na-Ti-ʧʠʨʦʢʩʝʥ (ʧʨʠ 10 ɻʇʘ) ʠ Na-ʤʵʡʜʞʦʨʠʪ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩʦ 

ʩʪʠʰʦʚʠʪʦʤ ʠ ʬʘʟʦʡ Na(Ti1.5Mg0.5)O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ (ʧʨʠ 16 ɻʇʘ). ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 24 ɻʇʘ ʦʙʨʘʟʫʝʪʩʷ MgSiO3 ʙʨʠʜʞʤʘʥʠʪ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʥʘʪʨʠʷ ʠ ʪʠʪʘʥʘ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʟ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʥʝ ʥʠʞʝ 90 

ʦʙ.%. ʅʘ ʈʠʩ. 1 ʧʦʢʘʟʘʥʘ ʪʠʧʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʡ. 

ʇʨʠ ʜʘʚʣʝʥʠʠ 7 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1700ÁC ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʫʪʠʣʦʤ ʠ ʢʣʠʥʦʵʥʩʪʘʪʠʪʦʤ 

ʧʨʠʩʫʪʩʪʚʫʝʪ Na-Ti-ʧʠʨʦʢʩʝʥ. ʇʨʠ ʜʘʚʣʝʥʠʠ 10 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 ʦʙʨʘʟʫʝʪʩʷ 

ʤʦʥʦʬʘʟʥʦʝ ʧʦʣʝ Na-Ti-ʧʠʨʦʢʩʝʥʘ. ɼʣʷ ʜʘʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʭʘʨʘʢʪʝʨʥʳ ʤʝʣʢʠʝ ʠʜʠʦʤʦʨʬʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʨʘʟʤʝʨʦʤ ʜʦ 25 ʤʢʤ (ʈʠʩ.1ʘ).  

 

 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Na2O-MgO-SiO2-

TiO2ÑAl2O3 ʧʨʠ 10ï24 ɻʇʘ. 

 

ʇʨʠ ʜʘʚʣʝʥʠʠ 16 ɻʇʘ ʧʦʷʚʣʷʝʪʩʷ ʧʘʨʘʛʝʥʝʟʠʩ Na-ʤʵʡʜʞʦʨʠʪʘ, ʬʘʟʳ Na(Ti1.5Mg0.5)O4 

ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ (Cf, CaFe2O4) ʠ ʩʪʠʰʦʚʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ Na-ʤʵʡʜʞʦʨʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 10 

ʤʢʤ, ʛʠʧʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʬʘʟʳ Cf ʠ ʩʪʠʰʦʚʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 20 ʤʢʤ (ʨʠʩ. 1ʙ). 

ʇʨʠ ʜʘʚʣʝʥʠʠ 24 ɻʇʘ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʠʪʘʥʩʦʜʝʨʞʘʱʝʛʦ ʙʨʠʜʞʤʘʥʠʪʘ. ʉʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʫʧʥʳʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʙʨʠʜʞʤʘʥʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 

100 ʤʢʤ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʫʜʣʠʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ Cf ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ ʠ 

ʙʦʣʝʝ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ Na-ʤʵʡʜʞʦʨʠʪʘ (ʈʠʩ. 1ʚ). 

ɼʦʙʘʚʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʣʝʜʫʶʱʠʭ ʬʘʟʦʚʳʭ 

ʘʩʩʦʮʠʘʮʠʡ: ʨʫʪʠʣ + ʧʝʨʠʢʣʘʟ + ʤʵʡʜʞʦʨʠʪʦʚʳʡ ʛʨʘʥʘʪ (ʧʨʠ ʜʘʚʣʝʥʠʠ 10 ɻʇʘ), 

ʤʵʡʜʞʦʨʠʪʦʚʳʡ ʛʨʘʥʘʪ ʩ ʨʫʪʠʣʦʤ ʠ ʬʘʟʦʡ Na(Ti1.5Mg0.5)O4 ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʘʣʴʮʠʦʬʝʨʨʠʪʘ 

(ʧʨʠ 16 ɻʇʘ). ʋʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦ 24 ɻʇʘ ʧʨʠʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʩʩʦʮʠʘʮʠʠ ʬʘʟʳ 

NAL ʠ Ti-ʤʵʡʜʞʦʨʠʪʦʚʦʛʦ ʛʨʘʥʘʪʘ (ʈʠʩ. 1ʛ). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʘʚʣʝʥʠʡ ʩʪʘʙʠʣʝʥ ʤʵʡʜʞʦʨʠʪʦʚʳʡ ʛʨʘʥʘʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʩʪʝʤʳ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʘʣʶʤʠʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ MgSiO3 ʙʨʠʜʞʤʘʥʠʪʳ ʚ ʩʠʩʪʝʤʝ ʙʝʟ ʘʣʶʤʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ MgSiO3ïMgTiO3 ʩʦʩʪʘʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʙʨʠʜʞʤʘʥʠʪʝ ʜʦʩʪʠʛʘʝʪ 12.9 

ʤʘʩ. % TiO2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 17 ʤʦʣ. % MgTiO3. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚ ʙʨʠʜʞʤʘʥʠʪʝ, ʜʦʩʪʠʛʘʝʪ 3.8 ʤʘʩ. % Na2O, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʩʦʩʪʘʚʝ ʧʠʨʦʣʠʪʘ (0,4 ʤʘʩ. %; Ringwood, 1966). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʦʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ Na-ʩʦʜʝʨʞʘʱʝʛʦ Brd (169,20(4) ¡3) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʯʠʩʪʦʛʦ 

ʙʨʠʜʞʤʘʥʠʪʘ MgSiO3 (162,53(1) ¡
3; Dobson, Jacobsen 2004), ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʢʨʫʧʥʦʛʦ (r = 1,18 

¡) ʢʘʪʠʦʥʘ Na. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘʪʨʠʷ ʚ ʤʵʡʜʞʦʨʠʪʦʚʦʤ ʛʨʘʥʘʪʝ ʦʢʘʟʳʚʘʝʪ 

ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (Bobrov et al., 2008). 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʠʟʫʯʝʥʥʦʛʦ ʚʳʩʦʢʦ-Na ʙʨʠʜʞʤʘʥʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

(Mg0.82Na0.12Ti0.06) (Si0.89Ti0.11)O3 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ɻɽʆʍʀ ʈɸʅ. 
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1300ÁC). 
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Abstraʩt. The new results of experimental study of the Na2O-MgO-SiO2-TiO2ÑAl2O3 system at 10ï24 GPa 

and 1000ï1300ÁC are discussed in this paper. At 10 GPa a single-phase field of Na-Ti-pyroxene is formed.  

An association of Na-majorite, Cf and stishovite was obtained at 16 GPa. The highest sodium content 

recorded in bridgmanite synthesized at 24 GPa and 1200ÁC (3.8 wt % Na2O) significantly exceeds its 

concentration in the composition of pyrolite (0.4 wt % Na2O). Incorporation of Na in bridgmanite results in 

an increase in the cell parameter in relation to that of pure MgSiO3 bridgmanite.  

 

Keywords: bridgmanite, Earthôs mantle, high PïT experiments, phase relations. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʥʪʨʘʩʪʥʳʝ ʩʝʨʠʠ 

ʧʦʨʦʜ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʠʟʤʝʥʝʥʠʷ (ʤʝʪʘʤʦʨʬʠʟʤʘ). ʕʪʦ ʵʢʣʦʛʠʪʦʚʳʝ ʪʝʣʘ, ʙʣʦʢʠ, 

ʙʫʜʠʥʳ, ʧʨʦʩʣʦʠ ʠ ʣʠʥʟʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʤʝʪʘʦʩʘʜʦʯʥʫʶ ʠʣʠ ʛʨʘʥʠʪʦʠʜʥʫʶ ʪʦʣʱʫ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ, ʥʝ ʠʤʝʶʱʠʭ ʯʝʪʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ: ʤʦʜʝʣʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ (TM-ʤʦʜʝʣʴ) ʠ ʤʦʜʝʣʴ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʪʦʣʱ (CU-ʤʦʜʝʣʴ). ʄʝʪʦʜʘʤʠ ʜʝʪʘʣʴʥʦʛʦ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʠʭ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʠʟʫʯʝʥʳ ʈ-ʊ 

ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ ʧʦʨʦʜ ɸʪʙʘʰʠʥʩʢʦʛʦ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʖʞʥʳʡ ʊʷʥʴ-ʐʘʥʴ). ɺʳʩʦʢʦʙʘʨʥʳʝ ʧʦʨʦʜʳ, ʵʢʣʦʛʠʪʦʚʳʝ ʙʫʜʠʥʳ ʠ ʪʝʣʘ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʤʝʪʘʦʩʘʜʦʯʥʳʤʠ ʪʦʣʱʘʤʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ ʥʘ ʨʘʥʥʝʤ 

ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ (TM-ʤʦʜʝʣʴ) ʚ ʫʩʣʦʚʠʷʭ ʊ=500-700ʦʉ ʠ ʈ ʜʦ 15-18 ʢʙʘʨ. ɺʤʝʱʘʶʱʠʡ 

ʛʥʝʡʩʦʩʣʘʥʮʝʚʳʡ ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ 

ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ (CU-ʤʦʜʝʣʴ) ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʊ=300-550ʦʉ ʠ ʈ ʦʪ 

3-4 ʜʦ 8-10 ʢʙʘʨ. ɺr̫ʚʣʝʥʳ ʨʷʜ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ 

ʧʦʨʦʜ ʧʦ ʩʦʩʪʘʚʫ ʠ ʭʘʨʘʢʪʝʨʫ ʟʦʥʘʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ, ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʠ ʨʘʟʤʘʭʫ ʈ-ʊ ʵʚʦʣʶʮʠʦʥʥʳʭ 

ʪʨʝʥʜʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʜʨ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʜʝʶ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ 

ʩʝʨʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʟʘʚʠʩʠʤʳʭ, ʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ HP ʧʦʨʦʜ ʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʤʝʱʘʶʱʝʡ ʛʥʝʡʩʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʚʳʩʦʢʦʙʘʨʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ, ʢʦʥʪʨʘʩʪʥʳʝ ʩʝʨʠʠ ʧʦʨʦʜ, ɸʪʙʘʰʠʥʩʢʠʡ 

ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʡ ʢʦʤʧʣʝʢʩ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʤʝʣʘʥʞ, ʢʦʛʝʨʝʥʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʣʦʠʩʪʳʭ ʪʦʣʱ, ʈ-ʊ ʪʨʝʥʜʳ ʵʚʦʣʶʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ 

 

ɺʳʩʦʢʦʙʘʨʥʳʝ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʟʦʥʘʭ ʩʦʯʣʝʥʝʥʠʷ ʢʨʫʧʥʳʭ ʛʝʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʝʥʷʶʱʝʛʦʩʷ ʨʝʞʠʤʘ ʤʝʪʘʤʦʨʬʠʟʤʘ (ɼʦʙʨʝʮʦʚ, ʉʦʙʦʣʝʚ, 1977, 

Dobretsov et al., 1996). ɺ ʩʠʣʫ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʙʣʦʢʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 

ʧʨʠ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (HP-UHP), ʯʘʩʪʦ ʚʢʣʶʯʝʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʪʝʣ, 

ʙʫʜʠʥ, ʧʨʦʩʣʦʝʚ ʠ ʣʠʥʟ ʚ ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʠʣʠ ʛʨʘʥʠʪʦʠʜʥʳʝ ʧʦʨʦʜʳ. ɺ ɸʪʙʘʰʠʥʩʢʦʤ ʵʢʣʦʛʠʪ-

ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʧʝʩʪʨʳʡ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ - ʧʝʣʠʪʦʚʳʭ, ʧʝʣʠʪ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ, ʤʘʬʠʪʦʚʳʭ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʢʚʘʨʮʠʪʦʚ ʠ ʢʚʘʨʮʠʪʦʩʣʘʥʮʝʚ, ʥʝ 

ʠʤʝʝʪ ʯʝʪʢʠʭ ʧʨʠʟʥʘʢʦʚ HP/UHP ʤʝʪʘʤʦʨʬʠʟʤʘ (ʂʦʪʦʚʘ, 1989). ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 5-7 ʢʙʘʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʣʦʛʠʪʦʚʳʝ ʠ ʵʢʣʦʛʠʪʦʧʦʜʦʙʥʳʝ (Grt-Cpx, 

Grt-Cpx-Gln) ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʈ-ʊ ʧʘʨʘʤʝʪʨʘʭ: P ʜʦ 

14-15 ʢʙʘʨ (ʠʥʦʛʜʘ ʜʦ 17-19 ʢʙʘʨ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 350-700 ʦʉ. 

ʇʨʠʯʠʥʳ ʢʦʥʪʨʘʩʪʥʳʭ ʫʩʣʦʚʠʡ ʤʝʪʘʤʦʨʬʠʟʤʘ ʵʢʣʦʛʠʪʦʚʳʭ ʙʫʜʠʥ, ʙʣʦʢʦʚ ʠ ʚʤʝʱʘʶʱʝʛʦ 

ʠʭ ʢʦʤʧʣʝʢʩʘ ʧʦʨʦʜ ʧʦʢʘ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʳ ʠ ʚʳʟʳʚʘʶʪ ʘʢʪʠʚʥʳʝ ʜʠʩʢʫʩʩʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ: ʤʦʜʝʣʴ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ ʪʦʣʱ - CU-ʤʦʜʝʣʴ (Hacker et al., 2010, Liu et al., 2001) ʠ ʤʦʜʝʣʴ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ - TM-ʤʦʜʝʣʴ (Meyer et al., 2014). ɼʣʷ ɸʪʙʘʰʠʥʩʢʠʡ ʵʢʣʦʛʠʪ-

ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʥʦ ʦʩʪʘʶʪʩʷ ʩʧʦʨʥʳʤʠ (ʂʦʪʦʚʘ, 1989, LŤ, Bucher, 2018). ʄʝʪʦʜʳ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʵʪʠʭ ʢʦʥʮʝʧʮʠʡ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦʨʦʜ. 
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ɸʪʙʘʰʠʥʩʢʠʡ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʡ ʢʦʤʧʣʝʢʩ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʋʨʘʣʦ-ʊʷʥʴʰʘʥʴʩʢʦʛʦ ʛʝʨʮʠʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʆʥ 

ʧʨʠʤʳʢʘʝʪ ʢ HP-UHP ʤʝʪʘʦʬʠʦʣʠʪʦʚʦʤʫ ʧʦʷʩʫ çʂʠʪʘʡʩʢʠʡ ʟʘʧʘʜʥʳʡ ʊʷʥʴ-ʐʘʥʴè ʠ 

ʧʨʠʫʨʦʯʝʥ ʢ ʚʘʞʥʝʡʰʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʩʝʚʝʨʥʳʤ ʠ ʶʞʥʳʤ ʊʷʥʴ-ʐʘʥʝʤ - 

ʛʣʫʙʠʥʥʦʤʫ ʨʘʟʣʦʤʫ ʂʘʥʩʢ-ɸʪʙʘʰʠ. ɼʝʪʘʣʴʥʳʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʣʦʛʠʪ-

ʛʣʘʫʢʦʬʘʥʦʚʳʭ ʠ ʜʨʫʛʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʨʦʜ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʏʝʣʦʢʪʦʨʩʢʫʶ ʩʚʠʪʫ, 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʠ ʧʦʨʦʜʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 10-12 ʢʙʘʨ) ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 300-600 ʦʉ (ɼʦʙʨʝʮʦʚ, ʉʦʙʦʣʝʚ, 1977). ʇʨʦʛʨʝʩʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʨʝʪʨʦʛʨʘʜʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʨʦʩʪ ʛʣʘʫʢʦʬʘʥʘ, 

ʤʫʩʢʦʚʠʪʠʟʘʮʠʷ, ʢʘʨʙʦʥʠʟʘʮʠʷ ʠ ʪ. ʜ.) ʧʨʦʪʝʢʘʶʪ ʥʘ ʬʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʤʝʪʘʩʦʤʘʪʦʟʘ ʠ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ɺʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʟʤʘ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʦʚʳʭ 

ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 320-360 ʤʣʥ. ʣʝʪ (Dobretsov et al., 1996), ʭʦʪʷ ʠʤʝʶʪʩʷ ʠ 

ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʜʘʪʠʨʦʚʢʠ - 520-550 ʠ ʜʘʞʝ 1100 ʤʣʥ. ʣʝʪ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 

ʵʢʣʦʛʠʪʦʚ ʢ Grt-Gln ʧʦʨʦʜʘʤ, ʢʚʘʨʮʠʪʦʩʣʘʥʮʘʤ ʠ ʭʣʦʨʠʪʦʚʳʤ ʜʠʘʬʪʦʨʠʪʘʤ ʚʳʩʪʨʘʠʚʘʝʪ 

ʪʠʧʠʯʥʳʡ ʜʣʷ ʦʙʣʘʩʪʝʡ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʰʦʚʥʳʭ ʩʪʨʫʢʪʫʨ ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʈ-ʊ 

ʫʩʣʦʚʠʡ ʤʝʪʘʤʦʨʬʠʟʤʘ ʪʠʧʘ ñclockwiseò ʩ ʥʠʟʢʠʤ (~10 ʛʨʘʜ./ʢʤ) ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ T=650-700ʦʉ ʧʨʠ ʈ=14-15 

(ʠʥʦʛʜʘ ʜʦ 17-19) ʢʙʘʨ (ʌʝʜʴʢʠʥ, 2004). ʄʠʥʠʤʘʣʴʥʳʝ ʈ-ʊ ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʧʦʨʦʜʘʭ ɸʪʙʘʰʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʫʨʦʚʥʝ ʥʠʟʦʚ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ ʚ 

ʚʠʜʝ ʨʝʛʨʝʩʩʠʚʥʳʭ ʈ-ʊ ʪʨʝʥʜʦʚ ʦʪ ʊ=550-570ʦʉ ʠ ʈ=3-5 ʢʙʘʨ ʜʦ ʊ=350-400ʦʉ ʧʨʠ ʈ=0,5-2,0 

ʢʙʘʨ. ʇʨʦʛʨʘʜʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʛʣʘʚʥʝʡʰʠʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ï ʛʨʘʥʘʪʘ, 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʧʣʘʛʠʦʢʣʘʟʘ. ʈʝʪʨʦʛʨʘʜʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʭʦʜʠʣʘ ʥʘ 

ʬʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ ʚʳʩʦʢʦʙʘʨʥʳʭ ʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʮʝʥʠʪʴ ʟʥʘʯʠʤʦʩʪʴ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʝʨʠʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʂʦʨʠʢʦʚʩʢʠʡ, 1995). ɿʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ Grt-Cpx-Pl-Qtz 

ʨʘʚʥʦʚʝʩʠʶ ï ʛʣʘʚʥʦʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ HP ʧʦʨʦʜ ʚ 

ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʆʙʨʘʟʮʳ ʨʘʟʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠʟ ʵʢʣʦʛʠʪʦʚʳʭ ʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘ ʤʠʢʨʦʟʦʥʜʝ.  ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʦʩʪʘʚ ʠ ʟʦʥʘʣʴʥʦʩʪʴ 

ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʠʭ ʢʦʥʪʘʢʪʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ, ʨʝʘʢʮʠʦʥʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʈ-ʊ 

ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʠʝ (ʈ-ʊ ʪʨʝʥʜʳ) ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʵʚʦʣʶʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ʈ-ʊ ʪʨʝʥʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ Grt-Cpx ʛʝʦʪʝʨʤʦʤʝʪʨ 

(Powell, 1985) ʠ Ab-Jd-Qtz ʛʝʦʙʘʨʦʤʝʪʨ (ʇʝʨʯʫʢ, 1992), ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʧʝʪʨʦʣʦʛʠʠ. 

ʄʘʩʩʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʦʚʘʥʠʷ Grt-Cpx ʘʩʩʦʮʠʘʮʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʫʶ 

ʵʚʦʣʶʮʠʦʥʥʫʶ ʠʩʪʦʨʠʶ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʫʧʥʳʭ ʵʢʣʦʛʠʪʦʚʳʭ 

ʙʫʜʠʥ ʠ ʦʪʜʝʣʴʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʝʣʘʭ ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʛʨʘʥʘʪʘ (XPrp=0,11-0,53) 

ʠ ʦʤʬʘʮʠʪʦʚʳʡ ʩʦʩʪʘʚ ʧʠʨʦʢʩʝʥʘ (XJd=0,4-0,6) ʬʠʢʩʠʨʫʶʪ ʧʨʦʛʨʘʜʥʳʝ P-T ʪʨʝʥʜʳ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʩ ʥʠʟʢʠʤ (~ 10 ʛʨʘʜ/ʢʤ) ʛʝʦʪʝʨʤʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʦʤ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ T=650-

700 ʦʉ ʠ P=14-15 ʢʙʘʨ, ʠʥʦʛʜʘ ʜʦ 18-19 ʢʙʘʨ. (ʈʠʩ. 1a).  

ʕʪʠ ʫʩʣʦʚʠʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʦʟʥʠʢʣʠ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʪʝʣʘʭ ʵʢʣʦʛʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ. ʂʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ 

ʥʠʤʠ ʧʦʨʦʜʳ ï Grt-Am ʛʥʝʡʩʳ ʠ ʩʣʘʥʮʳ ʩʦʭʨʘʥʠʣʠ ʩʣʝʜʳ ʧʨʦʛʨʘʜʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʙʫʜʠʥ, 

ʨʘʟʚʠʚʘʷ ʵʢʣʦʛʠʪʦʚʳʡ ʈ-ʊ ʪʨʝʥʜ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʊ-300-550 ʦʉ ʧʨʠ ʈ=8-10 

ʢʙʘʨ (ʈʠʩ. 1ʘ). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʫʜʠʥʳ, ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 

ʵʢʣʦʛʠʪʦʚʳʭ ʪʝʣ ʠ ʚ ʠʭ ʙʣʠʞʥʝʤ ʦʢʨʫʞʝʥʠʠ ʧʨʦʛʨʘʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʩʪʘʚʦʚ ʵʢʣʦʛʠʪʦʚ ʠ 
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ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ, ʚ ʢʦʪʦʨʳʭ ʝʱʝ ʩʦʭʨʘʥʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ 

ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ Grt-Cpx ʠ Grt-Am ʪʨʝʥʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʥʠʟʢʦʙʘʨʥʳʭ Grt-

Chl ʘʩʩʦʮʠʘʮʠʷʭ ʤʘʪʨʠʮʳ ʫʞʝ ʧʨʦʷʚʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʈ-ʊ ʪʨʝʥʜʳ (ʈʠʩ. 1b). 

 

 

ʈʠʩ. 1. P-T ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʙʘʨʥʳʭ (HP) ʧʦʨʦʜ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ɸʪʙʘʰʠ, ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ/ʧʨʦʮʝʩʩʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ: (a) ï 

ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʈ-ʊ ʪʨʝʥʜ ʚ ʵʢʣʦʛʠʪʝ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʫʜʠʥʳ; (b) ï ʩʦʧʨʷʞʝʥʥʳʝ 

ʧʨʦʛʨʘʜʥʳʝ P-T ʪʨʝʥʜʳ ʚ Grt-Cpx ʠ Grt-Am ʘʩʩʦʮʠʘʮʠʷʭ ʠʟ Grt-Cpx-Am ʛʥʝʡʩʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʵʢʣʦʛʠʪʦʤ ʚʦ ʚʤʝʱʘʶʱʝʤ Grt-Gln-Chl ʩʣʘʥʮʝ.  

ʂʦʛʝʨʝʥʪʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʪʥʳʤ ʩʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʚ Grt-Am ʧʘʨʘʛʝʥʝʟʠʩʝ ʜʦ 5-6 ʢʙʘʨ ʧʨʠ ʊ=550-600 ʦʉ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʦʨʦʪʦʤ ʈ-ʊ 

ʪʨʝʥʜʦʚ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ - ñclockwiseò (ʈʠʩ. 2). ɺ Grt-Gln-Chl-ʩʣʘʥʮʝʚʦʡ ʪʦʣʱʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʧʨʦʛʨʘʜʥʳʭ ʈ-ʊ ʪʨʝʥʜʦʚ ʥʘ ʨʝʪʨʦʛʨʘʜʥʳʝ, ʠʩʯʝʟʥʦʚʝʥʠʝ ʠʟ ʨʘʟʨʝʟʘ 

ʵʢʣʦʛʠʪʦʚ ʠ Grt-Cpx ʘʩʩʦʮʠʘʮʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ.  

 

ʈʠʩ. 2. ʂʦʛʝʨʝʥʪʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʪʙʘʰʠ: 

(ʘ) - ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ P-T ʪʨʝʥʜʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ñclockwiseò) ʚ Grt-

Am ʠ Grt-Chl ʧʘʨʘʛʝʥʝʟʠʩʘʭ; (b) ï ʟʘʢʣʶʯʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ɸʪʙʘʰʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʥʠʟʢʦʙʘʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
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ʇʨʦʛʨʝʩʩʠʚʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʵʢʣʦʛʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ (Grt, Cpx ʠ ʜʨ.) ʤʝʥʷʝʪʩʷ 

ʥʘ ʦʙʨʘʪʥʫʶ, ʬʠʢʩʠʨʫʷ ʥʘʯʘʣʦ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʵʪʘʧʘ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺ Grt-Cpx ʠ Grt-Cpx-Gln 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʚ ʩʦʩʪʘʚʝ ʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʝʪʩʷ ʧʠʨʦʢʩʝʥ ʚʪʦʨʦʡ 

ʛʝʥʝʨʘʮʠʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦʣʝʡ ʞʘʜʝʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (XJd=0,03-0,08). ɺ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʛʨʘʥʘʪʦʤ ʪʘʢʦʡ ʩʦʩʪʘʚ ʧʦʢʘʟʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʝ ʦʪ HP ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʵʢʣʦʛʠʪʦʚʳʭ ʙʫʜʠʥ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʛʥʝʡʩʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ 

ʦʙʨʘʟʫʝʪ ʩʝʨʠʶ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʪʨʝʥʜʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨ, 

ʭʘʨʘʢʪʝʨʠʟʫʷ ʫʩʣʦʚʠʡ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ, ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɺ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʭʣʦʨʠʪʦʚʳʭ ʩʣʘʥʮʘʭ ʠ ʜʠʘʬʪʦʨʠʪʘʭ ʚʤʝʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

Grt-Chl ʘʩʩʦʮʠʘʮʠʷʭ ʬʠʢʩʠʨʫʶʪʩʷ ʨʝʪʨʦʛʨʘʜʥʳʝ ʈ-ʊ ʪʨʝʥʜʳ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪ ʈ=4.0-3.5 ʢʙʘʨ 

ʠ T=550-500 ʦʉ, ʜʦ ʈ=2,0-1,2 ʢʙʘʨ ʠ ʊ=450-300 ʦʉ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʝʯʥʦʤʫ ʵʪʘʧʫ ʝʛʦ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺʳʚʦʜʳ. ʄʝʪʦʜʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦʙʘʨʦʤʝʪʨʠʠ ʠ ʜʘʥʥʳʝ ʧʦ ɸʪʙʘʰʠʥʩʢʦʤʫ 

ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʦʜʜʝʨʞʠʚʘʶʪ ʠʜʝʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ 

ʩʝʨʠʡ ʧʦʨʦʜ ʢʦʨʦʚʳʭ ʵʢʣʦʛʠʪʦʚ (ʂʦʨʠʢʦʚʩʢʠʡ, 1995) ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ 

ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ (ʵʢʣʦʛʠʪʦʚʳʝ ʪʝʣʘ, ʙʣʦʢʠ, ʙʫʜʠʥʳ) ʠ ʢʦʛʝʨʝʥʪʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʥʘ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʝʛʦ ʨʘʟʚʠʪʠʷ.  

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ ɸʪʙʘʰʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

¶ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ - ʙʣʦʢʦʚ ʠ ʚʢʣʶʯʝʥʠʡ HP ʧʦʨʦʜ - ʫʨʦʚʝʥʴ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʚʳʩʦʢʠʡ: ʊ ʜʦ 650-700ʦʉ ʠ ʈ ʦʪ 9-11 ʜʦ ʈ=13-19 ʢʙʘʨ, 

ʯʝʤ ʜʣʷ ʚʤʝʱʘʶʱʝʛʦ ʛʥʝʡʩʦ-ʩʣʘʥʮʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ: ʊ=300-550 ʦʉ ʧʨʠ ʈ=1,2-6,0 ʢʙʘʨ;  

¶ ʜʣʷ ʚʳʩʦʢʦʙʘʨʥʳʭ ʧʦʨʦʜ ʙʫʜʠʥ ʠ ʙʣʦʢʦʚ ʭʘʨʘʢʪʝʨʥʘ ʧʨʦʛʨʘʜʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʵʚʦʣʶʮʠʠ ʈ-ʊ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʜʣʷ ʚʤʝʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ - ʨʝʪʨʦʛʨʘʜʥʘʷ ʩ 

ʨʘʟʚʦʨʦʪʦʤ ʈ-ʊ ʪʨʝʥʜʦʚ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʪʠʧʘ çclockwiseè ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ; 

¶ ʚ ʵʢʣʦʛʠʪʦʚʳʭ ʪʝʣʘʭ ʠ ʙʫʜʠʥʘʭ ʩʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: XPrp ʚ Grt ʜʦ 0.40-0.53, XJd ʚ Cpx ʜʦ 0.50-

0.66, XAn ʚ Pl ʜʦ 0,20-0,40 ʩ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʦʪ ʮʝʥʪʨʦʚ ʟʝʨʝʥ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʢ ʠʭ ʢʨʘʷʤ; 

¶ ʜʣʷ ʧʦʨʦʜ ʚʤʝʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʘ ʠʥʚʝʨʩʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʰʠʨʦʢʠʤ 

ʨʘʟʙʨʦʩʦʤ ʩʦʩʪʘʚʦʚ ʚ ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʛʨʝʩʩʠʚʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʬʘʟ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʘʚʘ ʜʣʷ ʨʝʪʨʦʛʨʘʜʥʳʭ ʤʘʪʨʠʯʥʳʭ ʧʦʨʦʜ;   

¶ ʜʣʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʤʝʱʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʳ ʘʢʪʠʚʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʘʣʴʙʠʪʠʟʘʮʠʷ ʧʣʘʛʠʦʢʣʘʟʘ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ Cpx 

ʘʩʩʦʮʠʘʮʠʡ, ʦʙʱʝʝ ʦʢʚʘʨʮʝʚʘʥʠʝ ʧʦʨʦʜ, ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ ʩʪʘʜʠʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʜʠʘʬʪʦʨʝʟʘ. 

ʆʜʥʘʢʦ ʥʝ ʩʪʦʠʪ ʧʝʨʝʦʮʝʥʠʚʘʪʴ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʨʘʟʣʠʯʠʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 

ʢʦʤʧʣʝʢʩʘ ʚ ʩʠʣʫ ʚʦʚʣʝʯʝʥʠʷ ʨʘʥʝʝ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʩʦʙʳʪʠʷ, ʦʥʠ ʩʪʠʨʘʶʪʩʷ ʠ ʜʝʣʘʶʪʩʷ ʤʝʥʝʝ ʟʘʤʝʪʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʛʦʩʟʘʜʘʥʠʝ FMUF-2022-0004, ʨʝʛ. ˉ 1021051302305-5-1.5.2; 

1.5.4, ʛʨʘʥʪ ʈʌʌʀ 05-05-64561) ʠ ʇʨʦʛʨʘʤʤʘ ʌʫʣʙʨʘʡʪ ʀʥʩʪʠʪʫʪʘ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʛʨʘʥʪʳ 2011 ʠ 2015 ʛʛ. 

 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʦʪʨʫʜʥʠʢʘʤ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠʤ. ʄ.ʄ.ɸʜʳʰʝʚʘ ʅɸʅ ʂʠʨʛʠʟʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʦʚʤʝʩʪʥʳʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʥʘ 

ɸʪʙʘʰʠʥʩʢʦʤ ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʦʤ ʢʦʤʧʣʝʢʩʝ, ʟʘ ʪʚʦʨʯʝʩʢʫʶ ʜʠʩʢʫʩʩʠʶ ʠ ʧʦʣʝʟʥʦʝ 

ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ORIGIN OF CONTRAST SERIES OF ROCKS  

IN THE CRUST ECLOGITE -BLUESCHIST COMPLEXES 

Fedkin V.V. 
Korzhinskyôs Institute of Experimental Mineralogy RAS (IEM) 

vfedkin@iem.ac.ru 

 

Abstract. The method of mineralogical thermobarometry was used to carry out a detailed analysis of the 

P-T conditions for the formation of rock series contrasting in the degree of metamorphism of the Atbashi 

eclogite-blueschist complex (Southern Tien Shan). High-pressure rocks, eclogitic boudins, and bodies in 

contact with host metasedimentary strata were formed in the process of tectonic melange at an early stage of 

the development of the complex - the tectonic melange model (TM-model). The enclosing gneissic matrix 

with the participation of Grt-Cpx gneisses, Grt-Cpx-Gln, micaceous and chlorite schists, diaphtorites, 

quartzites and quartzite schists were formed as a result of their joint coherent development at a later 

regressive stage of metamorphism - the model of coherent formation of layered strata (CU- model). As a 

result, for the Atbashi complex, there is a trend of clockwise change in the P-T conditions of metamorphism, 

which is characteristic of intracontinental sutures. A low geothermal gradient (~ 10 deg/km) was recorded at 

the initial stage of development of the complex with maximum parameters up to t = 650-700 ÁC and P = 14-

15 kbar (for Grt-Cpx rocks and eclogites). The minimum parameters in the form of a regressive P-T trend 

show the level of conditions of the blueschist facies in the temperature range from 250-300 to 500-550 ÁC 

and pressures from 2-4 to 8-10 kbar.  

 

Key words: HP-UHP metamorphic rocks, formation conditions of contrasting series of rocks, Atbashi 

eclogite-blueschist complex, tectonic m®lange, coherent development.  
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ɸʥʥʦʪʘʮʠʷ. ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʘʥʪʠʡʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠ ʬʣʶʠʜʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, 

ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ in situ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʫʩʪʘʥʦʚʢʝ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʠ 

ʤʝʪʦʜʳ ʚʳʩʦʢʦʙʘʨʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʘʧʧʘʨʘʪʝ ñʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡò, ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʠ ʬʣʶʠʜʥʳʭ ʬʘʟ, ʫʩʪʦʡʯʠʚʳʭ ʚ ʩʠʩʪʝʤʝ FeTiO3-Mg2SiO4-H2O ʚ ʜʠʘʧʘʟʦʥʝ ʜʘʚʣʝʥʠʡ ʦʪ 4 

ʜʦ 8 ɻʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 500Áʉ ʜʦ 1250Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʪʝʨʤʦʙʘʨʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ ʠʣʴʤʝʥʠʪʘ ʠ ʦʣʠʚʠʥʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʥʦʛʦ ʬʣʶʠʜʘ ʧʨʠ ʨʦʩʪʝ ʘʣʤʘʟʘ ʚ ʣʠʪʦʩʬʝʨʝ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʣʴʤʝʥʠʪ, ʦʣʠʚʠʥ, ʣʝʜ VII, ʚʢʣʶʯʝʥʠʷ, ʘʣʤʘʟ, ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ, ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ, 

ʵʢʩʧʝʨʠʤʝʥʪ, ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ 

 

ʇʨʷʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʠʤʠʯʝʩʢʦʤ ʠ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʠ 

ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʘʣʤʘʟʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʤʘʟʘʤʠ ʠ ʟʘʭʚʘʪʳʚʘʣʠʩʴ ʨʘʩʪʫʱʠʤʠ ʘʣʤʘʟʘʤʠ ʢʘʢ ʧʘʨʘʛʝʥʥʳʝ 

ʬʘʟʳ ʠʟ ʦʙʱʝʡ ʤʘʪʝʨʠʥʩʢʦʡ ʩʨʝʜʳ. ʅʘʭʦʜʢʠ ʚʢʣʶʯʝʥʠʡ ʣʴʜʦʚ VI ʠ VII  ʚ ʘʣʤʘʟʘʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚʦʜʥʳʭ ʬʣʶʠʜʦʚ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʤʘʥʪʠʠ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʣʴʜʘ VII  ʦʙʥʘʨʫʞʝʥʳ ʠʣʴʤʝʥʠʪ, ʘ ʪʘʢʞʝ ʦʣʠʚʠʥ (Tschauner et al., 2018). 

ʀʤʝʥʥʦ ʵʪʘ ʘʩʩʦʮʠʘʮʠʷ ï ʠʣʴʤʝʥʠʪ-ʦʣʠʚʠʥ-ʚʦʜʘ ï ʩʪʘʣʘ ʦʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ FeTiO3-Mg2SiO4-H2O ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 500Áʉ ʜʦ 1250Áʉ ʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 4 ʜʦ 8 ɻʇʘ. ɼʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʡ ʚʦʜʳ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʠʣ ʦʪ 14 ʤʦʣ.% ʜʦ 80 ʤʦʣ.%, ʩʦʦʪʥʦʰʝʥʠʝ ʠʣʴʤʝʥʠʪʦʚʦʡ ʠ 

ʦʣʠʚʠʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʳʣʦ ʟʘʜʘʥʦ ʦʪ 25:75 ʜʦ 75:25. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʠ ʩʤʝʩʠ ʠʟ ʛʝʣʝʚʳʭ ʦʢʩʠʜʦʚ FeO ʠ TiO2 ʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʧʦʨʮʠʠ FeTiO3 ʜʣʷ ʩʠʥʪʝʟʘ ʠʣʴʤʝʥʠʪʘ ʠ ʨʝʘʛʝʥʪ Mg2SiO4 ʜʣʷ ʩʠʥʪʝʟʘ 

ʦʣʠʚʠʥʘ. ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʚ ʢʘʯʝʩʪʚʝ in situ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʠ ʚʥʝʰʥʠʤ ʨʝʟʠʩʪʠʚʥʳʤ ʥʘʛʨʝʚʦʤ (ʏʝʨʪʢʦʚʘ ʠ ʜʨ, 

2021) ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʬʣʶʠʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ ʬʘʟ H2O. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʬʦʪʦ- ʠ ʚʠʜʝʦʩʲʝʤʢʘ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʘ 

ʩʪʨʫʢʪʫʨʘ ʬʘʟ ʣʴʜʘ ʫʪʦʯʥʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʂʈ. ɼʘʚʣʝʥʠʝ ʚ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʧʦʣʦʞʝʥʠʶ ʣʠʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʩʧʝʢʪʨʝ 
13ʉ ʘʣʤʘʟʘ ʠʣʠ ʣʠʥʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ R1 ʚ ʩʧʝʢʪʨʝ ʨʫʙʠʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ 

ʜʘʥʥʳʤʠ (Schiferl et al., 1997; Zha et al., 2000; Ragan et al., 1992). ʊʝʤʧʝʨʘʪʫʨʘ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ PtRhïPt ʪʝʨʤʦʧʘʨʳ (ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ R-ʪʠʧ, 13% Rh, 

https://www.teacode.com/online/udc/55/552.18.html
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ʠ S-ʪʠʧ, 10% Rh), ʩʧʘʡ ʢʦʪʦʨʦʡ ʙʳʣ ʟʘʢʨʝʧʣʝʥ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʨʘʟʮʘ. 

ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʧʨʦʜʫʢʪʳ ʦʧʳʪʦʚ ʙʳʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ (ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ) ʘʥʘʣʠʟʘ. 

ʉʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʚʳʩʦʢʦʙʘʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʪʠʧʘ ñʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡò 

ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ, 

ʫʩʪʦʡʯʠʚʳʭ ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ (ʊʘʙʣʠʮʘ 1): ʠʣʴʤʝʥʠʪ+ʦʣʠʚʠʥ, 

ʠʣʴʤʝʥʠʪ+ʧʠʨʦʢʩʝʥ+ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʫʤʠʪʘ. ʍʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʠʨʦʢʩʝʥʘ ʠ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʫʤʠʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʴʥʦʡ ʜʦʣʠ ʦʣʠʚʠʥʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʪʘʨʪʦʚʦʤ ʩʦʩʪʘʚʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʣʴʤʝʥʠʪ ʙʳʣ ʛʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ-

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʪʠʪʘʥʘ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ ʩʪʘʨʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʚ ʩʪʨʫʢʪʫʨʫ ʠʣʴʤʝʥʠʪʘ ʚʭʦʜʠʣʦ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʤʘʛʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ ʧʠʨʦʢʩʝʥʘʭ ʩʦʩʪʘʚʠʣʦ ~2 ʤʘʩ.%, ʚ ʤʠʥʝʨʘʣʘʭ 

ʛʨʫʧʧʳ ʛʫʤʠʪʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʣʦ 7,3 ʤʘʩ.%. ɼʣʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʫʤʠʪʘ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʧʳʪʘʭ, ʭʘʨʘʢʪʝʨʥʦ ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʠʧʘ: 3Mg2+=Ti4+ + Fe2+. 

 

ʊʘʙʣʠʮʘ 1. ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʦʧʳʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʩʠʩʪʝʤʝ ʠʣʴʤʝʥʠʪ-ʦʣʠʚʠʥ-ʚʦʜʘ.  

ˉ ʦʧʳʪʘ 

ʉʦʦʪʥʦʰʝʥʠʝ Ilm ʠ Ol 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ 

ʩʪʘʨʪʦʚʦʤ ʩʦʩʪʘʚʝ 

ʊ, ʉ ʈ, ɻʇʘ t, ʤʠʥ ʇʨʦʜʫʢʪʳ ʦʧʳʪʘ 

3285 Ilm : Ol = 75 : 25 1250 6 60 Ilm, Ol 

3284 Ilm : Ol = 50 : 50 1250 6 60 Ilm, Px, Hum 

3286 Ilm : Ol = 25 : 75 1250 6 60 Ilm, Px, Hum 

ʉʦʢʨʘʱʝʥʠʷ: Ilm ï ʠʣʴʤʝʥʠʪ, Ol - ʦʣʠʚʠʥ, Px ï ʧʠʨʦʢʩʝʥ, Hum ï ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʫʤʠʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʩʠʩʪʝʤʝ SiO2-TiO2-FeO-MgO-H2O ʧʨʠ P-T ʧʘʨʘʤʝʪʨʘʭ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚ ʧʦʣʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʘ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʳʝ ʬʘʟʦʚʳʝ ʨʝʘʢʮʠʠ ʦʣʠʚʠʥʘ, 

ʠʣʴʤʝʥʠʪʘ ʠ ʚʦʜʥʦʛʦ ʬʣʶʠʜʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʬʘʟ ï ʧʠʨʦʢʩʝʥʘ ʠ 

ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʫʤʠʪʘ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʥʘʙʦʨʘ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʏʘʫʥʝʨ ʠ ʩʦʘʚʪʦʨʦʚ (Tschauner et al., 2018), ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦʝ ʥʘʭʦʞʜʝʥʠʠ ʚʢʣʶʯʝʥʠʡ ʣʴʜʘ-VII ʩ ʠʣʴʤʝʥʠʪʦʤ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʣʠʚʠʥʦʤ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʣʠʚʠʥʘ 

25 ʤʦʣ.% ʠ ʤʝʥʝʝ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʦʣʠʚʠʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʞʠʜʘʝʪʩʷ 

ʬʘʟʦʚʘʷ ʨʝʘʢʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʠʨʦʢʩʝʥʘ ʠ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʛʫʤʠʪʘ. ʇʦʩʢʦʣʴʢʫ 

ʩʠʣʠʢʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʢʘʟʳʚʘʶʪ ʠʥʛʠʙʠʪʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʦʥʪʘʥʥʫʶ ʥʫʢʣʝʘʮʠʶ 

ʘʣʤʘʟʘ, ʪʦ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 35 ʤʘʩ.% ʚ ʨʦʩʪʦʚʦʡ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʝʡ 

ʩʨʝʜʝ (ɹʦʙʨʦʚ, ʃʠʪʚʠʥ, 2009), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʬʘʟʦʚʳʭ 

ʦʪʥʦʰʝʥʠʷʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʉʦʙʦʣʝʚʘ ʠ ʩʦʘʚʪʦʨʦʚ (Sobolev et al., 1997) ʩʨʘʩʪʘʥʠʷ ʦʣʠʚʠʥʘ ʠ ʠʣʴʤʝʥʠʪʘ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʚ 

ʷʢʫʪʩʢʠʭ ʘʣʤʘʟʘʭ ʤʦʛʣʠ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʝ, ʙʦʛʘʪʦʡ ʠʣʴʤʝʥʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 

ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ in situ ʘʥʘʣʠʟʘ ʚ ʫʩʪʘʥʦʚʢʝ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ ʠ ʚʥʝʰʥʠʤ ʥʘʛʨʝʚʦʤ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʙʘʨʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʠ ʚʦʟʤʦʞʥʳʤ ʬʘʟʦʚʳʭ 

ʨʝʘʢʮʠʷʭ ʚ ʩʠʩʪʝʤʘʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʳ ʨʦʩʪʘ ʠ ʟʘʭʚʘʪʘ ʤʠʥʝʨʘʣʴʥʦ-ʬʣʶʠʜʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʘʣʤʘʟʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ.  
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EXPERIMENTAL INVESTIGATION OF THE ILMENITE -OLIVINE -H2O SYSTEM AND 

CONDITIONS FOR INCLUSIONS CAPTURING UPON DIAMOND GROWTH IN THE 

UPPER MANTLE  

Chertkova N.V.1, Burova A.I.1,2, Spivak A.V.1, Zakharchenko E.S.1, Litvin Yu.A. 1,  

Safonov O.G.1,2, Bobrov A.V.1,2,3 
1 D.S. Korzhinskii Institute of Experimental Mineralogy RAS, Chernogolovka 

 2Lomonosov Moscow State University, Moscow 
 3Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moscow 
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Abstract. Primary inclusions in diamonds serve as a unique source of information about mantle minerals and 

fluids. In this work, we apply a set of experimental techniques, which combines in situ methods for studying 

samples in a diamond anvil apparatus and methods of high-pressure synthesis in a Bridgeman-type 

apparatus, to investigate mineral associations and fluid phases that are stable in the FeTiO3-Mg2SiO4-H2O 

system in the pressure range from 4 to 8 GPa and in the temperature range from 500ÁC to 1250ÁC. Obtained 

experimental data can be used to model the thermobaric regime of capturing of ilmenite and olivine 

inclusions in the presence of hydrous fluid during diamond growth in the lithosphere. 

Keywords: ilmenite, olivine, ice VII, inclusions, diamond, phase relations, upper mantle, experiment, high 

pressures. 
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ɸʥʥʦʪʘʮʠʷ. ʄʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ Fe-Ni-S ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʘʚ 

ʤʦʥʦʩʫʣʴʬʠʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʠ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ. ɸʣʤʘʟʦʦʙʨʘʟʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ 

ʫʛʣʝʨʦʜʦʤ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʮʝʣʦʤ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ P=7,0 ɻʇʘ ʠ T=900ï1600Áʉ ʥʘ 

ʪʚʝʨʜʦʬʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʪʦʨʦʠʜʥʦʛʦ ʪʠʧʘ (çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè) ʚ ʀʕʄ ʈɸʅ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ ʊ-ʍ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ FeS-NiS. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʚ 

ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʩʝʨʠʷ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʫʣʴʬʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʇʨʦʩʣʝʞʝʥʘ ʵʚʦʣʶʮʠʷ ʩʦʩʪʘʚʘ ʤʦʥʦʩʫʣʴʬʠʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʩʫʣʴʬʠʜʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʚ ʫʩʣʦʚʠʷʭ ʘʣʤʘʟʥʦʡ ʬʘʮʠʠ ʛʣʫʙʠʥʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.      

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ, ʩʫʣʴʬʠʜʳ, ʚʢʣʶʯʝʥʠʷ ʚ ʘʣʤʘʟʘʭ, ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ   

 
 ʄʦʜʝʣʴʥʘʷ ʩʠʩʪʝʤʘ Fe-Ni-S ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʘʚ 

ʤʦʥʦʩʫʣʴʬʠʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ʠ 

ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ. ɸʣʤʘʟʦʦʙʨʘʟʫʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ 

ʫʛʣʝʨʦʜʦʤ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʮʝʣʦʤ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ (ʃʠʪʚʠʥ ʠ ʜʨ., 2002; 

ʐʫʰʢʘʥʦʚʘ ʠ ʜʨ., 2008; Palyanov et al., 2021 ʠ ʜʨ.). ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʘʣʤʘʟʦʚ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʥʝ ʤʝʥʷʝʪ 

ʧʦʣʦʞʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ (Chepurov et all., 2008).  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʟʘʭʚʘʯʝʥʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʠʭ ʧʨʝʙʳʚʘʥʠʷ ʚ ʤʘʥʪʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʠʭ ʧʦʚʝʜʝʥʠʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʠ ʩʨʝʜʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ 

[Chepurov et all., 2008]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, 

ʥʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʩʠʣʠʢʘʪʦʚ ʠ ʦʢʩʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ P ï ʧʝʨʠʜʦʪʠʪʦʚʳʡ ʠ 

E ï ʵʢʣʦʛʠʪʦʚʳʡ ʪʠʧ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʘʣʤʘʟʦʚ (ɻʘʨʘʥʠʥ, 2006). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʝʨʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ P=7,0 ɻʇʘ ʠ T=900ï1600Áʉ ʥʘ ʪʚʝʨʜʦʬʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʪʦʨʦʠʜʥʦʛʦ ʪʠʧʘ 

(çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè) ʚ ʀʕʄ ʈɸʅ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ð ʵʪʦ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʳʝ ʩʤʝʩʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʬʠʟʠʢʠ ʤʠʥʝʨʘʣʦʚ 

ʀʕʄ ʈɸʅ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʠ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʦʝʜʠʥʝʥʠʷ ʠ ʯʣʝʥʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (ʤʦʣ. %) ʥʘ ʦʩʥʦʚʝ FeSïNiS ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 10ï90, 25ï75, 50ï50, 75ï25, 90ï10. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ 7,0 ɻʇʘ ʜʣʷ NiS 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ ~900ÁC, ʘ ʜʣʷ FeS ʧʨʝʚʳʩʠʣʘ 1750ÁC (ʙʦʣʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʥʘʩʪʦʷʱʝʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʥʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ). ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʝ 

ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʠ ʭʠʤʠʯʝʩʢʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʬʘʟ ʫʪʦʯʥʷʣʩʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʠʟʘ.  

ʇʦ ʚʳʷʚʣʝʥʥʳʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʪʠʧʘ. ʇʝʨʚʳʡ ʪʠʧ ð ʵʪʦ ʩʫʣʴʬʠʜʳ ʩ ʠʟʦʤʝʪʨʠʯʥʳʤʠ, ʦʙʳʯʥʦ ʢʩʝʥʦʤʦʨʬʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ, ʚ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʆʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʟʘʢʘʣʦʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʚʠʜʝ ʩʚʝʪʣʳʭ ʧʦʣʦʩ ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʦʢʨʫʛʣʳʭ ʧʦʨ (ʈʠʩ. 1, 2). ɺʪʦʨʦʡ ʪʠʧ ʦʙʨʘʟʮʦʚ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʨ ʠ 
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ʟʘʢʘʣʦʯʥʳʭ ʬʘʟ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʝ ʧʣʦʪʥʳʝ ʤʘʩʩʳ ʠʟ ʠʟʦʤʝʪʨʠʯʥʳʭ ʟʝʨʝʥ Mss 

(monosulfide solid solution), ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʝʥ ʩʦʩʪʘʚʫ ʠʩʭʦʜʥʳʭ ʩʤʝʩʝʡ (ʈʠʩ. 3). ʊʨʝʪʠʡ ʪʠʧ 

ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʚʳʜʝʣʷʶʪʩʷ ʚʢʨʘʧʣʝʥʥʠʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ Mss ʥʘ ʦʩʥʦʚʝ Fe ʠʣʠ Ni, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʟʘʢʘʣʝʥʥʳʡ ʩʫʣʴʬʠʜʥʳʡ ʨʘʩʧʣʘʚ (ʈʠʩ. 4). 

 

 
ʈʠʩ. 1. ʆʙʨ. 930 NiS T=1750 ęC 

 
ʈʠʩ. 2. ʆʙʨ. 936 Fe0.25Ni0.75S T=1300ęC 

 
ʈʠʩ. 3. ʆʙʨ. 947 Fe0.5Ni0.5S T=1000ęC 

 
ʈʠʩ. 4. ʆʙʨ. 950 Fe0.75Ni0.25S T=1500ęC 

 

ʊʘʢʠʝ ʩʫʣʴʬʠʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ, ʪʘʢ ʢʘʢ 

ʩʦʩʪʘʚʳ Mss ʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʨʘʩʧʣʘʚʘ ʚ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. 

ʆʪʥʦʰʝʥʠʝ [Me/S] ʜʣʷ ʤʦʥʦʩʫʣʴʬʠʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʳʯʥʦ ʯʫʪʴ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, 

ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʨʘʩʧʣʘʚʘ [Me/S] >1. ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʜʠʘʛʨʘʤʤʝ Fe-Ni-S (ʈʠʩ. 5). 

 
ʈʠʩ. 5. ʏʘʩʪʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʚ ʩʠʩʪʝʤʝ Fe-Ni-S. ʃʠʥʠʝʡ ʦʪʤʝʯʝʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ 

ʛʨʘʥʠʮʘ ʧʦʣʷ ʨʘʩʧʣʘʚʥʦʡ ʬʘʟʳ. ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʪʦʙʨʘʞʝʥʳ ʢʦʥʥʦʜʳ. 
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ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʦʣʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ (ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ), ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠ ʪʚʝʨʜʦʬʘʟʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʂʦʥʥʦʜʳ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʥʘʢʣʦʥ, ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʠʥʦʡ: 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʭ ʫʢʦʨʘʯʠʚʘʥʠʝʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʧʦʚʳʰʘʶʪʩʷ ʚ 

ʨʘʩʧʣʘʚʘʭ ʠ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ Mss, ʯʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʝʨʠʷʭ ʦʧʳʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʪʘʨʪʦʚʳʭ ʩʦʩʪʘʚʦʚ. ʇʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʞʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʩʦʣʠʜʫʩʘ ʠ ʣʠʢʚʠʜʫʩʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʳʪʦʚ, 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (Kitakaze at all, 2011, 2016). 

ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʩʦʩʪʘʚʦʤ ʚʢʣʶʯʝʥʠʡ ʚ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʘʭ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʧʣʘʚʥʳʝ ʬʘʟʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʥʦʩʫʣʴʬʠʜʥʳʝ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʦʙʦʛʘʱʝʥʳ ʞʝʣʝʟʦʤ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʦʛʠʷ ʩ ʧʨʠʨʦʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʣʠʰʴ ʜʣʷ ʩʪʘʨʪʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩ Ni/(Ni+Fe) ʜʦ 0.75. ʊʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʙʣʠʟʦʩʪʴ 

ʤʦʥʦʩʫʣʴʬʠʜʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʙʦʠʤʠ ʧʦʣʷʤʠ ʩʫʣʴʬʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ 

ʧʝʨʠʜʦʪʠʪʦʚʦʛʦ ʪʠʧʘ.  

ʉʫʣʴʬʠʜʳ ʩ ʧʣʦʪʥʳʤʠ ʤʘʩʩʘʤʠ ʠʟʦʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʠʟʥʘʢʠ 

ʧʣʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʠʩʭʦʜʥʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʢʦʤʧʦʥʝʥʪʦʚ, ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʜʣʷ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʦʞʝʥʠ ̫ ʧʠʢʦʚ ʦʪ 

ʩʦʩʪʘʚʘ ʩʫʣʴʬʠʜʦʚ ʚʳʷʚʣʝʥʦ ʥʝ ʙʳʣʦ (ʈʠʩ. 6).  

 

 
ʈʠʩ. 6. ʂʈ-ʩʧʝʢʪʨʳ ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

 

ʂʈ-ʩʧʝʢʪʨʳ ʤʦʥʦʩʫʣʴʬʠʜʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʙʣʠʟʢʠ ʢ ʩʧʝʢʪʨʫ ʯʠʩʪʦʛʦ ʩʫʣʴʬʠʜʘ 

ʥʠʢʝʣʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʠ ʬʦʨʤʘ ʧʠʢʦʚ ʜʣʷ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ   ʨʝʰʝʪʢʠ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʩʫʣʴʬʠʜʘ ʥʠʢʝʣʷ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ (ʊʘʙʣ. 1). ʉʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʪʨʦʠʣʠʪ ʠʤʝʝʪ ʜʨʫʛʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫ  ʁ ʛʨʫʧʧʫ, ʠ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 
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ʊʘʙʣʠʮʘ ˉ 1. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʬʘʟ ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʩʠʩʪʝʤʳ FeS-

NiS 
ʉʦʩʪʘʚ 

ʩʫʣʴʬʠʜʘ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʌ.ʝ. a=b (¡) c(¡) V(¡3) 

FeS* P 2c Z =12 5.9650(2) 11.7590(5) 362.34(2) 

Fe0.9 Ni0.1S P 63/mmc Z = 2 3.449677 5.82544 60.03664 

Fe0.5 Ni0.5S P 63/mmc Z = 2 3.449393 5.63286 58.04235 

Fe0.25Ni0.75S P 63/mmc Z = 2 3.451819 5.52916 57.05395 

NiS P 63/mmc Z = 2 3.441502 5.35568 54.93409 

* ʇʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ (Sk§la et al., 2006).  

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ ʀʕʄ ʈɸʅ ̄  FMUF-2022-0001. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ ɸʚʪʦʨʫ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʧʠ ʂʈ-ʩʧʝʢʨʦʚ ʜ.ʬ.-

ʤ.ʥ. ɺ.ʀ. ʂʦʨʝʧʘʥʦʚʫ, ʘ ʪʘʞʝ ʢ.ʬ.-ʤ.ʥ.  ʉ.ʉ.ʍʘʩʘʥʦʚʫ ʠ ɸ.ɺ. ʀʩʢʨʠʥʦʡ ʟʘ ʧʨʦʚʝʜʝʥʠʝ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 
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PHASE RELATIONS I N THE Fe-Ni-S SYSTEM UNDER THE PARAMETERS OF 

DIAMOND FORMATION  

Sharapova N.Yu.1, Bobrov A.V.1,2, Spivak A.V.2  
1Lomonosov Moscow State University (Moscow), 2IEM RAS (Chernogolovka) 

sharapovaninel@gmail.com 

 

Abstract. The Fe-Ni-S model system at high pressures and temperatures describes the composition of a 

monosulfide solid solution, which is common for inclusions in diamonds and mantle xenoliths. The 

diamond-forming efficiency of sulfide melts with dissolved carbon has been demonstrated in some 

experimental series of papers. To determine phase relationships a series of experiments was carried out at 

P=7.0 GPa and T=900ï1600ÁC on a toroid-type anvil apparatus at IEM RAS. As a result, T-X phase diagram 

in FeS-NiS system was created. According to the findings a continuous series of solid solutions of sulfide 

minerals is formed in the studied range of compositions. Temperature-related evolution of monosulfide solid 

solution and sulfide melt composition under the conditions of diamond depth facies is traced. 

 

Ke words: phase relations, sulfides, inclusions in diamond, high pressure and temperature
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ʆɹʈɸɿʆɺɸʅʀɽ ʀ ɼʀʌʌɽʈɽʅʎʀɸʎʀʗ ʄɸɻʄ 

 

ʋɼʂ 552.3:548.4 

 

ʇɽʊʈʆʃʆɻʀʏɽʉʂʀɽ ʆɻʈɸʅʀʏɽʅʀʗ ɺ ʄʆɼɽʃʀ ɻɽʅɽɿʀʉɸ ʑɽʃʆʏʅʆʁ 

ʅɽʌɽʃʀʅ-ʇʀʈʆʂʉɽʅʆɺʆʁ ʀʅʊʈʋɿʀɺʅʆʁ ʌɸɿʓ ɻʋʃʀʅʉʂʆɻʆ ʇʃʋʊʆʅɸ. 

 

ɸʩʘʚʠʥ ɸ.ʄ., ʉʝʥʠʥ ɺ.ɻ.  

 

ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 

aalex06@inbox.ru 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʣʴʪʝʡʛʠʪ-ʷʢʫʧʠʨʘʥʛʠʪ-ʠʡʦʣʠʪʦʚʦʡ ʱʝʣʦʯʥʦʡ 

ʬʘʟʳ ɻʫʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ (ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, ʚʳʧʣʘʚʣʝʥʠʝ ʠʟ ʵʢʣʦʛʠʪʦʚʦʡ ʤʘʥʪʠʠ ʠ ʜʨ.). ʇʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʘʤ ʨʘʩʧʣʘʚʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʠ ʦʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʵʪʠʭ ʧʦʨʦʜ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʠʭ ʜʘʥʥʳʭ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ (ʩʠʩʪʝʤʘ Nph-Di- Sn, Nph-Di-Ksl, 

ʠ ʜʨ.) ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʳ, ʠ ʚ ʩʫʭʠʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʠʣʦ ʚʥʝʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʤʦʜʝʣʴ ʛʝʥʝʟʠʩʘ.  

ʆʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʜʝʣʠ ʩʣʝʜʫʶʱʠʝ: 1) ʜʣʠʪʝʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʧʨʦʭʦʜʠʣʘ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʤʝʥʝ ʜʘʚʣʝʥʠʡ (ʦʪ 4ɻʇʘ ʜʦ 1 ʘʪʤ.) ʠ ʪʝʤʧʝʨʘʪʫʨ (1000 ï 1200 - 560 ÁC) ʧʨʠ ʧʦʜʲʸʤʝ ʩ ʫʨʦʚʥʷ 

ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ; 2) ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ  ʩʫʱʝʩʪʚʦʚʘʣʘ 

ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʦʪ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʢ ʩʫʭʦʤʫ; 3) ʚʳʧʣʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʧʷʪʠʤʠʥʝʨʘʣʴʥʦʡ ʤʘʥʪʠʡʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʫʯʘʩʪʠʝʤ ʰʧʠʥʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʛʥʫʪʴ ʚ 

ʚʳʧʣʘʚʢʘʭ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʡ Ti ʠ Al. ʀʟʙʳʪʦʢ Al ʠ Su ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʳʭ ʤʘʥʪʠʡʥʳʭ 

ʚʳʧʣʘʚʦʢ ʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʠʨʦʢʩʝʥʠʪʦʚʳʡ ʠʣʠ ʵʢʣʦʛʠʪʦʚʳʡ ʠʩʭʦʜʥʳʡ 

ʩʦʩʪʘʚ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ ʥʠʟʢʦʡ ʜʦʣʝʡ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʦʣʠʚʠʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʛʝʥʝʟʠʩ ʰʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠʥʪʨʫʟʠʡ; ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ; ɻʫʣʠʥʩʢʠʡ 

ʤʘʩʩʠʚ; ʤʝʣʴʪʝʡʛʠʪ ï ʷʢʫʧʠʨʘʥʛʠʪ ï ʠʡʦʣʠʪʦʚʘʷ ʩʝʨʠʷ ʧʦʨʦʜ; ʩʦʩʪʘʚ  ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ 

 

ɻʝʥʝʟʠʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʠʥʪʨʫʟʠʡ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʕʪʦʪ ʚʦʧʨʦʩ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʮʝʥʢʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʱʝʣʦʯʥʳʭ 

ʠʥʪʨʫʟʠʡ.  

ʉʝʡʯʘʩ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʟʨʳʚʝ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ 

ʚʥʝʜʨʝʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʬʘʟʘʤʠ ʚʥʝʜʨʝʥʠʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɦʝʣʦʯʥʳʭ ʤʘʛʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʠɦʝ ʦʮʝʥʠʪʴ ʫʩʣʦʚʠʷ ʵʚʦʣʶʮʠʠ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʥʥʠʭ ʧʦʨʮʠʡ ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʝʣʴʪʝʡʛʠʪ-ʷʢʫʧʠʨʘʥʛʠʪ-

ʠʡʦʣʠʪʦʚʘʷ ʩʝʨʠʷ ʧʦʨʦʜ (ʥʝʬʝʣʠʥ-ʧʠʨʦʢʩʝʥʦʚʘʷ ʩʝʨʠʷ). ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʯʠʥʘʷ ʦʪ 

ʦʣʠʚʠʥ ʩʦʜʝʨʞʘʱʠʭ ʱʝʣʦʯʥʳʭ ʬʦʠʜʠʪʦʚ ʜʦʭʦʜʠʪ ʜʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʥʝʬʝʣʠʥʦʚʳʭ 

ʩʠʝʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠ ʢʘʢ ʩʝʨʠʷ ʩ ʚʳʩʦʢʠʤ ʨʫʜʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ï 

ʘʧʘʪʠʪʦʚʦʝ, ʨʝʜʢʦʟʝʤʝʣʴʥʦʝ ʠ ʪ.ʧ. ʦʨʫʜʝʥʝʥʠʝ (ʍʠʙʠʥʩʢʠʡ ʠ ʃʦʚʦʦʟʝʨʩʢʠʡ ʤʘʩʩʠʚʳ).  

ʅʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ: ʷʢʫʧʠʨʘʥʛʠʪʘ (ʦʙʨ. 

9774), ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʠʝʥʠʪʘ (ʦʙʨ. 660), ʥʝʬʝʣʠʥʦʚʦʛʦ ʧʠʢʨʠʪʘ (ʦʙʨ. 9769). ʆʩʥʦʚʥʳʤʠ 
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ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʙʨ. 9774, 660 ʷʚʣ̫ʁ ʪʩʷ ʧʠʨʦʢʩʝʥ ʠ ʥʝʬʝʣʠʥ, ʪʘʢʞʝ ʚ ʥʠʭ 

ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʤʘʛʥʝʪʠʪ, ʩʬʝʥ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʯʘʩʪʠʯʥʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ, ʨʘʩʧʣʘʚʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʬʝʥʝ (ʦʙʨ. 9774) ʠ ʰʧʠʥʝʣʠ ʠ ʦʣʠʚʠʥʝ (ʦʙʨ.9769).  ɺ ʪʘʙʣʠʮʝ 1 ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʩʦʩʪʘʚʳ 

ʩʪʝʢʣʦʚʘʪʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʧʠʨʦʢʩʝʥʦʚ ʤʝʣʠʣʠʪʠʪʘ (ʦʙʨ. G X 3) ɻʫʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ. 

ʉʦʩʪʘʚʳ ʧʨʠʚʝʜʝʥʳ ʢ 100 ʧʨʦʮʝʥʪʘʤ ʧʦ ʩʫʤʤʝ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʘ 

ʭʦʟʷʠʥʘ (ʚ ʰʧʠʥʝʣʠ ʧʦ ʭʨʦʤʫ, ʚ ʪʠʪʘʥʠʪʝ ʧʦ ʪʠʪʘʥʫ, ʤʝʣʠʣʠʪ ʧʦ ʢʘʣʠʶ ʠ ʪʠʪʘʥʫ). 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʩʪʘʚʳ, ʤʦʛʫʪ ʙʳʪʴ ʩ ʥʝʢʦʪʦʨʳʤ ʜʦʧʫʱʝʥʠʝʤ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ 

ʟʘʭʚʘʯʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʨʘʩʧʣʘʚʘ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʪʠʭ ʧʦʨʦʜ. ʉʦʩʪʘʚ 

ʚʢʣʶʯʝʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʚ ʊʘʙʣ.1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʩʦʩʪʘʚʳ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʘʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʧʦʨʦʜʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʭʦʜʦʤ ʵʚʦʣʶʮʠʠ 

ʧʝʨʚʠʯʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʘ ʩ ʜʨʫʛʦʡ - ʥʝʜʦʩʪʘʪʢʘʤʠ ʘʥʘʣʠʟʘ ʠ ʟʘʭʚʘʪʦʤ ʧʨʠ ʘʥʘʣʠʟʝ ʚʝʱʝʩʪʚʘ 

ʤʠʥʝʨʘʣʘ ʭʦʟʷʠʥʘ. ʉ ʫʯʝʪʦʤ ʥʘʰʠʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 2 

ʛʨʫʧʧʳ ʨʘʩʧʣʘʚʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʷʭ: 

*  ʉʪʝʢʣʘ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʝ, ʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ 

ʠ ʱʝʣʦʯʝʡ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʷʢʫʧʠʨʘʥʛʠʪʘʭ ʠ ʧʠʢʨʠʪʝ.  

*  ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ, ʤʝʥʝʝ 10 ʚʝʩ.% MgO, c ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʱʝʣʦʯʝʡ, ʙʣʠʟʢʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʤʝʣʴʪʝʡʛʠʪʦʚ ï 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʠʡʦʣʠʪʘʭ (ʀʩʘʢʦʚʘ ʠ ʜʨ., 2015), ʥʦ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ. 
  

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚ ʨʘʩʧʣʘʚʦʚ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʧʦʨʦʜ 

ɻʫʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ (ʚʝʩ.%). 

No. SiO2 TiO 2 Al 2O3 FeO MnO MgO CaO K 2O Na2O 

ɺʢʣʶʯʝʥʠʝ ʚ Spl ʥʝʬʝʣʠʥʦʚʦʛʦ ʧʠʢʨʠʪʘ 9769 

18 48.20 3.36 5.99 2.31 0.14 17.00 17.88 1.09 1.64 

22 46.09 4.06 8.10 0.07 0.07 17.72 16.85 1.17 2.50 

21 45.49 6.19 8.97 0.00 0.00 19.38 13.13 2.60 2.52 

20 44.25 4.04 11.39 0.00 0.00 21.39 10.35 2.46 3.54 

19 42.14 7.49 10.97 0.00 0.00 22.52 8.31 2.93 3.43 

17 56.97 0.43 1.10 0.09 0.09 22.31 7.03 1.94 5.86 

15 57.64 0.33 0.72 0.07 0.07 22.88 6.96 2.00 5.87 

16 57.07 0.43 1.05 0.00 0.00 22.62 7.00 1.83 5.98 

ɺʢʣʶʯʝʥʠʝ ʠʟ Mel ʤʝʣʠʣʠʪʦʣʠʪʘ GX3 

39 27.60 4.33 19.25 5.91 0.08 0.40 42.42 0.00 0.04 

21 36.05 0.01  12.12 0.34 18.06 33.36 0.01 8.62 

40 54.40 0.23 0.82 0.23 0.10 0.10 35.47 0.04 6.45 

ɺʢʣʶʯʝʥʠʝ ʠʟ ʪʠʪʘʥʠʪʘ ʠʟ ʷʢʫʧʠʨʘʥʛʠʪʘ 9774 

11 56.87 0.31 1.53 1.94 0.00 24.98 7.20 0.72 7.53 

1 55.43 1.21 2.15 7.47 0.15 22.22 3.78 0.06 0.00 

 

ʉʦʩʪʘʚ ʧʦʨʦʜ ʪʠʧʠʯʝʥ ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʱʝʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʝ Px-Ol-(Lc+Ne), ʥʘ ʢʦʪʦʨʦʤ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʥʘʥʝʩʝʥʳ ʩʦʛʣʘʩʥʦ 

ʥʦʨʤʘʪʠʚʥʦʤʫ ʧʝʨʝʩʯʝʪʫ CIPW (ʈʠʩ.1). ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜ 

ʠʟ ʨʘʙʦʪ (ɽʛʦʨʦʚ 1991; ɹʦʛʘʪʠʢʦʚ 1983). ʌʘʢʪʠʯʝʩʢʠ ʜʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʦʪʨʘʞʘʝʪ 
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ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʢʫʧʠʨʘʥʛʠʪʦʚ ʠ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʙʦʣʝʝ 

ʱʝʣʦʯʥʳʤʠ ʤʝʣʴʪʝʡʛʠʪʦʚʳʤʠ ʠ ʦʣʠʚʠʥ-ʤʝʣʴʪʝʡʛʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʙʝʟʚʦʜʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʢʦʪʝʢʪʠʢ ʦʣʠʚʠʥ-ʧʠʨʦʢʩʝʥ, ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʷ ʧʠʨʦʢʩʝʥʘ ʟʘ ʩʯʝʪ 

ʦʣʠʚʠʥʘ. ɺ ʥʘʪʨʦʚʦʡ ʩʠʩʪʝʤʝ (Singh et al., 2000) ʚʣʠʷʥʠʝ H2O ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ Cpx-

Nph ʦʪʥʦʰʝʥʠʷ (ʜʦʣʷ ʥʝʬʝʣʠʥʘ ʨʘʩʪʝʪ) ʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʪʝʢʪʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʠʘʛʨʘʤʤ ʚʠʜʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ Ol-Cpx ʢʦʪʝʢʪʠʢʠ ʚ 

ʦʙʨ. 9769 ʧʨʦʭʦʜʠʣʘ ʚ ʩʫʭʦʡ ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʧʦʣʝ ʦʣʠʚʠʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʪʦʯʢʘ ʥʝ ʧʦʧʘʜʘʝʪ ʥʘ ʢʦʪʝʢʪʠʢʫ. ɿʘʪʝʤ ʚ ʩʠʩʪʝʤʫ ʧʦʧʘʜʘʣʘ ʚʦʜʘ ʠ ʪʦʯʢʠ 

ʤʝʣʴʪʝʡʛʠʪʦʚ ʠ ʦʣʠʚʠʥʦʚʳʝ ʤʝʣʴʪʝʡʛʠʪʦʚ ʦʢʘʟʘʣʠʩʴ ʚ ʦʙʣʘʩʪʠ ʦʣʠʚʠʥ-ʧʠʨʦʢʩʝʥʦʚʦʡ 

ʢʦʪʝʢʪʠʢʠ, ʩʤʝʱʝʥʥʦʡ ʢ ʫʛʣʫ ʥʝʬʝʣʠʥʘ ʢʦʪʝʢʪʠʢʝ ʚ ʚʦʜʥʦʡ ʩʠʩʪʝʤʝ. ʉʦʩʪʘʚʳ ʩʪʝʢʣʘ ʠʟ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʤʝʣʴʪʝʡʛʠʪʦʚ ʧʦʧʘʜʘʶʪ ʫʞʝ ʚ ʙʝʟʦʣʠʚʠʥʦʚʫʶ ʦʙʣʘʩʪʴ ʚ ʨʘʡʦʥ ʢʦʪʝʢʪʠʢʠ 

Nph-Cpx. ʇʨʠ ʪɻʦʤ ʩʠʩʪʝʤʘ ʦʩʪʘʝʪʩʷ ʥʘʩʳʱʝʥʘ ʚʦʜʦʡ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʫʭʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʵʪʦʤ 

ʧʦʣʦʞʝʥʠʠ ʪʦʯʝʢ ʦʥʠ ʙʳʣʠ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ ʧʦʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʬʝʣʠʥʘ. ɸ 

ʥʝʬʝʣʠʥ ʚ ʧʦʨʦʜʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʥʥʠʭ ʤʠʥʝʨʘʣʦʚ.  

ʂʘʢ ʚʠʜʥʦ, ʥʘ ʵʪʦʤ ʜʣʠʥʥʦʤ ʧʫʪʠ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʨʦʜ (ʊʘʙʣ.1.) ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

 
 

ʈʠʩ.1. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ Neph-Di-Sn ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ (Gupta et al., 2006) ʩ 

ʪʦʯʢʘʤʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ. ʧʨʠ 4ɻʇʘ ʠ ʪʘʢʞʝ ʜʠʘʛʨʘʤʤʘ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 1 ʘʪʤ 

(Platt & Edgar 1972). 

ʃʝʛʝʥʜʘ: 1 - ʦʙʨ.9769, 2- ʤʝʣʴʪʝʡʛʠʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ ʤʝʣʴʪʝʡʛʠʪʳ, 3 ï ʷʢʫʧʠʨʘʥʛʠʪʳ, 4 

ï ʩʦʩʪʘʚʳ ʨʘʩʧʣʘʚʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠʟ ʤʝʣʴʪʝʡʛʠʪʦʚ (ʀʩʘʢʦʚʘ ʠ ʜʨ., 2015). 5 ï

ʥʝʬʝʣʠʥʦʚʳʝ ʧʠʢʨʠʪʳ, 6 ï ʷʢʫʧʠʨʘʥʛʠʪ ʦʙʨ.9774 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʧʝʨʚʳʝ ʚʳʷʚʠʪʴ ʚ ʧʠʨʦʢʩʝʥʘʭ ʠʟ 

ʷʢʫʧʠʨʘʥʛʠʪʦʚ ʠ ʚ ʤʘʛʥʝʪʠʪʘʭ ʠʟ ʧʠʢʨʠʪʦʚ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʬʘʟʦʚʦʛʦ ʨʘʩʧʘʜʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʜ ʩ ʨʝʟʢʦʡ ʩʤʝʥʦʡ 

ʫʩʣʦʚʠʡ ʚ ʩʠʩʪʝʤʝ. ɺ ʊʘʙʣ.1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ Ilm-Mgt ʛʝʦʪʝʨʤʦʤʝʪʨʫ 

(Lepage, 2003), ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʨʘʚʥʦʚʝʩʠʷ 

600-700 ʜʣʷ ʷʢʫʧʠʨʘʥʛʠʪʘ ʠ 600-1000 ʜʣʷ ʩʠʝʥʠʪʘ. ɼʚʫʭ ʩʪʘʜʠʡʥʦʩʪʴ ʨʘʩʧʘʜʘ ʦʪʨʘʞʘʝʪʩʷ ʚ 
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ʧʦʷʚʣʝʥʠʠ ʥʘʨʷʜʫ ʩ ʢʨʫʧʥʳʤʠ ʣʘʤʝʣʷʤʠ ʠʣʴʤʝʥʠʪʘ (ʪʝʤʥʳʝ ʰʠʨʦʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʘ ʈʠʩ. 2ʘ) 

ʤʝʣʢʠʭ ʣʘʤʝʣʝʡ ʚ ʤʘʛʥʝʪʠʪʝ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʵʪʠʤʠ ʢʨʫʧʥʳʤʠ ʣʘʤʝʣʷʤʠ. ʏʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʵʪʘʧʦʚ ʚ ʨʘʟʚʠʪʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

  

A ïʜʚʫʭʩʪʘʜʠʡʥʳʡ ʨʘʩʧʘʜ Mt-Ilm B ï ʨʘʩʧʘʜ ʚ ʤʦʥʦʢʣʠʥʥʦʤ ʧʠʨʦʢʩʝʥʝ 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʷʢʫʧʠʨʘʥʛʠʪʘ (ʦʙʨ. 9774): (a) ʊʝʤʥʦʝ ï Ilm 

ʩʚʝʪʣʦʝ, Ti-Mt. (b) ʂʣʠʥʦʧʠʨʦʢʩʝʥ - ʦʩʥʦʚʥʦʝ ʩʝʨʦʝ ʧʦʣʝ ʩ ʷʨʢʠʤʠ ʙʝʣʳʤʠ ʧʦʣʦʩʢʘʤʠ 

ʨʘʩʧʘʜʘ ʥʝʠʟʚʝʩʪʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʬʘʟʳ. 

 

ʊʘʙʣʠʮʘ. 2. ʆʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ (Áʉ) ʠ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʫʬʝʨʘ 

NNO. Ilm-Mgt ʛʝʦʪʝʨʤʦʤʝʪʨ. 

ʅʦʤʝʨ ʦʙʨ. 9774 660 

ʇʘʨʳ ˉ ʘʥʘʣʠʟʦʚ 2_4 3_4 2_1 1_4 5_4 3_4 

Powell & Powell 1977 (T) 616 616 831 581 774 648 

Anderson & Lindsly 1985 (T) 653 653 1002 702 981 819 

Spensor & Lindsly 1982 (T) 630 630 1038 685 969 791 

Spensor & Lindsly 1982 (NNO -logfO2) -18 -18 -18 -22 -18 -21 

Andersen & Lindsley 1985 (NNO -logfO2) -20 -20 -33 -27 -33 -35 

Sauerzapf et al., 2008 (T) 723.0 643.0 963 703 963 963 

Sauerzapf et al., 2008 (NNO -logfO2) -5.1 -5.8 -5.2 -6 -5.6 -6 

 

ʉʚʝʪʣʳʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʚ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʫʜʣʠʥʝʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʤʠ ʢʘʢ ʧʠʨʦʢʩʝʥ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ (ʩʤ. 

ʜʝʪʘʣʴʥʦ ɸʩʘʚʠʥ ʠ ʜʨ., 2022 ʚ ʵʪʦʤ ʩʙʦʨʥʠʢʝ). ʉʘʤ ʬʘʢʪ, ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʤʦʥʦʢʣʠʥʥʦʤ ʧʠʨʦʢʩʝʥʝ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʳʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʱʝʣʦʯʥʳʭ ʩʠʩʪʝʤ (de 

Souza 2017; de Souza et al., 2018) ʠ ʥʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʧʦ ʢʚʘʨʮ-ʥʦʨʤʘʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ 

(ʉʫʨʢʦʚ ʠ ʜʨ., 2007; ɹʘʥʫʰʢʠʥʘ ʠ ʜʨ., 2020; ɹʘʥʫʰʢʠʥʘ 2022) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʫʭʠʭ 

ʩʠʩʪʝʤʘʭ, ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (2-4 ɻʇʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʩʢʦʣʦʚʦʛʦ ʤʠʥʘʣʘ (ʠʟʙʳʪʦʯʥʦʛʦ Al, Fe) ʚ ʩʦʩʪʘʚʝ ʧʠʨʦʢʩʝʥʘ. ʇʨʠ ʩʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨ r ʠ ʜʘʚʣʝʥʠ ̫ ʨʘʩʪʚʦʨʝʥʥʳʡ ʠʟʙʳʪʦʯʥʳʡ ʘʣʶʤʠʥʠʡ ʤʦʞʝʪ ʚʳʧʘʜʘʪʴ ʚ ʚʠʜʝ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʤʘʢʦʛʦ ʤʠʥʘʣʘ (CaAl2SiO6) ʠ ʜʠʦʧʩʠʜʘ. ɿʘʭʚʘʪ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʘʤʦʤ ʨʘʥʥʝʤ ʵʪʘʧʝ ʚʳʧʣʘʚʣʝʥʠʷ ʠʟ ʤʘʥʪʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ 
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ʤʘʪʝʨʠʥʩʢʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʣʴʪʝʡʛʠʪ-ʷʢʫʧʠʨʘʥʛʠʪ-ʫʨʪʠʪʦʚʦʡ ʩʝʨʠʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʝ (Kushiro 1969; 

ɹʘʥʫʰʢʠʥʘ ʠ ʜʨ., 2019;) ʜʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʠʥʪʝʨʚʘʣʝ 2-4 ɻʇʘ. ʊʦ ʝʩʪʴ, ʟʘʚʝʜʦʤʦ ʚʳʰʝ 

ʧʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʤʘʥʪʠʠ ʥʘ ʫʨʦʚʥʝ ʧʝʨʝʭʦʜʘ ʛʨʘʥʘʪ-ʰʧʠʥʝʣʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ, ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʧʝʨʠʜʦʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʥʪʠʠ. ɺʝʨʦʷʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʵʢʣʦʛʠʪʦʚʳʡ ʠʣʠ 

ʧʠʨʦʢʩʝʥʠʪʦʚʳʡ ʤʘʥʪʠʡʥʳʡ ʩʫʙʩʪʨʘʪ (ɹʘʥʫʰʢʠʥʘ ʠ ʜʨ., 2017; ʃʠʪʚʠʥ ʠ ʜʨ., 2019), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚʳʩʦʢʦ ʱʝʣʦʯʥʳʝ ʠ ʚʳʩʦʢʦ ʢʨʝʤʥʠʩʪʳʝ 

ʨʘʩʧʣʘʚʳ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʤʝʣʴʪʝʡʛʠʪʘʤ, ʥʝʬʝʣʠʥʦʚʦʛʦ ʧʠʢʨʠʪʘ 9769. ɿʘʪʝʤ ʵʪʠ 

ʨʘʩʧʣʘʚʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ, ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʠʭ 

ʯʘʩʪʝʡ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ, ʠ ʥʘʯʠʥʘʣʘʩʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʠʨʦʢʩʝʥʘ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʠʟʙʳʪʦʯʥʳʤ ʵʩʢʦʣʦʚʳʤ ʤʠʥʘʣʦʤ, ʘ ʟʘʪʝʤ ʢ ʧʠʨʦʢʩʝʥʫ ʧʨʠʩʦʝʜʠʥʷʣʩʷ ʥʝʬʝʣʠʥ. ɼʘʣʴʥʝʡʰʝʝ 

ʜʚʠʞʝʥʠʝ ʧʦ ʢʦʪʝʢʪʠʢʝ Cpx-Nph ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠʚʦʜʠʣʦ ʚ ʦʙʣʘʩʪʴ ʵʚʪʝʢʪʠʢʠ Nph-Fsp-Cpx (ʊʘʙʣ.2). ʇʨʠ ʦʩʪʳʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʜʘʣʠ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʚʦʟʨʘʩʪʘʣʦ. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʳ ʤʝʥʷʶʪʩʷ ʦʪ 1250 ʜʦ 550 

Áʉ. ɺ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʠʨʦʢʩʝʥʘ ʢʨʘʝʚʳʝ ʟʦʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʥʘ 50-100 ʛʨʘʜʫʩʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʷʢʫʧʠʨʘʥʛʠʪʝ ʠ ʚ ʩʠʝʥʠʪʝ. ɺ ʤʝʣʠʣʠʪʠʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ.  

 

ʊʘʙʣʠʮʘ 3. ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨ ʦʩʪʳʚʘʥʠʷ ʧʠʨʦʢʩʝʥʘ ʧʦ ʛʝʦʪʝʨʤʦʤʝʪʨʫ (Alvaro et al., 2015) 

9774 (ʷʢʫʧʠʨʘʥʛʠʪ) 660 (Ne-ʩʠʝʥʠʪ) 9796 (ʥʝʬʝʣʠʥʦʚʳʡ ʧʠʢʨʠʪ) 

 ̄

ʇʦʣʦʞ. 

ʪʦʯʢʠ 

ʘʥʘʣʠʟʘ 

ʊ,ʉ  ̄

ʇʦʣʦʞ. 

ʪʦʯʢʠ 

ʘʥʘʣʠʟʘ 

ʊ,ʉ  ̄

ʇʦʣʦʞ. 

ʪʦʯʢʠ 

ʘʥʘʣʠʟʘ 

ʊ,ʉ 

5 ʮʝʥʪʨ 1314 13 ʮʝʥʪʨ 1130 24_69 ʢʨʘʡ 979 

2 ʮʝʥʪʨ 1246 12 ʮʝʥʪʨ 984 25 ʮʝʥʪʨ 941 

11 ʮʝʥʪʨ 1228 8 ʮʝʥʪʨ 866 14 ʮʝʥʪʨ (ʦʤ) 798 

1 ʮʝʥʪʨ 1193 10 ʢʨʘʡ 540 22 ʢʨʘʡ 795 

ʮʝʥʪʨ 1145    20 ʮʝʥʪʨ 779 

12 ʢʨʘʡ 944    17 ʢʨʘʡ (ʦʤ) 750 

3 ʢʨʘʡ 832    30 ʮʝʥʪʨ 716 

9 ʢʨʘʡ 675    21 ʮʝʥʪʨ 607 

14 ʢʨʘʡ 523    15 ʢʨʘʡ (ʦʤ) 597 

      27 ʢʨʘʡ 565 

      16 ʢʨʘʡ 565 

      16 ʮʝʥʪʨ (ʦʤ) 533 

 

ʂʘʢ ʚʠʜʥʦ, ʥʘ ʵʪʦʤ ʜʣʠʥʥʦʤ ʧʫʪʠ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʣʘʚʥʳʭ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ 

ʚ ʤʠʥʝʨʘʣʘʭ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʨʦʜ (ʊʘʙʣ.3) ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 

ʅʘʠʙʦʣʝʝ ʩʭʦʜʥʳʤʠ ʩ ʤʝʣʴʪʝʡʛʠʪʘʤʠ ʠ ʦʣʠʚʠʥʦʚʳʤʠ ʤʝʣʴʪʝʡʛʠʪʘʤʠ ʷʚʣʷʶʪʩʷ ʥʠʟʢʦ- 

ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʦʢʦʣʦ 10% ʠ ʤʝʥʝʝ ʚʝʩ.% MgO) ʚ ʧʠʨʦʢʩʝʥʘʭ ʠʡʦʣʠʪʦʚ ɻʫʣʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ (ʀʩʘʢʦʚʘ ʠ ʜʨ., 2015). ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʚʢʣʶʯʝʥʠʷ ʠʟ ʷʢʫʧʠʨʘʥʛʠʪʘ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʤʘʛʥʝʟʠʘʣʴʥʳʝ (ʜʦ 22 ʚʝʩ.% MgO) ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʝ (ʈʠʩ.3). ʇʝʨʝʭʦʜʥʳʝ ʤʝʞʜʫ ʥʘʰʠʤʠ 



 ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ɺɽʉʕʄʇɻ-2022 

76 

ʩʦʩʪʘʚʘʤʠ ʠ ʩʦʩʪʘʚʘʤʠ ʀʩʘʢʦʚʦʡ ʵʪʦ ʨʘʩʧʣʘʚʳ ʚʢʣʶʯʝʥʠʡ ʠʟ ʧʠʢʨʠʪʘ. ʆʥʠ ʬʦʨʤʠʨʫʶʪ ʯʝʪʢʠʡ 

ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʡ ʧʦ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʦʪ 22 ʜʦ 17 ʚʝʩ.% MgO ʠ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳʤʠ ʚʘʣʦʚʦʤʫ ʩʦʩʪʘʚʫ ʷʢʫʧʠʨʘʥʛʠʪʘ 9774. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʩʦʩʪʘʚʳ ʷʢʫʧʠʨʘʥʛʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ ʠ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʘʰʠʤ ʷʢʫʧʠʨʘʥʛʠʪʦʤ ʠ ʦʙʣʘʩʪʴʶ ʪʦʯʝʢ ʤʝʣʴʪʝʡʛʠʪʦʚ. 

ɻʦʚʦʨʷ ʦ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʦʩʪʘʚʘʭ ʷʢʫʧʠʨʘʥʛʠʪʦʚ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʩʪʝʢʣʘ ʠʟ 

ʚʢʣʶʯʝʥʠʡ ʚ ʠʡʦʣʠʪʝ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʥʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʫʯʝʪʦʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʩʦʩʪʘʚʦʚ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ (ʈʠʩ.3), ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʛʨʫʧʧʳ ʨʘʩʧʣʘʚʦʚ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʧʝʨʚʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʷʭ: 

1. ʉʪʝʢʣʘ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʠ ʥʠʟʢʦʢʘʣʴʮʠʝʚʳʝ, ʥʦ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ ʠ 

ʱʝʣʦʯʝʡ, ʦʙʥʘʨʫʞʝʥʥrʝ ʚ ʷʢʫʧʠʨʘʥʛʠʪʘʭ. 

2. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʤʝʥʝʝ 10 ʚʝʩ.% MgO c ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ 

ʙʣʠʟʢʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʢ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʤʝʣʴʪʝʡʛʠʪʦʚ ï ʦʙʥʘʨʫʞʝʥʥrʝ ʚ 

ʠʡʦʣʠʪʘʭ. 

3. ʉ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʢʘʣʴʮʠʝʤ (ʜʦ 42%) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʤʘʛʥʠʷ ʩʦʩʪʘʚʳ ʠʟ ʤʝʣʠʣʣʠʪʠʪʦʚ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʦʙʦʩʦʙʣʝʥʥʳʝ ʥʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ʛʨʫʧʧʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʳ ʪʨʝʥʜʘʤʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʪʝʢʦʣ ʠʟ ʥʝʬʝʣʠʥʦʚʦʛʦ ʧʠʢʨʠʪʘ (ʦʙʨ. 

9769) ʠ ʩʦʙʩʪʚʝʥʥʦ ʚʘʣʦʚʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ ʷʛʫʧʠʨʘʥʛʠʪʦʚ ʠ ʤʝʣʴʪʝʡʛʠʪʦʚ. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʨʘʩʧʣʘʚʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʷʜʨʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʷʢʫʧʠʨʘʥʛʠʪʘ ʠ ʩʠʝʥʠʪʘ (1130-1145 Áʉ) 

ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʙʘʨʴʝʨʫ (Ab-Di ʧʝʨʠʪʝʢʪʠʢʘ), ʨʘʟʜʝʣʷʶʱʝʤʫ ʤʝʣʠʣʠʪ-

ʧʠʨʦʢʩʝʥʦʚʳʝ ʨʘʩʧʣʘʚʳ ʦʪ ʥʝʬʝʣʠʥ-ʧʠʨʦʢʩʝʥʦʚʳʭ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʠ ʧʝʨʚʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʦʞʝʪ ʧʦʡʪʠ ʧʦ 

ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ - ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʳʭ ʠ ʢʘʣʠʝʚʳʭ ʨʘʩʧʣʘʚʦʚ (ʩ 

ʚʦʣʣʘʩʪʦʥʠʪʦʤ ʠ ʤʝʣʠʣʠʪʦʤ), ʠʣʠ ʚ ʩʪʦʨʦʥʫ ʤʝʥʝʝ ʱʝʣʦʯʥʳʭ ʬʦʥʦʣʠʪʦʚʳʭ ʜʝʨʠʚʘʪʦʚ ʩ 

ʧʦʣʝʚʦʰʧʘʪʦʚʳʤ ʦʢʦʥʯʘʥʠʝʤ.  

 

  
ɸ ɹ 

 

ʈʠʩ. 3. ʇʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʦʚ ʨʘʩʧʣʘʚʦʚ ʠʟ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʠ ʪʨʝʥʜʳ ʵʚʦʣʶʮʠʠ (ʟʝʣʝʥʳʝ 

ʣʠʥʠʠ) ʥʘ ʜʠʘʛʨʘʤʤʝ Nph-Di-Sn (ɸ) ʠ ʜʠʘʛʨʘʤʤʘ MgO-CaO (ɹ) ʩʦʩʪʘʚʘ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʠ 

ʚʘʣʦʚʳʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ: 1 ï GX3 WR; 2 ï ʤʠʢʨʦʚʢʣ. ʚ ʤʝʣʠʣʠʪʦʣʠʪʝ; 3 ï ʤʠʢʨʦʚʢʣ. ʚ 

ʷʢʫʧʠʨʘʥʛʠʪʝ; 4 ï Spl ʤʠʢʨʦʚʢʣ. ʚ ʧʠʢʨʠʪʝ 9768; 5 ïʧʠʢʨʠʪ 9769 ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ; 6 ï

ʤʝʣʴʪʝʡʛʠʪʳ ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ (ɹʦʛʘʪʠʢʦʚ ʨʝʜ. 1983; ɽʛʦʨʦʚ 1991); 7 ï̫ ʢʫʧʠʨʘʥʛʠʪʳ ʚʘʣʦʚʳʡ 

ʩʦʩʪʘʚ ʣʠʪʝʨʘʪʫʨʥʳʝ ʩʦʩʪʘʚʳ; 8 ïʠʡʦʣʠʪ ʤʠʢʨʦʚʢʣ. (ʀʩʘʢʦʚʘ ʠ ʜʨ., 2015); 9 - ʷʢʫʧʠʨʘʥʛʠʪ 

9774 ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ. 



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʘʛʤ 

77 

ʉʦʩʪʘʚʳ ʛʨʫʧʧʳ ʜʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ, ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʪʳ 

ʨʘʩʧʣʘʚʦʚ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʡ ʩʝʨʠʠ ʧʦʨʦʜ ʷʢʫʧʠʨʘʥʛʠʪ-ʤʝʣʴʪʝʡʛʠʪ-

ʠʡʦʣʠʪ. ɺʦʟʤʦʞʥʦ, ʠʭ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʘʥʥʠʝ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʨʘʩʧʣʘʚʳ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʧʦʣʥʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʩʯʝʪʘʤ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʛʝʥʝʨʘʮʠʶ ʠ ʵʚʦʣʶʮʠʶ ʧʝʨʚʠʯʥʳʭ ʱʝʣʦʯʥʳʭ 

ʨʘʩʧʣʘʚʦʚ: 

1.) ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʳ ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʤʝʥʘ ʜʘʚʣʝʥʠʡ ʦʪ 4ɻʇʘ 

ʜʦ 1 ʘʪʤ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʲʸʤ ʩ ʫʨʦʚʥʷ ʩʫʙʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ;  

2.) ʅʘʙʣʶʜʘʝʪʩʷ ʩʤʝʥʘ ʨʝʞʠʤʦʚ ʬʣʶʠʜ-ʨʘʩʧʣʘʚ ʦʪ ʚʦʜʦʩʦʥʘʩʳʰʝʥʥʦʛʦ ʧʨʠ ʚʳʧʣʘʚʣʝʥʠʠ ʢ 

ʩʫʭʦʤʫ ʧʨʠ ʧʦʜʴʝʤʝ ʨʘʩʧʣʘʚʘ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ - ʧʠʨʦʢʩʝʥʠʪʦʚʳʡ ʠʣʠ ʵʢʣʦʛʠʪʦʚʳʡ, ʩ ʥʠʟʢʦʡ ʜʦʣʝʡ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʦʣʠʚʠʥʘ; 

3.) ɺʳʧʣʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʚʥʦʚʝʩʠʠ ʩ ʤʘʥʪʠʡʥʦʡ ʧʷʪʠʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʩ 

ʫʯʘʩʪʠʝʤ ʰʧʠʥʝʣʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʚʳʧʣʘʚʢʘʭ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ. 

ʀʟʙʳʪʦʢ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʳʭ ʤʘʥʪʠʡʥʳʭ ʚʳʧʣʘʚʦʢ ʠ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ ʚʭʦʜʠʪ ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʩʪʘʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ;  

4.) ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʪʘʢʞʝ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ. ɺʳʧʣʘʚʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï ʦʢʦʣʦ 1000Áʉ, ʘ ʟʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʨʘʩʧʣʘʚʝ ʨʘʩʪʝʪ, ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʚʳʰʝ 1200 Áʉ. 

ʇʨʠ ʦʩʪʳʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʦʚʘ ʩʥʠʞʘʝʪʩʷ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʧʦʜʜʝʨʞʘʥʦ ʪʝʤʘʪʠʢʦʡ ʛʦʩʟʘʜʘʥʠʡ ɻɽʆʍʀ ʈɸʅ. 
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Abstract. Models for the formation of the melteigite-jacupirangite-ijolite alkaline phase of the Guli pluton 

(differentiation, partial melting of the eclogitic mantle, etc.) are considered. Data on the composition of 

minerals in jacupirangite, composition of melt magmatic micro inclusions in the minerals were used to 

assess the physic-chemical conditions of the evolution of this magma. An assessment of temperatures and 

pressures during the crystallization of the main minerals from these rocks has been made. Comparison with 

the experimental phase diagrams of alkaline melts (system Nph-Di-Sn, Nph-Di-Ksl, etc.) at elevated 

pressure, with the participation of water and with dry systems with nature condition made it possible to 

introduce certain limitations into the petrological models of the genesis of nepheline-pyroxene rocks series. 
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The main conclusions of our work. The genesis model should take into account: 1) a long history of 

magma evolution in an intrusive chamber with periodic pressure changes (from at least 4 GPa to 1 atm.) as 

one rises from the level of the subcontinental lithospheric mantle to the surface; 2) change of fluid-melt 

regimes from water-saturated to dry; 3) melting occurs at equilibrium with the mantle five-mineral 

association with the participation of spinel, which makes it possible to achieve high contents of titanium and 

aluminum in melts. The high contents of alkaline, and excess of aluminum and silica in primary melts in 

contrast to normal mantle melts a suggest a pyroxenite or eclogitic initial composition of the mantle 

substrate and a low proportion of orthopyroxene and olivine. 4.) The temperature regime must also change. 

Primary melting occurs at relatively low temperatures - about 1000 degrees C, and then the temperature in 

the melt rises, and clinopyroxene fractionation occurs at temperatures above 1200. After that the cooling in 

magmatic camera again decreases temperature. 

 

Keywords: alkaline intrusion; phase diagram; Guli pluton; melteigite jacupirangite ijolite; melt micro 

inclusion 
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ʈɽɸʂʎʀʀ ɺʓʉʆʂʆɻʆ ɼɸɺʃɽʅʀʗ ɺ ʈɸɿʃʀʏʅʓʍ ɻɽʅɽʈɸʎʀʗʍ 

ʂʃʀʅʆʇʀʈʆʂʉɽʅɸ ʀɿ ʑɽʃʆʏʅʓʍ ʗʂʋʇʀʈɸʅɻʀʊʆɺ ɻʋʃʀʅʉʂʆɻʆ 

ʇʃʋʊʆʅɸ. 
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aalex06@inbox.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʝʨʥʦʚ ʩʢʚʘʞʠʥ ʱʝʣʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɻʫʣʠʥʩʢʦʛʦ 

ʤʘʩʩʠʚʘ ʥʘʤʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʚʝʞʠʡ ʦʙʨʘʟʝʮ ʷʢʫʧʠʧʠʨʘʥʛʠʪʘ (ʥʝʬʝʣʠʥ-ʧʠʨʦʢʩʝʥʦʚʦʡ ʧʦʨʦʜʳ) 

ʩʦʜʝʨʞʘʱʠʡ ʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʫʶ ʥʝʦʙʳʯʥʫʶ ʛʝʥʝʨʘʮʠʶ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɺʩʝʛʦ ʚ ʧʦʨʦʜʝ ʥʘʤʠ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ ʯʝʪʳʨʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʛʝʥʝʨʘʮʠʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʚ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʜʦʣʷ ʘʢʤʠʪʦʚʦʛʦ ʠ ʬʝʨʨʦʩʠʣʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ ʧʨʠ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ En-Di ʤʠʥʘʣʦʚ. 

ʇʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʠ ʠʤʝʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʨʝʘʢʮʠʦʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ. ʊʨʝʪʴʷ ʛʝʥʝʨʘʮʠʷ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʘʤʝʣʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʚ ʧʠʨʦʢʩʝʥʝ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ. ʇʦ ʠʤʝʶʱʠʤʩʷ ʦʮʝʥʢʘʤ ʵʪʠ 

ʘʩʩʦʮʠʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 0.8-2.46 ɻʇʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 650-970 ʜʦ 1200Ü C.  

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚ r ʧʘʨʥʳʭ ʧʠʨʦʢʩʝʥʦʚ 2-3 ʛʝʥʝʨʘʮʠʡ ʬʦʨʤʠʨʪʁ ʧʘʨʘʣʣʝʣʴʥʳʝ ʢʦʥʦʜʳ ʥʘ 

ʧʣʦʩʢʦʩʪʷʭ ʧʨʦʝʢʮʠʡ ʵʥʩʪʘʪʠʪ-ʛʝʜʝʥʙʝʨʛʠʪ-ʜʠʦʧʩʠʜ, ʩ ʟʘʢʦʥʦʤʝʨʥʦʡ ʩʤʝʥʦʡ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (Ti-ʏʝʨʤʘʢʘ, CaTiAl2O6 ʠʣʠ CaTi(Fe3+)2O6). ʉʦʦʪʥʦʰʝʥʠʝ Di-Hd, En-Di ʤʠʥʘʣʦʚ 

ʦʪʨʘʞʘʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʤʝʥʫ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʦʜʲʸʤʝ ʨʘʩʧʣʘʚʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ Ti-ʏʝʨʤʘʢʘ, ʦʪʨʘʞʘʝʪ 

ʩʤʝʥʫ ʜʘʚʣʝʥʠʷ. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʪʘʢʦʡ ʨʘʩʧʘʜ ʤʦʛ ʙʳ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 3 ʜʦ 

2.5 ɻʇʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʨʘʩʧʘʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʱʝʣʦʯʥʳʝ 

ʧʠʨʦʢʩʝʥʳ 

 

ʇʠʨʦʢʩʝʥ-ʥʝʬʝʣʠʥʦʚʳʝ ʧʦʨʦʜʳ ʱʝʣʦʯʥʳʭ ʠʥʪʨʫʟʠʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʵʚʦʣʶʮʠʠ ʱʝʣʦʯʥʳʭ ʤʘʛʤ. ʄʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʩʦʩʪʘʚʫ 

ʧʠʨʦʢʩʝʥʦʚ ʠʟ ʵʪʠʭ ʧʦʨʦʜ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʦʙʲʝʢʪʦʚ -  ʷʢʫʧʠʨʘʥʛʠʪʳ 

(ʥʝʬʝʣʠʥ-ʧʠʨʦʢʩʝʥʦʚrʝ ʧʦʨʦʜʳ) ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʅʘʤʠ ʠʟʫʯʝʥ ʦʙʨʘʟʝʮ ʩʚʝʞʝʛʦ 

ʷʢʫʧʠʨʘʥʛʠʪʘ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʧʣʫʪʦʥʘ. 

ɺ ʦʙʨʘʟʮʝ ʚʳʜʝʣʝʥʦ 4 ʚʨʝʤʝʥʥʳʭ ʛʝʥʝʨʘʮʠʠ Cpx. ʇʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʠ 

ʧʠʨʦʢʩʝʥʘ ʦʙʣʘʜʘʶʪ ʨʝʘʢʮʠʦʥʥʳʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ. ʇʠʨʦʢʩʝʥ ʙʦʣʝʝ ʨʘʥʥʝʡ ʧʝʨʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʦʙʳʯʥʦ ʩʣʘʛʘʝʪ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʢʨʫʧʥʳʭ ʟʝʨʝʥ, ʘ Cpx2 ʦʙʨʘʩʪʘʝʪ ʟʝʨʥʘ Cpx1 ʠ 

ʬʦʨʤʠʨʫʝʪ ʢʨʫʧʥʳʝ ʫʯʘʩʪʢʠ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ʀʤʝʥʥʦ ʚ Cpx2 ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʨʫʢʪʫʨʳ 

ʨʘʩʧʘʜʘ ʠ ʣʘʤʝʣʠ Cpx ʪʨʝʪʝɹʡ ʛʝʥʝʨʘʮʠʠ. ʑʝʣʦʯʥʦʡ ʧʠʨʦʢʩʝʥ ʯʝʪʚʝʨʪʦʡ ʛʝʥʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʝʪ ʧʨʦʞʠʣʢʠ ʠ ʫʯʘʩʪʢʠ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʬʣʦʛʦʧʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ. 

ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʠʛʦʣʴʯʘʪʳʤʠ, ʷʨʢʦ ʟʝʣʝʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʵʛʠʨʠʥʘ, ʦʯʝʚʠʜʥʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʦʟʜʥʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʘʣʴʮʠʪʦʤ ʠ 

ʬʣʦʛʦʧʠʪʦʤ (ʈʠʩ. 1. ɺ).  

ʇʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʪʨʝʥʜʦʚ ʠ ʟʘʤʝʪʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʨʝʥʜʘʤʠ Cpx-3 ʠ Cpx-2 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʵʩʢʦʣʦʚʦʛʦ ʤʠʥʘʣʘ ʚ ʚʳʩʦʢʦ ʪʠʪʘʥʠʩʪʳʭ Cpx-3. 

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʠʭ ʪʠʪʘʥ ʧʦ ʨʝʘʢʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʊʦʤʩʦʥʦʤ 

(Thompson, 1974), ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥ ʩ ʥʘʪʨʠʡ-ʪʠʪʘʥʦʚʳʤ ʵʩʢʦʣʦʤ (NaTiAlSiO6). 



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʘʛʤ 
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ʇʦʣʦʞʝʥʠʝ ʢʦʥʦʜ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʧʨʦʝʢʮʠʠ ʧʣʦʩʢʦʩʪʠ FeO-CaO 

(ʈʠʩ. 4). ʇʦʩʪʦʷʥʥʘʷ ʜʣʠʥʘ ʚʝʢʪʦʨʦʚ ʢʦʥʦʜ ʠ ʠʭ ʩʫʙʧʘʨʘʣʝʣʴʥʦʩʪʴ ʚ ʵʪʦʡ ʧʨʦʝʢʮʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʩʫʙʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʝ ʚʝʪʚʝʡ ʩʦʣʠʜʫʩʘ ʥʘ ʝʛʦ ʢʫʧʦʣʝ. ɹʣʠʟʢʦʝ ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʝ ʢʦʥʦʜ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʘʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʤʠʥʘʣʦʚ 

ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ. ɺ Cpx-3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ. ʃʠʥʠʷ ʥʘ ʛʨʘʬʠʢʝ (ʈʠʩ. 4) ʨʘʟʜʝʣʷʝʪ ʜʚʝ ʛʨʫʧʧʳ ʪʦʯʝʢ ʩ ʨʘʟʥʳʤ 

ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ.  

 

   

ɸ ɹ ɺ 

ʈʠʩ. 1. ʌʦʪʦ ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MIRA3 TESCAN (ɻɽʆʍʀ ʈɸʅ) 

ʛʝʥʝʨʘʮʠʡ ʧʠʨʦʢʩʝʥʘ ʠʟ ʦʙʨ. 9774. ɸ ï ʦʙʱʠʡ ʚʠʜ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʦʢʩʝʥʘ ʚ ʧʦʨʦʜʝ. 

ɹʦʣʝʝ ʪʝʤʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʫʯʘʩʪʢʠ - ʧʠʨʦʢʩʝʥ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ Cpx-1. ʆʥ ʘʩʩʦʮʠʠʨʫʝʪ ʩ 

ʢʨʫʧʥʳʤʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʤʘʛʥʝʪʠʪʘ. ɹʦʣʝʝ ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ ʦʢʨʫʞʘʶʱʠʝ Cpx-1 - 

ʧʠʨʦʢʩʝʥ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ Cpx-2. ɺ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʣʘʤʝʣʠ ʧʠʨʦʢʩʝʥʘ ʪʨʝʪʝʡ 

ʛʝʥʝʨʘʮʠʠ Cpx-3 (ʚ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ).; ɹ ï ɹʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʟʦʥʳ 

ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʠʜʥʦ, ʯʪʦ ʣʘʤʝʣʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʝʨʝʥ Cpx-2.; ɺ ï 

ʘʛʨʝʛʘʪ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʵʛʠʨʠʥʘ - ʧʠʨʦʢʩʝʥʘ ʯʝʪʚʝʨʪʦʡ ʛʝʥʝʨʘʮʠʠ Cpx-4 ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ 

ʣʝʡʩʪʘʤʠ ʬʣʦʛʦʧʠʪʘ. ɺ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʢʨʫʧʥʦʝ ʟʝʨʥʦ ʥʝʬʝʣʠʥʘ, ʚʥʠʟʫ - ʢʨʫʧʥʦʝ ʟʝʨʥʦ 

ʧʠʨʦʢʩʝʥʘ Cpx-1 ʩ ʚʢʣʶʯʝʥʠʷʤʠ Cpx-2. 

 

ʊʘʙʣʠʮʘ 1. ʉʦʩʪʘʚʳ ʧʠʨʦʢʩʝʥʦʚ ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ (ʦʙʨ.7974)* 

ʇʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ 

Cpx-1 _33 _27 _31 _16 _17 _21 _29 _42 ʉʨʝʜʥ. 

SiO2 53.50 53.65 53.39 51.70 49.65 54.10 54.07 53.31 51.16 

TiO2 
   

0.73 2.29 
   

1.70 

Al 2O3 
   

1.98 2.24 
   

2.17 

Cr2O3 
    

0.38 0.44 
  

0.40 

FeO 2.21 2.34 2.31 4.47 4.99 0.82 3.72 3.18 3.14 

MgO 18.31 18.00 18.23 17.02 16.51 19.03 17.51 17.46 17.12 

CaO 24.71 24.56 24.59 24.11 23.94 25.62 23.64 23.76 23.67 

Na2O 0.41 0.56 0.47 
   

1.06 0.93 0.64 
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ʉʫʤʤʘ 99.14 99.11 98.99 100.00 100.00 100.00 100.00 98.65 100.00 

ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ 

Cpx-2 _1 _20 _39 _23 _3 _28 _30 _30 _34 _22 _4 _6 ʉʨʝʜʥ. 

SiO2 50.8 48.9 50.13 49.6 52.09 49.48 49.3 50.09 51.2 50.22 51.86 51.1 50.35 

TiO2 0.6 2.22 1.69 1.72 0.48 2.3 2.31 2.35 1.56 1.90  0.72 1.63 

Al 2O3 2.02 2.07 1.52 1.79 1.74 1.85 2 2.03 1.38 1.93 1.96 2.19 2.00 

Cr2O3 0.56 0.38 0.42 0.48 0.52     0.44 0.58 0.26 0.44 

FeO 4.16 5.16 4.9 4.44 3.75 5.29 4.94 5.02 5.16 4.44 4.04 4.37 4.74 

MgO 16.6 16.01 16.59 16.6 17.34 16.34 16.0 16.26 16.7 16.85 17.23 16.8 16.54 

CaO 23.6 23.32 23.17 23.3 23.58 23.36 23.2 23.62 23.5 23.71 23.68 24.0 23.62 

Na2O 0.51 0.52 0.46 0.57 0.65 0.47 0.64 0.65 0.57 0.50 0.64 0.51 0.55 

ʉʫʤʤʘ 98.9 98.57 98.88 98.4 100.2 99.09 98.4 100 100 100 100 100 99.86 

ʊʨʝʪʴʷ ʛʝʥʝʨʘʮʠʷ 

Cpx-3 _38 _36 _40 _41 _35+ _24+ ʉʨʝʜʥ. 

SiO2 53.45 43.57 41.71 50.3 42.64 53.79 44.60 

TiO2  4.15 1.97 1.65 2.48  3.31 

Al2O3  1.54 1.27 1.51 1.20  1.37 

Cr2O3  0.78 1.01 0.3 0.68  0.90 

FeO 2.27 15.29 22.42 4.86 18.70 2.49 13.41 

MgO 18.27 15.92 14.54 16.55 15.19 18.20 15.74 

CaO 24.79 19.71 18.64 23.24 18.72 24.95 20.19 

Na2O 0.44   0.46  0.56 0.48 

ʉʫʤʤʘ 99.23 100.95 101.57 98.86 100.00 100.00 100.00 

ʏʝʪʚʝʨʪʘ̫ ʛʝʥʝʨʘʮʠʷ 

       ʉʨʝʜʥ. 

SiO2 52.11 52.87 52.65 53.18 53.33 53.04 52.63 

TiO2  0.50   0.32  0.41 

Al2O3 1.76 1.81  2.40 1.61 2.36 1.98 

Cr2O3        

FeO 31.27 30.86 33.31 30.33 30.71 30.48 31.02 

MgO        

CaO 0.20 0.18 0.32 0.26 0.54 0.24 0.29 

Na2O 13.68 13.76 13.72 13.83 13.48 13.89 13.67 

ʉʫʤʤʘ 100 100 100 100 100 100 100.00 

*  ʇʨʠʤʝʯʘʥʠʝ: ʚ ʨʷʜʝ ʘʥʘʣʠʟʦʚ (ʛʜʝ ʠʩʭʦʜʥʦ ʩʫʤʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 100%) ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʩʫʤʤʘ ʧʨʠʚʝʜʝʥʘ ʢ 100%. 
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ʈʠʩ. 2. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ ʧʠʨʦʢʩʝʥʦʚ (ʩʤ. 

ʥʦʤʝʨʘ ʥʘ ʣʝʛʝʥʜʝ) 

 

ʇʦʚʝʜʝʥʠʝ ʪʠʪʘʥʘ ʥʝ ʪʘʢ ʦʯʝʚʠʜʥʦ. ɺ ʛʨʫʧʧʝ çʚʳʩʦʢʦ ʪʠʪʘʥʦʚʳʭè ʩ ʨʦʩʪʦʤ ʞʝʣʝʟʘ 

ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʧʘʜʘʝʪ, ʘ ʚ ʛʨʫʧʧʝ çʥʠʟʢʦ ʪʠʪʘʥʦʚʳʭè ʥʘʦʙʦʨʦʪ ʚʦʟʨʘʩʪʘʝʪ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʪʝʤ, ʯʪʦ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʨʘʟʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ 

ʟʘʥʠʤʘʝʪ ʚ ʩʪʨʫʢʪʫʨʝ ʧʠʨʦʢʩʝʥʘ ʨʘʟʥʳʝ ʧʦʟʠʮʠʠ. ʊʦʪ ʞʝ ʛʨʘʬʠʢ, ʥʦ ʚ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

Fe2+-Ca, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ (ʜʚʫʭ- ʠʣʠ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ) ʚ ʩʪʨʫʢʪʫʨʝ ʧʠʨʦʢʩʝʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʝʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʷ.  

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʜʠʦʧʩʠʜ-ʘʚʛʠʪʦʚʳʡ ʪʨʝʥʜ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ ʱʝʣʦʯʥʳʭ ʧʠʨʦʢʩʝʥʦʚ (Larsen 1976; Shearer & Larsen 1994; Dyulgerov & 

Platevoet 2006;) ʩ ʨʦʩʪʦʤ ʞʝʣʝʟʠʩʪʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝʤ Mg,Ca ʤʠʥʘʣʦʚ.  

ʅʘ ʛʨʘʬʠʢʝ (ʈʠʩ.3) Ti ï ʜʦʣʷ Al ʚ ʧʦʟʠʮʠʠ ʄ2 (ʪʦ ʝʩʪʴ ʜʦʣʷ ʵʩʢʦʣʦʚʦʛʦ ʤʠʥʘʣʘ) ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʩʦʩʪʘʚʦʚ Cpx-3 ʬʦʨʤʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʨʝʥʜ.  

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʦʪ ʦʪʥʦʰʝʥʠʷ Al/(Al+Si) ʚ ʬʦʨʤʫʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ. ʃʝʛʝʥʜʘ: ʢʚʘʜʨʘʪʳ - Cpx-3, ʪʨʝʫʛʦʣʴʥʠʢʠ - Cpx-2. 
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ʈʠʩ.4. ʉʦʩʪʘʚʳ ʨʘʚʥʦʚʝʩʥʳʭ ʧʘʨ Cpx ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ (ʥʘʯʘʣʦ ʩʪʨʝʣʢʠ - 

ʩʦʩʪʘʚ Cpx3, ʦʢʦʥʯʘʥʠʝ ʩʪʨʝʣʢʠ ï ʩʦʩʪʘʚ Cpx2). ʅʦʤʝʨʘ ʥʘ ʛʨʘʬʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʪʦʯʢʠ ʘʥʘʣʠʟʘ. 

 

ɹʦʣʝʝ ʯʝʪʢʘʷ ʢʘʨʪʠʥʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʦʣʠ ʨʘʩʯʝʪʥʳʭ ʤʠʥʘʣʦʚ (ʈʠʩ.5). ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʬʦʨʤʫʣʴʥʳʤ ʝʜʠʥʠʮʘʤ (ʈʠʩ. 5) ʚʠʜʥʦ, ʯʪʦ ʚ 

Cpx-3 ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚʩʝ-ʪʘʢʠ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʜʘʞʝ ʥʝʤʥʦʛʦ ʨʘʩʪʝʪ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ 

(ʥʘʢʣʦʥ ʩʪʨʝʣʦʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ). ʇʨʠ ʵʪʦʤ ʪʘʢʦʛʦ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʠʪʘʥʘ ʢʘʢ ʥʘ ʈʠʩ.4 ʥʝʪ.  

 

  

  

ʈʠʩ. 5. ʇʦʣʦʞʝʥʠʝ ʧʘʨ ʩʦʩʪʘʚʦʚ Cpx-2ïCpx-3 (ʥʘʯʘʣʦ ʩʪʨʝʣʢʠ - Cpx-2, ʢʦʥʝʮ ʩʪʨʝʣʢʠ - 

Cpx-3) ʥʘ ʧʣʦʩʢʦʩʪʠ ʤʠʥʘʣʦʚ En-Di-Hd. ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʘʥʠʝ Ti-CaChr ʤʠʥʘʣʘ. 

 

ʉʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʦʝʢʮʠʠ ʢʦʥʦʜ ʚ ʚʠʜʝ ʩʪʨʝʣʦʢ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ Cpx2-Cpx3 

ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʝʭ ʛʨʘʬʠʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʬʦʨʤʫʣʴʥʳʭ 

ʝʜʠʥʠʮ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʈʠʩ. 4 ʣʠʥʠʝʡ ʨʘʟʜʝʣʝʥʳ ʛʨʫʧʧʳ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʦʝ ʧʝʨʝʢʨʳʪʠʝ 

ʤʠʥʠʤʘʣʴʥʦ. ʆʜʥʘʢʦ, ʜʣʷ ʘʥʘʣʠʟʦʚ 65ʘ, 28, 8 ʩʦʩʝʜʥʠʝ ʚʝʢʪʦʨʘ ʚʩʝ-ʪʘʢʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ʊʦ 

ʝʩʪʴ, ʚʳʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʛʨʫʧʧ ʚʝʢʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʝʪ ʧʝʨʝʢʨʳʪʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. 

ʇʨʠʜʝʪʩʷ ʚʳʜʝʣʷʪʴ ʥʝ 2 ʛʨʫʧʧʳ, ʘ 3-4, ʠ ʤʝʞʜʫ ʥʠʤʠ ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʩʪʝʧʝʥʥʳʝ 
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ʧʝʨʝʭʦʜʳ (ʈʠʩ. 5). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʪʠ ʛʨʫʧʧʳ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʤ 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʠʪʴ ʬʦʨʤʫ ʢʫʧʦʣʘ ʦʙʣʘʩʪʠ ʪʚʝʨʜʦʛʦ ʨʘʩʧʘʜʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʦʯʢʠ 

ʢʦʥʦʜ ʥʘ ʚʝʪʚʷʭ ʢʫʧʦʣʘ ʤʝʥʷʣʠʩʴ ʙʳ ʤʝʩʪʘʤʠ. ʊʦ ʝʩʪʴ ʢʦʛʜʘ ʩʦʩʪʘʚ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʚʳʩʦʢʦ 

ʪʠʪʘʥʦʚʦʡ ʛʨʫʧʧʳ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʛʝʥʝʨʘʮʠʠ Cpx-3 ʥʠʟʢʦ ʪʠʪʘʥʦʚʦʡ ʛʨʫʧʧʳ, ʧʨʠʯʠʥʦʡ 

ʪʘʢʦʡ ʢʘʨʪʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʚʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʦʙʣʘʩʪʴ ʩʦʣʴʚʫʩʘ. ʅʝʜʘʚʥʠʝ ʨʘʙʦʪʳ ʧʦ ʵʪʦʡ 

ʪʝʤʝ ɹʘʥʫʰʢʠʥʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (ɹʘʥʫʰʢʠʥʘ ʠ ʜʨ., 2019, 2020; ɹʘʥʫʰʢʠʥʘ, 2022) ʧʦʢʘʟʘʣʠ 

ʨʦʣʴ ʬʘʢʪʦʨʘ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʩʧʘʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʩ ʠʟʙʳʪʢʦʤ 

ʦʤʬʘʮʠʪʦʚʦʛʦ ʤʠʥʘʣʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʩʠʩʪʝʤʝ ʙʝʟ Fe ʠ Ti, ʧʦɻ ʪʦʤʫ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʭ ʤʠʥʘʣʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʡ 

ʥʝʦʜʥʦʢʨʘʪʥʳʡ ʩʪʫʧʝʥʯʘʪʳʡ ʩʙʨʦʩ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʯʘʛʝ ʤʦʛ ʙʳ ʧʨʠʚʝʩʪʠ ʢ 

ʥʘʙʣʶʜʘʝʤʦʡ ʢʘʨʪʠʥʝ ʧʝʨʝʭʦʜʘ ʦʪ Cpx-1 ʢ Cpx-2 ʠ ʜʘʣʝʝ ʢ ʨʘʩʧʘʜʫ ʨʘʩʪʚʦʨʦʚ ʜʦ ʛʝʥʝʨʘʮʠʠ 3 

ʥʠʟʢʦ ʠ ʚʳʩʦʢʦ ʪʠʪʘʥʠʩʪʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʦʪʚʝʯʘʝʪ ʟʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Fe2+, Mg, Ca ʚ ʧʠʨʦʢʩʝʥʝ (ʧʨʠ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʩʪʚʘ 

ʜʘʚʣʝʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʙʣʶʜʘʝʤʳʡ ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ 

ʧʘʨʘʭ. ɺ ʨʘʙʦʪʝ (Thompson, 1974) ʩʦʜʝʨʞʘʥʠʝ CaChr ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʘʚʣʝʥʠʶ, ʘ 

ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʦʤʦʨʬʠʟʤʘ ʚ ʧʠʨʦʢʩʝʥʝ ʧʦ ʩʭʝʤʝ (1) (Stahle et al., 2002) ʩʚʷʟʘʥʘ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʭʦʞʜʝʥʠʷ 

ʪʠʪʘʥʘ ʚ ʩʪʨʫʢʪʫʨʫ Cpx ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʧʦ ʩʭʝʤʝ (1). 

2Fe3+ = (Fe2+) + (Ti4+)  (1) 

ʀʟ-ʟʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʚ ʘʥʘʣʠʟʘʭ ʣʘʤʝʣʝʡ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʠʞʝ ʧʨʝʜʝʣʘ 

ʦʙʥʘʨʫʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʮʝʥʠʪʴ ʨʦʣʴ ʨʝʘʢʮʠʠ (2) ʧʨʝʜʣʦʞʝʥʥʦʡ ʊʦʤʩʦʥʦʤ (Thompson, 1974) 

ʥʘʤ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. 

CaTiAl206 +NaFe3+Si2O6 = NaTiAlSiO6 + CaFe3+AlSiO6  (2) 

TiChr + Akm = NaTi-Es + Ca-Es 

ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʜʚʠʛʘʝʪ ʵʪʫ ʨʝʘʢʮʠʶ ʚʧʨʘʚʦ. ʊʦ ʝʩʪʴ ʨʘʩʪʝʪ 

ʜʦʣʷ ʪʠʪʘʥʦʚʦʛʦ ʯʝʨʤʘʢʘ ʟʘ ʩʯʝʪ ʥʘʪʨʠʡ ʪʠʪʘʥʦʚʦʛʦ ʵʩʢʦʣʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʘʢʘʷ ʨʝʘʢʮʠʷ 

ʤʘʣʦʚʝʨʦʷʪʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʠʨʦʢʩʝʥʘʭ ʤʘʣʦ ʥʘʪʨʠʷ ʠ ʜʦʣʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʥʠʟʢʘʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚ 

Cpx-3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦ ʧʨʠ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʠʨʦʢʩʝʥʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ Cpx-3 ʨʝʘʣʠʟʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʠʟʦʤʦʨʬʠʟʤʘ ʪʠʪʘʥʘ. ʇʨʠ ʵʪʦʤ, 

ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʧʨʝʦʙʣʘʜʘʣ ʪʠʪʘʥʦʚʳʡ ʯʝʨʤʘʢ, ʘ ʧʨʠ ʥʠʟʢʠʭ, ʪʠʪʘʥ ʣʠʙʦ 

ʢʦʤʧʝʥʩʠʨʦʚʘʣ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ, ʣʠʙʦ ʚʤʝʩʪʝ ʩ ʥʘʪʨʠʝʤ ʚʭʦʜʠʣ ʚ ʵʩʢʦʣʦʚʳʡ ʤʠʥʘʣ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (Akasaka & Onuma, 1980) ʚʳʩʦʢʦ ʪʠʪʘʥʠʩʪʳʭ ʧʠʨʦʢʩʝʥʦʚ 

ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʙʝʩʱʝʣʦʯʥʦʡ ʩʠʩʪʝʤʝ, ʩ ʠʟʙʳʪʢʦʤ ʢʘʣʴʮʠʷ ʧʠʨʦʢʩʝʥ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ 19% TiO2. ʋʚʝʣʠʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʞʝʥʠʶ ʧʦʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʧʦʷʚʣʝʥʠʶ ʧʦʣʷ ʧʝʨʦʚʩʢʠʪʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʪʠʪʘʥʠʪ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʨʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʦʡ ʬʘʟʳ.  

 

ɺʳʚʦʜʳ 

ɺ ʮʝʣʦʤ, ʚr ʷʚʣʝʥʥʳʝ ʚ ʥʝʬʝʣʠʥ-ʧʠʨʦʢʩʝʥʦʚʦʡ ʠʥʪʨʫʟʠʚʥʦʡ ʧʦʨʦʜʝ ʯʝʪʳʨʝ ʛʝʥʝʨʘʮʠʠ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠ ʰʠʨʦʢʠʝ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʢʨʘʡʥʝ ʩʣʦʞʥʫʶ ʠ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʱʝʣʦʯʥʦʡ ʬʘʟʳ ɻʫʣʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ, 

ʜʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʘʢʪʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʱʝʣʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ. 

ɺʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʧʘʨ Cpx2-Cpx3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʠ ʧʦʩʪʝʧʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʯʘʛʝ. ʇʨʠ ʵʚʦʣʶʮʠʠ 
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ʩʦʩʪʘʚʦʚ ʢʦʥʦʜ ʨʘʩʧʘʜʘ ʧʨʠ ʵʪʦʤ ʦʩʪʘʶʪʩʷ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʤʠ, ʘ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʩʝʯʝʥʠʠ En-

(Hd-Di)-Di ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ï ʩʦʧʨʷʞʝʥʥʦ ʨʘʩʪʝʪ ʪʠʪʘʥʠʩʪʦʩʪʴ ʠ ʞʝʣʝʟʠʩʪʦʩʪʴ.  

ʆʙʥʘʨʫʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʚʪʦʨʦʡ ʠ ʪʨʝʪʝʡ 

ʛʝʥʝʨʘʮʠʡ ʧʠʨʦʢʩʝʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʩʨʝʜʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚʳʩʦʢʦ 

ʪʠʪʘʥʠʩʪʳʭ, ʞʝʣʝʟʦ-ʘʣʶʤʠʥʠʝʚʳʭ ʤʠʥʘʣʦʚ ʪʠʪʘʥʦʚʦʛʦ ʯʝʨʤʘʢʘ ʚ ʧʨʠʨʦʜʝ. 
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HIGH PRESSURE, REACTIONS BETWEEN DIFFERENT GENERATION 

CLINOPYROXENE FROM ALKALINE JACUPIRANGITE OF GULI PLUTON.  
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Abstract. The evolution clinopyroxene composition was studied by a number of authors. It is shown that the 

alkaline series of rocks is characterized by a long evolution and wide ranges of compositions. While we 

studying cores from wells of the alkaline complex of the central part of the Guli massif, we discovered a 

fresh sample of jacupipyrangite (nepheline-pyroxene rock) containing a previously unknown unusual 

generation of clinopyroxene.  

There are 4 temporary generations of Cpx in the sample. The first and second generations have reactionary 

relationships. As whole there is an alkaline trend of evolution clinopyroxenes composition on triangle En-

Wo-Fs. There is En-Di ratio closure to constant value, and Fs component with Ac in Cpx increases. 

The earlier first generation Cpx-1 is typically represent by central parts of large grains, while the second 

generation Cpx-2 grows around Cpx-1 core and forms large areas of regular shape in the edges. There is the 

phenomenon, that the third-generation Cpx-3 generate decay structures as lamellaes into Cpx-2 are observe. 

That is the first location in an alkaline intrusive rock, where was found clinopyroxene with such solid 

solution decay structure was found. 

Until now, such structures found in nature only in ultra-high-pressure associations of metamorphic rocks and 

mantle xenoliths. Solid decay includes Spl lamellae into Cpx (Savel'eva et al., 2016; Gao et al., 2019; Rajesh 

et al., 1998). Estimates of pressure and temperature in these samples, using by the Opx-Cpx 

geothermometers, indicate a pressure of 0.8-2.46 GPa (moreover, it is interesting that the composition of the 

Cpx edge zones indicates an increase in pressure) and temperatures 650-970 up 1200̄C. The phenomenon 

Cpx lamellae in Cpx grain there is one of the pioneer observation in the nature. 

Chemical composition pairs Cpx 2-3 generations formed conode projection on the plane Hd-Di minals. 

Composition of lamellae Cpx-3 include high Ti (up 6% TiO2), Al (up 2% Al2O3), high Fe (up 20% FeO) 

and low Si (35% SiO2). There are high abundance minals Ti-Tschermak CaTiAl2O6 or CaTiFe3+O6 can 

explain this composition of clinopyroxene.  

Compilation the change positions of the conodes on that projection with topology of the experimental phase 

systems, which include Cpx decay solid solution take us possibility estimate T-P condition of the genesis of 

jacupipyrangite. According to available estimates, these associations formed at a pressure of about 4.7 GPa 

and relatively low temperatures, near border Spl-Grt.  

 

Keywords: Clinopyroxene solid solution decay, alkaline rock, high pressure minerals 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʚʳʚʦʜʘ 

ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʚʥʦʚʝʩʠʝ ʤʠʥʝʨʘʣ ï ʨʘʩʧʣʘʚ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʩʝ ʬʘʟʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʠʟʚʝʩʪʝʥ ʩʪʘʨʪʦʚʳʡ 

ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʘ ʧʨʦʚʝʨʢʘ ʙʘʣʘʥʩʘ ʤʘʩʩ ʚ ʩʠʩʪʝʤʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʮʝʥʢʦʡ ʤʘʩʩʦʚʳʭ ʜʦʣʝʡ 

ʢʘʞʜʦʡ ʬʘʟʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʚʦʟʤʦʞʝʥ ʧʝʨʝʩʯʸʪ ʝʛʦ ʩʦʩʪʘʚʘ ʥʘ ʤʠʥʘʣʳ 

ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʩʯʸʪʘ ʩ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʩʯʸʪʦʚ 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣ ʪʨʸʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. ɼʚʘ ʵʪʠʭ ʩʧʦʩʦʙʘ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʦʚ, ʥʦ ʥʝ ʜʘʶʪ ʥʠʢʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʚʥʦʚʝʩʥʦʩʪʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʚʥʦʚʝʩʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʤʝʥʘ (ʥʘʧʨʠʤʝʨ, Putirka, 2008). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʙʤʝʥʘ (MgïFe) ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʳ ʜʣʷ ʦʣʠʚʠʥʘ ʠ ʧʠʨʦʢʩʝʥʦʚ. ɼʣʷ ʧʣʘʛʠʦʢʣʘʟʘ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʠʤʝʝʪ ʣʠ ʩʤʳʩʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʤʝʥʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ 

ʨʘʚʥʦʚʝʩʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʦʪʙʨʘʢʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʚʥʦʚʝʩʥʦʩʪʴ, ʟʘʢʘʣʦʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʙʘʣʘʥʩ ʤʘʩʩ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʤʝʥʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʙʦʨʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʠʟ ʜʦʩʪʫʧʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʙʘʟ ʜʘʥʥʳʭ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʂʦʧʪʝʚ-

ɼʚʦʨʥʠʢʦʚ, ɹʳʯʢʦʚ, 2019; Putirka, 2008). ʇʦʩʣʝʜʦʚʘʪʝʣʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʠʩʭʦʜʷʪ ʠʟ ʠʜʝʠ ʯʪʦ 

ʟʘʢʦʥʦʤʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʙʦʣʴʰʦʡ ʚʳʙʦʨʢʝ ʙʫʜʫʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ, ʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʨʘʙʦʪʘʭ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʙʫʜʫʪ ʥʦʩʠʪʴ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʪ ʥʠʭ ʤʦʞʥʦ ʙʫʜʝʪ ʠʟʙʘʚʠʪʴʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʪʦʨʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʘʥʥʳʭ 

ʪʦʣʴʢʦ ʪʝʤʠ ʨʘʙʦʪʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʟʳʚʘʶʪ ʥʠʢʘʢʠʭ ʩʦʤʥʝʥʠʡ ʚ ʠʭ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʫ 

ʘʚʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, ɸʨʠʩʢʠʥ, ɹʘʨʤʠʥʘ, 2000; Almeev et al., 2012). 

ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʦʙʲʝʜʠʥʠʪʴ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʙʦʠʭ ʧʦʜʭʦʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʤʳ 

ʩʬʦʨʤʠʨʦʚʘʣʠ ʚʳʙʦʨʢʫ, ʩʦʜʝʨʞʘʱʫʶ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʢʣʶʯʸʥʥʳʝ ʚ ʚʳʙʦʨʢʫ, ʧʨʦʰʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʦʪʙʦʨ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ çʀʅʌʆʈʕʂʉè ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʦʣʴʢʦ ʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʠʟʤʝʨʝʥ ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʣʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʳ ʚ ʙʝʟʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʚʳʙʦʨʢʝ ʙʳʣʠ ʦʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʨʦʜʥʳʤ 

ʘʩʩʦʮʠʘʮʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʛʤ. 



ʆʙʨʘʟʦʚʘʥʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʘʛʤ 
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ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʳʣʦ ʫʜʘʣʝʥʠʝ ʠʟ ʚʳʙʦʨʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ. ɺʳʷʚʠʪʴ ʪʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʞʥʦ ʜʚʫʤʷ 

ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʪʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʝʥ ʩʪʘʨʪʦʚʳʡ ʩʦʩʪʘʚ ʠ ʙʳʣ ʦʧʨʝʜʝʣʸʥ 

ʩʦʩʪʘʚ ʚʩʝʭ ʬʘʟ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʨʦʧʦʨʮʠʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʩʝʭ ʬʘʟ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʦʮʝʥʝʥʘ ʥʝʚʷʟʢʘ ʨʘʩʯʸʪʘ 

ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʥʝʚʷʟʦʢ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ů) ʠ ʫʜʘʣʝʥʳ ʚʳʙʨʦʩʳ, ʥʝʚʷʟʢʘ 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʚʳʩʠʣʘ 3ů, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʇʨʦʮʝʜʫʨʘ 

ʧʦʚʪʦʨʷʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʥʝʚʷʟʢʠ ʥʝ ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 3ů. ʀʪʦʛʦʚʳʝ 3ů ʩʦʩʪʘʚʠʣʠ 

1,474. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʥʝʚʷʟʢʘʤʠ, ʧʨʝʚʳʰʘʶʱʠʤʠ 3ů ʙʳʣʠ ʫʜʘʣʝʥʳ ʠʟ ʚʳʙʦʨʢʠ. 

ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʩʯʸʪ 

ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ ʥʘ ʤʠʥʘʣʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʪʥʳʤ ʧʝʨʝʩʯʸʪʦʤ ʤʠʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʥʝʨʘʣʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʠ ʦʮʝʥʢʘ ʥʝʚʷʟʢʠ. ɼʣʷ ʥʝʚʷʟʦʢ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʪʘʥʜʘʨʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʠ ʫʜʘʣʷʣʠʩʴ ʠʟ ʚʳʙʦʨʢʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʚʷʟʢʘ ʧʨʝʚʳʰʘʣʘ 3ů. ɼʣʷ 

ʚʩʝʭ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʣʘʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʥʝʚʷʟʢʠ ʥʝ ʧʝʨʝʩʪʘʣʠ ʧʨʝʚʳʰʘʪʴ 3ů. ʆʩʪʘʪʦʯʥʳʝ 3ů ʥʝʚʷʟʦʢ ʩʦʩʪʘʚʠʣʠ: ʦʣʠʚʠʥ ï 0,993; 

ʧʣʘʛʠʦʢʣʘʟ ï 6,804; ʘʚʛʠʪ ï 2,406; ʦʨʪʦʧʠʨʦʢʩʝʥ ï 1,869; ʧʠʞʦʥʠʪ ï 0,913. 

ʇʦʩʣʝ ʧʝʨʝʩʯʸʪʘ ʥʘ ʤʠʥʘʣʳ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʠʥʝʨʘʣʦʚ ʟʘʷʚʣʝʥʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʚʠʜʘʤ. ɼʣʷ ʦʣʠʚʠʥʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʪʘʢʘʷ ʧʨʦʚʝʨʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʦʮʝʥʢʝ ʥʝʚʷʟʦʢ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʪʘʢ ʢʘʢ ʤʠʥʝʨʘʣʳ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʥʝʚʦʟʤʦʞʥʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʥʝʚʷʟʢʘʤʠ ʧʝʨʝʩʯʠʪʘʪʴ ʥʘ ʤʠʥʘʣʳ 

ʦʣʠʚʠʥʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʇʠʨʦʢʩʝʥʳ ʞʝ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʘʙʦʨ ʤʠʥʘʣʦʚ ʠ 

ʧʦʵʪʦʤʫ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʥʝʧʨʘʚʠʣʴʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ, ʥʦ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʠʨʦʢʩʝʥ ʙʫʜʝʪ ʧʝʨʝʩʯʠʪʘʥ ʥʘ ʤʠʥʘʣʳ ʩ ʥʝʙʦʣʴʰʦʡ ʥʝʚʷʟʢʦʡ. ɺ ʩʪʘʪʴʝ 

çʅʦʤʝʥʢʣʘʪʫʨʘ ʧʠʨʦʢʩʝʥʦʚè (Morimoto, 1988) ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʠʨʦʢʩʝʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʤʝʥʝʝ 5 ʤʦʣ. % ʩʯʠʪʘʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʥʩʪʘʪʠʪ-

ʬʝʨʨʦʩʠʣʠʪʦʚʦʛʦ ʨʷʜʘ, ʘ ʧʦʩʢʦʣʴʢʫ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʵʪʠ ʧʠʨʦʢʩʝʥʳ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʤʳ ʙʫʜʝʤ ʠʭ ʦʪʥʦʩʠʪʴ ʢ ʦʨʪʦʧʠʨʦʢʩʝʥʘʤ. 

ʇʠʨʦʢʩʝʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʦʪ 5 ʜʦ 20 ʤʦʣ. % ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʯʠʪʘʪʴ 

ʧʠʞʦʥʠʪʦʤ, ʘ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʦʣʝʝ 20 % ï ʘʚʛʠʪʦʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʤʳ ʠʟ 

ʚʳʙʦʨʢʠ ʜʣʷ ʦʨʪʦʧʠʨʦʢʩʝʥʦʚ ʦʪʙʨʘʩʳʚʘʣʠ ʘʥʘʣʠʟʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʣʘʩʪʦʥʠʪʘ ʙʦʣʝʝ 5%, 

ʠʟ ʚʳʙʦʨʢʠ ʜʣʷ ʧʠʞʦʥʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʤʝʥʝʝ 5% ʠ ʙʦʣʝʝ 20%, 

ʘ ʠʟ ʚʳʙʦʨʢʠ ʜʣʷ ʘʚʛʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʣʘʩʪʦʥʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʤʝʥʝʝ 20%. 

ʇʦʤʠʤʦ ʘʜʝʢʚʘʪʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʠʥʝʨʘʣʘ ʦʧʨʝʜʝʣʸʥʥʦʤʫ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʚʠʜʫ, ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʤʠʥʝʨʘʣʦʤ ʠ 

ʩʦʩʫʱʝʩʪʚʫʶʱʠʤ ʨʘʩʧʣʘʚʦʤ. ʈʸʜʝʨ ʠ ʕʤʩʣʠ (Roeder, Emslie, 1970) ʧʨʦʚʝʣʠ ʩʝʨʠʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʦʣʠʚʠʥʘ ʩ 

ʩʦʩʪʘʚʦʤ ʨʘʩʧʣʘʚʘ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʤʝʥʘ ( ) ( ) / ( )ol liq ol liq ol liq

D Fe Mg Fe Mg Mg FeK X X X X-

-
è ø=ê ú 

ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ T ʠ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʠ ʧʨʠʥʷʣʠ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ ʩʦ 

ʟʥʘʯʝʥʠʝʤ 0,3Ñ0,03. ʊʦʧʣʠʩ (Toplis, 2005) ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʪʫʘʮʠʷ ʩʣʦʞʥʝʝ ʠ ʧʨʝʜʣʦʞʠʣ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ( )

ol liq

D Fe MgK -

-  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ 

ʠ ʦʣʠʚʠʥʘ.  

ʇʨʦʚʝʨʢʘ ʫʨʘʚʥʝʥʠʷ ʊʦʧʣʠʩʘ ʥʘ ʥʘʰʝʡ ʚʳʙʦʨʢʝ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ʦʩʪʘʪʢʦʚ 

ʥʝʚʝʣʠʢʘ (3ů ï 0,08) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ 3ů (1281 ʠʟ 1340). 

ʇʫʪʠʨʢʘ (Putirka, 2008) ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʤʝʥʘ ʜʣʷ 
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ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚ ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʝʥʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʥ 

ʧʨʝʜʣʦʞʠʣ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 

( )ln ( )cpx liq

D Fe MgK A T K B-

- = + , 

ʦʜʥʘʢʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʷʚʥʦ ʦʰʠʙʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʧʝʨʝʢʘʣʠʙʨʦʚʘʪʴ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʧʦʣʫʯʠʣʠ ʟʥʘʯʠʤʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ A=-1309Ñ57 B=1,188Ñ0,08, 3ů ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 0,17. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ (710 ʠʟ 765) ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ 3ů. ʋʩʧʝʰʥʦ ʧʨʠʤʝʥʠʚ ʵʪʦʪ 

ʢʨʠʪʝʨʠʡ ʜʣʷ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʤʳ ʨʝʰʠʣʠ ʧʦʧʨʦʙʦʚʘʪʴ ʚʳʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʠ ʧʠʞʦʥʠʪʘ. ɼʣʷ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʚʳʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ A=-560Ñ53 B=0,675Ñ0,035, 3ů ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 0,14. 264 ʠʟ 283 ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ɼʣʷ ʧʠʞʦʥʠʪʘ ʚʳʚʝʜʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ 

ʩʦʩʪʘʚʠʣʠ A=-756Ñ56 B=0,821Ñ0,039, 3ů ʦʰʠʙʦʢ ʩʦʩʪʘʚʣʷʝʪ 0,08. 209 ʠʟ 222 ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʨʘʥʝʝ ʧʦʜʭʦʜ ʦʧʠʨʘʣʩʷ ʥʘ ʩʫʙʲʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ ʦʪʙʨʘʢʦʚʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʨʞʢʠ. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ 

ʵʪʘʧʝ ʚʳʚʦʜʘ ʪʝʨʤʦʙʘʨʦʤʝʪʨʦʚ ʜʦ 30% ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʭʦʜʠʣʦʩʴ ʦʪʙʨʘʢʦʚʳʚʘʪʴ ʢʘʢ 

ʥʘʨʫʰʘʶʱʠʝ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʢʦʚ. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʚʳʙʦʨʢʠ, ʦʧʠʩʘʥʥʦʡ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʯʠʩʣʦ ʪʘʢʠʭ çʥʝʫʜʘʯʥʳʭè ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʠʥʝʨʘʣʦʚ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɸ.ɸ. ɸʨʠʩʢʠʥʫ (ʄɻʋ) ʠ ɸ.ɸ. ɹʦʨʠʩʦʚʫ (ʀɻɽʄ 

ʈɸʅ) ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʢʨʠʪʠʢʫ ʥʘʰʠʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʳʙʦʨʦʢ, 

ʠʥʠʮʠʠʨʦʚʘʚʰʫʶ ʵʪʫ ʨʘʙʦʪʫ. 
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THE PROBLEM OF EQUILIBRIUM OF QUENCHING EXPERIMENTS IN SYSTEMS 

MELT - SOLID PHASES AND APPROACHES TO ITS SOLUTION 
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Abstract. The problem of evaluating the applicability of the experimental results for the derivation of 

compositometers describing the mineral-melt equilibrium is fundamental. Several criteria for assessing the 

quality of published experimental results are proposed. If all the phases formed in the experiment are 

analyzed and the initial composition of the system is known, it is possible to check the mass balance in the 

system with a simultaneous assessment of the mass fractions of each phase. For each analyzed mineral, it is 

possible to recalculate its composition into minals and compare the results of the reverse recalculation with 

chemical analysis. After performing the recalculations, experiments that go beyond three standard deviations 

are discarded. These two methods make it possible to assess the quality of the analyzes, but do not provide 

any information about the equilibrium of the experiment. 

Exchange coefficients are often used to test for equilibrium (eg Putirka, 2008). The exchange coefficients 

(MgïFe) are well tested for olivine and pyroxenes. For plagioclase, there is no consensus on whether it 

makes sense to use exchange coefficients to assess its equilibrium. 

The application of the proposed approach for rejecting experiments allows one to increase the reliability of 

the coefficients in the equations of compositometers. 

 

Key words: equilibrium, quencing experiments, mass balance, exchange coefficients 
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ʋʈɸɺʅɽʅʀɽ (ʂʆʄʇʆɿʀʊʆʄɽʊʈ) ɼʃʗ ʈɸʉʏɪʊɸ ʈɸɺʅʆɺɽʉʀʗ ʈɸʉʇʃɸɺï

ʆʃʀɺʀʅ ɺ ɼʀɸʇɸɿʆʅɽ ʆʊ çʉʋʍʀʍè ɼʆ ɺʆɼʆʅɸʉʓʑɽʅʅʓʍ ʉʀʉʊɽʄ 
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ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ, ʛ.ʄʦʩʢʚʘ 

dmibychkov@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʜʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩʘ 

ʦʣʠʚʠʥʘ, ʧʨʠʯʸʤ ʢʘʞʜʦʝ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʫʟʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʩʪʘʚʦʚ ʨʘʩʧʣʘʚʦʚ 

(ʥʘʧʨʠʤʝʨ, Almeev et al., 2007; M®dard, Grove, 2008). ɺʣʠʷʥʠʝ ʚʦʜʳ ʥʘ ʩʦʩʪʘʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ 

ʚʠʜʘ ʚʳʚʝʜʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʜʣʷ ʩʫʭʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʦʣʠʚʠʥ ï ʨʘʩʧʣʘʚ ʚ 

ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʠʩʪʝʤʘʭ. 

ʋʩʧʝʰʥʳʡ ʚʳʚʦʜ ʢʦʤʧʦʟʠʪʦʤʝʪʨʘ ʜʣʷ ʚʳʙʦʨʢʠ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʪʘʢʦʛʦ ʚʠʜʘ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʨʳʚʦʚ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʦʣʠʚʠʥʘ ʩ ʨʘʩʧʣʘʚʦʤ ʚ ʦʙʲʝʢʪʘʭ ʩ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʦʜʳ ʚʳʚʝʜʝʥ ʝʜʠʥʳʡ ʢʦʤʧʦʟʠʪʦʤʝʪʨ ʜʣʷ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʙʝʟʚʦʜʥʳʭ ʠ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʳʚʝʜʝʥʥʦʝ ʥʘʤʠ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩʘ (ʘ ʥʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ çʩʫʭʦʡè ʩʠʩʪʝʤʳ) ʠ ʩʦʩʪʘʚ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʦʣʠʚʠʥʘ ʠ ʨʘʩʧʣʘʚʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʚʦʜʘ ʧʦʜʦʙʥʳʭ ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ ʜʣʷ ʜʨʫʛʠʭ ʬʘʟ ʙʘʟʠʪʦʚʳʭ 

ʩʠʩʪʝʤ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʢʚʠʜʫʩʥʳʡ ʢʦʤʧʦʟʠʪʦʤʝʪʨ, ʨʘʚʥʦʚʝʩʠʝ, ʦʣʠʚʠʥ, ʚʦʜʦʩʦʜʝʨʞʘʱʠʡ ʨʘʩʧʣʘʚ 

 

ɺʣʠʷʥʠʝ ʚʦʜʳ ʥʘ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʤʠʥʝʨʘʣʦʚ ʚ ʩʠʣʠʢʘʪʥʳʭ 

ʩʠʩʪʝʤʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʙʱʝʥʠʷ ʵʪʠʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʫʨʘʚʥʝʥʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʣʠʢʚʠʜʫʩʘ ʤʠʥʝʨʘʣʦʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ 

ʨʘʩʧʣʘʚʝ. ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʩʦʩʪʘʚʳ 

ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʬʘʟ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʩʪʘʚʳ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʦʣʠʚʠʥʘ (ʂʦʧʪʝʚ-

ɼʚʦʨʥʠʢʦʚ, ɹʳʯʢʦʚ, 2019ʘ), ʧʣʘʛʠʦʢʣʘʟʘ (ʂʦʧʪʝʚ-ɼʚʦʨʥʠʢʦʚ, ɹʳʯʢʦʚ, 2018), ʘʚʛʠʪʘ (ʂʦʧʪʝʚ-

ɼʚʦʨʥʠʢʦʚ, ɹʳʯʢʦʚ, 2019ʙ), ʦʨʪʦʧʠʨʦʢʩʝʥʘ (ʂʦʧʪʝʚ-ɼʚʦʨʥʠʢʦʚ ʠ ʜʨ., 2020), ʧʠʞʦʥʠʪʘ 

(ʈʦʤʘʥʦʚʘ ʠ ʜʨ., 2020) ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ (ɸʨʴʷʝʚʘ ʠ ʜʨ., 2016), ʤʘʛʥʝʪʠʪʘ (ɸʨʴʷʝʚʘ ʠ ʜʨ., 

2018), ʠʣʴʤʝʥʠʪʘ (ʏʝʨʥʳʭ, 2017) ʠ ʞʠʜʢʦʛʦ ʤʦʥʦʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ (ʂʦʧʪʝʚ-ɼʚʦʨʥʠʢʦʚ ʠ ʜʨ., 

2012) ʚ ʙʝʟʚʦʜʥʳʭ ʙʘʟʠʪ ï ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʎʝʣʴʶ ʪʝʢʫʱʝʛʦ ʵʪʘʧʘ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʨʠʤʝʨʝ ʦʣʠʚʠʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʠʜʘ 

ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ (1), ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 

ʙʝʟʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɻʜʝ: j
mX - ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʘʣʘ m ʚ ʤʠʥʝʨʘʣʝ j; j

mA , j

mb , j

mB , j

mD , j

mE , j

mF , ,

j

m iJ - 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ; P ï ʜʘʚʣʝʥʠʝ ʚ ʢʙʘʨ; T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; fO2 ï ʣʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ ʚ ʙʘʨʘʭ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʫʯʠʪʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʘ, l

iX  ï ʤʦʣʴʥʘʷ ʜʦʣʷ i-ʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʨʘʩʧʣʘʚʘ; j

ma  - ʘʢʪʠʚʥʦʩʪʴ ʤʠʥʘʣʘ m ʚ ʤʠʥʝʨʘʣʝ j (ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʜʚʫʭʨʝʰʸʪʦʯʥʦʡ 

ʤʦʜʝʣʠ ʨʘʩʧʣʘʚʘ ʅʠʣʴʩʝʥʘ ʠ ɼʫʥʛʘʥʘ (Nielsen, Dungan, 1983)); ɜi,m ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʘʣʘ m. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʨʠʥʷʪʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʢʦʤʧʦʟʠʪʦʤʝʪʨʘ, ʜʦʙʘʚʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʯʣʝʥ ʫʨʘʚʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʚʢʣʶʯʠʪʴ ʚ 

ʩʫʤʤʫ 1 ,

n j l

i m i iJ X=S  ʯʣʝʥ 
2 2,

j l

m H O H OJ X . ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʩʯʝʪʝ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʧʣʘʚʘ ʤʳ ʚʢʣʶʯʠʣʠ ʚʝʣʠʯʠʥʫ ʤʦʣʴʥʦʡ ʜʦʣʠ ʚʦʜʳ ʚ ʯʠʩʣʦ ʩʝʪʢʦʤʦʜʠʬʠʢʘʪʦʨʦʚ. 

ʅʘʭʦʞʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʦʥʩʪʘʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ (1) 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʠʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʜʩʪʨʦʡʢʠ çʧʦʠʩʢ 

ʨʝʰʝʥʠʷè ʚ ʧʨʦʛʨʘʤʤʝ Exʩel. ɺ ʩʪʘʪʠʩʪʠʢʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʘʢʠʝ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʠ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ çʦʩʪʘʪʢʘʤʠè ʠ ʜʘʣʝʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʦʪ 

ʪʝʨʤʠʥ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ INFOREX, ʩʦʟʜʘʥʥʦʡ ɸ.ɸ. ɸʨʠʩʢʠʥʳʤ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ 

(ɸʨʠʩʢʠʥ ʠ ʜʨ., 1997; Ariskin ʠ ʜʨ., 1996). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʷʜʘ ʫʩʣʦʚʠʡ ʚʳʙʦʨʢʘ 

ʩʦʩʪʘʚʠʣʘ 138 ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʦʣʠʚʠʥʦʤ. 

ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟ ʚʳʙʦʨʢʠ ʙʳʣʠ ʫʜʘʣʝʥʳ ʪʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʩʪʘʪʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʥʘʣʦʚ ʥʘʨʫʰʘʣʠ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʋʜʘʣʷʣʠʩʴ ʪʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʫʤʤ ʤʠʥʘʣʦʚ ʚ ʦʣʠʚʠʥʝ ʦʪ 100% 

ʥʘʨʫʰʘʣʠ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʤʝʨ 

ʚʳʙʦʨʢʠ ʩʦʢʨʘʪʠʣʩʷ ʜʦ 129 ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʄʥʦʛʦʛʨʘʥʥʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʨʘʩʧʣʘʚʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʦʢʩʠʜʦʚ ʨʘʩʧʣʘʚʦʚ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʚʳʙʦʨʢʠ ʠʟ 129 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ (ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ): SiO2 ʦʪ 47 ʜʦ 65,71, TiO2 

ʦʪ 0,33 ʜʦ 2,91, Al2O3 ʦʪ 10,73 ʜʦ 19,55, FeO* ʦʪ 4,88 ʜʦ 12,07 (FeO* ï ʚʩʝ ʞʝʣʝʟʦ, 

ʧʝʨʝʩʯʠʪʘʥʥʦʝ ʥʘ FeO), MnO ʦʪ 0 ʜʦ 0,27, MgO ʦʪ 1,02 ʜʦ 16,97, CaO ʦʪ 3,33 ʜʦ 13,45, Na2O 

ʦʪ 0,79 ʜʦ 5,06, K2O ʦʪ 0 ʜʦ 3,39, P2O5 ʦʪ 0 ʜʦ 1,43, ʉr2O3 ʦʪ 0 ʜʦ 0,39, H2O ʦʪ 0,37 ʜʦ 6,72. 

ɼʠʘʧʘʟʦʥ ʠʥʪʝʥʩʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 970 ʜʦ 

1350Áʉ, ʜʘʚʣʝʥʠʝʤ ʦʪ 0,5 ʢʙʘʨ. ʜʦ 10 ʢʙʘʨ, ʣʝʪʫʯʝʩʪʴʶ ʢʠʩʣʦʨʦʜʘ lgfO2 ʦʪ -12,28 ʜʦ -4,33. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʠʥʘʣʦʚ ʧʨʠʚʦʜʠʤ ʛʨʘʬʠʢʠ ʜʣʷ ʛʣʘʚʥʳʭ ʤʠʥʘʣʦʚ ï ʬʦʨʩʪʝʨʠʪʘ ʠ ʬʘʷʣʠʪʘ. 
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ʈʠʩ. 1. ɻʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʬʦʨʩʪʝʨʠʪʘ ʠ 

ʬʘʷʣʠʪʘ ʚ ʦʣʠʚʠʥʘʭ. ʉʠʥʷʷ ʣʠʥʠʷ ï ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ, ʬʠʦʣʝʪʦʚʘʷ ʣʠʥʠʷ ï ʣʠʥʠʷ ʨʘʚʥʳʭ 

ʟʥʘʯʝʥʠʡ (ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ). ʅʘ ʛʠʩʪʦʛʨʘʤʤʝ ʯʝʨʥʘʷ ʢʨʠʚʘʷ ʣʠʥʠʷ ï ʣʠʥʠʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʇʦʣʫʧʨʦʟʨʘʯʥʳʝ ʦʙʣʘʩʪʠ (ʛʦʣʫʙʘʷ ʠ ʩʝʨʘʷ) ï 

ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʘ 95% ʫʨʦʚʥʝ ʥʘʜʝʞʥʦʩʪʠ. 

 

ʉʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ï ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʪʴ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʢʦʤʧʦʟʠʪʦʤʝʪʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʩʪʘʚʳ ʦʣʠʚʠʥʘ ʚ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʠ 

ʙʝʟʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʵʪʦʛʦ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʥʫʶ ʜʣʷ ʚʳʚʦʜʘ çʙʝʟʚʦʜʥʦʛʦè 

ʢʦʤʧʦʟʠʪʦʤʝʪʨʘ ʚʳʙʦʨʢʫ (ʂʦʧʪʝʚ-ɼʚʦʨʥʠʢʦʚ, ɹʳʯʢʦʚ, 2019ʘ) ʦʙʲʝʜʠʥʠʣʠ ʩ ʚʳʙʦʨʢʦʡ 

ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʥʦʛʦʛʨʘʥʥʠʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʨʘʩʧʣʘʚʘ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʦʚ ʨʘʩʧʣʘʚʦʚ ʜʣʷ ʛʠʙʨʠʜʥʦʡ ʚʳʙʦʨʢʠ ʠʟ 1270 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʝʣʠʯʠʥʘʤʠ: SiO2 ʦʪ 31,50 ʜʦ 

65,71, TiO2 ʦʪ 0 ʜʦ 18,2, Al2O3 ʦʪ 4,22 ʜʦ 19,83, FeO* ʦʪ 1,14 ʜʦ 37,5, MnO ʦʪ 0 ʜʦ 0,82, MgO 

ʦʪ 1,02 ʜʦ 29,76, CaO ʦʪ 3,33 ʜʦ 16,91, Na2O ʦʪ 0 ʜʦ 7,55, K2O ʦʪ 0 ʜʦ 6,17, P2O5 ʦʪ 0 ʜʦ 3,05, 

ʉr2O3 ʦʪ 0 ʜʦ 1,48, H2O ʦʪ 0 ʜʦ 6,82. ɼʠʘʧʘʟʦʥ ʠʥʪʝʥʩʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʪ 970 ʜʦ 1600Áʉ, ʜʘʚʣʝʥʠʝʤ ʦʪ 0,001 ʜʦ 20 ʢʙʘʨ, ʣʝʪʫʯʝʩʪʴʶ 

ʢʠʩʣʦʨʦʜʘ lgfO2 ʦʪ -19,13 ʜʦ -0,74. 

ʎʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʣʠʢʚʠʜʫʩʥʳʭ ʪʝʨʤʦʙʘʨʦʤʝʪʨʦʚ-ʢʦʤʧʦʟʠʪʦʤʝʪʨʦʚ ʩʦʩʪʦʠʪ ʥʝ ʚ 

ʧʨʝʜʩʢʘʟʘʥʠʠ ʩʦʩʪʘʚʦʚ ʪʚʝʨʜʳʭ ʬʘʟ ʚ ʚʠʜʝ ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʤʠʥʘʣʦʚ, ʘ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ ʠʭ 

ʩʦʩʪʘʚʦʚ ʚ ʚʠʜʝ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʦʢʩʠʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠʤʝʥʥʦ ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟʚʣʝʯʝʥʠʝ (ʠʣʠ 

ʜʦʙʘʚʣʝʥʠʝ) ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ (ʚ) ʨʘʩʧʣʘʚʘ. ʉʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʣʠʚʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ, ʧʦʵʪʦʤʫ ʚʝʨʠʬʠʢʘʮʠʶ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʚ ʵʪʠʭ ʞʝ ʝʜʠʥʠʮʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʦʣʠʚʠʥʦʚ ʥʘ ʤʠʥʘʣʳ ʙʳʣ ʧʨʠʥʷʪ ʨʷʜ 

ʧʦʩʪʫʣʘʪʦʚ, ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʪʦʞʝ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʦʚʝʨʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʨʠʚʦʜʠʤ ʛʨʘʬʠʢʠ ʜʣʷ ʦʢʩʠʜʦʚ ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɻʨʘʬʠʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʦʢʩʠʜʦʚ ʤʘʛʥʠʷ ʠ 

ʞʝʣʝʟʘ ʚ ʦʣʠʚʠʥʘʭ. ʂʨʘʩʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʚʳʜʝʣʝʥʳ ʩʦʩʪʘʚʳ, ʦʪʚʝʯʘʶʱʠʝ ʚʦʜʦʩʦʜʝʨʞʘʱʠʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʈʠʩ. 1. 

ɿʥʘʷ ʩʦʩʪʘʚʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʣʠʚʠʥʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ, ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ (1) ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ. 

 

ʈʠʩ. 3. ʂʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʪʝʨʤʦʙʘʨʦʤʝʪʨʫ-

ʢʦʤʧʦʟʠʪʦʤʝʪʨʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʘʚʥʦʚʝʩʠʷ ʦʣʠʚʠʥ-ʨʘʩʧʣʘʚ ʠ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʩʪʘʪʢʦʚ ʪʝʤʧʝʨʘʪʫʨ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʥʘ ʈʠʩ. 1. 

 

ʈʝʟʫʣʴʪʘʪ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. ʐʠʨʠʥʘ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95% ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ Ñ2,24 ʛʨʘʜʫʩʘ. ʃʠʥʠʷ 

ʨʘʚʥʳʭ ʟʥʘʯʝʥʠʡ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʢʦʨʠʜʦʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʦʣʠʚʠʥʦʚʦʛʦ ʪʝʨʤʦʙʘʨʦʤʝʪʨʘ-ʢʦʤʧʦʟʠʪʦʤʝʪʨʘ, 

ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʛʦ ʩʦʩʪʘʚ ʦʣʠʚʠʥʘ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʙʝʟʚʦʜʥʳʤ ʠ ʚʦʜʦʩʦʜʝʨʞʘʱʠʤ 

ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ Ñ0,30 ʚʝʩ.% ʜʣʷ ʛʣʘʚʥʳʭ ʦʢʩʠʜʦʚ 

ʠ Ñ0,20 ʚʝʩ.% ʜʣʷ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʦʢʩʠʜʦʚ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤ, 

ʪʝʤʧʝʨʘʪʫʨ, ʜʘʚʣʝʥʠʡ ʠ ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ. 
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ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɺʳʨʘʞʘʝʤ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɸ.ɸ. ɸʨʠʩʢʠʥʫ (ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ), 

ɻ.ʉ. ɹʘʨʤʠʥʦʡ ʠ ɻ.ʉ. ʅʠʢʦʣʘʝʚʫ (ɻɽʆʍʀ ʈɸʅ) ʟʘ ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʀʅʌʆʈɽʂʉ, ʙʝʟ 

ʢʦʪʦʨʦʡ ʨʘʙʦʪʘ ʙʳʣʘ ʙʳ ʩʠʣʴʥʦ ʦʩʣʦʞʥʝʥʘ. ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ɺ.ʆ. ʆʩʘʜʯʝʤʫ (ʀʕʄ ʈɸʅ) 

ʟʘ ʧʦʣʝʟʥʦʝ ʦʙʩʫʞʜʝʥʠʝ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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EQUATION (COMPOSITOMETER) FOR MELT ïOLIVINE EQUILIBRIUM 

CALCULATION IN THE RANGE FROM ñDRYò TO WATER-SATURATED SYSTEMS 

 

Bychkov D.A., Romanova E.S., Koptev-Dvornikov E.V. 

Faculty of Geology, Moscow State University 

dmibychkov@gmail.com 

 

Abstract Existing equations describe the effect of water on the liquidus temperature of olivine, and each of 

these equations is valid for a narrow range of melt compositions (eg Almeev et al., 2007; M®dard and Grove, 

2008). The influence of water on the composition of coexisting phases is not considered. The purpose of our 

work was to check the possibility of using compositometers of the type we have previously developed for 

dry systems to simulate the equilibrium of olivine - melt in water-containing systems. 

The successful development of a compositometer for a sample of water-containing experiments 

demonstrated the productivity of using equations of this kind. In order to avoid discontinuities in modeling 

the equilibrium of olivine with melt in objects with an evolving water content, a single compositometer was 

developed for the total sample of anhydrous and water-containing experiments. The equation we have 

derived makes it possible to calculate the liquidus temperature (and not the deviation from the ñdryò system) 

and the composition of coexisting olivine and melt in a wide range of melt composition, temperature, 

pressure, and oxygen fugacity. 

This result opens up the possibility of deriving similar compositometers for other phases of basic systems. 

 

Key words: liquidus compositometer, equilibrium, olivine, hydrous melt 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀɿʋʏɽʅʀɽ ʉʀʃʀʂɸʊʅʓʍ ʈɸʉʇʃɸɺʆɺ ɹɸɿʀʊʆɺʆɻʆ 

ʉʆʉʊɸɺɸ ʀ ʄʆɼɽʃʔʅʆʁ ʉʀʉʊɽʄʓ SiO2-MgO-FeO-C, ʈɸɺʅʆɺɽʉʅʓʍ ʉ 
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ɸʥʥʦʪʘʮʠʷ. ʄʦʜʝʣʠʨʦʚʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ, ʙʘʟʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʛʤʘʭ (ʥʘʧʨʠʤʝʨ, ʙʘʟʘʣʴʪʳ ʦ-ʚʘ ɼʠʩʢʦ), ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʧʣʘʚʣʝʥʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠ ʜʨ. ʧʣʘʥʝʪʥʳʭ ʪʝʣ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʣʦʙʫʣʝʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Fe-(Ni) ʩʦʩʪʘʚʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʙʘʟʠʪʦʚʳʤʠ 

ʨʘʩʧʣʘʚʘʤʠ ʧʨʠ ʊ = 1400 ʠ 1550Áʉ, ʈ = 1,5 ʠ 4 ɻʇʘ ʠ ʣʝʪʫʯʝʩʪʷʭ ʢʠʩʣʦʨʦʜʘ ʥʘ 1,4 -1,9 ʠ 0,5 ï 2,9 ʣʦʛ. 

ʝʜʠʥʠʮ ʥʠʞʝ ʙʫʬʝʨʘ Fe-FeO ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʨʘʬʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʩʠʩʪʝʤʝ SiO2-MgO-FeO-C ʧʨʠ 1500 ï 1600Áʉ ʠ 2.5-3 ɻʇʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʪʦʨʦʠʜʘʣʴʥʳʤ ʫʧʣʦʪʥʝʥʠʝʤ ʪʠʧʘ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʟʘʢʘʣʦʯʥʳʭ 

ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʞʝʣʝʟʘ ʚ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʠ ʊ = 1600Áʉ ʠ ʈ 

= 2,5 ʠ 3 ɻʇʘ ʧʨʦʜʫʢʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʣʠʩʴ ʩʪʝʢʣʦ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʠ 

ʧʠʨʦʢʩʝʥ. ʇʨʠ ʊ = 1500Áʉ ʠ ʈ=3 ɻʇʘ ʦʙʨʘʟʦʚʘʣʦʩʴ ʩʪʝʢʣʦ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʛʨʘʬʠʪʘ. ʃʝʪʫʯʝʩʪʴ 

ʢʠʩʣʦʨʦʜʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʛʨʘʬʠʪʦʚʳʤ ʙʫʬʝʨʦʤ ʉʉʆ. ʇʦʩʪʨʦʝʥʘ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ SiO2-MgO-FeO, ʥʘ ʢʦʪʦʨʦʡ ʥʘʤʝʯʝʥʘ ʦʙʣʘʩʪʴ 

ʚʦʟʤʦʞʥʦʛʦ ʚʳʜʝʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʞʝʣʝʟʘ ʧʨʠ ʫʣʴʪʨʘ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʞʝʣʝʟʘ, ʧʣʘʚʣʝʥʠʝ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʤʘʥʪʠʷ, ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ, ʣʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ, ʙʫʬʝʨ ʉʉʆ, ʫʣʴʪʨʘ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ʄʘʛʤʘ ï ʵʪʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʧʝʪʨʦʛʝʥʥʳʝ, ʨʝʜʢʠʝ ʠ 

ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ɻʣʘʚʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʝʨʝʥʦʩ ʠ ʩʦʩʪʘʚ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʥʝʜʨ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʘʛʤʝ ʠ ʨʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʠʭ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʂʘʜʠʢ ʠ ʜʨ., 2006). ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʦʨʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʥʥʝʡ ɿʝʤʣʠ ʩʦʩʪʘʚ ʛʘʟʦʚ ʚʥʝʰʥʠʭ ʦʙʦʣʦʯʝʢ ʧʣʘʥʝʪʳ ʩʚʷʟʳʚʘʶʪ ʩ 

ʜʝʛʘʟʘʮʠʝʡ ʤʘʛʤ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʛʣʦʙʘʣʴʥʦʤ ʧʣʘʚʣʝʥʠʠ ʤʘʥʪʠʠ (çʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʢʝʘʥè) 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʞʝʣʝʟʘ (Wetherill, 1990; Walter et al., 2000) ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʬʫʛʠʪʠʚʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ. ʀʩʪʦʯʥʠʢ ʠ ʩʦʩʪʘʚ ʣʝʪʫʯʠʭ ʨʘʥʥʝʡ ʤʘʥʪʠʠ ʦʩʪʘʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ. ʉʦʛʣʘʩʥʦ ʛʦʤʦʛʝʥʥʦʡ ʘʢʢʨʝʮʠʠ, ʣʝʪʫʯʠʝ ʤʦʛʣʠ ʥʘʢʦʧʠʪʴʩʷ ʠʟ 

ʧʨʠʚʥʝʩʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʛʣʠʩʪʳʭ ʭʦʥʜʨʠʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʦʛʘʱʝʥʳ ʚʦʜʦʡ, ʪ.ʢ. CI ʭʦʥʜʨʠʪʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʪ ʠʟ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʩʠʣʠʢʘʪʦʚ (Wanke et al., 1984). ʉʦʛʣʘʩʥʦ 

ʚʟʛʣʷʜʘʤ (Javoy, 1995) ʫʛʣʝʨʦʜ ʠ ʚʦʜʦʨʦʜ ʙʳʣʠ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚʦ ʚʨʝʤʷ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʩʝʛʨʝʛʘʮʠʠ ʞʝʣʝʟʘ ʚ ʷʜʨʦ. ʇʨʠʩʫʪʩʪʚʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʣʠʷʝʪ ʥʘ ʈʊ ʫʩʣʦʚʠʷ, 

ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ (ʨʘʥʥʠʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʚʣʝʥʠʷ ɿʝʤʣʠ) ʠ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʚ 

ʨʘʚʥʦʚʝʩʠʠ ʩ ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʞʝʣʝʟʘ. 
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99 

ʈʝʜʦʢʩ-ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ Fe ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʙʘʟʘʣʴʪʦʚʦʡ ʩʠʩʪʝʤʝ, 

ʩʦʜʝʨʞʘʱʝʡ C-O-H-N ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʛʣʦʙʫʣʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Fe-(Ni) ʩʦʩʪʘʚʘ, 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʙʘʟʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʧʨʠ ʊ = 1400 Áʉ, ʈ = 

1,5 ɻʇʘ ʠ ʣʝʪʫʯʝʩʪʷʭ ʢʠʩʣʦʨʦʜʘ ʥʘ 1,4 -1,9 ʣʦʛ. ʝʜ. ʥʠʞʝ ʙʫʬʝʨʘ ʞʝʣʝʟʦ-ʚʶʩʪʠʪ (Fe-FeO) - IW 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʛʨʘʬʠʪʘ C ʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (Si3N4) ï ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ ʚ ʩʠʩʪʝʤʝ 

(ʨʠʩ.1) ʠ ʧʨʠ ʊ = 1550Áʉ, ʈ = 4 ɻʇʘ ʠ 0,5 ï 2,9 ʣʦʛ. ʝʜʠʥʠʮ ʥʠʞʝ ʙʫʬʝʨʘ IW ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʨʘʬʠʪʘ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiC) ï ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ ʚ ʩʠʩʪʝʤʝ (ʈʠʩ. 2). 

  

ʈʠʩ.1. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʧʣʠ ʩʧʣʘʚʘ ʞʝʣʝʟʘ ʚ 

ʩʪʝʢʣʝ ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʠʟʦʙʨʘʞʝʥʠʝ ʚ 

BSE) (ʂʘʜʠʢ ʠ ʜʨ., 2017). ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ: ʊ = 1400Áʉ, ʈ = 1,5 ɻʇʘ, 

ȹlgfO2(IW) = -1,8; ʩ ʜʦʙʘʚʣʝʥʠʝʤ Si3N4 ʦʪ 0,4 

ʜʦ 2,8 ʤʘʩ.%. 

ʈʠʩ.2. ʉʪʝʢʣʦ ʩ ʢʘʧʣʷʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ (Fe ʩʧʣʘʚ) ʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʛʨʘʬʠʪʘ (ʠʟʦʙʨʘʞʝʥʠʝ ʚ 

BSE) (ʃʫʢʘʥʠʥ ʠ ʜʨ., 2020). ʋʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ: ʊ = 1550Áʉ, ʈ = 4 ɻʇʘ, 

ȹlgfO2(IW) = -2.9, ʉSiC = 7 ʤʘʩ. %. 

 

ɺ ʨʘʙʦʪʘʭ (ʂʘʜʠʢ ʠ ʜʨ., 2017; ʃʫʢʘʥʠʥ ʠ ʜʨ., 2020) ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʨʤʳ ʨʘʩʪʚʦʨʝʥʠʷ 

ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʮʝʥʝʥʳ ʠʭ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʩʧʣʘʚʘʭ, ʨʘʚʥʦʚʝʩʥʳʭ ʩ 

ʞʠʜʢʠʤ ʩʧʣʘʚʦʤ ʞʝʣʝʟʘ ʠ ʛʨʘʬʠʪʦʤ ʤʝʪʦʜʘʤʠ ʀʂ ʠ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʪʝʢʦʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʊ = 1400, 1550Áʉ ʠ ʈ = 1,5; 4 ɻʇʘ ʚ ʨʘʩʧʣʘʚʘʭ ʘʟʦʪ, ʚʦʜʦʨʦʜ ʠ 

ʫʛʣʝʨʦʜ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʚʷʟʷʤʠ N-H (NH3, NH4
+ ʠ ʜʨ.), ʪ.ʢ. ʚ ʩʠʩʪʝʤʫ 

ʜʦʙʘʚʣʝʥ ʥʠʪʨʠʜ ʢʨʝʤʥʠʷ, ʅ-ʆ (ʚʦʜʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ ʠ ʆʅ-ʛʨʫʧʧʘ), C-H (ʉH4) ʠ ʜʨ. 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ. ɸ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʦʜʦʨʦʜ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʨʘʩʧʣʘʚʝ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʠʜʝ ʚʦʜʳ ʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ ʚʜʚʦʝ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʠ ʜʨ. ʩʦʝʜʠʥʝʥʠʡ ʩ ʉ-ʅ ʩʚʷʟʷʤʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʣʠʷʥʠʠ ʫʛʣʝʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤʳ. ʋʤʝʥʴʰʝʥʠʝ fO2 ʚʝʜʝʪ ʢ ʚʳʜʝʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʬʘʟr ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʦʪ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʢ ʘʥʜʝʟʠʪʦʚʦʤʫ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʩʠʩʪʝʤʝ SiO2-MgO-FeO-ʉ-ʅ 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ: ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ SiO2-MgO-FeO-ʉ-ʅ ʧʨʠ ʊ = 1500 ʠ 

1600Áʉ ʠ ʈ = 2,5-3,5 ɻʇʘ; ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʜʠʘʛʨʘʤʤʳ ʧʣʘʚʢʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ 

SiO2-MgO-FeO. 

ʄʝʪʦʜʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʟʘʜʘʚʘʣʩʷ ʫʧʨʦʱʝʥʥʳʡ ʤʦʜʝʣʴʥʳʡ ʚʘʣʦʚʳʡ ʩʦʩʪʘʚ 

ɿʝʤʣʠ (çAll  Earthè) ʧʦ ʜʘʥʥʳʤ (McDonough, 2017). ʀʩʭʦʜʥʘʷ ʩʤʝʩʴ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʛʣʘʚʥʳʭ 

Fe ʩʧʣʘʚ 

ʉʪʝʢʣʦ 

ɻʨʘʬʠʪ 
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100 

ʧʝʪʨʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʩʪʦʷʣʘ ʠʟ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚ ʧʦʨʦʰʦʢ ʢʚʘʨʮʘ (SiO2) (ʦʩʯ), ʦʢʩʠʜʘ 

ʤʘʛʥʠʷ (MgO) (ʦʩʯ) ʠ ʦʢʩʘʣʘʪʘ ʞʝʣʝʟʘ (Feʉ2ʆ4), ʠʟ ʢʦʪʦʨʦʛʦ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʚʳʜʝʣʠʣʩʷ 

CO2 ʠ ʦʩʪʘʣʩʷ FeO (II ). ʉʤʝʩʴ ʠʟ ʨʝʘʢʪʠʚʦʚ ʧʣʘʚʠʣʘʩʴ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʧʨʠ ʊ = 1505Áʉ ʠ 

ʈ = 1 ʘʪʤ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ Nabertherm RHTV 1700 ʚ 

ɻɽʆʍʀ ʈɸʅ (ʈʠʩ. 3). ʆʪʦʙʨʘʥʥʦʝ ʯʠʩʪʦʝ ʩʪʝʢʣʦ ʙʝʟ ʢʚʘʨʮʘ ʧʦʤʝʱʘʣʦʩʴ ʚ ʘʥʩʘʤʙʣʴ 

ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè (ʅʃ-13ʊ) ʩ ʪʦʨʦʠʜʘʣʴʥʳʤ 

ʫʧʣʦʪʥʝʥʠʝʤ, ʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ ʧʨʦʚʦʜʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ɻɽʆʍʀ ʈɸʅ.  

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ 

ʧʨʦʜʫʢʪʦʚ ʦʧʳʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ Cameca Sʍ 100 ʩ ʧʷʪʴʶ 

ʚʦʣʥʦʚʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʠ ʵʥʝʨʛʦ-

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Bruker XFlash 6 ʚ 

ɻɽʆʍʀ ʈɸʅ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩʪʝʢʣʘ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ ʉʤʠʪʩʦʥʦʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (Glass XF2). 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ (BSE) ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ 

ʥʘʧʨʷʞʝʥʠʝ ï 15 ʢɺ ʠ ʪʦʢʝ ï 30 ʥɸ. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ Tescan 

MIRA 3 ʚ ɻɽʆʍʀ ʈɸʅ. ʈʘʩʪʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚ BSE ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 

20 ʢɺ, ʨʘʙʦʯʝʡ ʜʠʩʪʘʥʮʠʝʡ ï 15 ʢɺ (0,8 ʥʤ) ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ï 14 ʤɸ.   

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1600Áʉ ʠ 

ʜʘʚʣʝʥʠʠ 2,5-3 ɻʇʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʧʣʠ ʞʝʣʝʟʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʧʨʦʜʫʢʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʷʚʣʷʣʠʩʴ ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʚʘʨʮ ʜʦ 25 ʤʢʤ ʚ ʜʣʠʥʫ ʠ 5-10 ʤʢʤ ʚ 

ʰʠʨʠʥʫ, ʧʠʨʦʢʩʝʥ ʠ ʛʨʘʬʠʪ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʟʦʥʘʣʴʥʘʷ, ʚ ʮʝʥʪʨʝ ï ʩʪʝʢʣʦ ʠ ʢʚʘʨʮ, ʧʦ 

ʧʝʨʠʬʝʨʠʠ ï ʧʠʨʦʢʩʝʥ. ɻʨʘʬʠʪ ʯʘʩʪʠʯʥʦ ʧʨʦʥʠʢ ʚ ʢʨʘʝʚʫʶ ʟʦʥʫ. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 

ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 50 ʤʢʤ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʚ BSE. ʄʳ ʨʘʙʦʪʘʝʤ ʚ çʦʪʢʨʳʪʦʡè ʩʠʩʪʝʤʝ ʥʘ 

ʫʩʪʘʥʦʚʢʝ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè, ʦʙʨʘʟʮʳ ʥʘʭʦʜʷʪʩʷ ʥʝ ʚ ʧʣʘʪʠʥʦʚʦʡ ʢʘʧʩʫʣʝ, ʘ ʥʘ ʢʦʥʪʘʢʪʝ 

ʩ ʛʨʘʬʠʪʦʤ, ʦʮʝʥʠʪʴ ʛʘʟʦʚʫʶ ʬʘʟʫ ʥʝʚʦʟʤʦʞʥʦ (ʥʠ CO, CO2, ʥʠ CH4). ʃʝʪʫʯʝʩʪʴ ʢʠʩʣʦʨʦʜʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʙʫʬʝʨʦʤ ʉʉʆ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 100Áʉ ʠ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 3ɻʇʘ, ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ, ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʦʡ. ʇʠʨʦʢʩʝʥ ʠ 

ʢʚʘʨʮ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʦʩʪʘʝʪʩʷ ʧʦʨʠʩʪʦʝ ʩʪʝʢʣʦ (ʨʠʩ. 4), ʥʘʩʳʱʝʥʥʦʝ CaO, ʘ ʪʘʢʞʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʢʨʘʝʚʦʡ 

ʟʦʥʝ ʦʙʨʘʟʮʘ, ʥʦ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʨʠʩ. 5). ɺʦʟʤʦʞʥʦ, 

ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʟʘʭʚʘʯʝʥʳ ʨʘʩʧʣʘʚʦʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʧʣʠ 

ʞʝʣʝʟʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʠ 1500Áʉ CaO ʤʠʛʨʠʨʫʝʪ ʚ ʦʙʨʘʟʝʮ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʪ ʤʝʪʦʜʠʯʝʩʢʠ ʠʟʤʝʥʝʥʘ ʩʙʦʨʢʘ 

ʘʥʩʘʤʙʣʷ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʪʫʣʢʘ ʠʟ MgO:BN ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 3:1 

(ɹʦʙʨʦʚ ʠ ʜʨ., 2011), ʧʦʤʝʱʘʶʱʘʷʩʷ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʳʤ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʣʠʪʦʛʨʘʬʩʢʠʤ 

ʢʘʤʥʝʤ ï ʪʦʨʦʠʜʦʤ. ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʦʛʦ ʩʪʝʢʣʘ ʠ ʩʪʝʢʣʘ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1.  

 

ʈʠʩ. 3. ʇʨʦʜʫʢʪʳ ʧʣʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ SiO2-MgO-FeO, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ. 1 ï 

ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘ; 2 ï 

ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ; 3 

ï ʬʨʘʛʤʝʥʪʳ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ ʧʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʩʪʝʢʣʦʤ ʯʝʨʥʦʛʦ ʮʚʝʪʘ.  

1 2 

3 
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ʊʘʙʣʠʮʘ 1. ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʩʪʝʢʦʣ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 1 ʘʪʤ ʚ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ, ʠ ʩʨʝʜʥʠʝ 

ʩʦʩʪʘʚʳ ʩʪʝʢʦʣ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʊ = 1600 Áʉ ʠ ʈ = 2,5 ʠ 3 ɻʇʘ. 

 
ˉ ʦʧ. ʉʦʩʪʘʚ SiO2 MgO FeO ʉʫʤʤʘ 

ʀʩʭ. ʩʪʝʢʣʦ (ʘ) 
ʍ (10) 51,36 15,48 33,17 100 

S (10) 2,50 0,91 1,59  

138 (ʙ) 
X (4) 52,08 20,40 27,47 100 

S(4) 0,60 1,58 2,14  

159 (ʚ) 

X(3) 54,24 16,12 29,64 100 

S(3) 0,14 0,15 0,01  

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʘ) ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʳʭ ʩʪʝʢʦʣ; ʙ) ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʩʪʝʢʣʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʦʙʨʘʟʮʘ (ʦʧ.138); ʚ) ʉʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʩʪʝʢʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʦʙʨʘʟʮʘ 

(ʦʧ. 159). ʊ=1600Áʉ, ʈ = 2,5 ʠ 3 ɻʇʘ. ɼʘʥʥʳʝ ʫʢʘʟʘʥʳ ʚ ʤʘʩ.%. X ï ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, S ï 

ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. ɼʘʥʥʳʝ, ʫʢʘʟʘʥʥʳʝ ʚ ʩʢʦʙʢʘʭ, ʦʙʦʟʥʘʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ.  

 

  

ʈʠʩ. 4. ʇʦʨʠʩʪʦʝ ʩʪʝʢʣʦ 

(ʊ=1500Áʉ, ʈ=3 ɻʇʘ, ʙʫʬʝʨ ʉʉʆ). 

ʀʟʦʙʨʘʞʝʥʠʝ ʚ BSE. 

ʈʠʩ. 5. ʉʪʝʢʣʦ, ʧʝʨʝʩʳʱʝʥʥʦʝ 

CaO, ʩ ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʛʨʘʬʠʪʘ (Grf). 

 

ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʣʠʢʚʠʜʫʩʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤ rʧʣʘʚʢʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ SiO2-

MgO-FeO, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʚʳʜʝʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʞʝʣʝʟʘ 

ʧʨʠ ʫʣʴʪʨʘ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘ ʈʠʩ. 6 ʫʢʘʟʘʥʘ ʟʘʰʪʨʠʭʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ). ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʧʝʨʠʢʣʘʟ-ʢʚʘʨʮ, 

ʚʶʩʪʠʪ-ʢʚʘʨʮ ʠ ʧʝʨʠʢʣʘʟ-ʚʶʩʪʠʪ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʘʪʤ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʬʦʨʩʪʝʨʠʪ-ʬʘʷʣʠʪ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ, ʧʨʦʜʫʢʪʘ 

ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʞʝʣʝʟʠʩʪʦʛʦ ʦʣʠʚʠʥʘ ʧʨʠ ʊ = 1510Áʉ, ʈ = 1 ʘʪʤ (ʁʦʜʝʨ, 1979). 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʥʦ ʥʘʤʝʪʠʪʴ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ, ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ Fe0 ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʘʩʧʣʘʚʦʤ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʦʣʠʚʠʥʘ. 

ʆʪʤʝʯʝʥʥʳʝ ʨʘʟʥʦʮʚʝʪʥʳʤʠ ʢʨʫʞʢʘʤʠ ʪʦʯʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʨʘʩʧʣʘʚʘ, ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ Fe0 (ʢʨʘʩʥʳʡ ï 

ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ; ʛʦʣʫʙʦʡ ï 1600ÁC, 3 ɻʇʘ; ʟʝʣʝʥʳʡ ï 1600ÁC; 2,5 ɻʇʘ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

Pores 

L  
L  

L  

Grf  
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ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʚ ʦʙʣʘʩʪʴ ʥʘʩʳʱʝʥʠʷ ʩʠʩʪʝʤʳ 

ʢʨʝʤʥʝʟʝʤʦʤ, ʪ.ʝ. ʚ ʦʙʣʘʩʪʴ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʙʘʟʘʣʴʪʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ 

ʩʢʦʧʣʝʥʠʷ ʞʝʣʝʟʘ, ʥʘʧʨʠʤʝʨ, ʦʩʪʨʦʚ ɼʠʩʢʦ. ʇʦ ʚʳʨʘʞʝʥʠʶ ʕ.ʄ. ʉʧʠʨʠʜʦʥʦʚʘ çʦʩʪʨʦʚ 

ɼʠʩʢʦ - ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩè. ɺʦʧʨʦʩ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʪʘʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʆʜʥʘ ʠʟ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʣʘʪʦʙʘʟʘʣʴʪʦʚ ʩ ʫʛʣʝʥʦʩʥʦʡ ʪʦʣʱʝʡ, ʟʘʣʝʛʘʶʱʝʡ ʥʘ ʤʝʪʘʤʦʨʬʠʪʘʭ. ʊʘʢʠʝ ʩʢʦʧʣʝʥʠʷ ʞʝʣʝʟʘ 

ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʠ ʣʝʪʫʯʝʩʪʠ ʢʠʩʣʦʨʦʜʘ ʙʣʠʟʢʦʡ ʢ ʙʫʬʝʨʫ ʉʉʆ, ʥʦ ʧʨʠ ʥʠʟʢʠʭ 

ʜʘʚʣʝʥʠʷʭ. 

 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʧʣʘʚʢʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ SiO2-MgO-FeO, ʥʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ 

ʚʦʟʤʦʞʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʞʝʣʝʟʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʉʦʩʪʘʚʳ ʨʘʩʧʣʘʚʦʚ: ʢʨʘʩʥʳʡ ʢʨʫʞʦʢ ï ʠʩʭʦʜʥʳʡ ʩʦʩʪʘʚ; ʛʦʣʫʙʦʡ ï ʊ=1600ÁC, ʈ=3 ɻʇʘ; 
ʟʝʣʝʥʳʡ ï ʊ=1600ÁC, ʈ=2,5 ɻʇʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: L ï ʨʘʩʧʣʘʚ, Qtz ï ʢʚʘʨʮ (SiO2), Per 

ï ʧʝʨʠʢʣʘʟ (MgO), Wu ï ʚʶʩʪʠʪ (FeO), MWu ï ʤʘʛʥʝʟʠʦʚʶʩʪʠʪ ((Mg,Fe)O), CEn ï 

ʢʣʠʥʦʵʥʩʪʘʪʠʪ (MgSiO3), Ol ï ʦʣʠʚʠʥ (Mg2SiO4 (ʬʦʨʩʪʝʨʠʪ) ï Fe2SiO4 (ʬʘʷʣʠʪ)), Fe0 ï 

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʞʝʣʝʟʦ. 

 

ɺʳʚʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʢʝ çʥʘʢʦʚʘʣʴʥʷ ʩ ʣʫʥʢʦʡè ʚ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʝ ʙʝʟ ʧʣʘʪʠʥʦʚʳʭ ʢʘʧʩʫʣ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʧʣʠ ʧʨʠ 

ʙʫʬʝʨʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʛʣʝʨʦʜʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʘ ʦʙʣʘʩʪʴ ʥʘʭʦʜʠʪʩʷ ʧʨʠ fO2 (ʉʉʆ), 

ʢʦʪʦʨʳʡ ʚʳʰʝ fO2 (IW). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʠʩʪʝʤʳ SiO2-MgO-FeO-C-ʅ ʧʦʣʫʯʝʥʳ ʩʪʝʢʣʘ, 

ʥʘʩʳʱʝʥʥʳʝ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʧʨʠ ʊ=1600Áʉ ʠ ʈ=2,5-3 ɻʇʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʬʘʟʘ 

ʢʘʣʴʮʠʝʚʦʛʦ ʧʠʨʦʢʩʝʥʘ ʧʦ ʢʨʘʷʤ ʦʙʨʘʟʮʘ ʠ ʛʨʘʬʠʪ, ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʝʢʣʦʤ ʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ, ʧʨʠ ʊ=1500Áʉ ʠ ʈ=3 ɻʇʘ ʩʪʨʫʢʪʫʨʘ ʩʪʝʢʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʧʦʨʠʩʪʦʡ ʩ ʢʨʫʧʥʳʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʛʨʘʬʠʪʘ. ʅʘ ʧʦʩʪʨʦʝʥʥʦʡ 

ʜʠʘʛʨʘʤʤʝ ʧʣʘʚʢʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʢʨʠʩʪʘʣʣʦʚ ʦʣʠʚʠʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ Fe0.  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻɽʆʍʀ ʈɸʅ. 
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EXPERIMENTAL  STUDY OF SILICATE  MELTS  OF BASALT  COMPOSITION  AND 

SiO2-MgO-FeO-C MODEL SYSTEM IN EQUILIBRIUM WITH A LIQUID IRON ALLOY  

Rusak A.A., Lukanin O.A.  

Vernadsky Institute of Geochemistry and Analitical Chemistry RAS 

aleks7975@yandex.ru, lukanin@geokhi.ru 

 

Abstract. The processes of formation in systems of ultrabasite, basite composition of the metallic phase of 

iron, which under natural conditions are realized in some basalt magmas (for example, basalts of the Disco 

island), and can also occur during melting of the restored mantle of the Earth and other planetary bodies, 

were modeled. The formation of liquid metal globules, mainly of Fe-(Ni) composition, was observed in 

experiments conducted with basite melts at temperature 1400 and 1550ÁC, pressure 1.5 and 4 GPa and 

oxygen volatiles at 1.4 -1.9 and 0.5 ï 2.9 log. units below the Fe-FeO buffer in the presence of graphite. In 

addition, experiments were carried out in the SiO2-MgO-FeO-C system at 1500 ï 1600ÁC and 2.5-3 GPa on a 

high-pressure installation with a toroidal seal of the "anvil with a hole" type. According to the results of the 

study of quenching samples, no iron droplets were found in the experimental products. At temperature 

1600ÁC and pressure 2.5 and 3 GPa, the products of the experiments were glass of the basic composition, 

quartz crystals and pyroxene. At temperature 1500ÁC and pressure 3 GPa, glass with graphite inclusions was 

formed. The volatility of oxygen in the experiments was controlled by a graphite buffer CCO. A three-

component fusibility diagram is constructed for the SiO2-MgO-FeO system, which outlines the area of 

possible separation of metallic iron droplets under ultra-reducing conditions. 

 

Keywords: silicate melt, metallic phase of iron, melting, crystallization, reduced mantle, high pressures, 

oxygen volatility, CCO buffer, ultra-reducing conditions. 
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ʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ʇʆʈʆɼʆʆɹʈɸɿʋʖʑʀʍ ʄʀʅɽʈɸʃʆɺ ʀ ʌɸɿ ʈɽɼʂʀʍ 

ʕʃɽʄɽʅʊʆɺ ɺ ʆɹʆɻɸʑɽʅʅʆʁ ʌʊʆʈʆʄ ʄʆɼɽʃʔʅʆʁ ɻʈɸʅʀʊʅʆʁ 

ʉʀʉʊɽʄɽ ʇʈʀ ʇʆʅʀɾɽʅʀʀ ʊɽʄʇɽʈɸʊʋʈʓ ʇʈʀ ɼɸɺʃɽʅʀʀ 1 ʂɹɸʈ 

 

ʑʝʢʠʥʘ ʊ.ʀ.1, ɿʠʥʦʚʴʝʚʘ ʅ.ɻ.1, ʈʫʩʘʢ ɸ.ɸ.2, ʍʚʦʩʪʠʢʦʚ ɸ.ɸ.3, ʂʦʪʝʣʴʥʠʢʦʚ ɸ.ʈ.4, 

ɸʣʬʝʨʴʝʚʘ ʗ.ʆ.1, ɻʨʘʤʝʥʠʮʢʠʡ ɽ.ʅ.1 

 

1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʄʦʩʢʚʘ, 2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʄʦʩʢʚʘ, 
3ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʩʦʙʦʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ, 

ʏʝʨʥʦʛʦʣʦʚʢʘ, 4ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ ʠʤ. ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ 

 t-shchekina@mail.ru, nzinov@mail.ru, aleks7975@yandex.ru 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ ʚ ʤʦʜʝʣʴʥʦʡ ʛʨʘʥʠʪʥʦʡ ʩʠʩʪʝʤʝ Si-Al -Na-K-Li-F-O-H ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʛʨʘʥʠʪʥʳʭ ʩʠʩʪʝʤ ʙʝʟ 

ʬʪʦʨʘ ʠ ʣʠʪʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʣʠʢʚʠʜʫʩʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʩʦʣʝʚʦʡ ʬʘʟʳ, ʨʘʚʥʦʚʝʩʥʦʡ ʩ 

ʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʦʤ, ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ 800ÁC. ɺ ʘʛʧʘʠʪʦʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʧʨʠ 750 - 700ÁC 

ʠʟ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘʯʠʥʘʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʱʝʣʦʯʥʳʭ ʘʣʶʤʦʬʪʦʨʠʜʦʚ ʩʦʩʪʘʚʘ LiKNa-

ʢʨʠʦʣʠʪʘ, ʢʦʪʦʨʘʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 500ÁC. ʀʟ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʥʘʯʠʥʘʷ ʩ 650-600ÁC, 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʢʚʘʨʮ ʚ ʚʠʜʝ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ ʠ LiKNa-ʘʣʶʤʦʬʪʦʨʠʜʳ. ʑʝʣʦʯʥʳʝ ʘʣʶʤʦʬʪʦʨʠʜʳ 

ʥʝʨʝʜʢʦ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠ 600ÁC ʢ ʥʠʤ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʱʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʠ Li-ʩʣʶʜʘ ʧʦʣʠʣʠʪʠʦʥʠʪ, 

ʦʙʨʘʟʫʶʱʘʷ ʰʠʨʦʢʠʝ ʢʘʡʤʳ ʥʘ ʢʦʥʪʘʢʪʝ ʩʦʣʝʚʳʭ ʛʣʦʙʫʣʝʡ ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʩʪʘʪʦʯʥʳʭ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʚʧʣʦʪʴ ʜʦ 600-500ÁC. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʬʪʦʨʠʜʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ 

ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʩʦʣʝʚʳʤ ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʨʘʩʧʣʘʚʘʤʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʡ, ʘʣʶʤʦʬʪʦʨʠʜʥʳʡ, ʦʩʪʘʪʦʯʥʳʡ ʩʦʣʝʚʦʡ 

ʨʘʩʧʣʘʚʳ, ʬʪʦʨ, ʣʠʪʠʡ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʬʬʝʢʪ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ (ɻʨʘʤʝʥʠʮʢʠʡ ʠ ʜʨ., 2005), ʯʪʦ ʚ ʘʛʧʘʠʪʦʚʦʡ ʯʘʩʪʠ ʤʦʜʝʣʴʥʦʡ 

ʛʨʘʥʠʪʥʦʡ ʩʠʩʪʝʤʳ Si-Al -Na-K-Li-F-O-H, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʝʝ 3 ʤʘʩʩ.% ʬʪʦʨʘ ʠ 1 ʤʘʩʩ.% 

ʣʠʪʠʷ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ÁC ʚʦʟʥʠʢʘʶʪ ʷʚʣʝʥʠʷ ʥʝʩʤʝʩʠʤʦʩʪʠ ʤʝʞʜʫ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ 

(L) ʠ ʱʝʣʦʯʥʳʤ ʘʣʶʤʦʬʪʦʨʠʜʥʳʤ (ʩʦʣʝʚʳʤ LF) ʨʘʩʧʣʘʚʘʤʠ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ (ʑʝʢʠʥʘ ʠ ʜʨ., 2020). ʇʨʦʮʝʩʩʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʛʨʘʥʠʪʥʦʡ ʩʠʩʪʝʤʝ, ʥʝ ʥʘʩʳʱʝʥʥʦʡ ʬʪʦʨʦʤ ʠ ʣʠʪʠʝʤ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Si-Al -Na-K-Li -F-O-H 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 1250-500ÁC ʦʪ ʣʠʢʚʠʜʫʩʘ ʜʦ ʩʦʣʠʜʫʩʘ. ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ 

ʧʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʛʨʘʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʬʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʝʜʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʠʪʠʷ ʚ ʩʠʩʪʝʤʝ ʨʘʥʝʝ ʜʝʪʘʣʴʥʦ ʥʝ ʠʟʫʯʘʣʩʷ.  

  ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʦ: 1. ɺʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʚʦʜʳ ʥʘ ʧʨʦʮʝʩʩ ʥʝʩʤʝʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʠʣʠʢʘʪʥʳʤ ʠ ʩʦʣʝʚʳʤ ʨʘʩʧʣʘʚʘʤʠ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʝʝ 

ʦʭʣʘʞʜʝʥʠʠ. 2. ʋʩʪʘʥʦʚʣʝʥʠʝ ʧʦʨʷʜʢʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ, ʩʦʣʝʚʳʭ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʘʟ ʠ ʠʭ ʩʦʩʪʘʚʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʦʪ 1250 ʜʦ 500ÁC 
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ʧʨʠ ʜʘʚʣʝʥʠʠ P=1ʢʙʘʨ. 3. ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʣʠʪʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʠʩʪʝʤʳ. 

ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʠʣʠʢʘʪʥʦ-ʩʦʣʝʚʘʷ ʩʤʝʩʴ ʨʝʘʢʪʠʚʦʚ: SiO2, NaF, LiF, AlF3, Al 2O3, K2SiF6, ʦʪʚʝʯʘʶʱʠʭ 

ʛʨʘʥʠʪʥʦʤʫ ʵʚʪʝʢʪʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʠ ʩʦʣʝʚʦʡ ʘʣʶʤʦʬʪʦʨʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

(Na,K,Li )3AlF6 ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʩʩ 1:1. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 3 ʜʦ 50 

ʤʘʩʩ.%, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʳʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʦ 10-15 ʤʘʩʩ.%. ɺ ʰʠʭʪʫ ʙʳʣʠ ʚʚʝʜʝʥʳ REE, Y, 

Sc ʚ ʚʠʜʝ ʦʢʩʠʜʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5-2 ʤʘʩʩ.% ʵʣʝʤʝʥʪʘ, Li -1,5 ʤʘʩʩ.%.  ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʥʘʛʨʝʚʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-

1250ÁC ʠ ʜʘʚʣʝʥʠʠ 1 ʢʙʘʨ, ʨʷʜ ʦʧʳʪʦʚ - ʧʨʠ 700-800ÁC ʠ ʧʨʠ 1, 2, 3 ʠ 5 ʢʙʘʨ.  ʃʝʪʫʯʝʩʪʴ 

ʢʠʩʣʦʨʦʜʘ ʚ ʦʧʳʪʘʭ ʦʪʚʝʯʘʣʘ ʩʦʟʜʘʚʘʝʤʦʡ ʙʫʬʝʨʦʤ NNO. ʆʧʳʪʳ ʧʨʠ 750 - 500ÁC 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʭʦʜʥʘʷ ʰʠʭʪʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʣʘʪʠʥʦʚʳʝ ʘʤʧʫʣʳ 

ʜʠʘʤʝʪʨʦʤ 3 ʤʤ, ʟʘʣʠʚʘʣʘʩʴ ʨʘʩʩʯʠʪʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʘʤʧʫʣʳ 

ʟʘʚʘʨʠʚʘʣʠʩʴ, ʧʦʤʝʱʘʣʠʩʴ ʚ ʨʝʘʢʪʦʨ ʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ÁC ʚ ʪʝʯʝʥʠʝ 3-ʭ 

ʩʫʪʦʢ. ɿʘʪʝʤ ʦʥʠ ʦʭʣʘʞʜʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʝʱʝ 

ʪʨʦʝ ʩʫʪʦʢ ʠ ʟʘʪʝʤ ʟʘʢʘʣʠʚʘʣʠʩʴ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 7 ʩʫʪʦʢ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʙʳʣ ʤʝʪʦʜ ʧʦʭʦʜʘ ʢ ʥʝʤʫ çʩʥʠʟʫè ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 600 ʠ 500ÁC ʠ 1 

ʢʙʘʨ. ʆʧʳʪʳ ʥʘʛʨʝʚʘʣʠ ʜʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʜʝʨʞʠʚʘʣʠ 7 ʩʫʪʦʢ. ɺ ʰʠʭʪʫ ʵʪʠʭ 

ʦʧʳʪʦʚ ʚʚʦʜʠʣʦʩʴ 10 ʠʣʠ 20 ʤʘʩʩ.% ʚʦʜʳ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʟ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʩʪʘʚʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʬʪʦʨʘ ʠ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʢʘʥʠʨʫʶʱʠʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ Jeol JSM-6480LV (Jeol, ʗʧʦʥʠʷ) ʩ ʵʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʤ 

ʩʧʝʢʪʨʦʤʝʪʨʦʤ Oxford X-MaxN (Oxford Instrument Ltd., ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ɸʥʘʣʠʟ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʪʪʨʠʷ ʠ ʩʢʘʥʜʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ Superprobe JXA-8230 (Jeol, ʗʧʦʥʠʷ) ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʣʦʢʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʧʝʪʨʦʣʦʛʠʠ ʠ ʚʫʣʢʘʥʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ ʚ ʩʠʣʠʢʘʪʥʳʭ ʠ ʬʪʦʨʠʜʥʳʭ ʬʘʟʘʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʭ ʬʘʟʘʭ, ʛʜʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʳʣʘ ʦʯʝʥʴ ʥʠʟʢʦʡ, ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʇʦʣʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʚ 

ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʩʦʙʦʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʈɸʅ. ɺʘʣʦʚʦʡ 

ʩʦʩʪʘʚ ʩʠʣʠʢʘʪʥʳʭ, ʩʦʣʝʚʳʭ ʬʘʟ ʠ ʬʣʶʠʜʘ ʠʩʩʣʝʜʦʚʘʣʠ ʧʫʪʝʤ ʧʝʨʝʚʦʜʘ ʤʘʪʝʨʠʘʣʘ ʦʧʳʪʘ ʚ 

ʨʘʩʪʚʦʨ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Element-2 ʢʘʬʝʜʨʳ ʛʝʦʭʠʤʠʠ ʄɻʋ.  

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʳʪʦʚ 1250ÁC ʠ ʩʦʜʝʨʞʘʥʠʷʭ ʚʦʜʳ 

ʦʪ 0 ʜʦ 10 ʤʘʩʩ.% ʚ ʣʠʢʚʠʜʫʩʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ Si-Al -Na-K-Li -F-O-H ʩʪʘʙʠʣʴʥʦ ʩʫʱʝʩʪʚʫʶʪ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ ʠ ʧʨʠ 10-32 ʤʘʩʩ.% ʨʘʩʧʣʘʚ  ʠ ʬʣʶʠʜ. ʇʨʠ ʟʘʢʘʣʢʝ ʚ ʨʘʩʧʣʘʚʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʩʪʝʢʣʝ ʤʝʣʢʠʭ (ʤʝʥʝʝ 5 ʤʢʤ) 

ʦʢʨʫʛʣʳʭ ʚʳʜʝʣʝʥʠʡ ʟʘʢʘʣʦʯʥʳʭ ʬʪʦʨʠʜʥʳʭ ʬʘʟ. ʇʨʠ 1000ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ ʦʪ 0 ʜʦ 5 

ʤʘʩʩ.% ʚ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʡ 

ʨʘʩʧʣʘʚ L. ʅʘʯʠʥʘʷ ʩ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ 10 ʤʘʩʩ.%, ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʧʦʷʚʣʷʶʪʩʷ 

ʚʳʜʝʣʝʥʠʷ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ LiʂNa-ʘʣʶʤʦʬʪʦʨʠʜʥʦʛʦ ʩʦʩʪʘʚʘ (LF) ʚ ʚʠʜʝ ʢʘʧʝʣʴ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʛʣʦʙʫʣʠ ʢʨʫʛʣʦʡ ʠʣʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ (ʈʠʩ. 1ʘ) ʨʘʟʤʝʨʦʤ ʚ ʜʠʘʤʝʪʨʝ ʜʦ 20 

ʤʢʤ. ʀʭ ʩʦʩʪʘʚ ʦʪʣʠʯʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ Na, K, Li, ʠʥʦʛʜʘ F ʠ Al, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ 

ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʠʞʝ 1000ÁC ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʳʱʝʥʠʠ ʩʠʩʪʝʤʳ 

ʚʦʜʦʡ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʥʝʩʤʝʩʠʤʦʩʪʠ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ.  ʇʨʠ 800ÁC ʚ 

ʩʠʩʪʝʤʝ ʧʨʠ ʚʩʝʭ ʩʦʜʝʨʞʘʥʠʷʭ ʚʦʜʳ ʦʪ 2 ʜʦ 50 ʤʘʩʩ.%,  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʦʚ (ʈʠʩ. 1ʙ). ʂʨʠʪʝʨʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʯʠʪʘʣʠʩʴ ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ ʛʣʦʙʫʣʝʡ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ (ʙʦʣʝʝ 20ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ) ʠ 

ʧʦʩʪʦʷʥʩʪʚʦ ʩʦʩʪʘʚʘ ʢʘʢ ʩʠʣʠʢʘʪʥʦʡ, ʪʘʢ ʠ ʩʦʣʝʚʦʡ ʬʘʟ, ʩʣʦʞʝʥʥʳʭ ʧʨʠ ʟʘʢʘʣʢʝ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʣʠʢʘʪʥʳʤ ʩʪʝʢʣʦʤ ʠ ʘʛʨʝʛʘʪʘʤʠ ʤʝʣʢʠʭ ʟʘʢʘʣʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʶʤʦʬʪʦʨʠʜʦʚ (LiKNaFP) ʠ ʬʪʦʨʠʜʦʚ REE. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʚʠʜʥʘ ʪʝʥʜʝʥʮʠʷ ʢ 

ʟʘʤʳʢʘʥʠʶ ʦʙʣʘʩʪʠ ʨʘʩʩʣʦʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʤʝʞʜʫ 1000 ʠ 800ÁC, ʚʠʜʠʤʦ, ʙʣʠʞʝ ʢ 1000ÁC. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 750ÁC ʩʦʭʨʘʥʷʶʪʩʷ ʪʝ ʞʝ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʠ ʧʨʠ 800ÁC. 

ʆʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝ ʚʥʫʪʨʠ ʥʝʢʦʪʦʨʳʭ ʛʣʦʙʫʣʝʡ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʦʙʣʘʩʪʝʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ (ʈʠʩ. 1ʚ): ʚ ʥʠʭ ʚʠʜʥʳ ʫʯʘʩʪʢʠ, ʩʣʦʞʝʥʥʳʝ ʘʛʨʝʛʘʪʦʤ ʟʘʢʘʣʦʯʥʳʭ ʬʘʟ 

ʘʣʶʤʦʬʪʦʨʠʜʦʚ (LiKNaFP) ʠ ʬʪʦʨʠʜʦʚ REE (ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ BSE), ʠ ʫʯʘʩʪʢʠ, 

ʩʣʦʞʝʥʥʳʝ ʟʘʢʘʣʦʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʬʪʦʨʠʜʘ Na (ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ BSE), ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ REE. ʇʨʠ 700ÁC ʘʣʁʤʦʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʘ ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ ʥʘʯʠʥʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ. ɺ ʝʛʦ ʛʣʦʙʫʣʷʭ ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ LiKNa-ʘʣʶʤʦʬʪʦʨʠʜʦʚ (ʈʠʩ. 1ʛ), ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʘʣʶʤʦʬʪʦʨʠʜʦʚ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʡ, ʘ ʯʘʩʪʴ - ʙʦʛʘʪʳʡ ʢʘʣʠʝʤ ʩʦʩʪʘʚ. ʉʦʜʝʨʞʘʥʠʝ Li ʚ ʥʠʭ 2-4 ʤʘʩʩ.%. 

 

 

 

 

 

ʈʠʩ.1. ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Si-Al -Na-K-Li -F-O-H ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1000 ʜʦ 

500ÁC, 1 ʢʙʘʨ: ʘ -1000ÁC, ʙ - 800ÁC, ʚ - 750ÁC, ʛ - 600ÁC; ʜ - 500ÁC; ʝ - 600ÁC ʧʦʜʭʦʜ çʩʥʠʟʫè. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: L-ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ; LF ï ʘʣʶʤʦʬʪʦʨʠʜʥʳʡ ʩʦʣʝʚʦʡ 

ʨʘʩʧʣʘʚ; Lres ï ʦʩʪʘʪʦʯʥʳʡ ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ; LiKNaFP -ʘʣʶʤʦʬʪʦʨʠʜʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʬʘʟʘ ʩʪʝʭʠʦʤʝʪʨʠʠ ʢʨʠʦʣʠʪʘ; Pol ï ʧʦʣʠʣʠʪʠʦʥʠʪ.  

 

ʇʨʠ 600ÁC ʚ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʥʘʯʠʥʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʢʚʘʨʮ. ɹʣʠʟʢʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʚʘʨʮʝʤ ʠʟ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʦʣʝʚʳʤʠ ʛʣʦʙʫʣʷʤʠ   

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ Li-ʩʣʶʜʘ ʧʦʣʠʣʠʪʠʦʥʠʪ (ʈʠʩ. 1ʜ). ʆʥʘ ʯʘʩʪʦ ʦʙʨʘʟʫʝʪ ʢʘʡʤʳ ʚʦʢʨʫʛ 

ʛʣʦʙʫʣʝʡ ʰʠʨʠʥʦʡ ʜʦ 200 ʤʢʤ, ʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʪʝʢʣʝ ʠ ʦʪʜʝʣʴʥʦ ʦʪ ʩʦʣʝʚʳʭ ʛʣʦʙʫʣʝʡ. ɺ 

ʩʦʣʝʚʦʡ ʬʘʟʝ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʶʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ Na- ʠ K-ʘʣʶʤʦʬʪʦʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʪʘʢʞʝ ʠ Li, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʦʩʪʘʪʦʯʥʳʡ, ʙʦʛʘʪʳʡ REE ʠ Li, ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ. ʆʥ ʦʢʨʫʞʘʝʪ 

ʢʨʠʩʪʘʣʣʳ ʘʣʶʤʦʬʪʦʨʠʜʦʚ (ʈʠʩ. 1ʛ) ʠʣʠ ʧʨʦʥʠʢʘʝʪ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠ 500ÁC ʩʠʩʪʝʤʘ ʝʱʝ 

ʧʦʣʥʦʩʪʴʶ ʥʝ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ. ʂʚʘʨʮ ʧʨʦʜʦʣʞʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ, ʦʙʨʘʟʫʷ ʢʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʦʛʨʘʥʢʦʡ. ʅʝʨʝʜʢʦ ʚʥʫʪʨʠ ʟʝʨʝʥ ʢʚʘʨʮʘ ʥʘʭʦʜʷʪʩʷ ʚʳʜʝʣʝʥʠʷ 

LiKNa-ʘʣʶʤʦʬʪʦʨʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 5 ʤʘʩc.% Li . ʏʘʩʪʴ ʩʠʣʠʢʘʪʥʦʛʦ ʠ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʬʪʦʨʘ ʚ ʩʠʩʪʝʤʝ. ʅʦ ʥʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʫʞʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʩʪʘʚʘʷʩʴ ʚ ʩʦʩʪʘʚʝ ʦʙʦʛʘʱʝʥʥʦʛʦ ʣʠʪʠʝʤ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʣʝʚʦʛʦ 
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ʨʘʩʧʣʘʚʘ, ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪ ʬʪʦʨʠʜʳ ʠ ʱʝʣʦʯʥʳʝ ʬʪʦʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ Na, K ʠ Li .  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʜʭʦʜʝ ʢ 

ʨʘʚʥʦʚʝʩʠʶ çʩʥʠʟʫè. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ÁC, 10 ʠ 20 ʤʘʩʩ.% ʅ2ʆ ʠʟ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ 

ʨʝʘʢʪʠʚʦʚ ʦʙʨʘʟʫʶʪʩʷ ʤʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, KNa-ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, LiNʘK-ʘʣʶʤʦʬʪʦʨʠʜʦʚ 

ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʪʦʨʠʜʦʚ (ʈʠʩ. 1ʝ). ʇʨʠ 600ÁC, 10 ʠ 20 ʤʘʩʩ.% ʅ2ʆ ʚ ʩʠʩʪʝʤʝ ʧʦʷʚʣʷʝʪʩʷ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ ʠ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʪʝʭ ʞʝ ʤʠʥʝʨʘʣʦʚ (ʈʠʩ. 1ʛ).  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʟʫʯʝʥʠʝ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʘʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʨʘʩʩʣʦʝʥʠʷ 

ʨʘʩʧʣʘʚʘ ʥʘ ʘʣʶʤʦʩʠʣʠʢʘʪʥʫʶ ʠ ʩʦʣʝʚʫʶ ʯʘʩʪʴ ʦʢʦʣʦ 1000ÁC ʠ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ ʦʪ ʣʠʢʚʠʜʫʩʘ ʜʦ ʩʦʣʠʜʫʩʘ. ɹʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ, ʪʦ, ʯʪʦ ʧʝʨʚʳʤ ʥʘʯʠʥʘʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ 

ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ, ʘ ʟʘʪʝʤ ʩʠʣʠʢʘʪʥʳʡ. ɻʨʘʥʠʮʳ ʩʠʣʠʢʘʪʥʦʡ ʠ ʩʦʣʝʚʦʡ ʬʘʟ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʶʪʩʷ 

ʯʝʪʢʠʤʠ. ɺʘʞʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ ʦʢʘʟʘʣʦʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʩʦʣʝʚʦʡ ʬʘʟʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʨʘʩʧʣʘʚʘ, ʥʘʩʳʱʝʥʥʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚʧʣʦʪʴ ʜʦ 500ÁC. ʂʦʥʮʝʥʪʨʘʮʠʠ REE ʜʦʩʪʠʛʘʶʪ ʙʦʣʝʝ 10 ʤʘʩʩ.%. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʜʝʣʝʥʠʷ 

ʤʝʞʜʫ ʘʣʶʤʦʬʪʦʨʠʜʥʦʡ (FP) ʠ ʩʠʣʠʢʘʪʥʦʡ (L) ʬʘʟʘʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ-

ʨʘʟʥʦʤʫ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʈʠʩ. 3).  

 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ KD(FP/L) ʨʘʟʜʝʣʝʥʠʷ Si, Al , Na, K, Li  ʠ F ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠʤʝʯʘʥʠʝ: L ï ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ, FP ï ʬʪʦʨʠʜʥʳʡ ʨʘʩʧʣʘʚ, ʩ ʚʦʟʤʦʞʥʳʤ 

ʯʘʩʪʠʯʥʳʤ ʟʘʭʚʘʪʦʤ ʜʨʫʛʠʭ ʬʘʟ ʛʣʦʙʫʣʷ ʧʨʠ ʘʥʘʣʠʟʝ Li ʤʝʪʦʜʦʤ La-ʘʙʣʷʮʠʠ. 

KD (FP/L) ʢʨʝʤʥʠʷ ʦʩʪʘʝʪʩʷ ʚʩʝʛʜʘ ʥʠʟʢʠʤ, ʪ.ʢ. Si ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʩʦʣʝʚʦʤ 

ʨʘʩʧʣʘʚʝ; ʜʣʷ ʢʘʣʠʷ ï ʦʥ ʥʠʟʢʠʡ, ʙʣʠʟʢʠʡ ʢ 1, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʡ ʧʨʠ ʚʩʝʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. KD (FP/L) Na, Li  ʠ F ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 2-ʭ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʦʣʴʟʫ ʩʦʣʝʚʦʡ ʬʘʟʳ. ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʩʪʴ 

ʧʨʷʤʘʷ ʩʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ Na c F ʠʣʠ Na ʠ Li  ʩ F. ʇʝʨʝʤʝʥʯʠʚʦʩʪʴ ʧʦʚʝʜʝʥʠʷ ʠ 

ʩʚʷʟʝʡ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʦʩʣʦʞʥʷʝʪʩʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʬʘʟ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʠʩʪʝʤʳ. 

KD (FP/L) Li  ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠ 800ÁC, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʦʣʝʚʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʛʦʤʦʛʝʥʥʦʡ, ʥʝ ʚʢʣʶʯʘʶʱʝʡ ʥʠʢʘʢʠʭ Li -ʩʦʜʝʨʞʘʱʠʭ ʬʘʟ, ʢʨʦʤʝ 

ʨʘʩʧʣʘʚʘ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʠʩ.2, ʯʪʦ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʜʝʣʝʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ. 
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ʈʠʩ. 3. ʉʚʷʟʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ KD(LF/L) ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. 

ʍʘʨʘʢʪʝʨ ʩʧʝʢʪʨʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʠ ʩʦʣʝʚʳʤ ʨʘʩʧʣʘʚʘʤʠ ʩʚʷʟʘʥ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʇʨʠ 1000-800-700ÁC ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʷ 2-ʭ ʨʘʩʧʣʘʚʦʚ KD(LF/L) ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʪʩʷ ʦʪ ʣʝʛʢʠʭ ʢ ʪʷʞʝʣʳʤ 

REE. ʇʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʶʪʩʷ ʨʝʟʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚ ʭʦʜʝ ʩʧʝʢʪʨʦʚ KD(LF/L) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ (Nd, Tm), ʠʥʦʛʜʘ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʦʜʥʦʨʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʦʩʪʘʪʦʯʥʦʛʦ 

ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ. 

ɿʘʢʣʶʯʝʥʠʝ. 1.ʆʙʣʘʩʪʴ ʥʝʩʤʝʩʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʝ Si-Al -Na-K-Ki -Li -F-O-H ʤʝʞʜʫ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤ ʠ ʩʦʣʝʚʳʤ ʨʘʩʧʣʘʚʘʤʠ ʟʘʤʳʢʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 1000Áʉ ʧʨʠ 1 ʢʙʘʨ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ~10 ʤʘʩ.%. 2. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 700Áʉ ʚ ʩʦʣʝʚʦʤ 

ʨʘʩʧʣʘʚʝ ʩ ʧʦʷʚʣʝʥʠʷ Na-ʘʣʶʤʦʬʪʦʨʠʜʘ, ʙʣʠʟʢʦʛʦ ʢ ʢʨʠʦʣʠʪʫ. ʇʦʜʦʙʥʳʝ ʢʨʠʦʣʠʪʦʚʳʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʠʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʠʪʦʚ ʠ ʦʙʨʘʟʫʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 3. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 700 ʠ 

600Áʉ ʩ ʢʚʘʨʮʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ Li-ʩʣʶʜʘ ʠ KNa-ʘʣʶʤʦʬʪʦʨʠʜʳ. ʈʘʩʧʣʘʚ 

ʦʩʪʘʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʚʧʣʦʪʴ ʜʦ 500Áʉ. ɽʛʦ ʩʦʩʪʘʚ ʙʣʠʟʦʢ ʢ ʩʦʩʪʘʚʫ ʵʚʪʝʢʪʠʢʠ F-ʩʦʜʝʨʞʘʱʝʛʦ 

ʛʨʘʥʠʪʘ. 4. REE, Y, Sc ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʩʪʘʪʦʯʥʦʤ ʩʦʣʝʚʦʤ 

ʨʘʩʧʣʘʚʝ, ʧʨʦʷʚʣʷʷ ʩʝʙʷ ʢʘʢ ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʬʪʦʨʫ ʠ 

ʣʠʪʠʶ. ʅʘʢʦʧʣʝʥʥʳʝ ʚ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ɻɽʆʍʀ ʈɸʅ, ʈʌʌʀ (ʧʨʦʝʢʪ ˉ16-

05-0089). ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʦʙʨʝʪʝʥʥʦʝ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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CRYSTALLIZATION OF ROCK -FORMING MINERALS AND RARE ELEMENTS 

PHASES IN THE FLUORINE ENRICHED MODEL GRANITE SYSTEM AT A 

TEMPERATURE REDUCTION AT A PRESSURE OF 1 KBAR  
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Abstract. The process of phases crystallization in the model granite system Si-Al -Na-K-Li -F-O-H has a 

number of features with decreasing temperature. The main difference from granite systems without fluorine 

and lithium is the appearance of a salt phase in the liquidus part of the system, which is in equilibrium with 

the silicate melt, starting from a temperature of 800ÁC. Crystallization of alkaline aluminofluorides of K-Na 

cryolite composition begins at 750 - 700ÁC from the salt melt in the agpaite part of the system and it 

continues up to 500ÁC. Starting from 600ÁC, quartz crystallizes from the silicate melt in the form of rounded 

grains together with K-Na aluminofluorides. They are often found inside quartz crystals, which indicates 

their simultaneous crystallization. At 600ÁC, alkali feldspar and Li-mica polylithionite join them, forming 

wide rims at the contact of salt globules and silicate melt. Rare earth elements are concentrated mainly in the 

salt melt and are in the residual salt phases up to 600-500ÁC. When cooled, they form fluorides.  

 

Keywords: crystallization, aluminosilicate and aluminofluoride melts, fluorine, lithium, partition, residual 

salt melts, rare earth elements, temperature ʝffect. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 700ęʉ, 1 ʢʙʘʨ ʠ ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʝ 10 ʤʘʩ.% ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʣʴʮʠʪʘ ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʢʚʘʨʮʥʦʨʤʘʪʠʚʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʠ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʟ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʚ ʢʘʨʙʦʥʘʪʥʫʶ ʚʳʥʦʩʠʪʩʷ ʬʪʦʨ, ʢʨʝʤʥʠʡ ʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʘʣʶʤʠʥʠʡ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʢʚʠʜʫʩʘ ʨʘʩʧʣʘʚʘ 

ʠ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʘʧʦʢʘʨʙʦʥʘʪʥʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʟʫʶʪʩʷ 

ʢʚʘʨʮ, ʚʦʣʣʘʩʪʦʥʠʪ, ʢʫʩʧʠʜʠʥ, ʛʨʘʥʘʪ, ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʣʴʮʠʪ.  

ɺ ʘʧʦʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʦʙʥʘʨʫʞʝʥʘ ʬʘʟʘ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ, ʢʘʣʴʮʠʷ, ʬʪʦʨʘ ʠ ʢʠʩʣʦʨʦʜʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʘ ʬʘʟʘ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʞʠʜʢʦʩʪʴʶ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʣʴʮʠʪʘ ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ,  

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʦʩʪʘʪʦʯʥʦʤ ʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʨʘʩʪʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ ʚ 

ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʢʚʘʨʮʥʦʨʤʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʢ ʯʠʩʣʫ ʪʘʢʠʭ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʠʝ ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʥʝʢʦʪʦʨʳʝ ʣʝʪʫʯʠʝ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʧʨʦʜʫʢʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʠʭ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʷʚʣʷʶʪʩʷ ʪʦʧʘʟʩʦʜʝʨʞʘʱʠʝ ʘʣʴʙʠʪ-ʘʤʘʟʦʥʠʪʦʚʳʝ ʛʨʘʥʠʪʳ. 

ɺ ʧʨʠʨʦʜʝ ʚʦʟʤʦʞʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʦʛʘʪʳʝ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʦʩʪʘʪʦʯʥʳʝ ʩʠʣʠʢʘʪʥʳʝ ʨʘʩʧʣʘʚʳ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʚʤʝʱʘʶʱʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʢʦʥʪʘʢʪʦʚʦ-ʨʝʘʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʣʫʙʦʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʙʦʛʘʪʦʛʦ ʬʪʦʨʦʤ 

ʢʚʘʨʮʥʦʨʤʘʪʠʚʥʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʢʘʣʴʮʠʪʘ. ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʙʣʠʢʚʠʜʫʩʥʳʤ ʫʩʣʦʚʠʷʤ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ.  

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʝʪʝʨʪʳʝ 

ʦʙʨʘʟʮʳ ʦʥʛʦʥʠʪʦʚ ʤʘʩʩʠʚʘ ɸʨʳ-ɹʫʣʘʢ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʇʝʨʝʪʷʞʢʦ ʀ.ʉ. (ʊʘʙʣ.1), ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʠʚ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ. ʆʥʛʦʥʠʪ ʟʘʛʨʫʞʘʣʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʣʘʪʠʥʦʚʦʡ 

ʘʤʧʫʣʳ, ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ ï ʚ ʚʝʨʭʥʶʶ. ʇʨʠʤʝʨʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 

ʦʥʛʦʥʠʪ/CaCO3=2/1. ɺ ʘʤʧʫʣʳ ʜʦʙʘʚʣʷʣʘʩʴ ʚʦʜʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 10 ʤʘʩ.% ʦʪ ʚʩʝʡ ʥʘʚʝʩʢʠ. 

ɸʤʧʫʣʳ ʟʘʚʘʨʠʚʘʣʠʩʴ. 

 

   ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ. 

ˉ  

ʦʧʳʪʘ 
ˉ  

ʦʙʨʘʟʮʘ 

ʦʥʛʦʥʠʪʘ* 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʥʛʦʥʠʪʘ* 

SiO2   Al 2O3   CaO    Na2O   K2O    F O=2F ʉʫʤʤʘ 

1 ɸʈɹ-28 72,79 15,69 0,19 3,79 4,62 1,22 0,51 98,43 

2 ɸʈɹ-24 62,60 14,20 9,26 3,15 4,04 6,80 2,86 97,98 

* - ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʥʦʤʝʨʘ ʦʙʨʘʟʮʦʚ ʦʥʛʦʥʠʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ 

ʨʘʙʦʪʳ (ʇʝʨʝʪʷʞʢʦ ʠ ʜʨ., 2010) 
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ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʋɺɻɼ10000 ʚ ʀʥʩʪʠʪʫʪʝ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ) ʧʨʠ 700ęʉ ʠ ʜʘʚʣʝʥʠʠ 1 ʢʙʘʨ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʘ 7 ʩʫʪʦʢ. 

ʇʨʦʜʫʢʪʳ ʦʧʳʪʦʚ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʝʥʳ 

ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 2-4 ʤʤ. ɸʧʦʢʘʨʙʦʥʘʪʥʫʶ ʯʘʩʪʴ ʫʜʘʣʦʩʴ ʩʦʭʨʘʥʠʪʴ ʧʦʣʥʦʩʪʴʶ, ʩʠʣʠʢʘʪʥʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʙʦʣʴʰʠʤʠ ʦʙʣʦʤʢʘʤʠ.  

ʆʧʳʪ ˉ1. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʘʚʝ ʦʥʛʦʥʠʪʘ ʵʪʦʛʦ ʦʧʳʪʘ ʩʦʜʝʨʞʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʪʦʨʘ (å1 ʤʘʩ.%) ʠ ʢʘʣʴʮʠʷ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʢʘʨʙʦʥʘʪʥʘʷ ʠ ʩʠʣʠʢʘʪʥʘʷ 

ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ.  

ɺ ʘʧʦʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʦʥʘʣʴʥʦʩʪʴ. ɼʣʷ ʢʘʞʜʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʘ ʩʚʦʷ 

ʘʩʩʦʮʠʘʮʠʷ ʬʘʟ. ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʟʦʥʘʤʠ ʨʝʟʢʠʝ. ʅʘʠʙʦʣʝʝ ʠʟʤʝʥʝʥʥʘʷ ʧʨʠʢʦʥʪʘʢʪʦʚʘʷ 

ʦʙʣʘʩʪʴ ʩʣʦʞʝʥʘ ʢʘʣʴʮʠʪʦʤ ʠ ʛʨʘʥʘʪʦʤ ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʥʪʘʢʪʘ 

ʛʨʘʥʘʪ ʠʩʯʝʟʘʝʪ, ʧʦʷʚʣʷʝʪʩʷ ʢʚʘʨʮ. ʇʦʪʦʤ ʢ ʥʝʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʚʦʣʣʘʩʪʦʥʠʪ ʠ ʢʫʩʧʠʜʠʥ 

(ʈʠʩ.1). ɿʘʪʝʤ ʢʚʘʨʮ ʠʩʯʝʟʘʝʪ. ɺʤʝʩʪʦ ʥʝʛʦ ʧʦʷʚʣʷʝʪʩʷ ʬʘʟʘ (ʉSOF), ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 2. ɼʣʷ ʵʪʦʡ ʬʘʟʳ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʤʘʩʩʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʴʮʠʷ, ʢʨʝʤʥʠʷ, ʢʠʩʣʦʨʦʜʘ ʠ ʬʪʦʨʘ. ɼʝʬʠʮʠʪ ʩʫʤʤʳ ʙʣʠʟʦʢ ʢ 20 ʤʘʩ.%. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʦʪ ʜʝʬʠʮʠʪ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʫʛʣʝʨʦʜʦʤ. ɺ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʦʡ 

ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʦʙʥʘʨʫʞʝʥʳ ʢʘʣʴʮʠʪ ʠ ʬʘʟʘ CSOF. 

 

 

ʈʠʩ.1. ɿʦʥʘʣʴʥʦʩʪʴ ʚ ʥʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʦʡ ʦʙʣʘʩʪʠ ʘʧʦʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʦʧʳʪʘ ˉ1. 

 

ʊʘʙʣʠʮʘ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʘʟʳ CSOF.  

ʉSOF Si Al  Mg Ca Na K F 
O 

(ʠʟʤʝʨʝʥ) 

ʆ (ʨʘʩ-

ʩʯʠʪʘʥ) 
ʉʫʤʤʘ 

ʄʘʩ.% 20Ñ2 
0,09 

Ñ0,03 

0,10 

Ñ0,01 
20Ñ3 

0,20 

Ñ0,02 

0,08 

Ñ0,01 

14,6 

Ñ1,4 
28Ñ3 - 83Ñ3 

ɸʪ.% 19,01 0,09 0,11 13,53 0,23 0,05 20,39 46,59 43,84 100,00 

ʇʨʦʯʝʨʢ ï ʨʘʩʯʝʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 
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ʇʨʠʢʦʥʪʘʢʪʦʚʘʷ ʦʙʣʘʩʪʴ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʩʪʝʢʣʘ (ʦʢʦʣʦ 30%), ʢʚʘʨʮʘ (5%) ʠ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (65%). ɺ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ ʧʨʦʷʚʣʝʥʘ ʟʦʥʘʣʴʥʦʩʪʴ: ʩʝʨʝʜʠʥʘ 

ʟʝʨʝʥ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʴʙʠʪʦʤ, ʢʨʘʷ ï ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʢʦʥʪʘʢʪʘ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʧʘʜʘʝʪ. ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʢʘʣʴʮʠʪʦʤ, ʧʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʨʘʩʧʣʘʚʘ (ɸʣʬʝʨʴʝʚʘ 

ʠ ʜʨ., 2022).  

ʆʧʳʪ ˉ2. ʀʩʭʦʜʥʳʡ ʦʥʛʦʥʠʪ ʵʪʦʛʦ ʦʧʳʪʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ 

(å7ʤʘʩ.%) ʠ ʢʘʣʴʮʠʷ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʟʦʥʘʣʴʥʦʩʪʴ ʧʦʣʫʯʠʣʘʩʴ ʧʦʭʦʞʝʡ ʥʘ ʦʙʨʘʟʝʮ ʦʧʳʪʘ 1. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʟʘʤʝʱʝʥʠʷ ʟʦʥʳ, 

ʩʦʜʝʨʞʘʱʝʡ ʬʣʶʦʨʠʪ (ʈʠʩ.2).  

 

 
ʈʠʩ. 2. ʌʨʦʥʪ ʟʘʤʝʱʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ ʦʧʳʪʘ ˉ 2. 

 

ʉʠʣʠʢʘʪʥʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʭʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʨʦʰʢʦʤ. ɺʝʨʦʷʪʥʦ, ʚ 

ʥʝʡ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʝʢʣʦ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʘʟʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʱʝʣʦʯʥʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʬʣʶʦʨʠʪʦʤ ʠ ʧʠʨʦʢʩʝʥʦʤ. 

 

ɺʳʚʦʜʳ. 1) ʅʘ ʛʨʘʥʠʮʝ ʢʘʣʴʮʠʪʘ ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʬʘʟ. 2) ʂʨʦʤʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʚ 

ʘʧʦʢʘʨʙʦʥʘʪʥʦʡ ʯʘʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ Ca-Si-O- F ʬʘʟʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʤʦʛʣʘ ʙʳʪʴ ʞʠʜʢʦʩʪʴʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʟʫʯʝʥʥʦʝ ʢʦʥʪʘʢʪʦʚʦ-ʨʝʘʢʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʪʳ ʧʨʦʮʝʩʩʘ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ. 

 

ʀʩʪʦʯʥʠʢʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ: ʛʦʩʟʘʜʘʥʠʝ çʈʝʞʠʤʳ ʧʝʪʨʦʛʝʥʝʟʘ ʚʥʫʪʨʝʥʥʠʭ ʛʝʦʩʬʝʨ ɿʝʤʣʠè. 
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INTERACTION OF CALCITE AND FLUORINE -CONTAINING GRANITE MELT AT 

700ÁC AND 1 Kbar  

 

Alferyeva Ya.O., Gramenitsky E.N., Shchekina T.I. 

Faculty of Geology, Moscow State University 

YanaAlf@bk.ru 

 
Abstract. The experiments performed that at 700ęʉ, 1 kbar and water content in the system of 10 wt.%, 

intensive interaction of calcite and fluorine-containing quartz-normative silicate melt occurs. As a result, the 

chemical and mineral composition of the source materials changes significantly. 

Fluorine, silicon, and a small amount of aluminum are removed from the silicate part to the carbonate part. 

Such a change in the composition of the silicate part leads to an increase in the liquidus temperature of the 

melt and crystallization of the near-contact region. Quartz, wollastonite, cuspidin, and garnet are formed in 

different parts of the apocarbonate region; calcite is partially preserved. 

In the apocarbonate part of the sample, a phase of variable composition was found with approximately the 

same content of fluorine, silicon, and calcium. Presumably, this phase was a liquid under the experimental 

parameters. 

 
Key words: interaction of calcite and silicate melt  
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀɿʋʏɽʅʀɽ ʌɸɿʆɺʓʍ ʆʊʅʆʐɽʅʀʁ ʇʀʈʆʍʃʆʈɸ ʀ 

ʊɸʅʊɸʃʀʊɸ ɺ ʉʀʉʊɽʄɽ H2O ï KF Ñ NAF Ñ Qz ʇʈʀ ʊɽʄʇɽʈɸʊʋʈɽ 650 ï 850ʦʉ ʀ 

ɼɸɺʃɽʅʀʀ 1 ï 5 ʂɹɸʈ 

 

ʂʦʪʝʣʴʥʠʢʦʚ ɸ.ʈ.1, ʂʦʨʞʠʥʩʢʘʷ ɺ.ʉ.1, ʉʫʢ ʅ.ʀ.1, ʂʦʪʝʣʴʥʠʢʦʚʘ ɿ.ɸ.1,2, 

ɸʭʤʝʜʞʘʥʦʚʘ ɻ.ʄ.1, ɺʘʥ ʂ.ɺ.1 

 

1ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɼ.ʉ.ʂʦʨʞʠʥʩʢʦʛʦ ʈɸʅ 
2ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ 

kotelnik@iem.ac.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ï ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ Nb, Ta ï ʧʠʨʦʭʣʦʨʘ ʠ 

ʪʘʥʪʘʣʠʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʊʈ-ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʘʤ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠ ʥʘʯʘʣʫ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩ 1ʄ 

ʨʘʩʪʚʦʨʦʤ KF (NaF) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʠʣʠʢʘʪʥʦʛʦ ʚʝʱʝʩʪʚʘ (SiO2) ʚ ʩʠʩʪʝʤʫ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ ï ʪʘʥʪʘʣʩʦʜʝʨʞʘʱʝʛʦ 

ʨʠʧʧʠʪʘ ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʬʪʦʨʦʤ, ʩʦʜʝʨʞʘʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ Nb, Ta. 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢ ʧʨʦʮʝʩʩʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʝʨʠʤʝʥʪ, ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ, ʧʠʨʦʭʣʦʨ, ʪʘʥʪʘʣʠʪ, ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩʳ 

 

ʇʠʨʦʭʣʦʨ ï (Na,Ca)2(Nb,Ti,Ta)2O6[F,OH] ʠ ʪʘʥʪʘʣʠʪ ï (Mn, Fe)(Nb,Ta)2O6 ʷʚʣʷʶʪʩʷ 

ʨʫʜʘʤʠ ʦʯʝʥʴ ʚʘʞʥʳʭ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʦʙʠʡ ʠ ʪʘʥʪʘʣ. ʇʦʵʪʦʤʫ 

ʠʟʫʯʝʥʠʝ ʠʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʩ ʬʪʦʨʩʦʜʝʨʞʘʱʠʤ ʬʣʶʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʠʢʘʪʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠʥʪʝʨʝʩʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʦʚ.  

ʆʧʳʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʠʨʦʭʣʦʨʘ ʠ ʪʘʥʪʘʣʠʪʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550 - 850 , ʜʘʚʣʝʥʠʠ 1 ʠ 5 ʢʙʘʨ ʧʦ ʘʤʧʫʣʴʥʦʡ ʤʝʪʦʜʠʢʝ ʚ Pt ʘʤʧʫʣʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʠ PchlÑQz ʠ TntÑQz. ɺ ʠʩʭʦʜʥʦʤ 

ʧʠʨʦʭʣʦʨʝ ʪʘʥʪʘʣ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʥʪʘʣʠʪ ʠʤʝʣ ʩʣʝʜʫʶʱʠʡ 

ʩʦʩʪʘʚ: Mn(Nb0.35Ta0.65)2O6. ʆʧʪrʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʋɺɼ-10000 ʠ ʫʩʪʘʥʦʚʢʠ ʚʳʩʦʢʦʛʦ ʛʘʟʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʀʕʄ ʈɸʅ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 5-20 ʩʫʪʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʊʈ-ʧʘʨʘʤʝʪʨʦʚ ʦʧʳʪʘ. 

ʇʨʦʜʫʢʪʳ ʦʧʳʪʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ: ʪʚʝʨʜʳʝ ï ʥʘ ʤʠʢʨʦʟʦʥʜʝ, ʨʘʩʪʚʦʨʳ 

ʧʦʩʣʝ ʦʧʳʪʦʚ ï ʤʝʪʦʜʘʤʠ ICP-MS ʠ AAS. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 1 ʠ 2.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦ 

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʧʠʨʦʭʣʦʨʘ. 

1. ʇʠʨʦʭʣʦʨ ʫʩʪʦʡʯʠʚ ʚ 1ʄ ʨʘʩʪʚʦʨʘʭ KF ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (550 õ 850) 

ʠ ʜʘʚʣʝʥʠʡ ʥʘʰʠʭ ʦʧʳʪʦʚ.  

2. ʉʦʩʪʘʚ ʧʠʨʦʭʣʦʨʘ (Na0.900Ca1.038K0.014)1.952Nb1.999O6[F0.952(OH)0.233]1.185 ʚ ʦʧʳʪʘʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 1ʄ KF ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550-650  ʥʝ ʤʝʥʷʝʪʩʷ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750 ʠ 

850  ʥʘʯʠʥʘʝʪʩʷ ʠʦʥʥʳʡ ʦʙʤʝʥ ʩ ʨʘʩʪʚʦʨʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝ K2O ʚ ʧʠʨʦʭʣʦʨʝ ʜʦʩʪʠʛʘʝʪ 2 ï 

3.5 ʤʘʩ.%. 

3. ʇʨʠ ʈ=1 ʢʙʘʨ ʚ ʦʧʳʪʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʚʘʨʮʘ ʧʨʠ ʊÓ 650  ʚ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ 

ʚʩʪʨʝʯʝʥʦ ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ. ʇʦʷʚʣʝʥʠʝ ʩʪʝʢʦʣʴʥʦʡ ʬʘʟʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʨʅ 

ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʣʠʢʘʪʥʳʡ ʨʘʩʧʣʘʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʊʘʙʣʠʮʘ 1. ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ PchlÑQz ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʣʶʠʜʘ 1ʄ KF (NaF) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550õ850 ʠ ʜʘʚʣʝʥʠʠ 1 ʠ 5 ʢʙʘʨ. 

 

ˉ ʦʧ. ʀʩʭʦʜʥʘʷ 

ʥʘʚʝʩʢʘ 

ʈʘʩʪʚʦʨ T   pH 

ʜ/ʦ 

pH 

ʧ/ʦ 

ʇʨʦʜʫʢʪʳ Nb1) 

ʩʪ.% 

Ta1) 

ʩʪ.% 

P = 1 ʢʙʘʨ 

Px-1 Pchl + Qz2) 1M KF 550 7.3 8.2 Pchl + Qz - - 

Px-2 Pchl + Qz 1M NaF 550 6.7 7.5 Pchl + Qz - - 

Px-3 Pchl 1M KF 550 7.3 - Pchl - - 

Px-4 Pchl + Qz 1M KF 650 7.4 6.9 Pchl + Qz +gl 8.2 - 

Px-5 Pchl + Qz 1M KF 850 7.3 1.9 Pchl+gl+Rip - - 

Px-6 Pchl+Qz+ʛʨʘʥ 1M KF 850 7.3 6.0 Pchl+gl 6.0 - 

P = 5 ʢʙʘʨ 

ʈʭ277-1 Pchl 1M KF 650 7.3 7.5 Pchl + Rip - - 

ʈʭ277-2 Pchl + Qz 1M KF 650 7.3 8.2 Pchl+Qz+Rip+gl 3.3 - 

ʈʭ276-1 Pchl 1M KF 750 7.3 7.5 Pchl -  

ʈʭ276-2 Pchl + Qz 1M KF 750 7.3 6.6 Pchl+Qz+Rip+gl 7.4 - 

ʈʭ278-1 Pchl 1M KF 850 7.3 10 Pchl   

ʈʭ278-2 Pchl + Qz 1M KF 850 7.3 7.9 Pchl + gl1 + gl2 8.3 

3.6 

- 

1) ï ʩʦʜʝʨʞʘʥʠʷ Nb2O5 (Ta2O5) ʚ ʩʪʝʢʣʝ (ʤʘʩ.%) 

2) ï ʠʥʜʝʢʩʳ ʤʠʥʝʨʘʣʦʚ: gl ï ʩʪʝʢʣʦ, Pchl ï ʧʠʨʦʭʣʦʨ, Qz ï ʢʚʘʨʮ, Rip ï ʨʠʧʧʠʪ. 

 

ʬʣʶʠʜʘ. ʕʪʦ ʦʪʯʝʪʣʠʚʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʢʙʘʨ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʦʪʯʝʪʣʠʚʦʛʦ ʩʥʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʅ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʩʪʝʢʦʣʴʥʦʡ ʬʘʟʳ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

4. ʉʦʜʝʨʞʘʥʠʝ ʥʠʦʙʠʷ ʚ ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʣʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 8 ʤʘʩ% (Nb2O5). ʇʨʠ 

ʈ=5 ʢʙʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʦʙʠʷ ʚ ʩʪʝʢʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʦʪ 3.3 ʜʦ 8.3 ʤʘʩ.% Nb2O5) ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʧʨʠ ʈ=1 ʢʙʘʨ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʈʠʩ. 1). 

5. ʌʘʟʘ ʨʠʧʧʠʪʘ (KNbSi2O7) ʧʨʠ ʈ=1ʢʙʘʨ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 850 . ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʜʦ 5 ʢʙʘʨ ʢʨʠʩʪʘʣʣʳ ʨʠʧʧʠʪʘ ʚʩʪʨʝʯʘʪʁʩʷ ʜʘʞʝ ʧʨʠ ʊ=650 . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʠʧʧʠʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʤʠʥʝʨʘʣʦʛʝʥʝʟʝ. 

 

 
ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʷ Nb ʚ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʘʭ, ʨʘʚʥʦʚʝʩʥʳʭ ʩ ʧʠʨʦʭʣʦʨʦʤ ʧʨʠ 650 -

850  ʠ ʜʘʚʣʝʥʠʠ 1 ʠ 5 ʢʙʘʨ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʥʪʘʣʠʪʘ ʚ ʨʘʩʪʚʦʨʘʭ ʬʪʦʨʠʜʦʚ ʧʨʠ 

ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʊʘʥʪʘʣʠʪ ʫʩʪʦʡʯʠʚ ʚ 1ʄ ʨʘʩʪʚʦʨʘʭ KF(NaF) ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʜʘʚʣʝʥʠʡ ʥʘʰʠʭ ʦʧʳʪʦʚ. ʇʨʠ ʈ=1 ʢʙʘʨ ʚ ʦʧʳʪʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʚʘʨʮʘ ʧʨʠ ʊÓ 650  ʚ 

ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʚʩʪʨʝʯʝʥʦ ʩʠʣʠʢʘʪʥʦʝ ʩʪʝʢʣʦ. ʉʪʝʢʣʘ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ. 

ʌʘʟʘ ʨʠʧʧʠʪʘ (KNbSi2O7) ʧʨʠ ʈ=1ʢʙʘʨ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 650 . ɺ ʦʧʳʪʘʭ ʧʨʠ Ó 650  

ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʧʠʨʦʭʣʦʨʘ. ʇʨʠ ʜʘʚʣʝʥʠʠ 5 ʢʙʘʨ ʨʠʧʧʠʪ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʦʧʳʪʘʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʚʘʨʮʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 550 ʜʦ 750. ʇʨʠ 850 ʦʙʨʘʟʦʚʘʥʠʝ ʨʠʧʧʠʪʘ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

2. ʈʠʧʧʠʪ ʚ ʦʧʳʪʘʭ ʩ ʪʘʥʪʘʣʠʪʦʤ, ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʥʪʘʣʘ (ʜʦ 65-

70 ʤʦʣ. % ʤʠʥʘʣʘ KTaSi2O7) 

3. ʇʨʠ 750  ʠ ʈ=1 ʢʙʘʨ ʚ ʧʨʦʜʫʢʪʘʭ ʦʧʳʪʦʚ ʚʩʪʨʝʯʝʥ ʛʠʝʨʘʪʠʪ (K2SiF6). 

4. ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʠʦʙʠʷ ʚ ʩʪʝʢʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʦʧʳʪʘʭ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʩʦʮʠʘʮʠʠ 

Tnt+QzÑʛʨʘʥʠʪ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1ʄ KF) ʧʨʠ ʜʘʚʣʝʥʠʠ 1 ʢʙʘʨ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 3.2 ʤʘʩ.% Nb2O5 (850 ) ʜʦ 1.3 ʤʘʩ.% Nb2O5 (650 ). ʉʭʦʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʠʦʙʠʷ ʚ ʩʠʣʠʢʘʪʥʦʤ ʨʘʩʧʣʘʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʦʧʳʪʦʚ ʧʨʠ 5 ʢʙʘʨ (ʈʠʩ. 2): 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʦʙʠʷ ʩʥʠʞʘʝʪʩʷ ʦʪ ~6.9 ʤʘʩ.% Nb2O5 (850 ) ʜʦ 0.3 ʤʘʩ.% Nb2O5 (550 ). 

 

ʊʘʙʣʠʮʘ 2. ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʪʘʥʪʘʣʠʪʘ ʚ 1ʄ KF (NaF) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʢʚʘʨʮʘ 

(ʈ=1, 5 ʢʙʘʨ). 

 

ˉ ʦʧ. ʀʩʭʦʜʥʘʷ 

ʥʘʚʝʩʢʘ 

ʈʘʩʪʚʦʨ T   pH 

ʜ/ʦ 

pH 

ʧ/ʦ 

ʇʨʦʜʫʢʪʳ ʦʧʳʪʦʚ Nb1) 

ʩʪ.% 

Ta, 

ʩʪ.% 

P = 1 ʢʙʘʨ 

KT104-1 Tnt 1M KF 550 7.3 10.5 Tnt - - 

KT104-2 Tnt + Qz 1M KF 550 7.3 8.5 Tnt + Qz - - 

KT105-1 Tnt 1M NaF 550 6.3 - Tnt - - 

KT105-2 Tnt + Qz 1M NaF 550 6.3 - Tnt + Qz - - 

KT109-1 Tnt 1M KF 650 7.3 10.3 Tnt - - 

KT109-2 Tnt + Qz 1M KF 650 7.3 7.0 Tnt+Pchl+ gl+Rip 1.3 4.7 

KT111-1 Tnt 1M NaF 650 6.3 8.5 Tnt - - 

KT111-2 Tnt + Qz 1M NaF 650 6.3 7.0 Tnt+Pchl+gl - - 

263-2 Tnt+Qz 1M KF 750 7.3 6.0 Tnt+Qz+gl1+gl2+ 

ʛʠʝʨ 

2.6 5.8 

265-1 Tnt 1M NaF 750 6.3 - Tnt - - 

265-2 Tnt+Qz 1M NaF 750   Tnt + Qz + gl - - 

KT107-1 Tnt 1M KF 850 7.3 7.0 Tnt - - 

KT108-2 Tnt+Qz+ʛʨʘʥ 1M KF 850 7.3 5.5 Tnt+Mcl+gl 3.2 6.4 

P = 5 ʢʙʘʨ 

KT114-1 Tnt 1M KF 550 - - Tnt+Pchl+Cry+gl 0.3 1.2 

KT114-2 Tnt+Qz 1M KF 550 - - Tnt + Rip + gl 0.3 1.4 

KT113-1 Tnt 1M KF 650 7.3 9.5 Tnt+Pchl - - 

KT113-2 Tnt+Qz 1M KF 650 7.3 8.0 Tnt + Rip + gl 1.0 1.5 

KT112-1 Tnt 1M KF 750 7.3 9.5 Tnt + Pchl - - 

KT112-2 Tnt+Qz 1M KF 750 7.3 6.0 Tnt+Rip+gl1+gl2 1.0 5.3 

KT115-1 Tnt 1M KF 850 - - Tnt+Pchl+gl+Cry 8.6 5.7 

KT115-2 Tnt+Qz 1M KF 850 - - Tnt+gl1+gl2 3.4 10.4 

1) ʩʦʜʝʨʞʘʥʠʷ Nb2O5 ʠ Ta2O5 (ʤʘʩ.%) ʚ ʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʣʘʭ 

2) ï ʠʥʜʝʢʩʳ ʤʠʥʝʨʘʣʦʚ: Cry ï ʢʨʠʦʣʠʪ, gl ï ʩʪʝʢʣʦ, Mcl ï ʤʠʢʨʦʣʠʪ, Pchl ï ʧʠʨʦʭʣʦʨ, Qz ï 

ʢʚʘʨʮ, Rip ï ʨʠʧʧʠʪ, Tnt ï ʪʘʥʪʘʣʠʪ, ʛʠʝʨ ïʛʠʝʨʘʪʠʪ, ʛʨʘʥ ï ʛʨʘʥʠʪ. 

 




