
X ɺʉɽʈʆʉʉʀʁʉʂʆɽ ʉʆɺɽʑɸʅʀɽ  

ʉ ʄɽɾɼʋʅɸʈʆɼʅʓʄ ʋʏɸʉʊʀɽʄ  

 

çMɽʃʆɺɸʗ ʉʀʉʊɽʄɸ ʈʆʉʉʀʀ ʀ ɹʃʀɾʅɽɻʆ 

ɿɸʈʋɹɽɾʔʗ:  

ʇʈʆɹʃɽʄʓ ʉʊʈɸʊʀɻʈɸʌʀʀ ʀ ʇɸʃɽʆɻɽʆɻʈɸʌʀʀè  

 
ʉʦʚʝʱʘʥʠʝ ʧʦʩʚʷʱʘʝʪʩʷ  

ʚʳʜʘʶʱʠʤʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ï 

ɸʬʨʠʢʘʥʫ ʅʠʢʦʣʘʝʚʠʯʫ ʂʨʠʰʪʦʬʦʚʠʯʫ (1865-1953)  

ʠ ɺʘʩʠʣʠʶ ʌʝʦʬʘʥʦʚʠʯʫ ɹʝʣʦʤʫ (1929-2009) 

 

 
 

 

 

 

 

 

ʂʈɸʊʂʀʁ ʇʋʊɽɺʆɼʀʊɽʃʔ ʕʂʉʂʋʈʉʀʁ 

24-25 ʩʝʥʪʷʙʨʷ 2020 ʛ. 

 

ɸʢʠʥʠʥ ɺ.ɺ. 

 

 

 

ʄɸɻɸɼɸʅ 



1. ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʧʦʷʩ (ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). 

(ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ: ɹʝʣʳʡ (1977; 1978;1994), ɸʢʠʥʠʥ, ʄʠʣʣʝʨ (2011), ɸʢʠʥʠʥ (2012)). 

 

ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʧʦʷʩ (ʆʏɺʇ) ï ʢʨʫʧʥʝʡʰʠʡ ʥʘ ʟʘʧʘʜʝ ʇʘʮʠʬʠʢʠ 

ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʧʦʷʩ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ɸʥʜ ʪʝʤ, ʯʪʦ 

ʟʘʣʦʞʠʣʩʷ ʥʘ ʢʦʨʝ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʨʘʟʥʦʨʦʜʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʠ 

ʚʦʟʨʘʩʪʫ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʆʏɺʇ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3250 ʢʤ (ʦʪ ʫʩʪʴʷ ʨ. ʋʜʘ ʚ ʍʘʙʘʨʦʚʩʢʦʤ 

ʢʨʘʝ ʜʦ ʧ. ʏʘʧʣʠʥʦ ʥʘ ɺʦʩʪʦʯʥʦʡ ʏʫʢʦʪʢʝ) ʧʨʠ ʰʠʨʠʥʝ ʦʪ 100 ʜʦ 350 ʢʤ (ʨʠʩ. 1). ʆʙʱʠʡ 

ʦʙʲʝʤ ʠʟʚʝʨʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʆʏɺʇ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʯʝʤ 1 ʤʣʥ ʢʤ
3
 (ɹʝʣʳʡ, 1977, 

1994). ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʳ ʧʦʣʫʯʠʣʠ, ʠʩʧʦʣʴʟʫʷ ɻʀʉ-ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʨʝʘʣʴʥʫʶ ʩʨʝʜʥʶʶ 

ʤʦʱʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʦʢʦʣʦ 2 ʢʤ). ʆʮʝʥʢʘ 

ʦʙʲʝʤʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʵʨʦʜʠʨʦʚʘʥʥʳʡ ʠ ʫʥʝʩʝʥʥʳʡ 

ʧʝʧʣʦʚʳʡ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʤʠʥʠʤʫʤ, 

ʫʜʚʦʝʥʘ, ʜʦʩʪʠʛʘʪʴ 2 ʤʣʥ ʢʤ
3
 (ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011), ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʧʦ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʚʫʣʢʘʥʠʟʤʫ ʂʘʤʯʘʪʢʠ (ʥʘʧʨ., ʌʨʦʣʦʚʘ ʠ ʜʨ., 1985). ʊʘʢ, ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ɸʣʷʩʢʠ, ʥʘ 

ʧʣʦʱʘʜʠ ʦʢʦʣʦ 50 ʪʳʩ. ʢʤ
2
 ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʪʣʦʞʝʥʠʷ ʪʝʬʨʳ ʤʦʱʥʦʩʪʴʶ 25ï200 ʤ, ʪʝʬʨʘ 

ʦʯʝʥʴ ʙʣʠʟʢʘ ʧʦ ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʧʦʨʦʜʘʤ ʆʏɺʇ (Bergman et al., 2006).  

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʘ ʛʠʧʦʪʝʟʘ ʦ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʆʏɺʇ (ɿʦʥʝʥʰʘʡʥ ʠ 

ʜʨ., 1976; ʇʘʨʬʝʥʦʚ, 1984), ʦʜʥʘʢʦ ʩʣʦʞʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʩʝʛʤʝʥʪʘʮʠʷ ʧʦʷʩʘ, ʜʘʣʝʢʦ 

ʚʜʘʶʱʠʝʩʷ ʚ ʢʦʥʪʠʥʝʥʪ ʣʠʥʝʡʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʨʦʛʠʙʳ ʠ ʦʙʰʠʨʥʳʝ ʧʦʣʷ ʠʛʥʠʤʙʨʠʪʦʚ 

(ʈʠʩ. 1) ʧʦʟʚʦʣʷʶʪ ʧʨʠʚʣʝʢʘʪʴ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʩʪʷʞʝʥʠʡ ʜʣʷ ʛʝʥʝʟʠʩʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʜʫʛʦʚʦʝ ʨʘʩʪʷʞʝʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʠʛʘʥʪʩʢʠʡ ʦʙʲʝʤ 

ʠʟʚʝʨʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʆʏɺʇ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʧʦʩʪʘʚʠʤʳʝ ʦʙʲʝʤʳ ʢʫʤʫʣʘʪʦʚ ʥʘ 

ʛʣʫʙʠʥʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʤʝʣʦʚʳʭ ʠʥʪʨʫʟʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʩʥʦʚʘʥʠʠ 

ʢʦʨʳ. ɽʩʣʠ ʙʳ ʥʝ ʨʘʩʪʷʥʫʪʘʷ ʚʦ ʚʨʝʤʝʥʠ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʧʦʷʩʘ, ʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʝʛʤʝʥʪʳ ʧʦʷʩʘ ʢʘʢ ʛʠʛʘʥʪʩʢʫʶ ʧʨʦʚʠʥʮʠʶ ʢʠʩʣʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 

(acidic LIP, Bryan, Ernst, 2007).  

ʍʦʨʦʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚʫʣʢʘʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʧʦʷʩʝ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ 

ʧʝʪʨʦʣʦʛʠʠ, ʪʝʢʪʦʥʠʢʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʝʣʘ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʆʏɺʇ ʥʝ ʜʠʩʣʦʮʠʨʦʚʘʥʳ ʠ ʩʣʘʙʦ ʥʘʢʣʦʥʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʩʪʦʡ 

ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʩʚʠʪ ʠ ʪʦʣʱ 

ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨ. ʆʜʥʘʢʦ ʢʦʨʨʝʣʷʮʠʷ ʩʚʠʪ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʦʷʩʘ 

ʥʝʚʦʟʤʦʞʥʘ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʨʘʟʥʳʭ ʩʝʢʪʦʨʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʛʦʤʦʜʨʦʤʥʘʷ, ʪʘʢ ʠ 

ʘʥʪʠʜʨʦʤʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʡ ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʤʷ 

ʚʦʟʨʘʩʪʘʤʠ. 



 
 

ʈʠʩ. 1 ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʧʦʷʩ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ɸʟʠʠ. ʅʘʟʚʘʥʠʷ ʩʝʛʤʝʥʪʦʚ ʠ ʬʣʘʥʛʦʚʳʭ ʟʦʥ ʧʦʷʩʘ ʜʘʥʳ ʧʦ ɺ.ʌ. ɹʝʣʦʤʫ (1977; 1994). ʉʝʨʳʤ ʬʦʥʦʤ 

ʧʦʢʘʟʘʥ ʛʣʘʚʥʳʡ ʦʙʲʝʤ ʘʣʴʙ-ʢʘʤʧʘʥʩʢʠʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʆʏɺʇ, ʯʝʨʥʳʤ ï ʧʣʦʱʘʜʠ 

ʚʳʭʦʜʦʚ ʬʠʥʘʣʴʥʳʭ ʢʘʤʧʘʥʩʢʠʭ ʧʣʘʪʦ-ʙʘʟʘʣʴʪʦʚ, ʢʦʩʦʡ ʰʪʨʠʭʦʚʢʦʡ - çʜʦʧʦʷʩʦʚʳʝè 

ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʢʨʫʞʢʘʭ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʝ ʢʣʶʯʝʚʳʝ ʨʘʟʨʝʟʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ (ʥʦʤʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʣʦʥʢʘʤ ʥʘ ʈʠʩ. 2). 

ɺʨʝʟʢʠ: (ʘ) ï ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʷʩʦʚ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ɸʟʠʠ ʠ ʠʭ ʦʤʦʣʦʞʝʥʠʝ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʇʘʣʝʦʧʘʮʠʬʠʢʠ (ʋʄ ï ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʠʡ, ʆʏɺʇ ï ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ, ɹɸ ï 

ɹʨʠʩʪʦʣʴʩʢʦ-ɸʥʘʜʳʨʩʢʠʡ, ʂʂ ï ɿʘʧʘʜʥʦ ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʠʡ, ʂʋʂ ï ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʠʡ). 

ʃʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʛʨʘʥʠʮʳ ʛʣʘʚʥʳʭ ʪʝʨʨʝʡʥʦʚ, ʢʦʩʦʡ ʰʪʨʠʭʦʚʢʦʡ ï ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʢʨʘʪʦʥʳ ʠ 

ʩʨʝʜʠʥʥʳʝ ʤʘʩʩʠʚʳ ï ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ (ʉʂ), ʆʭʦʪʩʢʠʡ ʤʘʩʩʠʚ (ʆʭ), ʆʤʦʣʦʥʩʢʠʡ ʤʘʩʩʠʚ (ʆʤ); 

(ʙ) ï ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ U-Pb ʠ Ar-Ar ʜʘʪ  ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʆʏɺʇ ʠ ʩʪʨʫʢʪʫʨʘʭ 

ʝʛʦ ʦʩʥʦʚʘʥʠʷ (ʚʝʨʭʥʠʡ ʛʨʘʬʠʢ) ʠ  ʢʦʨʨʝʣʠʨʫʶʱʝʝ ʩ ʥʘʯʘʣʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʆʏɺʇ 

ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʣʠʪ ʚ ʇʘʣʝʦʧʘʮʠʬʠʢʝ ʚ ʤʝʣʫ, ʧʦ (ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011). 

 

 

 

 



ɺʦʟʨʘʩʪ ʟʘʣʦʞʝʥʠʷ, ʩʪʝʧʝʥʴ ʠ ʪʠʧ ʜʝʬʦʨʤʘʮʠʡ, ʧʝʪʨʦʛʝʥʝʟʠʩ ʧʨʦʜʫʢʪʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʡ ʚ ʆʭʦʪʩʢʦʤ ʩʝʛʤʝʥʪʝ ʆʏɺʇ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʮʝʥʢʠ ʚʘʣʠʜʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠʣʝʛʘʶʱʝʛʦ ʆʭʦʪʩʢʦʛʦ 

ʤʦʨʷ. ʆʏɺʇ ï ʪʠʧʠʯʥʳʡ ʧʝʨʝʢʨʳʚʘʶʱʠʡ ʢʦʤʧʣʝʢʩ (overlap) ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʪʝʨʨʝʡʥʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʚʦʟʨʘʩʪ ʩʣʘʛʘʶʱʠʭ ʝʛʦ ʥʝʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʚʫʣʢʘʥʠʪʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʨʝʤʷ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʛʣʦʙʘʣʴʥʳʭ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ.  

ɻʠʛʘʥʪʩʢʠʡ ʦʙʱʠʡ ʦʙʲʝʤ ʠʟʚʝʨʞʝʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʢʘʪʘʩʪʨʦʬʠʯʥʦʩʪʴ 

ʚʫʣʢʘʥʠʟʤʘ ʚ ʦʪʜʝʣʴʥʳʭ ʢʘʣʴʜʝʨʘʭ ʠ ʩʫʧʝʨʚʫʣʢʘʥʘʭ ʧʦʷʩʘ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʣʠʷʥʠʝ ʵʪʦʛʦ 

ʬʝʥʦʤʝʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʙʠʦʩʬʝʨʳ ʚ ʧʦʟʜʥʝʤ ʤʝʣʫ ʉʝʚʝʨʥʦʡ ʇʘʮʠʬʠʢʠ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʨʝʟʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʦʩʪʘʪʢʘʤʠ ʬʣʦʨʳ ʤʦʞʝʪ ʠʤʝʪʴ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥ ʚʳʤʠʨʘʥʠʷ ʘʥʛʠʦʩʧʝʨʤ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʘʥʦʢʩʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʛʨʘʥʠʮʝ ʩʝʥʦʤʘʥʘ-ʪʫʨʦʥʘ. ʇʦʩʣʝʜʥʝʝ ʩʦʙʳʪʠʝ (ʉʊɺ, 

Cenomanian-Turonian Boundary) ʠʤʝʝʪ ʚʦʟʨʘʩʪ ʦʢʦʣʦ 93.5 ʤʣʥ ʣʝʪ, ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʩʩʦʚʳʤ 

ʚʳʤʠʨʘʥʠʝʤ ʙʝʥʪʦʩʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʩ ʧʝʨʪʫʨʙʘʮʠʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʉʊɺ ʩʦʚʧʘʜʘʝʪ ʩ ʛʣʘʚʥʳʤʠ ʚʩʧʳʰʢʘʤʠ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ ʚ ʂʦʨʜʠʣʴʝʨʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ʚ ʆʏɺʇ. ʅʘʨʘʩʪʘʥʠʝ 

ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʝʧʣʘ ʧʦʩʪʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʠʪʘʥʠʝ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʚ ʦʢʝʘʥ, ʛʝʥʝʨʠʨʫʷ ʛʣʦʙʘʣʴʥʳʡ ʨʘʩʮʚʝʪ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʦʢʝʘʥʘ ʢʠʩʣʦʨʦʜʦʤ. ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʟʚʝʨʞʝʥʠʡ ʧʝʧʣʘ ʧʨʠʚʦʜʷʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʨʝʚʳʰʝʥʠʶ ʵʪʠʭ ʧʦʨʦʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʦʙʳʪʠʝ 

ʉʊɺ ʧʨʷʤʦ ʩʚʷʟʘʥʦ ʩ ʚʫʣʢʘʥʠʟʤʦʤ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ.   

ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʆʏɺʇ ʚʘʞʥʦ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ; ʟʘ ʧʦʩʣʝʜʥʠʝ 70 

ʣʝʪ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ɸʟʠʠ ʨʘʟʚʝʜʘʥʦ ʙʦʣʝʝ 50 ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟ 

ʢʦʪʦʨʳʭ ʜʦʙʳʪʦ ʙʦʣʝʝ 150 ʪ ʟʦʣʦʪʘ ʠ ʙʦʣʝʝ 1 ʪʳʩ. ʪ ʩʝʨʝʙʨʘ (ʉʠʜʦʨʦʚ, 1978; ʉʪʨʫʞʢʦʚ, 

ʂʦʥʩʪʘʥʪʠʥʦʚ, 2005). 

ʆʏɺʇ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʦʩʪʘʚʘʣʩʷ ʦʙʲʝʢʪʦʤ ʧʨʠʩʪʘʣʴʥʦʛʦ 

ʚʥʠʤʘʥʠʷ, ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʪʦʚ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʣʠʰʴ 

ʜʘʥʥʳʤʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʘʣʦʚʦʤ ʩʦʩʪʘʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ (ɹʝʣʳʡ, 

1977; ʂʦʪʣʷʨ, ʈʫʩʘʢʦʚʘ, 2004; ʌʠʣʘʪʦʚʘ, 1988). ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʬʨʘʛʤʝʥʪʘʨʥʳ, ʘ ʧʝʨʚʠʯʥʳʝ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʦʛʝʥʥʳʭ ʠʟʦʪʦʧʦʚ Sr, Nd, Pb 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʧʦʷʚʠʣʠʩʴ ʪʦʣʴʢʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ (ʇʦʣʠʥ ʠ ʜʨ., 2009; ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011; Tikhomirov et al., 2012). ɺ 

ʨʘʙʦʪʝ (ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011) ʚʧʝʨʚʳʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʆʏɺʇ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʮʝʥʠʪʴ 

ʛʣʦʙʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʷʩʘ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ  ʵʚʦʣʶʮʠʠ ʚʫʣʢʘʥʠʟʤʘ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʘʭ ʠ ʢʘʣʴʜʝʨʘʭ.  

ʆʩʦʙʫʶ ʦʩʪʨʦʪʫ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʠʦʙʨʝʣ ʚʦʧʨʦʩ ʦ ʚʦʟʨʘʩʪʝ ʆʏɺʇ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʥʝʩʣʠ ɺ.ʌ. ɹʝʣʳʡ, ɽ.ʃ.ʃʝʙʝʜʝʚ, ɺ.ɸ. 

ʉʘʤʳʣʠʥʘ, ʅ.ʀ. ʌʠʣʘʪʦʚʘ, ʀ.ʅ. ʂʦʪʣʷʨ, ʉ.ɺ. ʑʝʧʝʪʦʚ, ɸ.ɹ. ɻʝʨʤʘʥ, ʃ.ɹ. ɻʦʣʦʚʥʝʚʘ  ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ 

ʧʘʣʝʦʬʠʪʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ K-Ar, Rb-Sr ʜʘʪʠʨʦʚʢʠ ʧʦ ʚʘʣʫ ʧʦʨʦʜ. ɺ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ 

ʪʝʥʜʝʥʮʠʠ ʧʦʩʣʝʜʥʠʭ ʧʷʪʥʘʜʮʘʪʠ ʣʝʪ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʝʨʝʭʦʜ ʦʪ "ʦʜʥʦʤʝʨʥʳʭ" ʩʭʝʤ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʩʪʨʘʪʦʬʣʦʨ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʦ-



ɺʦʩʪʦʢʘ ɸʟʠʠ [ʉʘʤʳʣʠʥʘ, 1986; ɹʝʣʳʡ, 1982; ʃʝʙʝʜʝʚ, 1987; ʌʠʣʠʧʧʦʚʘ, ɸʙʨʘʤʦʚʘ, 1993], 

ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʜʦʧʫʩʢʘʶʱʠʤ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ [ʑʝʧʝʪʦʚ, 

1995; ɻʝʨʤʘʥ, 1999].  

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʣʦʢʘʣʴʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʟʦʥ (SHRIMP,  
40
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Ar) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ K-Ar ʠ Rb-Sr ʜʘʪʠʨʦʚʦʢ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʭʦʨʦʰʫʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʜʘʪ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʙʲʝʢʪʦʚ. ɼʣʷ ʚʫʣʢʘʥʠʪʦʚ ʠʟ ʯʘʩʪʥʳʭ ʨʘʟʨʝʟʦʚ 

ʠ ʦʪʜʝʣʴʥʳʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ, ʩ ʧʦʤʦʱʴʶ U-Pb ʤʝʪʦʜʘ ʧʦ ʮʠʨʢʦʥʘʤ, ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʧʦʷʩʘ (Kelley et al., 1999; ɸʢʠʥʠʥ ʠ ʜʨ., 

2000; Ispolatov et al., 2004; Hourigan, Akinin, 2004; ʊʠʭʦʤʠʨʦʚ ʠ ʜʨ., 2006; ɸʢʠʥʠʥ, 

ʄʠʣʣʝʨ, 2011; Tikhomirov et al., 2011; Akinin et al., 2020). ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʘʚʠʪʴ 

ʚʦʧʨʦʩ ʦ ʨʝʚʠʟʠʠ ʚʦʟʨʘʩʪʘ ʆʏɺʇ ʚ ʮʝʣʦʤ, ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʦʙʱʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ 

ʘʩʠʥʭʨʦʥʥʦʩʪʴ ʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʤʘʩʰʪʘʙʥʳʝ 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʠ ʚ ʮʝʣʦʤ ʜʣʷ ʆʏɺʇ ʫʩʪʘʥʦʚʣʝʥ ʧʨʝʨʳʚʠʩʪʳʡ 

ʭʘʨʘʢʪʝʨ ʤʘʛʤʘʪʠʟʤʘ ʦʪ ʩʨʝʜʥʝʛʦ ʘʣʴʙʘ ʜʦ ʩʨʝʜʥʝʛʦ ʢʘʤʧʘʥʘ, ʦʪ 106 ʜʦ 78 ʤʣʥ. ʣʝʪ (ʨʠʩ. 

1b), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ ʀʟʘʥʘʛʠ ʠ ʂʫʣʘ 

ʚ ʇʘʣʝʦʧʘʮʠʬʠʢʝ (ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011). ʇʦ ʣʘʪʝʨʘʣʠ ʧʦʷʩʘ ʚʫʣʢʘʥʠʟʤ ʘʩʠʥʭʨʦʥʝʥ ʠ 

ʨʘʟʣʠʯʘʝʪʩʷ ʛʦʤʦʜʨʦʤʥʦʡ ʠ ʘʥʪʠʜʨʦʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʠʟʚʝʨʞʝʥʠʡ ʚ ʨʘʟʥʳʭ ʩʝʛʤʝʥʪʘʭ ʧʦʷʩʘ. ɺʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʠʢʦʚ  ʚʫʣʢʘʥʠʟʤʘ ʩ ʤʦʜʘʤʠ 

ʦʢʦʣʦ 105, 100, 96, 92.5, 87, 82 ʠ 77 ʤʣʥ ʣʝʪ, ʥʘʤʝʯʘʝʪʩʷ ʩʧʘʜ ʠ ʟʘʪʫʭʘʥʠʝ ʚʫʣʢʘʥʠʟʤʘ 

(ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʥʝʩʦʛʣʘʩʠʝ?) ʚ ʢʦʥʮʝ ʩʝʥʦʤʘʥʘ ï ʥʘʯʘʣʝ ʪʫʨʦʥʘ  (ʨʠʩ. 2). ɿʘʚʝʨʰʘʶʪ 

ʠʟʚʝʨʞʝʥʠʷ ʧʣʘʪʦʙʘʟʘʣʴʪʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 76-78 ʤʣʥ ʣʝʪ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ 

ʠʟʤʝʥʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʩ ʬʨʦʥʪʘʣʴʥʦʡ ʩʫʙʜʫʢʮʠʠ ʥʘ ʨʝʞʠʤ 

ʪʨʘʥʩʬʦʨʤʥʦʡ ʦʢʨʘʠʥʳ ʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʙʘʟʘʣʴʪʦʚ ʚ ʟʦʥʘʭ ʣʦʢʘʣʴʥʳʤ ʨʘʩʪʷʞʝʥʠʡ, 

ʧʦʧʝʨʝʯʥʳʭ ʦʙʱʝʡ ʪʨʘʥʩʬʦʨʤʥʦʡ ʦʢʨʘʠʥʝ (Akinin et al., 2014).  

ʉ ʫʯʝʪʦʤ ʥʦʚʳʭ ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʜʘʪʠʨʦʚʦʢ ʚ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʢʘʣʴʜʝʨʘʭ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʚʝʨʞʝʥʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ ʠʥʪʝʨʚʘʣʦʤ 

ʚʫʣʢʘʥʠʟʤʘ (< 2 ʤʣʥ ʣʝʪ). ʉʢʦʨʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ 

ʜʦʩʪʠʛʘʣʘ 0.15ï0.36 ʢʤ
3
/ʛʦʜ ʠ ʙʦʣʝʝ. ɺ ʇʝʛʪʳʤʝʣʴʩʢʦʤ ʧʨʦʛʠʙʝ ʥʘ ʏʫʢʦʪʢʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 113 ʪʳʩ. ʢʤ
3
, ʙʳʣʠ ʠʟʚʝʨʞʝʥʳ ʟʘ 2 ʤʣʥ ʣʝʪ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʨʘʟʚʠʪʠʝ ʟʜʝʩʴ ʚ ʢʦʥʴʷʢʝ ʛʠʛʘʥʪʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʩʫʧʝʨʚʫʣʢʘʥʦʚ (silicic LIP, Bryan, Ernst, 2007). 

ʆʏɺʇ ʥʝʦʜʥʦʨʦʜʝʥ ʠ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ; ɺ.ʌ. ɹʝʣʳʡ ʚʳʜʝʣʠʣ ʚ ʥʝʤ ʚʥʫʪʨʝʥʥʶʶ ʠ ʚʥʝʰʥʶʶ ʧʨʦʜʦʣʴʥʳʝ ʟʦʥʳ. ʇʦ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʜʣʷ ʛʨʘʥʠʮʳ ʟʦʥ ʭʘʨʘʢʪʝʨʥʘ ʩʪʫʧʝʥʴ ʚ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʜʦ 30ï20 ʢʤ (ʉʫʨʢʦʚ ʠ 

ʜʨ., 2007). ʇʨʦʜʦʣʴʥʘʷ ʣʘʪʝʨʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʣʫʯʰʝ ʚʩʝʛʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʜʦʣʠ ʢʠʩʣʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʩʝʛʤʝʥʪʝ ʧʦʷʩʘ: ʚʳʜʝʣʷʶʪʩʷ ɿʘʧʘʜʥʦ-

ʆʭʦʪʩʢʘʷ ʠ ɺʦʩʪʦʯʥʦ-ʏʫʢʦʪʩʢʘʷ ʬʣʘʥʛʦʚʳʝ ʟʦʥʳ, ʆʭʦʪʩʢʠʡ, ʇʝʥʞʠʥʩʢʠʡ, ɸʥʘʜʳʨʩʢʠʡ ʠ 

ʎʝʥʪʨʘʣʴʥʦ-ʏʫʢʦʪʩʢʠʡ ʩʝʢʪʦʨʘ ʠʣʠ ʩʝʛʤʝʥʪʳ (ɹʝʣʳʡ, 1977). ɺʳʨʘʟʠʪʝʣʴʥʳ ɿʘʧʘʜʥʦ-

ʆʭʦʪʩʢʘʷ ʟʦʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦ-ʏʫʢʦʪʩʢʠʡ ʩʝʢʪʦʨ ʩ ʜʘʣʝʢʦ ʚʜʘʶʱʠʤʠʩʷ ʚ ʢʦʥʪʠʥʝʥʪ 

ʦʙʣʘʩʪʷʤʠ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʠʛʥʠʤʙʨʠʪʦʚ ʠ ʤʘʣʳʤ ʘʥʜʝʟʠʪʦʚ, ʘʥʪʠʜʨʦʤʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʫʣʢʘʥʠʟʤʘ (ʂʫʡʜʫʩʫʥʩʢʦʝ ʧʦʣʝ ʚ ʇʨʠʦʭʦʪʴʝ, ʇʝʛʪʳʤʝʣʴʩʢʠʡ 

ʧʨʦʛʠʙ ʥʘ ʏʫʢʦʪʢʝ). ɺʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʝʛʤʝʥʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʤʦʜʨʦʤʥʘʷ 



ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʣʘʚʳ ʠ ʪʫʬʳ ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʘʥʜʝʟʠʪʦʚ, ʢʠʩʣʳʝ ʪʫʬʳ ʠ ʣʘʚʳ, 

ʟʘʪʝʤ ʩʥʦʚʘ ʘʥʜʝʟʠʪʳ, ʠʛʥʠʤʙʨʠʪʳ ʠ ʪʫʬʳ ʨʠʦʣʠʪʦʚ (ʈʠʩ. 2). ɿʘʚʝʨʰʘʶʪ ʨʘʟʨʝʟʳ 

ʩʫʙʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʣʦʛʦʥʘʢʣʦʥʝʥʥʳʝ ʧʣʘʪʦ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʠʥʪʨʫʟʠʡ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʨʷʜʘ 

ʬʦʨʤʠʨʫʝʪ ʢʫʧʦʣʴʥʳʝ ʠ ʨʝʟʫʨʛʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʪʝʣʝ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ 

ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨ ʠ ʢʘʣʴʜʝʨ ʦʙʨʫʰʝʥʠʷ.  

  
 

 

 



 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʢʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʫʯʝʥʥʳʡ ʪʠʧʦʚʦʡ ʨʘʟʨʝʟ ʚ 

ɸʨʤʘʥʩʢʦʡ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʝ (ʆʭʦʪʩʢʠʡ ʩʝʢʪʦʨ ʆʏɺʇ) ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 1000 ʢʤ
2
 ʠ 

ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ ʦʢʦʣʦ 1ï2 ʢʤ (Hourigan, Akinin, 2004). ʅʘ 

ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʍʘʭʘʥʜʞʘ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʪʫʬʦʧʝʩʯʘʥʠʢʠ, ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ ʠ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ) ʘʨʤʘʥʩʢʦʡ 

ʩʚʠʪʳ ʠ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʱʠʝ ʠʭ ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʘʥʜʝʟʠʪʦʚʳʝ ʣʘʚʳ, 

ʣʘʚʦʙʨʝʢʯʠʠ ʠ ʪʫʬʳ ʥʘʨʘʫʣʠʡʩʢʦʡ ʩʚʠʪʳ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 100 ʤ. ɺ ʣʘʚʘʭ 

ʘʥʜʝʟʠʪʦʚ ʠ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʦʙʳʯʥʘ ʘʩʩʦʮʠʘʮʠʷ ʬʝʥʦʢʨʠʩʪʦʚ ʧʣʘʛʠʦʢʣʘʟʘ, ʨʦʛʦʚʦʡ 

ʦʙʤʘʥʢʠ ʠ ʤʘʛʥʝʪʠʪʘ. ʇʝʨʝʢʨʳʚʘʶʪ ʥʘʨʘʫʣʠʡʩʢʫʶ ʩʚʠʪʫ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 

ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʢʠʩʣʳʝ ʪʫʬʳ ʠ ʣʘʚʳ ʭʦʣʴʯʘʥʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 50 ʤ. 

ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʩʣʝʜʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʞʠʝ ʜʚʫʧʠʨʦʢʩʝʥʦʚʳʝ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ 

ʘʥʜʝʟʠʪʳ ʫʣʳʥʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 50 ʤ. ʅʘʨʘʱʠʚʘʶʪ ʨʘʟʨʝʟ ʢʠʩʣʳʝ ʪʫʬʳ ʠ 

ʠʛʥʠʤʙʨʠʪʳ ʦʣʴʩʢʦʡ ʩʚʠʪʳ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʢʚʘʨʮʘ, ʩʘʥʠʜʠʥʘ, ʙʠʦʪʠʪʘ ʤʦʱʥʦʩʪʴʶ 

ʦʢʦʣʦ 100 ʤ. ʌʠʥʘʣʴʥʫʶ ʩʪʘʜʠʶ ʚʫʣʢʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʣʠʚʠʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ 

ʙʘʟʘʣʴʪʳ ʤʳʛʜʳʢʠʪʩʢʦʡ ʩʚʠʪʳ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 300 ʤ, ʩʣʘʛʘʶʱʠʝ ʩʣʘʙʦʥʘʢʣʦʥʝʥʥʳʝ 

(10ï15
ʦ
) ʧʣʘʪʦ. ɺʩʝ ʚʫʣʢʘʥʠʪʳ ʛʣʘʚʥʦʡ ʩʪʘʜʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʠʯʥʳʤ ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʱʝʣʦʯʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ SiO2 ʧʨʠ ʥʠʟʢʦʤ Fe/Mg (ʨʠʩ.3). 

 

 

ʈʠʩ. 3 ɺʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ɸʨʤʘʥʩʢʦʡ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʝ ʆʭʦʪʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ ʆʏɺʇ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʵʚʦʣʶʮʠʶ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʤʘʛʤ ʠ ʚʦʟʤʦʞʥʫʶ 

ʩʤʝʥʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʪʘʜʠʠ ʬʠʥʘʣʴʥʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 



 2. ʆʭʦʪʩʢʠʡ ʩʝʛʤʝʥʪ 

ɺ ʆʭʦʪʩʢʦʤ ʩʝʛʤʝʥʪʝ ʆʏɺʇ ʧʨʦʚʝʜʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʚʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʛʝʦʭʨʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ U-Pb ʠ Ar-Ar ʤʝʪʦʜʘʤʠ (ʨʠʩ.4). 

ʀʟʫʯʝʥʳ ʨʘʟʨʝʟʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʥʘʢʦʧʣʝʥʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨ.ʨ. ʍʝʪʘ, ʆʣʘ, ʅʝʣʢʘʥʜʞʘ, ɸʛʘʥ, 

ʍʘʩʳʥ, ʇʘʣʘʪʢʘ, ʚʢʣʶʯʘʷ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʝ ʦʙʥʘʞʝʥʠʝ ʩ ʬʣʦʨʦʡ ʘʨʤʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʨ. ɸʨʤʘʥʴ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʜʘʪʠʨʦʚʘʥʳ ʛʨʘʥʠʪʦʠʜʥʳʝ ʤʘʩʩʠʚʳ ʦʭʦʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ï ʅʝʦʨʯʘʥʩʢʠʡ, ʅʫʭʩʢʠʡ, ʋʛʨʶʤʳʡ, ʂʘʨʘʤʢʝʥʩʢʠʡ, ʉʬʠʥʢʩ, ʋʧʪʘʨʩʢʠʡ ʠ ʄʘʛʘʜʘʥʩʢʠʡ 

ʙʘʪʦʣʠʪ. 

ɺ ɸʨʤʘʥʩʢʦʡ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʝ (ʇʨʠʤʘʛʘʜʘʥʴʝ) ʥʠʞʥʠʝ ʩʝʥʦʤʘʥ-ʢʦʥʴʷʢʩʢʠʝ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʘʥʜʝʟʠʪʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʦʣʱʠ ʠ ʩʚʠʪʳ ʆʏɺʇ (ʥʘʥʢʘʣʠʥʩʢʘʷ, 

ʥʘʨʘʫʣʠʡʩʢʘʷ) ʥʘʣʝʛʘʶʪ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʥʘ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ ʙʘʟʘʣʴʪʳ 

ʤʦʤʦʣʪʳʢʠʯʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʨʝʚʥʠʤ ʚʦʟʨʘʩʪʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ (ʧʦʟʜʥʷʷ ʶʨʘ-ʨʘʥʥʠʡ ʤʝʣ ?) ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʋʜʩʢʦï

ʄʫʨʛʘʣʴʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʋʄɼ) - ʨʠʩ. 1). 

ʂ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʩʚʠʪʘʤ ʆʏɺʇ ʚ ʆʭʦʪʩʢʦʤ ʩʝʛʤʝʥʪʝ ʦʪʥʦʩʷʪ 

ʘʨʤʘʥʩʢʫʶ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʫʶ ʩʚʠʪʫ (ʩʦʜʝʨʞʠʪ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ çʘʨʤʘʥʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʬʣʦʨʳè ʩ ʜʠʩʢʫʪʠʨʫʝʤʳʤ ʚʦʟʨʘʩʪʦʤ ʦʪ ʧʦʟʜʥʝʛʦ ʘʣʴʙʘ (ʉʘʤʳʣʠʥʘ, 1988) ʜʦ 

ʢʦʥʴʷʢʘ (ʑʝʧʝʪʦʚ, 1995), ʪʫʨʦʥʘ (ɻʝʨʤʘʥ, 2011) ʠ ʦʜʥʦʚʦʟʨʘʩʪʥʫʶ ʩ ʥʝʡ ʥʘʨʘʫʣʠʡʩʢʫʶ 

ʩʚʠʪʫ ʘʥʜʝʟʠʪʦʚ. ɸʨʤʘʥʩʢʠʝ ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ ʠ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʘʥʠʶ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʆʏɺʇ ʚ ʩʝʚʝʨʥʦʤ 

ʇʨʠʦʭʦʪʴʝ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʩʤʷʪʳʭ ʚ ʩʢʣʘʜʢʠ ʶʨʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ 

ʧʦʨʦʜʘʭ. ɺ ʦʙʨʘʟʮʝ ʪʫʬʦʧʝʩʯʘʥʠʢʘ ʘʨʤʘʥʩʢʦʡ ʩʚʠʪʳ ʩ ʦʪʧʝʯʘʪʢʦʤ ʬʣʦʨʳ ʠʟ 

ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʛʦ ʦʙʥʘʞʝʥʠʷ ʥʘ ʨ. ɸʨʤʘʥʴ ʜʘʪʠʨʦʚʘʥʳ U-Pb ʤʝʪʦʜʦʤ 25 ʢʨʠʩʪʘʣʣʦʚ 

ʮʠʨʢʦʥʘ. ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʷ ʪʫʬʦʧʝʩʯʘʥʠʢʘ ʠ ʘʨʤʘʥʩʢʦʛʦ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʪʫʨʦʥʩʢʠʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʩʘʤʦʛʦ ʤʦʣʦʜʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʮʠʨʢʦʥʘ ʧʦʣʫʯʝʥʘ ʜʘʪʘ 92Ñ2 ʤʣʥ ʣʝʪ 

(ʨʠʩ. 5; ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011). ɼʣʷ ʚʦʩʴʤʠ ʢʨʠʩʪʘʣʣʦʚ ʜʝʪʨʠʪʦʚʦʛʦ ʮʠʨʢʦʥʘ U-Pb ʜʘʪʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 148 ʜʦ 160 ʤʣʥ ʣʝʪ, ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʥʠʭ ʷʚʣʷʣʠʩʴ ʛʨʘʥʠʪʦʠʜʳ 

ʗʥʦ-ʂʦʣʳʤʩʢʦʛʦ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʧʦʷʩʘ (ɸʢʠʥʠʥ ʠ ʜʨ., 2009). ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ 

ʮʠʨʢʦʥʦʚ ʠʟ ʘʨʤʘʥʩʢʠʭ ʛʨʘʚʝʣʠʪʦʚ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʛʦ 

ʦʙʥʘʞʝʥʠʷ, ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʤʢʝʥ. ɺ ʦʙʨ. ʂɸ2 ʙʳʣʠ ʜʘʪʠʨʦʚʘʥʳ 

34 ʢʨʠʩʪʘʣʣʘ ʮʠʨʢʦʥʘ, ʧʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʝʥʦ ʯʪʦ ʚ ʧʷʪʥʘʜʮʘʪʠ ʢʨʠʩʪʘʣʣʘʭ 
206

Pb/
238

U 

ʚʦʟʨʘʩʪ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 93 ʜʦ  88 Ñ 4 ʤʣʥ ʣʝʪ, ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣʠ 

ʩʫʙʢʦʥʢʦʨʜʘʥʪʥʳʝ ʜʘʪʳ ʩʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ 
206

Pb/
238

U ʚʦʟʨʘʩʪʦʤ ~90 Ñ 1 ʤʣʥ ʣʝʪ (ʨʠʩ. 

10). ɺ ʪʫʬʘʭ ʘʥʜʝʟʠʪʦʚ ʥʘʨʘʫʣʠʡʩʢʦʡ ʩʚʠʪʳ ʚʳʷʚʣʝʥ ʧʦʭʦʞʠʡ ʩʧʝʢʪʨ ʜʝʪʨʠʪʦʚʳʭ 

ʢʩʝʥʦʛʝʥʥʳʭ ʮʠʨʢʦʥʦʚ, ʩʘʤʳʡ ʤʦʣʦʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ U-Pb ʚʦʟʨʘʩʪ ʦʢʦʣʦ 90 ʤʣʥ ʣʝʪ 

(ʈʠʩ. 5).  

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʥʠʞʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʆʏɺʇ ʚ ʆʭʦʪʩʢʦʤ ʩʝʛʤʝʥʪʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠ ʜʨʝʚʥʝʝ. ɸʣʴʙʩʢʠʡ ʚʦʟʨʘʩʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘʤʠ ʚ ʅʝʦʨʯʘʥʩʢʦʤ ʛʨʘʥʠʪʦʠʜʥʦʤ ʠʥʪʨʫʟʠʚʝ. 

ɸʤʬʠʙʦʣʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʨʘʥʥʝʡ ʬʘʟʳ ʠʥʪʨʫʟʠʠ ʠʤʝʶʪ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ U-Pb 

ʚʦʟʨʘʩʪ 99Ñ1.4 ʤʣʥ ʣʝʪ, ʘ ʮʠʨʢʦʥʳ ʠʟ ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ ʚʪʦʨʦʡ ʬʘʟʳ ʠʤʝʶʪ U-Pb 

ʚʦʟʨʘʩʪ 94Ñ1.4 ʤʣʥ ʣʝʪ (ʉʂɺʆ=0.6, ʨ=0.6, N=5), ʯʪʦ ʙʣʠʟʢʦ ʢ ʚʦʟʨʘʩʪʫ ʤʘʛʘʜʘʥʩʢʦʡ  ʩʝʨʠʠ 

ʄʘʛʘʜʘʥʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʛʨʘʥʦʜʠʦʨʠʪʳ ʅʝʦʨʯʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʧʨʦʨʳʚʘʶʪʩʷ ʩʫʙʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠʥʪʨʫʟʠʠ ʅʫʭ, ʮʠʨʢʦʥ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ U-Pb 

ʚʦʟʨʘʩʪ 86.5Ñ1.4 ʤʣʥ ʣʝʪ (ʉʂɺʆ=1.1, ʨ=0.3). ʂʩʝʥʦʣʠʪʳ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ 

ʛʨʘʥʠʪʦʚ ʅʫʭ ʦʙʥʘʨʫʞʝʥʳ ʚ ʪʫʬʘʭ ʨʠʦʣʠʪʦʚ ʦʣʴʩʢʦʡ ʩʚʠʪʳ (ʚʦʟʨʘʩʪ 81ï84 ʤʣʥ ʣʝʪ), ʯʪʦ 



ʯʝʪʢʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʠ ʬʠʢʩʠʨʫʝʪ ʚʦʟʤʦʞʥʦʝ ʵʨʦʟʠʦʥʥʦʝ 

ʚʩʢʨʳʪʠʝ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ ʅʫʭ ʠ ʅʝʦʨʯʘʥ ʚ ʠʥʪʝʨʚʘʣʝ 87ï84 ʤʣʥ ʣʝʪ (ɸʢʠʥʠʥ, 

ʄʠʣʣʝʨ, 2011). 

 

ʈʠʩ. 4. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʩʝʚʝʨʥʦʛʦ ʇʨʠʦʭʦʪʴʷ (ɻʝʦʣʦʛʠʯʝʩʢʘʷ..., 1980; ʩ ʫʧʨʦʱʝʥʠʷʤʠ ʘʚʪʦʨʘ). 

1 - ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, 2-9 - ʚʫʣʛʘʥʦʛʝʥʥʳʝ ʩʚʠʪʳ ʠ ʪʦʣʱʠ ʆʏɺʇ (2 - ʤʳʛʜʳʢʠʪʩʢʘʷ, 

3 - ʦʣʴʩʢʘʷ, 4 - ʭʦʣʴʯʘʥʩʢʘʷ, 5 - ʫʣʳʥʩʢʘʷ, 6 - ʢʫʢʫʰʢʠʥʩʢʘʷ/ʥʘʨʘʫʣʠʡʩʢʘʷ, 7 - ʘʨʤʘʥʩʢʘʷ, 8 - 

ʥʘʥʢʘʣʠʥʩʢʘʷ, 9 - ʢʠʨʠʢʩʢʘʷ), 10 - ʤʦʤʦʣʪʳʢʠʯʩʢʘʷ ʩʚʠʪʘ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʦʡ ʜʫʛʠ, 11 - ʩʚʠʪʳ 

ʶʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 12 - ʩʚʠʪʳ ʪʨʠʘʩʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ; 13- ʧʝʨʤʩʢʠʝ ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ ʠ ʜʠʘʤʠʢʪʠʪʳ; 14 -15 - ʤʝʣʦʚʳʝ ʠʥʪʨʫʟʠʠ ʛʨʘʥʠʪʦʠʜʦʚ (14) ʠ ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ (15); 16 -17 - 

ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʥʪʨʫʟʠʠ ʨʠʦʣʠʪʦʚ (17) ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ (17); 18 - ʨʘʟʣʦʤʳ (ʘ) 

ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ (ʙ). 19 - ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʨʦʙ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʆʏɺʇ, ʦʪʦʙʨʘʥʥʳʭ 

ʚ ʪʝʯʝʥʠʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 1998-2009 ʛʛ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʦʙʳ, ʜʘʪʠʨʦʚʘʥʥʳʝ U-Pb SHRIMP ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʧʦʢʘʟʘʥʳ ʟʚʝʟʜʦʯʢʘʤʠ, ʜʘʪʠʨʦʚʘʥʥʳʝ 

40Ar/39Ar ʤʝʪʦʜʦʤ - ʢʨʫʞʢʘʤʠ, ʜʘʪʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ ʤʣʥ ʣʝʪ, ʥʦʤʝʨʘ ʦʙʨʘʟʮʦʚ ʚ ʩʢʦʙʢʘʭ 

(ɸʢʠʥʠʥ ʠ ʜʨ., 2000; Hourigan, Akinin, 2004; ɸʢʠʥʠʥ, ʍʘʥʯʫʢ, 2005; ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011; 

ɸʢʠʥʠʥ, 2012). 



 

ʈʠʩ. 5  ʈʝʟʫʣʴʪʘʪʳ U-Pb SHRIMP ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʆʭʦʪʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ (ɸʨʤʘʥʩʢʘʷ, ɻʘʡʯʘʥʩʢʘʷ, ʄʘʣʪʘʥʦ-ʆʣʴʩʢʘʷ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ) ʆʏɺʇ ʥʘ ʛʠʩʪʦʛʨʘʤʤʘʭ ʠ 

ʜʠʘʛʨʘʤʤʘʭ ɺʝʟʝʨʠʣʣʘ (ɸʢʠʥʠʥ, ʄʠʣʣʝʨ, 2011).  

ɼʣʷ ʦʙʨʘʟʮʦʚ AR12 ʠ s1/A98 ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥ ʧʦ ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʦʤʫ ʢʨʠʩʪʘʣʣʫ 

ʮʠʨʢʦʥʘ ʚ ʜʝʪʨʠʪʦʚʦʡ ʧʦʧʫʣʷʮʠʠ 

 

ɺʝʨʭʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʆʏɺʇ ʚ ʆʭʦʪʩʢʦʤ ʩʝʛʤʝʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʦʟʨʘʩʪʫ 

ʛʣʠʥʦʟʝʤʠʩʪʥʳʭ ʙʘʟʘʣʴʪʦʚ ʥʘ ɸʨʤʘʥʩʢʦʤ ʠ ʆʣʴʩʢʦʤ ʧʣʘʪʦ. ɼʣʷ ʙʘʟʘʣʴʪʦʚ ɸʨʤʘʥʩʢʦʛʦ ʠ 

ʍʝʪʠʥʩʢʦʛʦ ʧʣʘʪ Ar-Ar ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʳ ʜʘʪʳ ʚ 76ï77 ʤʣʥ ʣʝʪ (Hourigan, Akinin, 2004). 



ʅʘ ʩʘʤʦʤ ʦʙʲʝʤʥʦʤ ʆʣʴʩʢʦʤ ʧʣʘʪʦ ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ 

ʮʠʨʢʦʥʘ ʠʟ ʜʘʡʢʠ ʱʝʣʦʯʥʳʭ ʨʠʦʣʠʪʦʚ, ʩʝʢʫʱʝʡ ʤʳʛʜʳʢʠʪʩʢʠʝ ʙʘʟʘʣʴʪʳ. 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʜʘʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 76.8Ñ0.7 ʤʣʥ ʣʝʪ (ʉʂɺʆ=1.2, 

n=8/10 ï ʈʠʩ. 5), ʯʪʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
40

Ar/
39

Ar ʜʘʪʠʨʦʚʘʥʠʷ ʩʘʤʠʭ 

ʙʘʟʘʣʴʪʦʚ (ʊʘʙʣ. 1, ʈʠʩ. 6).  

 

ʊʘʙʣʠʮʘ 1  ʈʝʟʫʣʴʪʘʪʳ 
40

Ar/
39

Ar ʜʘʪʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚ ʆʣʴʩʢʦʛʦ ʧʣʘʪʦ (Akinin et al., 

2014) 

ˉ ʦʙʨʘʟʮʘ 

ʀʥʪʝʛʨʠ

ʨ. 

ʚʦʟʨʘʩʪ 

(ʤʣʥ ʣʝʪ) 

ɺʦʟʨʘʩʪ 

ʧʣʘʪʦ 

(ʤʣʥ ʣʝʪ) 

ʀʥʬʦʨʤʘʮʠʷ 

ʧʦ ʧʣʘʪʦ 

ʀʟʦʭʨʦʥ. 

ʚʦʟʨʘʩʪ 

(ʤʣʥ ʣʝʪ) 

ʀʥʬʦʨʤʘʮʠʷ 

ʧʦ ʠʟʦʭʨʦʥʝ 

B2 89.0Ñ 3.3 80.6Ñ 1.2
 

8 ʠʟ 11 

ʬʨʘʢʮʠʡ 

62.9% 
39

Ar  

ʉʂɺʆ =0.6 

79.0 Ñ 1.2 

8 ʠʟ 12 ʬʨʘʢʠʡ 
40

Ar/
36

Ar i = 304.5 Ñ 

3.1 

MSWD = 0.6 

B3  80.6Ñ 1.1 78.6Ñ 0.8 

9 ʠʟ 11 

ʬʨʘʢʮʠʡ 

82.7 % 
39

Ar  

ʉʂɺʆ =1.1 

77.9 Ñ 0.9 

12 ʠʟ 12 ʬʨʘʢʮʠʡ 
40

Ar/
36

Ar i = 300.0 Ñ 

2.0 

ʉʂɺʆ = 1.0 

B5 79.2Ñ 2.2 79.3Ñ 1.4
 

5 ʠʟ 8 

ʬʨʘʢʮʠʡ 

72.2 % 
39

Ar  

ʉʂɺʆ =0.2 

79.3.0 Ñ 1.4 

8 ʠʟ 8 ʬʨʘʢʮʠʡ 
40

Ar/
36

Ar i = 294.8 Ñ 

4.2 

ʉʂɺʆ = 0.2 

B7 81.2Ñ 1.2 78.2Ñ 0.7
 

4 ʠʟ 9 

ʬʨʘʢʮʠʡ 

77.2 % 
39

Ar 

ʉʂɺʆ =0.1 

78.0Ñ 0.9 

7 ʠʟ 9 ʬʨʘʢʮʠʡ 
40

Ar/
36

Ar i = 298.8 Ñ 

4.7 

ʉʂɺʆ = 0.3 

B91 77.5 Ñ 0.5 76.6 Ñ 0.7 

3 ʠʟ 7 

ʬʨʘʢʮʠʡ 

56% 
39

Ar  

ʉʂɺʆ = 2.0 

  

ʇʨʠʤʝʯʘʥʠʝ. ʄʘʪʝʨʠʘʣ ʜʘʪʠʨʦʚʘʥʠʷ: ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʙʘʟʘʣʴʪʦʚ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʬʨʘʢʮʠʷ. 

ɺʦʟʨʘʩʪʥʳʝ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʥʘ ʨʠʩ. 6. 

 

ʉ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʦʟʨʘʩʪ ʙʘʟʘʣʴʪʦʚ ʦʣʴʩʢʦʛʦ ʧʣʘʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʡ ʞʝ, ʢʘʢ 

ʠ ʫ ʧʦʜʩʪʠʣʘʶʱʠʭ ʨʠʦʣʠʪʦʚ ʦʣʴʩʢʦʡ ʩʚʠʪʳ. ʕʪʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʙʘʟʘʣʴʪʳ ʦʣʴʩʢʦʛʦ ʧʣʘʪʦ (ʠ, ʧʦ ʘʥʘʣʦʛʠʠ, ʠ ʜʨʫʛʠʭ ʧʣʘʪʦ ï ʘʨʤʘʥʩʢʦʛʦ, ʷʥʩʢʦʛʦ, 

ʭʘʢʘʨʠʥʩʢʦʛʦ) ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʆʏɺʇ. ʅʝʩʢʦʣʴʢʦ ʠʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʠʭ ʙʘʟʘʣʴʪʦʚ ʤʳʛʜʳʢʠʪʩʢʦʡ ʩʚʠʪʳ, ʦʪʣʠʯʘʶʪ ʠʭ ʦʪ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʘ ʟʦʥʳ 

ʩʫʙʜʫʢʮʠʠ (Hourigan, Akinin, 2004), ʣʠʙʦ ʩʦ ʩʤʝʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʩ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʫʙʜʫʢʮʠʠ ʥʘ ʪʨʘʥʩʬʦʨʤʥʫʶ ʟʦʥʫ ʩʢʦʣʴʞʝʥʠʷ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʩʢʨʳʪʠʝ ʛʣʫʙʠʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʧʦʧʝʨʝʯʥʳʭ ʟʦʥʘʭ (Akinin et al., 2014). 



 

ʈʠʩ. 6  ɺʦʟʨʘʩʪʥʳʝ 40
Ar/

39
Ar ʩʧʝʢʪʨʳ, ʛʨʘʬʠʢʠ ʚʳʜʝʣʝʥʠʷ Ca/K ʠ Cl/K ʜʘʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʙʘʟʘʣʴʪʦʚ ʦʣʴʩʢʦʛʦ ʧʣʘʪʦ (ʥʠʞʥʠʝ ʯʘʩʪʠ ʨʘʟʨʝʟʘ). (Akinin et al., 2014). 

 

 

 

 

 

 

  



ʊʘʙʣʠʮʘ 2 ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʆʏɺʇ (ɸʨʤʘʥʩʢʘʷ 

ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʘ) ʠ ʚʫʣʢʘʥʠʪʦʚ ʠʟ ʩʪʨʫʢʪʫʨ ʝʛʦ ʦʩʥʦʚʘʥʠʷ KA06-46, S4/4, S4/8) (ɸʢʠʥʠʥ, 

ʄʠʣʣʝʨ, 2011). 

 

 



ʊʘʙʣʠʮʘ 2 ʇʨʦʜʦʣʞʝʥʠʝ 

 



ʇʨʠʤʝʯʘʥʠʝ ʢ ʊʘʙʣ. 2 * ï ʥʦʤʝʨ ʦʙʨʘʟʮʘ, ʢʦʦʨʜʠʥʘʪʳ ʦʪʙʦʨʘ ʠ ʘʙʙʨʝʚʠʘʪʫʨʘ ʧʦʨʦʜ-ʩʚʠʪ (B-MO 

ʙʘʟʘʣʴʪ ʤʦʤʦʣʪʳʢʠʯʩʢʦʡ ʩʚʠʪʳ, BA-MO ʘʥʜʝʟʠʙʘʟʘʣʴʪ ʤʦʤʦʣʪʳʢʠʯʩʢʦʡ ʩʚʠʪʳ, B-NN ʙʘʟʘʣʴʪ 

ʥʘʥʢʘʣʠʥʩʢʦʡ ʩʚʠʪʳ, BA-NN ʘʥʜʝʟʠʙʘʟʘʣʴʪ ʥʘʥʢʘʣʠʥʩʢʦʡ ʩʚʠʪʳ, ɸ-NA ʘʥʜʝʟʠʪ ʥʘʨʘʫʣʠʡʩʢʦʡ 

ʩʚʠʪʳ, BA-UL ʘʥʜʝʟʠʙʘʟʘʣʴʪ ʫʣʳʥʩʢʦʡ ʩʚʠʪʳ, R-OL ʨʠʦʣʠʪ ʦʣʴʩʢʦʡ ʩʚʠʪʳ, BA-MY ʘʥʜʝʟʠʙʘʟʘʣʴʪ 

ʤʳʛʜʳʢʠʪʩʢʦʡ ʩʚʠʪʳ, B-MY ʙʘʟʘʣʴʪ ʤʳʛʜʳʢʠʪʩʢʦʡ ʩʚʠʪʳ, A-MY ʘʥʜʝʟʠʪ ʤʳʛʜʳʢʠʪʩʢʦʡ ʩʚʠʪʳ, 

B-UC ʙʘʟʘʣʴʪ ʫʯʫʣʠʢʘʥʩʢʦʡ ʩʚʠʪʳ, Bɸ-UC ʘʥʜʝʟʠʙʘʟʘʣʴʪ ʫʯʫʣʠʢʘʥʩʢʦʡ ʩʚʠʪʳ, R-EM1 ʨʠʦʣʠʪ 

ʥʠʞʥʝʡ ʝʤʘʥʨʠʥʩʢʦʡ ʩʚʠʪʳ, R-EM2 ʨʠʦʣʠʪ  ʚʝʨʭʥʝʡ ʝʤʘʥʨʠʥʩʢʦʡ ʩʚʠʪʳ, BA-EM2 ʘʥʜʝʟʠʙʘʟʘʣʴʪ 

ʚʝʨʭʥʝʡ ʝʤʘʥʨʠʥʩʢʦʡ ʩʚʠʪʳ, R-ɸʄ ʨʠʦʣʠʪ ʘʤʢʠʥʩʢʦʡ ʩʚʠʪʳ, TB-KH ʪʨʘʭʠʙʘʟʘʣʴʪ ʭʘʢʘʨʠʥʩʢʦʡ 

ʩʚʠʪʳ).  

ɻʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʢʩʠʜʳ ï ʚ ʤʘʩ.%, ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ ï ʚ ppm (ʛ/ʪ). ʀʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 
87

Rb/
86
Sr ʠ 

147
Sm/

144
Nd ʨʘʩʩʯʠʪʘʥʳ, ʠʩʧʦʣʴʟʫʷ ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ ICP-MS ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ, ʦʩʪʘʣʴʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʷʤʳʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ. ʇʝʨʚʠʯʥʳʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ ((
143

Nd/
144

Nd)0 ʠ (
87

Sr/
86

Sr)0) ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ 

ʠʟʤʝʨʝʥʥʦʛʦ (U-Pb SHRIMP, 
40

Ar/
39

Ar) ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ, ʫʢʘʟʘʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʷʪʦʛʦ. 

TNd (DM) ï ʥʝʦʜʠʤʦʚʳʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ ʧʦ (DePaolo, 1981). 

  



ʇʣʘʥ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ 

24 ʩʝʥʪʷʙʨʷ (ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʠʡ ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʧʦʷʩ)  

ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʧ.ʧ. ʇʘʣʘʪʢʘ-ʂʘʨʘʤʢʝʥ 

ɺʨʝʤʷ ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʆʧʠʩʘʥʠʝ 

9:00 ɺʳʝʟʜ ʠʟ ʄʘʛʘʜʘʥʘ  

10:30 - 

11:00 

ʧ. ʉʪʝʢʦʣʴʥʳʡ 1 ʦʩʪʘʥʦʚʢʘ. ʇʝʧʝʣʴʥʳʡ ʢʘʨʴʝʨ 

(ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥ)  

11:30 - 

12:30 

ʧ.ʇʘʣʘʪʢʘ 2 ʦʩʪʘʥʦʚʢʘ,  

ʜʦʧʦʷʩʦʚʳʝ (J3-K1) ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʋʜʩʢʦ-ʄʫʨʛʘʣʴʩʢʦʡ 

ʜʫʛʠ (ʤʦʤʦʣʪʳʢʠʯʩʢʘʷ ʩʚʠʪʘ) - ʨʠʩ. 7,9 

13:00 - 

15:00 

ʧ. ʂʘʨʘʤʢʝʥ 

(ʨʫʜʥʳʡ ʜʚʦʨ) 

3 ʦʩʪʘʥʦʚʢʘ 

ʊʫʨʦʥʩʢʠʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ 

ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʝ ʘʨʛʠʣʣʠʪʳ 

ʘʨʤʘʥʩʢʦʡ ʩʚʠʪʳ ʆʏɺʇ, ʨʠʩ.10 

13:30 - 

14:00 

ʧ. ʂʘʨʘʤʢʝʥ ʦʙʝʜ 

14:30 - 

15:00 

ʧ. ʂʘʨʘʤʢʝʥ 

112 ʢʤ ʢʦʣʳʤʩʢʦʡ 

ʪʨʘʩʩʳ 

4 ʦʩʪʘʥʦʚʢʘ 

ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʘʥʜʝʟʠʪʳ ʥʘʨʘʫʣʠʡʩʢʦʡ 

ʩʚʠʪʳ ʆʏɺʇ  

 

15:30 ʆʪʲʝʟʜ ʚ ʄʘʛʘʜʘʥ ʇʨʠʙʳʪʠʝ ʚ 17:30-18:00 

 

25 ʩʝʥʪʷʙʨʷ (ʨʘʥʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʂʦʥʠ-

ʊʘʡʛʦʥʦʩʩʢʦʡ ʜʫʛʠ)  

ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʧ. ʆʣʘ, ʤʳʩ ʍʘʨʙʠʟ 

ɺʨʝʤʷ ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʆʧʠʩʘʥʠʝ 

9:00 ɺʳʝʟʜ ʠʟ ʄʘʛʘʜʘʥʘ 

ʅʘ ʢʘʪʝʨʝ 

 

10:30 ʇʦʙʝʨʝʞʴʝ ʊʘʫʡʩʢʦʡ 

ʛʫʙʳ, ʆʭʦʪʩʢʦʝ ʤʦʨʝ 

1 ʦʩʪʘʥʦʚʢʘ. ʈʘʟʨʝʟʳ ʨʘʥʥʝʤʝʣʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʤʝʣʜʵʢʩʢʦʡ ʪʦʣʱʠ  

(ʩʚʠʪʘ ʍʘʨʙʠʟ)  

15:30 ʆʪʲʝʟʜ ʚ ʄʘʛʘʜʘʥ ʇʨʠʙʳʪʠʝ ʚ 17:30-18:00 

 

 



 

 

24 ʩʝʥʪʷʙʨʷ 2020 ʛ. 

 

ʈʠʩ. 7 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ (ɸʥʦʨʦʚ, ʖʜʠʥʘ, 2013). ʆʩʪʘʥʦʚʢʠ 

24.09.2020 ʧʦʢʘʟʘʥʳ ʟʚʝʟʜʘʤʠ. 

 



 ʈʠʩ. 8 ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ ʣʠʩʪʘ P-56-XXXI  (ʇʘʣʘʪʢʘ) (ɸʥʦʨʦʚ, ʖʜʠʥʘ, 2013) 

24.09.2020  


