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ɺɺɽɼɽʅʀɽ 

 

ʆʢʝʘʥʠʯʝʩʢʠʝ ʠ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ (ʦʨʦʛʝʥʦʚ), ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʚʦʣʶʮʠʠ ʧʘʣʝʦʦʢʝʘʥʦʚ ʠ ʠʭ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ. ɺ ʭʦʜʝ ʩʫʙʜʫʢʮʠʠ 

ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʢʨʝʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʧʦʜʚʦʜʥʳʭ ʛʦʨ ʠ ʧʣʘʪʦ, ʘ ʪʘʢʞʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʜʫʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʤʝʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʚʭʦʜʷʪ 

ʚ ʩʦʩʪʘʚ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʠ ʟʘʢʨʳʪʠʷ ʧʘʣʝʦʦʢʝʘʥʦʚ (Matsuda, Uyeda, 1971; Katz et al., 1973; Maruyama 

et al., 1997, 2011; Cawood et al., 2009; Stern, 2011; Safonova et al., 2011a; Safonova, 2017 ʠ ʜʨ.). 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʪʘʢʠʭ ʧʦʨʦʜ ʚ ʜʨʝʚʥʠʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʘʭ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʩʪʦʡ ʟʘʜʘʯʝʡ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʠ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʨʦʩʪʦʤ ʥʦʚʦʡ 

(ʶʚʝʥʠʣʴʥʦʡ) ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠ ʝʝ ʧʝʨʝʨʘʙʦʪʢʦʡ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʘʜʝʞʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʠʦʜʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʪ.ʝ. ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ, ʧʝʪʨʦʛʝʥʝʟʠʩ, ʤʘʥʪʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ (ʎɸʉʇ) ð ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʬʘʥʝʨʦʟʦʡʩʢʠʡ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʦʨʦʛʝʥ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ ʠ 

ʟʘʢʨʳʪʠʷ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ (ʇɸʆ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʤʘʣʴʛʘʤʘʮʠʠ ʉʠʙʠʨʩʢʦʛʦ, ʉʝʚʝʨʦ-

ʂʠʪʘʡʩʢʦʛʦ, ʊʘʨʠʤʩʢʦʛʦ ʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ (Zonenshain et al., 

1990; Sengºr et al., 1993; Didenko et al., 1994; Dobretsov et al., 1995; Jahn et al., 2000; Buslov et al., 

2001; Windley et al., 2007; Safonova et al., 2011a; Krºner et al., 2014, 2017; Xiao, Santosh, 2014; 

Safonova, 2017 ʠ ʜʨ.). ʎɸʉʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʘʞ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ, ʘʢʢʨʝʮʠʦʥʥʳʭ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ (Badarch et al., 2002; Jahn, 2004; Degtyarev, 

Ryazantsev, 2007; Krºner et al., 2007; Volkova, Sklyarov, 2007; Sun et al., 2008; ʂʨʫʢ ʠ ʜʨ., 2010; 

Seltmann et al., 2010; Xiao et al., 2010; Wang et al., 2014; Safonova et al., 2017 ʠ ʜʨ.). ʆʜʥʠʤ ʠʟ 

ʜʠʩʢʫʩʩʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʠ ʎɸʉʇ ʜʦʣʛʦʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʧʦʨʮʠʠ ʶʚʝʥʠʣʴʥʦʡ ʠ ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʡ ʢʦʨʳ (Jahn et al., 2000, 2004; Safonova et al., 2011; 

Condie, Krºner, 2013; Krºner et al., 2014, 2017; Wang et al., 2023). ʂʘʢ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʳʤʠ 

ʤʝʩʪʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ ʥʘ ɿʝʤʣʝ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʜʫʛʠ (Clift et al., 2003; Stern, Scholl, 2010), ʧʦʵʪʦʤʫ ʠʭ ʠʟʫʯʝʥʠʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ. ɺ ʧʨʝʜʝʣʘʭ ʎɸʉʇ ʨʘʥʝʝ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʝ ʜʫʛʠ, 
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ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʦʪ ʥʝʦʧʨʦʪʝʨʦʟʦʷ ʜʦ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʟʦʷ 

(Safonova, 2017), ʦʜʥʘʢʦ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʟʘʧʘʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʎɸʉʇ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. 

ʈʘʥʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʵʚʦʣʶʮʠʷ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎɸʉʇ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ɼʞʫʥʛʘʨʦ-

ɹʘʣʭʘʰʩʢʦʡ ʚʝʪʚʠ ʇɸʆ, ʬʨʘʛʤʝʥʪʳ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʚ ʩʪʨʫʢʪʫʨʫ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ (Windley 

et al., 2007; Buslov, 2011). ɼʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ɹʦʱʝʢʫʣʴʩʢʦʡ ʠ ɹʘʡʜʘʫʣʝʪ-

ɸʢʙʘʩʪʘʫʩʩʢʦʡ, ɼʞʘʣʘʠʨ-ʅʘʠʤʘʥʩʢʦʡ ʟʦʥ, ʏʠʥʛʠʟʩʢʦʛʦ ʠ ʇʨʠʙʘʣʭʘʰʩʢʦʛʦ ʩʝʛʤʝʥʪʦʚ (ɼʝʛʪʷʨʝʚ, 

2012; Shen et al., 2015; Pan et al., 2015; ʉʪʝʧʘʥʝʮ, 2015; Degtyarev et al, 2019, 2021, 2022, 2023, 

2024). ʇʨʠ ʵʪʦʤ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ) ʧʨʦʚʝʜʝʥʳ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ, ʘʥʜʝʟʠʪʦʚ ʠ ʜʘʮʠʪʦʚ 

(ɼʝʛʪʷʨʝʚ, 2012; Pan et al., 2015; Shen et al., 2015). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʥʠʪʴ ʧʨʦʙʝʣ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʟʠʩʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ. 

ɼʘʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ (ʀʉɿ) ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ (ʊʉɿ) ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎɸʉʇ. 

ʆʙʲʝʢʪʳ, ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʨʫʟʠʚʥʳʝ 

ʠ ʵʬʬʫʟʠʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ 

ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ 

ʟʦʥ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ɸʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ, ʩʦʩʪʘʚʣʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʨʘʟʨʝʟʦʚ ʜʣʷ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʀʉɿ 

ʠ ʊʉɿ. 

2. U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʮʠʨʢʦʥʦʚ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

3. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ. 

4. ʀʟʦʪʦʧʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

5. ʉʠʥʪʝʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʢʦʣʣʝʢʮʠʠ 

ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ 2017-2021 ʛʛ. ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʠ 
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ʩʦʪʨʫʜʥʠʢʦʚ ʃʘʙʦʨʘʪʦʨʠʠ ʵʚʦʣʶʮʠʠ ʧʘʣʝʦʦʢʝʘʥʦʚ ʠ ʤʘʥʪʠʡʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (ʃʘʙʕʇʆʄ) ɻɻʌ 

ʅɻʋ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʧʝʪʨʦʣʦʛʠʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʀɻʄ ʉʆ ʈɸʅ. ɺ ʭʦʜʝ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ/ʩʭʝʤʳ ʜʣʷ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʦʚ ʠ 

ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʣʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ 

ʠʭ ʦʧʠʩʘʥʠʝ, ʰʘʰʝʢ ʩ ʮʠʨʢʦʥʘʤʠ ʜʣʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʘ 

ʧʦʨʦʰʢʦʚ ʜʣʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ (ʎʇʇ) ʃʘʙʕʇʆʄ ɻɻʌ ʅɻʋ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʰʣʠʬʳ ʙʳʣʠ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

Carl Zeiss Axio.1. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʨʫʧʥʦ 

ʦʙʲʸʤʥʳʝ ʧʨʦʙʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʝʩʦʤ ʦʪ 5 ʜʦ 15 ʢʛ (2 ʦʙʨʘʟʮʘ ʠʟ ʊʉɿ, 1 ʦʙʨʘʟʝʮ ʠʟ ʀʉɿ). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ LA-ICP-MS (ʃɸ-ʀʉʇ-ʄʉ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʥʘ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ c ʫʩʪʘʥʦʚʢʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʫʣʴʪʠ-ʢʦʣʣʝʢʪʦʨʥʦʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ Neptune ʩ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ NW UP-193 FX LA ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʅʘʥʢʠʥʘ 

(ʂʠʪʘʡ) ʠ ʚ çʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠ 

ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅè (ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ (ʀɻʄ) 

ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, ʘʥʘʣʠʪʠʢ ɸ.ɹ. ʂʘʨʧʦʚ) ʤʝʪʦʜʦʤ LA-SF-ICP-MS (ʃɸ-ʉʇ-ʀʉʇ-

ʄʉ) ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ Element XR (Thermo Fisher Scientific) ʩ 

ʵʢʩʠʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ Analyte Excite (Teledyne Cetac). 

ɸʥʘʣʠʟ ʧʝʪʨʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 76 ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʧʨʦʚʝʜʝʥ ʚ ʀɻʄ ʉʆ ʈɸʅ 

(ʘʥʘʣʠʪʠʢ ʅ.ɻ. ʂʘʨʤʘʥʦʚʘ) ʠ ʚ ʎʂʇ çɻʝʦʘʥʘʣʠʪʠʢè ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ (ʀɻɻ) ʋʨʆ 

ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, ʘʥʘʣʠʪʠʢ ʅ.ɻ. ʉʦʣʦʰʝʥʢʦ) ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʌɸ, XRF) ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ ARL-9900XP (ʐʚʝʡʮʘʨʠʷ) ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʈʌɸ-

ʩʧʝʢʪʨʦʤʝʪʨʦʚ CPM-25 ʠ Cʈʄ-35 (ʈʦʩʩʠʷ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʜʣʷ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʪʦʯʥʦʩʪʠ ʧʦ ʆʉʊ 41-08-205-99. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ ʜʣʷ 68 ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʘ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ (ʀʉʇ-ʄʉ, ICP-MS) ʚ ʀɻʄ ʉʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ʀ.ɺ. ʅʠʢʦʣʘʝʚʘ) ʥʘ 

ʧʨʠʙʦʨʝ Finnigan Element II (ɻʝʨʤʘʥʠʷ), ʘ ʪʘʢʞʝ ʚ ʀɻɻ ʋʨʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ɼ.ɺ. ʂʠʩʝʣʝʚʘ) ʥʘ 

ʧʨʠʙʦʨʝ ELAN9000/NexION 300 (ʉʐɸ). 

ʆʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ Sm-Nd (22 ʦʧʨʝʜʝʣʝʥʠʷ) ʠ Pb-Pb (20 

ʦʧʨʝʜʝʣʝʥʠʡ) ʧʦ ʧʦʨʦʜʝ, ʘ ʪʘʢʞʝ Lu-Hf ʚ ʮʠʨʢʦʥʘʭ (7 ʦʧʨʝʜʝʣʝʥʠʡ) ʚʳʧʦʣʥʝʥʳ ʚ ʀɻɻ ʋʨʆ ʈɸʅ 

(ʘʥʘʣʠʪʠʢ ʅ.ɻ. ʉʦʣʦʰʝʥʢʦ) ʤʝʪʦʜʦʤ ʄʂ-ʊʀʄʉ (MC-ICP-MS) ʩ ʭʠʤʠʯʝʩʢʠʤ ʨʘʟʣʦʞʝʥʠʝʤ ʠ 
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ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʠ ʃɸ-ʀʉʇ-ʄʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ NEPTUNE PLUS ʠ TRITON PLUS (ʉʐɸ). 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

 

1. ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʟʦʥʘ (ʀʉɿ) ʠ ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʟʦʥʘ (ʊʉɿ) 

ʩʭʦʜʥʳ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ʠ ʥʘʙʦʨʫ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʙʝʠʭ 

ʟʦʥʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ: 1) ʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʦʩʘʜʢʘʤʠ ʠ 2) ʛʘʙʙʨʦ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʪʝʣ ʠ ʧʦʪʦʢʦʚ. ʆʩʥʦʚʥʳʝ ʧʠʢʠ ʤʘʛʤʘʪʠʟʤʘ ʦʙʝʠʭ ʟʦʥ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʩʨʝʜʥʠʡ 

ʢʝʤʙʨʠʡ ʠ ʩʨʝʜʥʝ-ʧʦʟʜʥʠʡ ʦʨʜʦʚʠʢ. 

2. ɺ ʦʙʝʠʭ ʟʦʥʘʭ ʜʦʤʠʥʠʨʫʶʪ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ï ʙʘʟʘʣʴʪʳ, ʜʦʣʝʨʠʪʳ ʠ 

ʛʘʙʙʨʦ, ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ. ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʳʩʦʢʦ- ʠ ʩʨʝʜʥʝʪʠʪʘʥʠʩʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʜʣʷ ʚʪʦʨʦʡ ï ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʤʠ. ɺʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʳ 

ʩʭʦʞʠ ʧʦ ʩʦʩʪʘʚʫ ʩ ʙʘʟʘʣʴʪʘʤʠ ʪʠʧʘ OIB. ʉʨʝʜʥʝ-Ti ʙʘʟʘʣʴʪʳ ʠ ʛʘʙʙʨʦ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ ʢ 

ʙʘʟʘʣʴʪʘʤ ʪʠʧʘ N-MORB. ʅʠʟʢʦʪʠʪʘʥʠʩʥʳʝ ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʩʝʨʠʡ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʧʦʨʦʜ ʧʨʝʦʙʣʘʜʘʣʠ ʠʟʦʪʦʧʥʦ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʝ ʤʘʥʪʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ; ʚʳʩʦʢʦ-Ti ʚʫʣʢʘʥʠʪʳ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʫʯʘʩʪʠʠ ʧʣʶʤʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʠʧʘ HIMU. 

3. ɺʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʦʩʪʨʦʚʘ/ʩʠʤʘʫʥʪʘ, ʩʨʝʜʥʝ-Ti ʧʦʨʦʜʳ ï ʚ ʩʧʨʝʜʠʥʛʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʘ ʥʠʟʢʦ-Ti 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʩʝʨʠʠ ï ʚ ʦʙʩʪʘʥʦʚʢʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ. ʉʭʦʜʩʪʚʦ ʘʩʩʦʮʠʘʮʠʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʚʦʟʨʘʩʪʥʳʭ ʨʫʙʝʞʝʡ ʤʘʛʤʘʪʠʟʤʘ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʉɿ ʠ ʊʉɿ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʭʦʜʝ 

ʵʚʦʣʶʮʠʠ ʝʜʠʥʦʡ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʦʢʨʘʠʥʳ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɼʣʷ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ: ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʳ 

ʫʩʪʦʡʯʠʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ ʜʠʦʨʠʪʦʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤ ʤʝʣʘʥʞʝ, ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʊʝʢʪʫʨʤʘʩʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ: ʚʧʝʨʚʳʝ ʚ ʨʘʡʦʥʝ ʛʦʨ. ʉʘʨʳʪʘʫ ʚʳʜʝʣʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ 

ʨʘʟʣʠʯʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʜʣʷ ɹʘʟʘʨʙʘʡʩʢʦʡ ʧʦʜʟʦʥʳ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥ 

ʚʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʨʠʦʣʠʪʦʚ. ɼʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʩʝʡ ʊʉɿ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʚʳʭ 

Sm-Nd, Pb-Pb ʠ Lu-Hf ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʪʠʧʳ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʦʩʥʦʚʘʥʦ 

ʩʭʦʜʩʪʚʦ ʥʠʟʢʦʪʠʪʘʥʠʩʪʦʡ ʛʨʫʧʧʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʘʩʩʦʮʠʘʮʠʷʤʠ 
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ʩʦʚʨʝʤʝʥʥʦʡ ʀʜʟʫ-ɹʦʥʠʥʩʢʦʡ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ 

ʦʙʰʠʨʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʧʦʨʦʜʘʤ ʜʣʷ ʀʉɿ ʠ ʊʉɿ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʚʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ: ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʦʩʪʨʦʚʘ/ʩʠʤʘʫʥʪʘ, 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʦʡ ʜʫʛʠ; ʦʙʦʩʥʦʚʘʥʘ ʩʚʷʟʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʦʙʝʠʭ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʩ ʵʚʦʣʶʮʠʝʡ ʝʜʠʥʦʡ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʦʢʨʘʠʥʳ 

ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ 

ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚ ʩʦʩʪʘʚʝ ʢʘʢ ʘʢʢʨʝʮʠʦʥʥʳʭ, ʪʘʢ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʜʝʪʘʣʴʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ, ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʚʝʨʛʝʥʪʥʳʤʠ ʦʢʨʘʠʥʘʤʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ ʚ ʧʘʣʝʦʟʦʝ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʝ ʚ 2017 ʛʦʜʫ. ʇʨʦʠʟʚʦʜʠʣʘ ʧʝʨʚʠʯʥʫʶ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʧʦʨʦʜ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʣʘ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʰʣʠʬʳ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ ʀʉɿ ʠ ʊʉɿ 2017-2021 ʛʛ., ʩʦʩʪʘʚʣʷʣʘ ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʚʳʧʦʣʥʠʣʘ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ 

ʧʣʘʚʣʝʥʠʷ. ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʜʝʣʷʣʘ ʮʠʨʢʦʥʳ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʨʠʥʠʤʘʣʘ 

ʫʯʘʩʪʠʝ ʚ UïPb ʜʘʪʠʨʦʚʘʥʠʠ, ʧʨʦʚʦʜʠʣʘ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʨʦʚʝʣʘ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ ʠ ʧʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 23 ʨʘʙʦʪʘʭ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ 11 ʩʪʘʪʴʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ WoS, Scopus ʠ ʈʀʅʎ, ʘ ʪʘʢʞʝ ʚ 12 ʤʘʪʝʨʠʘʣʘʭ ʢʦʥʬʝʨʝʥʮʠʡ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʈʀʅʎ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ 

ʥʘ 8 ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: VII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɻʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩʫʙʜʫʢʮʠʠ, ʢʦʣʣʠʟʠʠ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪè (ɼɺɻʀ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, 2025); XIX ʠ XXII 

ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʎʝʥʪʨʘʣʴʥʦ-

ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʧʦʷʩʘ (ʦʪ ʦʢʝʘʥʘ ʢ ʢʦʥʪʠʥʝʥʪʫ)è (ʀɿʂ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, 2021, 2024); 

LIII ʊʝʢʪʦʥʠʯʝʩʢʦʝ ʩʦʚʝʱʘʥʠʝ (ɻʀʅ ʈɸʅ, ʄʦʩʢʚʘ, 2023); VIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʋʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ: ʛʝʦʣʦʛʠʷ, ʩʪʨʦʝʥʠʝ, ʨʫʜʥʳʡ 

ʧʦʪʝʥʮʠʘʣè (ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 2023); II ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ-ʰʢʦʣʘ 
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çɻʝʦʣʦʛʠʷ ʥʘ ʦʢʨʘʠʥʝ ʢʦʥʪʠʥʝʥʪʘè (ɼɺɻʀ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, 2022); X International Siberian 

Early Career GeoScientists Conference (ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, 2022); ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɼʠʥʘʤʠʢʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʝʦʩʬʝʨ ɿʝʤʣʠè (ʊɻʋ, 

ʊʦʤʩʢ, 2021). 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ ʠ 

ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʦʜʝʨʞʠʪ 185 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, 60 ʨʠʩʫʥʢʦʚ, 11 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 423 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʨʠʩʫʥʢʠ ʠ ʪʘʙʣʠʮʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʧʦ ʦʩʥʦʚʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʠʟʦʪʦʧʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʩʦʚʤʝʱʝʥʳ ʚ ʩʦʩʪʘʚʝ ʜʨʝʚʥʠʭ ʩʢʣʘʜʯʘʪʳʭ ʧʦʷʩʦʚ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʵʚʦʣʶʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʢʨʳʪʠʷ ʧʘʣʝʦʦʢʝʘʥʘ. ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʦʢʝʘʥʠʯʝʩʢʠʝ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥʘʭ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ, 

ʧʨʠʚʦʜʠʪʩʷ ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʠ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, 

ʦʧʠʩʳʚʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʣʠʪʦʣʦʛʠʷ ʠ ʩʪʨʘʪʠʛʨʘʬʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʛʠʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ 

ʠ ʧʦʜʭʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʦʧʠʩʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʟʦʥ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ 

ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʟʦʥ. ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʦʜʨʦʙʥʘʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ, ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ ʠʟʦʪʦʧʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʠʟ ʦʙʝʠʭ ʟʦʥ. ɺ ʰʝʩʪʦʡ ʛʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʨʦʚʦʡ 

ʢʦʥʪʘʤʠʥʘʮʠʠ ʠ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʩʦʩʪʘʚ ʧʦʨʦʜ, ʤʘʥʪʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʧʝʨʚʠʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʫʯʝʥʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙʱʝʥʠʝ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʃʘʙʕʇʆʄ ɻɻʌ ʅɻʋ ʠ ʃʘʙʦʨʘʪʦʨʠʠ 

ʧʝʪʨʦʣʦʛʠʠ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʀɻʄ ʉʆ ʈɸʅ.  

ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʜʜʝʨʞʢʫ ʠ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʥʘʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ. ʉʘʬʦʥʦʚʦʡ ʀʥʥʝ ʖʨʴʝʚʥʝ. ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʥʘ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ 

ʜ.ʛ.-ʤ.ʥ. ʆ.ʄ. ʊʫʨʢʠʥʦʡ, ʘ ʪʘʢʞʝ ʟʘ ʧʦʤʦʱʴ, ʩʦʚʝʪʳ ʠ ʧʦʜʜʝʨʞʢʫ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʥʘʧʠʩʘʥʠʷ 
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ʨʘʙʦʪʳ ʘʢʘʜʝʤʠʢʫ ʈɸʅ ɸ.ʀ. ʍʘʥʯʫʢʫ, ʯʣʝʥʫ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʫ ʈɸʅ ɸ.ʕ. ʀʟʦʭʫ, ʜʦʢʪʦʨʘʤ ʛʝʦʣ.-

ʤʠʥ. ʥʘʫʢ ʉ.ʂ. ʂʨʠʚʦʥʦʛʦʚʫ, ʉ.ɺ. ʍʨʦʤʳʭ, ʅ.ɼ. ʊʦʣʩʪʳʭ, ʢʘʥʜʠʜʘʪʘʤ ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ɸ.ɸ. 

ʇʝʨʬʠʣʦʚʦʡ, ʇ.ɼ. ʂʦʪʣʝʨʫ, ʀ.ɸ. ʉʘʚʠʥʩʢʦʤʫ, ʆ.ʊ. ʆʙʫʪ, ʈ.ɸ. ʐʝʣʝʧʘʝʚʫ, ɸ.ɺ. ɺʠʰʥʝʚʩʢʦʤʫ, ʘ 

ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʘʤ ʃʘʙʕʇʆʄ ɻɻʌ ʅɻʋ ɸ.ʂ. ʂʨʫʪʠʢʦʚʦʡ, ʀ.ɸ. ɹʘʪʘʝʚʫ, ʃ.ʄ. ɹʘʩʘʣʘʝʚʦʡ. ɿʘ 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʘʚʪʦʨ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʘ ʢ.ʪ.ʥ. ʅ.ɻ. ʂʘʨʤʘʥʦʚʦʡ (ʀɻʄ ʉʆ ʈɸʅ, 

ʅʦʚʦʩʠʙʠʨʩʢ), ʢ.ʭ.ʥ. ʀ.ɺ. ʅʠʢʦʣʘʝʚʦʡ (ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ), ʢ.ʭ.ʥ. ʉ.ɺ. ʇʘʣʝʩʩʢʦʤʫ 

(ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ), ʥ.ʩ. ʅ.ɻ. ʉʦʣʦʰʝʥʢʦ (ʀɻɻ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ), ʤ.ʥ.ʩ. ɸ.ɹ. 

ʂʘʨʧʦʚʫ (ʀɻʄ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ). ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʩʚʦʝʡ ʩʝʤʴʝ: ʤʘʤʝ ï ɻʫʨʦʚʦʡ ʆʣʴʛʝ ʀʚʘʥʦʚʥʝ, ʧʘʧʝ ï ɻʫʨʦʚʫ ɺʣʘʜʠʤʠʨʫ ʇʝʪʨʦʚʠʯʫ, ʙʘʙʫʰʢʝ ï 

ʇʣʶʰʢʠʥʦʡ ɺʘʣʝʥʪʠʥʝ ʗʢʦʚʣʝʚʥʝ, ʤʫʞʫ ï ʄʠʭʪʘʜʦʚʫ ɸʣʠʰʝʨʫ ʉʘʨʜʘʣʦʚʠʯʫ, ʘ ʪʘʢʞʝ ʩʳʥʫ 

ɸʨʪʫʨʫ ʟʘ ʝʛʦ ʥʝʫʛʘʩʘʝʤʳʡ ʦʧʪʠʤʠʟʤ. 
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ɻʃɸɺɸ 1. ʄɸɻʄɸʊʀʏɽʉʂʀɽ ʇʆʈʆɼʓ ɺ ʉʆʉʊɸɺɽ ʉʂʃɸɼʏɸʊʓʍ 

ʇʆʗʉʆɺ ʊʀʍʆʆʂɽɸʅʉʂʆɻʆ ʊʀʇɸ 

 

1.1. ɺʚʝʜʝʥʠʝ 

 

ʉʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ (ʉʇʊʊ) ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʜ ʟʦʥʦʡ ʩʫʙʜʫʢʮʠʠ, ʛʜʝ 

ʦʢʝʘʥʠʯʝʩʢʘʷ ʣʠʪʦʩʬʝʨʘ ʧʦʛʨʫʞʘʝʪʩʷ ʧʦʜ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʫʶ ʜʫʛʫ ʠʣʠ ʘʢʪʠʚʥʫʶ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʦʢʨʘʠʥʫ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʉʇʊʊ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩʳ ʘʢʢʨʝʮʠʠ ʤʘʪʝʨʠʘʣʘ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ (ʆɼ), ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ ʧʨʠ ʵʢʩʛʫʤʘʮʠʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʷʩʦʚ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʚʳʩʦʢʠʭ ʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (Maruyama et al., 1996; Maruyama, Parkinson, 2000; Santosh, 2010). 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʉʇʊʊ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: 

ʢʘʢ ʦʢʝʘʥʠʯʝʩʢʦʛʦ (ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʡ ʭʨʝʙʝʪ (ʉʆʍ), ʦʢʝʘʥʠʯʝʩʢʠʡ ʦʩʪʨʦʚ/ʩʠʤʘʫʥʪ), ʪʘʢ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ (ʦʩʪʨʦʚʥʳʝ ʜʫʛʠ ʠ ʘʢʪʠʚʥʳʝ ʦʢʨʘʠʥʳ). 

ɺ ʉʇʊʊ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ (ʨʠʩ. 1.1): 1) ʛʣʫʙʦʢʦʚʦʜʥʳʡ 

ʞʝʣʦʙ; 2) ʘʢʢʨʝʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ; 3) ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʧʦʷʩ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ 

(ʥʝʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʫʛʘ); 4) ʧʨʝʜʜʫʛʦʚʦʡ ʙʘʩʩʝʡʥ; 5) ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʫʛʘ (Maruyama et al., 2011). 

ɺ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʞʝʣʦʙʝ ʟʘ ʩʯʝʪ ʩʥʦʩʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʧʦʣʟʘʥʠʷ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʩ ʧʨʠʤʳʢʘʶʱʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʜʫʛ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʤʦʱʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʪʫʨʙʠʜʠʪʳ). ɸʢʢʨʝʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʂ) ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ çʩʨʝʟʘʥʠʷè ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ (ʧʦʨʦʜʳ ʦʬʠʦʣʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʘʪʦ, ʦʩʪʨʦʚʦʚ ʠ ʧʦʜʥʷʪʠʡ), ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ 

çʩʢʫʯʠʚʘʥʠʷè ʧʦ ʥʘʜʚʠʛʘʤ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚ ʚʠʜʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʢ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʝ. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʧʦʷʩ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʠʟʢʠʭ 

ʜʘʚʣʝʥʠʡ (ʟʝʣʝʥʳʝ ʩʣʘʥʮʳ) ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ (ʛʦʣʫʙʳʝ ʩʣʘʥʮʳ) ʩ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʜʝʬʦʨʤʘʮʠʡ. 

ʉʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʥʝʜʨʝʥʠʠ ʠʣʠ ʚʳʜʘʚʣʠʚʘʥʠʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʥʠʟʫ-ʚʚʝʨʭ, ʘ ʠʭ ʧʨʦʪʦʣʠʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʘʢʢʨʝʮʠʦʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʘʟʘʣʴʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ɺ ʧʨʝʜʜʫʛʦʚʦʤ ʙʘʩʩʝʡʥʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʝ ʪʦʣʱʠ, ʪʫʨʙʠʜʠʪʳ ʠ ʘʩʩʦʮʠʘʮʠʠ ʙʦʣʝʝ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ (ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ). ɺʫʣʢʘʥʠʯʝʩʢʘʷ 

ʜʫʛʘ ʩʣʦʞʝʥʘ ʧʦʨʦʜʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʤʘʛʤʦʛʝʥʝʨʘʮʠʠ ʚ ʤʘʥʪʠʡʥʦʤ ʢʣʠʥʝ ʢʘʢ 

ʨʝʟʫʣʴʪʘʪ ʧʦʛʨʫʞʝʥʠʷ ʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʪʷʞʝʣʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ, ʦʪʜʝʣʝʥʠʷ ʦʪ ʥʝʝ 

ʬʣʶʠʜʘ ʠ, ʧʦʜʥʷʪʠʠ ʨʘʩʧʣʘʚʘ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʈʠʩ. 1.1. ʉʪʨʦʝʥʠʝ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ ʧʦ (Maruyama et al., 2011). 

 

ʂʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʬʘʥʝʨʦʟʦʡʩʢʠʤ ʉʇʊʊ ʷʚʣʷʝʪʩʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ 

ʧʦʷʩ (ʎɸʉʇ), ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʦʛʦ ʧʨʦʩʪʠʨʘʶʪʩʷ ʦʪ ʋʨʘʣʘ ʜʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 1.2). ɽʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ, ʙʦʣʝʝ ʯʝʤ 800 ʤʣʥ ʣʝʪ, ʵʚʦʣʶʮʠʝʡ ʠ ʟʘʢʨʳʪʠʝʤ 

ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ (ʇɸʆ), ʢʦʪʦʨʳʡ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʡ-ʢʝʤʙʨʠʡʩʢʦʝ ʚʨʝʤʷ ʜʦʩʪʠʛʘʣ 4000 ʢʤ 

ʚ ʰʠʨʠʥʫ ʠ ʨʘʩʧʦʣʘʛʘʣʩʷ ʤʝʞʜʫ ʉʠʙʠʨʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ ʠ ɺʦʩʪʦʯʥʦʡ ɻʦʥʜʚʘʥʦʡ (ɿʦʥʝʥʰʘʡʥ ʠ 

ʜʨ., 1990; McKerrow et al., 1992; ɹʝʨʟʠʥ ʠ ʜʨ., 1994; Dobretsov et al., 1995; ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 2005ʘ 

ʠ ʜʨ.). ʉʦʚʨʝʤʝʥʥʳʤ ʘʥʘʣʦʛʦʤ ʇɸʆ ʷʚʣʷʝʪʩʷ ʎʠʨʢʫʤ-ʇʘʮʠʬʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʩʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ 

ʟʘʧʘʜʥʦʡ ʇʘʮʠʬʠʢʠ, ʂʦʨʜʠʣʴʝʨ, ɸʥʜ ʠ ʜʨʫʛʠʭ ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤ (Sengºr et al., 1993; Windley et 

al., 2007; Safonova, Maruyama, 2014; Safonova, 2017). ɺ ʊʠʭʦʤ ʦʢʝʘʥʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʢʦʛʜʘ-ʪʦ ʚ ʇɸʆ, ʘ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʢʘʢ ʧʦʨʦʜʳ ʉʆʍ (ɺʦʩʪʦʯʥʦ- ʠ ʖʞʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʝ ʧʦʜʥʷʪʠʷ) ʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ (ʀʤʧʝʨʘʪʦʨʩʢʦ-ɻʘʚʘʡʩʢʘʷ ʩʠʩʪʝʤʘ, ʌʨʘʥʮʫʟʩʢʘʷ ʇʦʣʠʥʝʟʠʷ), ʪʘʢ ʠ 

ʧʦʨʦʜʳ ʦʩʪʨʦʚʥʳʭ ʜʫʛ (ʀʜʟʫ-ɹʦʥʠʥʩʢʘʷ, ʄʘʨʠʘʥʩʢʘʷ, ʗʧʦʥʩʢʘʷ, ʀʥʜʦʥʝʟʠʷ, ɸʣʝʫʪʩʢʘʷ) ʠ 

ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ (ɸʥʜʳ, ʂʦʨʜʠʣʴʝʨʳ). ʇʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ, ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʧʫʪʝʤ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ ʫʯʝʥʳʝ ʠʟ ʤʥʦʛʠʭ ʩʪʨʘʥ 

ʤʠʨʘ ʠʟʫʯʘʶʪ ʚʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ, ʧʝʪʨʦʣʦʛʠʠ, ʠʟʦʪʦʧʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʊʠʭʦʛʦ 

ʦʢʝʘʥʘ (Chen, Frey, 1983; Duncan, Clague, 1985; Bardintzeff et al., 1986; Jarrard, 1986; ʍʘʠʥ, 1987; 

ɻʦʚʦʨʦʚ, ɻʦʣʫʙʝʚʘ, 1990; ʄʘʢʘʨʝʥʢʦ, 1995; Hofmann, 1997; Regelous et al., 2003; Taylor, 2006; 

ɻʦʣʫʙʝʚʘ, 2011 ʠ ʜʨ.). 

ʀʤʝʥʥʦ ʥʘ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥʘʭ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʥʚʝʨʛʝʥʪʥʳʝ ʦʢʨʘʠʥʳ 

ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ (ʂʆʊʊ) (ʄʘʨʫʷʤʘ ʠ ʜʨ., 2018). ʂʆʊʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʦʥʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʧʣʠʪʘʤʠ (ʦʩʪʨʦʚʦʜʫʞʥʳʡ ʪʠʧ, ʟʘʧʘʜʥʘʷ ʇʘʮʠʬʠʢʘ) 

ʠʣʠ ʟʦʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʦʡ ʠ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʦʡ 

(ʘʥʜʠʡʩʢʠʡ ʪʠʧ, ʚʦʩʪʦʯʥʘʷ ʇʘʮʠʬʠʢʘ; ʨʠʩ. 1.3). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʪʝʨʤʠʥʳ ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ (ʦʩʪʨʦʚʦʜʫʞʥʳʡ) ʠ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ (ʘʥʜʩʢʠʡ) ʪʠʧʳ 

ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʦʢʨʘʠʥ (ʍʘʠʥ, ʇʦʣʷʢʦʚʘ, 2010; Yarmolyuk et al., 2013). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ 

ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʧʣʠʪ, ʠʥʪʝʥʩʠʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ ʠ ʚʳʩʦʢʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʞʝʣʦʙʦʚ, ʨʘʟʜʝʣʷʶʱʠʭ ʦʙʣʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʢʣʦʥʥʳʭ ʩʝʡʩʤʦʬʦʢʘʣʴʥʳʭ ʟʦʥ (ʍʘʠʥ, 

ʃʦʤʠʟʝ, 2005; ʄʘʨʫʷʤʘ ʠ ʜʨ., 2018). ʀʤʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʂʆʊʊ ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ. 

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʧʦ (Safonova, 2017) ʩ ʠʟʤʝʥʝʥʠʷʤʠ. 

 

ʆʩʪʨʦʚʥʳʝ ʜʫʛʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ (ʵʥʩʠʘʣʠʯʝʩʢʠʝ), ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ 

ʢʦʨʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ (ʗʧʦʥʩʢʘʷ ʜʫʛʘ), ʠ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʝ (ʵʥʩʠʤʘʪʠʯʝʩʢʠʝ), 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʢʦʨʝ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʄʘʨʠʘʥʩʢʘʷ ʜʫʛʘ) (ʨʠʩ. 1.3). ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʨʘʙʦʪʘʭ ʜʝʪʘʣʴʥʦ ʦʩʚʝʱʝʥʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʠʭ ʧʝʪʨʦʛʝʥʝʟʠʩʘ (Kuno, 1966; Dickinson, 1975; 

Gill, 1981; ʂʫʟʴʤʠʥ, 1985; ʌʨʦʣʦʚʘ ʠ ʜʨ., 1989; ɹʦʛʘʪʠʢʦʚ, ʎʚʝʪʢʦʚ, 1990; ʌʨʦʣʦʚʘ, ɹʫʨʠʢʦʚʘ, 

1997; ʄʘʨʪʳʥʦʚ, 1999; ʐʠʨʘʡ ʠ ʜʨ., 1999 ʠ ʜʨ.). ʆʩʪʨʦʚʦʜʫʞʥʳʡ ʤʘʛʤʘʪʠʟʤ ʙʳʣ ʠʟʫʯʝʥ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʫʛʘʭ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʫʯʘʠ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʵʨʦʟʠʠ (Scholl, von 

Huene, 2007; Isozaki et al., 2010; Stern, 2011; ʉʘʬʦʥʦʚʘ, ʍʘʥʯʫʢ, 2021 ʠ ʜʨ.), ʧʨʠʚʝʜʰʠʝ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʠʣʠ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʜʫʛ ʂʆʊʊ, ʢʘʢ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʨʘʠʥʘʭ 
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ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʪʘʢ ʠ ʥʘ ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʢʨʘʠʥʘʭ ʇɸʆ (Alexeiev et al., 2016; Safonova et al., 2022a, 

b, 2024; Konopelko et al., 2022; Safonova, Perfilova, 2023). ɸʢʪʠʚʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʢʨʘʠʥʳ 

(ʘʥʜʩʢʠʡ ʪʠʧ) ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʳ ʩ ʟʦʥʘʤʠ ʩʫʙʜʫʢʮʠʠ (ʨʠʩ. 1.3), ʧʦʵʪʦʤʫ ʧʦ ʩʪʨʦʝʥʠʶ ʠ 

ʤʘʛʤʘʪʠʟʤʫ ʠʤʝʶʪ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ ʩ ʦʩʪʨʦʚʥʳʤʠ ʜʫʛʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʪʘʢʦʚʳʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʦʩʥʦʚʘʥʠʠ (ʪʠʧʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʝʨʠʡ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ), ʪʘʢ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ ʠʟʦʪʦʧʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʝʨʚʠʯʥʳʭ ʤʘʛʤ ʠ ʛʝʦʜʠʥʘʤʠʢʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʠʪ. 

ʕʪʘʣʦʥʦʤ ʵʪʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʛʜʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ɸʥʜʳ ï ʦʜʥʠ ʠʟ ʚʳʩʦʯʘʡʰʠʭ 

ʛʦʨ ɿʝʤʣʠ. ʂʦʨʘ ʧʦʜ ɸʥʜʩʢʦʡ ʦʢʨʘʠʥʦʡ ʜʦʩʪʠʛʘʝʪ ʤʦʱʥʦʩʪʠ 60-70 ʢʤ (ʚ 3-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ). ɼʣʷ ʘʥʜʩʢʦʛʦ ʪʠʧʘ ʦʢʨʘʠʥʳ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʳʝ ʫʛʣʳ ʥʘʢʣʦʥʘ 

ʩʝʡʩʤʦʬʦʢʘʣʴʥʳʭ ʟʦʥ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʬʨʦʥʪ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʤʥʦʛʦ ʜʘʣʴʰʝ 

(ʚ 300 ʢʤ ʠ ʙʦʣʝʝ) ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ, ʯʝʤ ʫ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʪʠʧʘ (Jarrard, 1986; Stern, 

2004). 

 

 

ʈʠʩ. 1.3. ʊʠʧʳ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʦʢʨʘʠʥ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ (ʧʦ ʍʘʠʥ, ʃʦʤʠʟʝ, 2005 ʩ ʠʟʤʝʥʝʥʠʷʤʠ). 

 

ɽʱʸ ʦʜʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʠʧʘʤʠ ʦʢʨʘʠʥ ʚʳʜʚʠʥʫʣ ʠ ʦʧʠʩʘʣ ʉ. ʋʝʜʘ (Uyeda, 1982). ɺ 

ʩʚʦʝʡ ʨʘʙʦʪʝ ʦʥ ʚʳʜʝʣʷʝʪ ʄʘʨʠʘʥʩʢʠʡ ʠ ʏʠʣʠʡʩʢʠʡ ʪʠʧ ʩʫʙʜʫʢʮʠʠ. ʄʘʨʠʘʥʩʢʠʡ ʪʠʧ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʣʠʪ, ʘ ʏʠʣʠʡʩʢʠʡ ï ʪʠʧ ʩʫʙʜʫʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʨʠʝʥʪʠʨʦʚʢʘ ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠʤʝʝʪ ʚʩʪʨʝʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʵʪʦʤ 
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ʩʣʫʯʘʝ ʨʘʩʪʷʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʳʣʦʚʦʡ ʟʦʥʳ ʭʦʪʷ ʠ ʩʫʱʝʩʪʚʫʶʪ, ʥʦ ʦʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʥʝ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʣʥʦʤʫ ʨʘʩʢʦʣʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ (ʉʆʍ, ʦʢʝʘʥʠʯʝʩʢʠʡ ʦʩʪʨʦʚ, 

ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ) ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʩʦʩʪʘʚʝ ʨʘʟʨʝʟʦʚ ʦʬʠʦʣʠʪʦʚʳʭ 

ʘʩʩʦʮʠʘʮʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʉʇʊʊ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʟʘʢʨʳʪʠʠ ʧʘʣʝʦʦʢʝʘʥʦʚ (ʨʠʩ. 1.4). ɺ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʪʝʨʤʠʥ çʦʬʠʦʣʠʪʳè ʧʨʝʜʧʦʣʘʛʘʣ ʫʩʪʦʡʯʠʚʫʶ ʘʩʩʦʮʠʘʮʠʶ ʧʦʨʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʩʥʠʟʫ-ʚʚʝʨʭ): 1) ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʢʦʤʧʣʝʢʩ 

ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʛʘʨʮʙʫʨʛʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ ʠ ʜʫʥʠʪʦʚ; 2) ʤʝʥʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʛʘʙʙʨʦ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʝʨʠʜʦʪʠʪʳ ʠ ʧʠʨʦʢʩʝʥʠʪʳ; 3) ʢʦʤʧʣʝʢʩ 

ʧʘʨʘʣʣʝʣʴʥʳʭ (çʨʘʩʩʣʦʝʥʥʳʭè) ʜʘʝʢ ʠ ʩʠʣʣʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ; 4) ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʜʫʰʝʯʥʳʭ ʣʘʚ, ʧʝʨʝʢʨʳʪʳʭ ʯʝʭʣʦʤ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʩʘʜʢʦʚ (Steinmann, 1927; 

Moores, Vine, 1971; Anonymous, 1972; Coleman, 1977; ɼʦʙʨʝʮʦʚ, ɿʦʥʝʥʰʘʡʥ, 1985; Nicolas, 1989; 

ɿʦʥʝʥʰʘʡʥ, ʂʫʟʴʤʠʥ, 1993 ʠ ʜʨ.). 

 

 

ʈʠʩ. 1.4. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʦʬʠʦʣʠʪʦʚ ʧʦ (Kusky et al., 2011, 2013). A ï ʪʠʧʠʯʥʳʝ ʦʬʠʦʣʠʪʳ ʙʳʩʪʨʦʛʦ 

ʩʧʨʝʜʠʥʛʘ (ʂʦʣʤʘʥ, 1979); ɹ ï ʦʬʠʦʣʠʪʳ ʤʝʜʣʝʥʥʦʛʦ ʩʧʨʝʜʠʥʛʘ; ɺ ï ʦʬʠʦʣʠʪʳ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʭ ʜʫʛ; 

ɻ ï ʦʬʠʦʣʠʪʳ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʧʣʘʪʦ; ɼ ï ʦʬʠʦʣʠʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʨʠʬʪʠʥʛʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. 
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ʇʦʟʞʝ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʪʘʣʠ ʚʳʜʝʣʷʪʴ ʧʦʜʦʙʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʥʦ ʠ ʚ ʩʦʩʪʘʚʝ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʠ ʟʘʜʫʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 1.4; 

Shervais, 2001; Dilek, Robinson, 2003; Moores, 2003; Mason, 2008; Metcalf, Shervais, 2008; Dilek, 

Furnes, 2011; Kusky et al., 2011; ʉʠʤʦʥʦʚ ʠ ʜʨ., 2024 ʠ ʜʨ.). ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʧʦʥʷʪʠʶ çʦʬʠʦʣʠʪʳè 

ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʪʝʨʤʠʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʪʘʥʦʚʦʢ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ, ʥʦ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʩʠʤʘʫʥʪʦʚ ʠ ʧʣʘʪʦ, ʨʘʟʣʠʯʥʳʭ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ (ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʝ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʜʫʛʠ), ʦʬʠʦʣʠʪʦʚ 

ʟʘʜʫʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ (ʨʠʩ. 1.4). ɺ ʜʨʝʚʥʠʭ ʉʇʊʊ ʨʝʜʢʦ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʦʬʠʦʣʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʏʘʱʝ ʚʩʝʛʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʩʩʦʮʠʘʮʠʠ ʙʘʟʘʣʴʪʦʠʜʦʚ ʩ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʚ ʩʦʩʪʘʚʝ 

ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʢʘʢ ʯʘʩʪʠ 

ʦʬʠʦʣʠʪʦʚʳʭ ʨʘʟʨʝʟʦʚ, ʘ ʢʘʢ ʵʣʝʤʝʥʪʳ ʘʩʩʦʮʠʘʮʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ (ʉʆʇ, 

Ocean Plate Stratigraphy, OPS) (Isozaki et al., 1990; Kusky et al., 2013; Safonova et al., 2016). 

ʇʦʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʢʨʠʪʝʨʠʝʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʩʦʩʪʘʚʝ ʉʇʊʊ ʧʦʤʦʛʘʝʪ ʫʩʧʝʰʥʦ ʢʘʨʪʠʨʦʚʘʪʴ ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. ɺ ʥʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ 

ʪʠʧʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ: 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʉʆʍ), ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʦʩʪʨʦʚʘ/ʩʠʤʘʫʥʪʘ/ʧʣʘʪʦ (ʆʆ), 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ (ʆɼ) ʠ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ (ɸʂʆ). 

 

1.2.ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

 

ʇʦʨʦʜʳ ʉʆʍ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʜʚʠʞʝʥʠʷ ʠʣʠ ʩʧʨʝʜʠʥʛʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʥʘ ʠʭ 

ʜʠʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ 

(ʠʩʪʦʱʝʥʥʦʡ) ʤʘʥʪʠʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʫʣʴʪʨʘʤʘʬʠʪʳ, ʛʘʙʙʨʦ, ʜʦʣʝʨʠʪʳ, ʙʘʟʘʣʴʪʳ, ʥʘʤʥʦʛʦ ʨʝʞʝ ʠʩʣʘʥʜʠʪʳ, 

ʜʘʮʠʪʳ, ʨʠʦʜʘʮʠʪʳ (ʜʦʣʠ ʧʨʦʮʝʥʪʦʚ). ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʉʆʍ ʷʚʣʷʶʪʩʷ 

ʪʦʣʝʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʬʠʨʦʚʳʤʠ ʠʣʠ ʩʝʨʠʡʥʦ-ʧʦʨʬʠʨʦʚʳʤʠ, ʨʝʞʝ 

ʧʦʨʬʠʨʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ, ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʘʮʠʡ (ʜʘʡʢʠ ʠ ʩʠʣʣʳ), ʘ ʪʘʢʞʝ ʩʪʝʢʣʦʚʘʪʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʪʘʙʣ. 1). 

ɺʘʞʥʝʡʰʠʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʶʪʩʷ ʣʘʚʳ ʩ ʧʦʜʫʰʝʯʥʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ (ʧʠʣʣʦʫ-

ʣʘʚʳ; pillow-lava). ɺ ʙʘʟʘʣʴʪʘʭ ʉʆʍ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʛʨʘʜʘʮʠʷ ʩʪʨʫʢʪʫʨ ʦʪ ʩʪʝʢʣʦʚʘʪʳʭ 

ʨʘʟʥʦʩʪʝʡ ʧʦ ʧʝʨʠʬʝʨʠʠ çʧʦʜʫʰʝʢè ʠ ʧʦʪʦʢʦʚ ʢ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ (ʚʧʣʦʪʴ ʜʦ ʤʠʢʨʦʛʘʙʙʨʦ) 

ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ. 
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ʊʘʙʣʠʮʘ 1. ʈʘʟʣʠʯʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ*. 

ɻʝʦʜʠʥʘʤʠʯʝʩ-

ʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

ʍʘʨʘʢʪʝʨʥʳʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʩʝʨʠʠ 

ʊʠʧʠʯʥʳʝ 

ʧʦʨʦʜʳ 
ʇʝʪʨʦʛʨʘʬʠʷ 

ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 

ʦʢʩʠʜʳ 

ʈʝʜʢʠʝ 

ʵʣʝʤʝʥʪʳ 

ʍʘʨʘʢʪʝʨʥʳʝ 

ʠʟʦʪʦʧʥʳʝ 

ʤʝʪʢʠ 

ʄʘʥʪʠʡʥʳʡ 

ʠʩʪʦʯʥʠʢ 

ʉʆʍ (N-

MORB) 

ʊʦʣʝʠʪʦʚʘʷ 

 

ʋʣʴʪʨʘʤʘʬʠʪʳ, 

ʛʘʙʙʨʦ, 

ʜʦʣʝʨʠʪʳ, 

ʙʘʟʘʣʴʪʳ 

ɸʬʠʨʦʚʳʝ ʠ ʩʝʨʠʡʥʦ-

ʧʦʨʬʠʨʦʚʳʝ, ʨʝʞʝ 

ʧʦʨʬʠʨʦʚʳʝ, 

ʚʘʨʠʦʣʠʪʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʦʪ 

ʩʪʝʢʣʦʚʘʪʳʭ ʜʦ 

ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ. 

ʇʠʨʦʢʩʝʥ ʚʦ 

ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʨʝʜʦʢ. 

ʏʘʩʪʦ ʧʦʨʠʩʪʳʝ 

ʪʝʢʩʪʫʨʳ, ʧʦʜʫʰʝʯʥʳʝ 

ʣʘʚʳ. 

Źʱʝʣʦʯʠ (ʦʩʦʙʝʥʥʦ 

K2O), ʜʣʷ 

ʥʝʜʠʬʬʝʨ. 

ʨʘʟʥʦʩʪʝʡ ï ŷMgO ʠ 

CaO 

ŹLILE ʛʨʫʧʧʳ K 

(Cs, Rb, Ba, Pb, Sr, 

La) 

 

ŷNi, Cr, Zr/Nb>20. 

Ź87Sr/86Sr 
206Pb/204Pb 
207Pb/204Pb 
208Pb/204Pb 

 

ŷ143Nd/144Nd 

 

ŷắNd 

DM 

ʆʆ (OIB, OPB) ʊʦʣʝʠʪʦʚʘʷ, 

Na-

ʩʫʙʱʝʣʦʯʥʘʷ, 

K-

ʩʫʙʱʝʣʦʯʥʘʷ, 

ʙʘʟʘʥʠʪ-

ʱʝʣʦʯʥʦ-

ʙʘʟʘʣʴʪ-

ʬʦʥʦʣʠʪʦʚʘʷ, 

ʥʝʬʝʣʠʥʠʪ-

ʬʦʥʦʣʠʪʦʚʘʷ. 

ɹʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ: 

ʬʝʨʨʦʙʘʟʘʣʴʪʳ, 

ʧʠʢʨʠʪʳ, 

ʨʠʦʣʠʪʳ, 
ʪʨʘʭʠʙʘʟʘʣʴʪʳ, 

ʪʨʘʭʠʪʳ. 
ʆʩʦʙʳʝ ʪʠʧʳ: 

ʠʩʣʘʥʜʠʪʳ, 

ʛʘʚʘʡʠʪʳ, 

ʤʫʜʞʠʝʨʠʪʳ, 

ʘʥʢʘʨʘʤʠʪʳ, 

ʣʠʤʙʫʨʛʠʪʳ. 

ɼʣʷ ʪʦʣʝʠʪʦʚ 

ʚʩʪʨʝʯʘʶʪʩʷ 

ʚʢʨʘʧʣʝʥʥʠʢʠ Opx ʠ 

Tm. ʇʦʨʬʠʨʦʚʳʝ, ʨʝʞʝ 

ʘʬʠʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 

ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ, 

ʚʠʪʨʦʬʠʨʦʚʦʡ ʠ 

ʛʠʘʣʦʧʠʣʠʪʦʚʦʡ ʆʄ, 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʢʨʘʧʣʝʥʥʠʢʦʚ. 

ŷTiO2, P2O5, FeO* 

 

ŹAl 2O3, CaO 

 
ŹMgO (ʯʝʤ ʚ 

MORB) 

 

ŷFeO*/MgO. 

OPB OIB ʈʘʟʥʳʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ. 

 

ŷ87Sr/86Sr, 
206Pb/204Pb, 

ŹắNd ʜʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

(ʯʝʤ ʚ MORB).  

EM1 

EM2 

HIMU 

PREMA 

ɹʣʠʟʢʠ 

ʢ N-

MORB 

ŷLREE, 

LILE, 

La/YbN 

 

ŷNb 

 

ŹZr/Nb<10 

 

ç+è Ta-Nb 

ʘʥʦʤʘʣʠʷ 

ʆɼ ʏʘʩʪʦ: 

ʪʦʣʝʠʪʦʚʘʷ, 

ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʘʷ. 

ɹʘʟʘʣʴʪʳ, 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, 

ʘʥʜʝʟʠʪʳ, 

ʜʘʮʠʪʳ, 

ʨʠʦʣʠʪʳ, 

ʇʦʨʬʠʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ 

ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʧʘʨʘʛʝʥʝʟʠʩʘʤʠ 

ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʦʙʠʣʠʝ 

ʨʦʜʩʪʚʝʥʥʳʭ 

ŹTiO2, ŷɸl2O3. ŷLILE, LREE. 

ŹHFSE. 

çïè Ta-Nb 

ʘʥʦʤʘʣʠʷ. 

ŷ87Sr/86Sr 

 

Źl43Nd/144Nd 

 

DM 
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*ʨʘʩʰʠʬʨʦʚʢʘ ʘʙʙʨʝʚʠʘʪʫʨ ʚ ʪʝʢʩʪʝ ʠ ʚ ʩʧʠʩʢʝ ʩʦʢʨʘʱʝʥʠʡ.  

ʈʝʞʝ: 

ʩʫʙʱʝʣʦʯʥʘʷ, 

ʱʝʣʦʯʥʘʷ.  

ʊʠʧʠʯʥʳʝ: 

ʙʦʥʠʥʠʪʦʚʘʷ, 

ʘʜʘʢʠʪʦʚʘʷ. 

ʛʘʙʙʨʦ, 

ʜʠʦʨʠʪʳ, 

ʛʨʘʥʠʪʦʠʜʳ. 

ʚʢʣʶʯʝʥʠʡ. ʆʄ ʦʪ 

ʛʠʘʣʦʧʠʣʠʪʦʚʦʡ ʜʦ 

ʘʥʜʝʟʠʪʦʚʦʡ ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ. 

ŷ207ʈb/204ʈb, 
206Pb/204Pb (ʯʝʤ 

ʚ MORB). 

 

ʕʥʩʠʤʘʪʠʯʝʩʢʠʝ 

ï ç+è ắNd, 

ʵʥʩʠʘʣʠʯʝʩʢʠʝ ï 

ŹắNd ʜʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ. 
ɸʂʆ ʏʘʩʪʦ: 

ʩʨʝʜʥʝʢʘʣʠʝʚʘʷ 

ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʘʷ, 

ʩʫʙʱʝʣʦʯʥʘʷ 

(ʰʦʰʦʥʠʪ-

ʣʘʪʠʪʦʚʘʷ) ʠ 

ʱʝʣʦʯʥʘʷ. 

ʈʝʜʢʦ: 

ʪʦʣʝʠʪʦʚʘʷ. 

ɸʥʜʝʟʠʪʳ, 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, 

ʜʘʮʠʪʳ, 

ʨʠʦʣʠʪʳ, 

ʙʘʟʘʣʴʪʳ (ʚ 

ʧʦʜʯ. ʢʦʣ-ʚʝ), 

ʛʘʙʙʨʦ-

ʜʠʦʨʠʪʳ, 

ʜʠʦʨʠʪʳ, 

ʛʨʘʥʠʪʦʠʜʳ. 

ʇʦʨʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʇʦʚʩʝʤʝʩʪʥʳʡ 

ʟʦʥʘʣʴʥʳʡ Pl, ʯʘʩʪʳʡ 

Fsp. 

ŷʂ2ʆ, Na2O 

 

Źʉʘʆ. 

ŷLILE 

 

ŷHFSE 

 

çïè Ta-Nb 

ʘʥʦʤʘʣʠʷ 

ʚʳʨʘʞʝʥʘ ʩʣʘʙʝʝ, 

ʯʝʤ ʚ ʆɼ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʝʛʤʝʥʪʘ. ɺ 

ʮʝʣʦʤ: ŷ87Sr/86Sr 

Źl43Nd/144Nd. 

ŷ207ʈb/204ʈb, 
206Pb/204Pb 

(ʙʦʣʴʰʝ 

ʧʨʠʟʥʘʢʦʚ 

ʢʦʨʦʚʦʡ 

ʢʦʥʪʘʤʠʥʘʮʠʠ). 

ɹʣʠʟʢʠ ʢ 

ʵʥʩʠʘʣʠʯʝʩʢʠʤ 

ʆɼ + ŷʢʦʨʦʚʘʷ 

ʢʦʥʪʘʤʠʥʘʮʠʷ 
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ɺʢʨʘʧʣʝʥʥʠʢʠ ʚ ʧʦʨʬʠʨʦʚʳʭ ʧʦʨʦʜʘʭ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʣʠʚʠʥʦʤ, ʧʣʘʛʠʦʢʣʘʟʦʤ, 

ʭʨʦʤʠʪʦʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʦʣʝʠʪʦʚ ʜʨʫʛʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʚ ʪʦʣʝʠʪʘʭ ʉʆʍ ʧʠʨʦʢʩʝʥ ʚʦ 

ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʦʢ (ʌʨʦʣʦʚʘ, ɹʫʨʠʢʦʚʘ, 1997). ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʦʪʤʝʯʘʶʪʩʷ 

ʩʥʦʧʦʚʠʜʥʳʝ, ʤʝʪʝʣʴʯʘʪʳʝ, ʚʘʨʠʦʣʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʜʝʥʜʨʠʪʘʤʠ ʧʠʨʦʢʩʝʥʦʚ ʚʦʢʨʫʛ 

ʧʣʘʛʠʦʢʣʘʟʦʚ. ʕʪʦ ʦʪʨʘʞʘʝʪ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜʳ: ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʟʘʩʪʳʚʘʥʠʝ ʚ 

ʧʦʜʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɹʘʟʘʣʴʪʳ ʉʆʍ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ ʨʘʩʧʣʘʚʦʚ ʤʘʥʪʠʡʥʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ, ʢʦʪʦʨʳʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʙʳʣ ʠʩʪʦʱʝʥ ʠʟ-ʟʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ɿʝʤʣʠ (ʩʤ. 

ʨʘʟʜʝʣ 1.4), ʧʦʵʪʦʤʫ ʦʥʠ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʳ ʧʦ ʩʦʩʪʘʚʫ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. ʪʝʭ, ʯʪʦ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʨʘʩʧʣʘʚʝ, ʘ ʥʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

(Hofmann, 1988; Sun, McDonough, 1989). ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʙʘʟʘʣʴʪʳ ʉʆʍ ʥʘʟʳʚʘʶʪ 

MORB (Mid Ocean Ridge Basalts) ʠ ʜʝʣʷʪ ʥʘ ʜʚʘ ʪʠʧʘ: ʥʦʨʤʘʣʴʥʳʝ (N-MORB) ʠ ʦʙʦʛʘʱʝʥʥʳʝ (E-

MORB) (Schilling, 1973). ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʝʱʸ ʧʝʨʝʭʦʜʥʳʡ ʪʠʧ (T-MORB), 

ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʜʚʫʤʷ ʪʠʧʘʤʠ (Bryan et 

al., 1976; Wood, 1979; Schilling et al., 1983; Langmuir et al., 1992 ʠ ʜʨ.). ʊʘʢʞʝ ʨʘʥʝʝ ʚʳʜʝʣʷʣʩʷ ʠ 

ʧʣʶʤʦʚʳʡ ʪʠʧ (P-MORB), ʥʦ ʵʪʦʪ ʪʝʨʤʠʥ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (Schilling et al., 

1983; Ito et al., 1987). N-MORB ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʉʆʍ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ K2O, ʘ ʪʘʢʞʝ ʢʨʫʧʥʦʠʦʥʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ (LILE) ʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(HFSE), ʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ (Cr, Ni, Co). ʆʥʠ ʦʙʝʜʥʝʥʳ 

ʣʝʛʢʠʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Light Rare Earth Elements, LREE), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʦʪʥʦʰʝʥʠʷ La/YbN ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ (ʨʠʩ. 1.5A). ɼʣʷ E-MORB ʥʘʧʨʦʪʠʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

LREE ʧʦʚʳʰʝʥʳ, ʘ ʦʪʥʦʰʝʥʠʷ La/YbN ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ (ʨʠʩ. 1.5A). ɿʘ ʵʪʘʣʦʥ ʦʙʦʛʘʱʝʥʥʳʭ 

ʙʘʟʘʣʴʪʦʚ ʧʨʠʥʷʪʳ ʧʦʨʦʜʳ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʤʝʞʜʫ 45Á ʠ 63Á ʩ. ʰ. ʕʪʘʣʦʥʦʤ 

ʧʝʨʝʭʦʜʥʳʭ ʙʘʟʘʣʴʪʦʚ ʩʯʠʪʘʶʪʩʷ ʧʦʨʦʜʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʘ 

ʈʝʡʢʴʷʥʝʩ (Wood et al., 1980). ʅʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ (ʨʠʩ. 1.5ɹ), ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʨʠʤʠʪʠʚʥʫʶ ʤʘʥʪʠʶ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ N-MORB ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ 

ʧʦ Nb ʦʪʥʦʩʠʪʝʣʴʥʦ Th, ʥʦ ʥʝ La (Sun, McDonough, 1989). ʈʘʩʩʤʘʪʨʠʚʘʷ ʉʆʍ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

(ʥʘʧʨʠʤʝʨ, ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʝ ʧʦʜʥʷʪʠʝ), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʢ ʥʦʨʤʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʦʙʦʛʘʱʝʥʥʳʭ MORB (ʨʠʩ. 1.5). 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʦʙʦʛʘʱʝʥʥʳʭ ʙʘʟʘʣʴʪʦʚ ʪʠʧʘ E-MORB ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʠʩʢʫʩʩʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʛʣʫʙʠʥʥʳʤʠ 

ʤʘʥʪʠʡʥʳʤʠ ʧʣʶʤʘʤʠ (Schilling, 1973; Schilling et al., 1983; All¯gre et al., 1984; le Roex et al., 1985; 

Schilling, 1991; Taylor et al., 1997; Arevalo, McDonough, 2010), ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ 

ʧʦʜʥʠʤʘʶʱʠʝʩʷ ʛʦʨʷʯʠʝ ʧʦʪʦʢʠ, ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ ʤʘʥʪʠʠ ʠ ʷʜʨʘ ʠʣʠ ʥʘ ʛʨʘʥʠʮʝ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. ʅʝʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪ, ʯʪʦ E-MORB ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʥʠʟʢʠʭ 
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ʩʪʝʧʝʥʝʡ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʩʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (Sun, Hanson, 1975; 

Wood, 1979; All¯gre, Turcotte, 1986; Sun, McDonough, 1989; Niu et al., 1996; Donnelly et al., 2004) 

ʠ/ʠʣʠ ʧʣʘʚʣʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ ʵʢʣʦʛʠʪʦʚʳʭ ʜʦʤʝʥʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʚ ʟʦʥʫ ʩʫʙʜʫʢʮʠʠ (Hofmann, White, 1982; All¯gre et al., 1984; Zindler et 

al., 1984; Niu, Batiza, 1997; Niu et al., 1999). ɸʚʪʦʨ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʠʥʠʤʘʝʪ ʧʣʶʤʦʚʫʶ 

ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ MORB. 

 

 

ʈʠʩ 1.5. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʥʜʨʠʪʫ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɸ) ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʜʠʘʛʨʘʤʤʳ (ɹ) ʜʣʷ MORB ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ɺʊʇ(ʉ) ï ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʇʘʮʠʬʠʢʘ-ʂʦʢʦʩ; Regelous et al., 1999), 

ɺʊʇ(ʖ) ï ʶʞʥʘʷ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʇʘʮʠʬʠʢʘ-ʅʘʩʢʘ; Zhang et al., 2018). 

ɿʥʘʯʝʥʠʷ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ MORB ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʜʘʥʳ ʧʦ (Arevalo Jr., McDonough, 2010). ɼʘʥʥʳʝ ʜʣʷ 

ʭʦʥʜʨʠʪʘ, ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, N-MORB, E-MORB ʠ OIB ʚʟʷʪʳ ʠʟ (Sun, McDonough, 1989). 

 

ɽʩʣʠ ʤʘʥʪʠʡʥʳʡ ʧʣʶʤ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʉʆʍ (ʥʘʧʨʠʤʝʨ, ɸʟʦʨʩʢʠʝ ʦʩʪʨʦʚʘ) ʠʣʠ ʥʘ ʝʛʦ 

ʦʩʠ (ʥʘʧʨʠʤʝʨ, ʀʩʣʘʥʜʠʷ), ʪʦ ʦʥ ʥʝʩʦʤʥʝʥʥʦ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʤʘʛʤʦʛʝʥʝʟʘ. ʉ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʝʝ ʛʦʨʷʯʝʝ ʚʝʱʝʩʪʚʦ ʧʣʶʤʘ ʧʨʦʠʟʚʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʟʦʛʨʝʚ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʮʝʩʩ 
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ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʘʚ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʣʶʤʦʚʳʝ ʨʘʩʧʣʘʚʳ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʉʆʍ, ʠʟ-ʟʘ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʠʩʪʦʱʝʥʥʳʭ N-MORB LREE ʠ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʠ ʦʙʨʘʟʫʶʪʩʷ E-MORB ʠ T-MORB. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʧʣʶʤʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʦʩʪʘʚʘʭ 

ʙʘʟʘʣʴʪʦʚ ʉʆʍ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 1000 ʢʤ ʦʪ ʥʝʛʦ (Schilling, 1973; Schilling et al., 1976; Hanan et 

al., 1986; Kelley et al., 2013). ɺ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʨʘʩʢʦʣ ʢʦʥʪʠʥʝʥʪʘ 

ʠ ʟʘʣʦʞʝʥʠʝ ʩʧʨʝʜʠʥʛʦʚʳʭ ʟʦʥ ʥʘʯʠʥʘʶʪʩʷ ʩ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʣʛʦʞʠʚʫʱʝʛʦ ʧʣʶʤʘ, ʢʦʪʦʨʳʡ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʧʦ ʮʝʥʪʨʫ ʭʨʝʙʪʘ (Larson, 1991; Maruyama, 1994; 

Condie, 2001; Romanovicz, Gung, 2002; To et al., 2005; Yue et al., 2007; Maruyama et al., 2007). ɺ 

ʩʣʫʯʘʝ ʤʠʛʨʘʮʠʠ ʭʨʝʙʪʘ ʤʝʞʜʫ ʥʠʤ ʠ ʛʦʨʷʯʝʡ ʪʦʯʢʦʡ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʘʩʪʝʥʦʩʬʝʨʥʳʡ ʢʘʥʘʣ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʧʣʘʚʦʚ. 

ɺʥʫʪʨʠʧʣʠʪʥʳʡ ʤʘʛʤʘʪʠʟʤ ʦʢʝʘʥʦʚ, ʪ.ʝ. ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʛʨʘʥʠʮʘʤʠ ʧʣʠʪ (ʜʠʚʝʨʛʝʥʪʥʳʤʠ 

ʠʣʠ ʢʦʥʚʝʨʛʝʥʪʥʳʤʠ), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʝʨʠʡ 

(ʱʝʣʦʯʥʳʝ, ʪʦʣʝʠʪʦʚʳʝ) ʠ ʦʙʦʛʘʱʝʥʠʝʤ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Ti, P, Nb, LREE). ɻʣʘʚʥʦʡ 

ʯʝʨʪʦʡ ʵʪʠʭ ʩʝʨʠʡ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʥʘʜ ʩʨʝʜʥʠʤʠ ʠ ʢʠʩʣʳʤʠ, 

ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʢʦʥʪʨʘʩʪʥʳʭ ʩʝʨʠʡ (ʙʠʤʦʜʘʣʴʥʳʡ ʤʘʛʤʘʪʠʟʤ) ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ 

ʧʦʨʦʜ ʩʨʝʜʥʝʡ ʢʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʘʟʘʣʴʪʦʚ ʉʆʍ ʨʦʣʴ ʢʠʩʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʜʠʬʬʝʨʝʥʮʠʘʪʦʚ ʟʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (ʌʨʦʣʦʚʘ, ɹʫʨʠʢʦʚʘ, 1997). ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʚʷʟʳʚʘʶʪ ʩ ʛʣʫʙʠʥʥʳʤ (ʦʙʦʛʘʱʝʥʥʳʤ) ʤʘʥʪʠʡʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʤʝʭʘʥʠʟʤ ʧʦʜʥʷʪʠʷ ʢʦʪʦʨʦʛʦ 

ʦʙʫʩʣʦʚʣʝʥ ʤʘʥʪʠʡʥʳʤ ʧʣʶʤʦʤ (Courtillot et al., 2003; Coffin, Whittaker, 2016 ʠ ʜʨ.). ʇʨʠʥʮʠʧ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʭ ʧʦʜʥʷʪʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

(Hofmann, 1997; Campbell, Davies, 2006; Maruyama et al., 2007; Santosh, 2010; ɼʦʙʨʝʮʦʚ ʠ ʜʨ., 

2005ʙ; ɼʦʙʨʝʮʦʚ, 2011 ʠ ʜʨ.). ɺʥʫʪʨʠʧʣʠʪʥʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʥʘʟʳʚʘʶʪ ʙʘʟʘʣʴʪʘʤʠ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ OIB (Oceanic Island Basalts) ʠʣʠ ʙʘʟʘʣʴʪʘʤʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʘʪʦ OPB 

(Oceanic Plateau Basalts). ʕʪʘʣʦʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʀʤʧʝʨʘʪʦʨʩʢʦ-ɻʘʚʘʡʩʢʦʡ ʩʠʩʪʝʤʳ ʩʠʤʘʫʥʪʦʚ ʠ ʦʩʪʨʦʚʦʚ ʠʣʠ ʀʤʧʝʨʘʪʦʨʩʢʦ-ɻʘʚʘʡʩʢʦʡ ʛʦʨʷʯʝʡ 

ʪʦʯʢʠ (Wilson, 1963; Sun, McDonough, 1989; Hofmann, Jochum, 1996; Regelous et al., 2003). 

ɼʣʷ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʧʦʨʦʜ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʪʦʣʝʠʪʦʚʘʷ ʩʝʨʠʷ, ʥʦ ʦʥʘ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʘ, 

ʯʝʤ ʪʘʢʦʚʘʷ ʚ ʉʆʍ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʝʨʨʦʙʘʟʘʣʴʪʳ, ʠʩʣʘʥʜʠʪʳ, ʨʠʦʣʠʪʳ. ʆʥʠ ʩʣʘʛʘʶʪ 

ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ, ʥʘʟʝʤʥʳʝ ʚʫʣʢʘʥʳ ʠ ʧʣʘʪʦ, ʘ ʪʘʢʞʝ ʦʩʪʨʦʚʘ ʚ ʟʦʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʶʤʘ ʠ ʉʆʍ (ʀʩʣʘʥʜʠʷ, ʦ-ʚʘ ʇʘʩʭʠ ʠ ɺʦʟʥʝʩʝʥʠʷ). ʋʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʘʷ ʩʝʨʠʷ 

ʙʦʣʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʘ, ʯʝʤ ʪʦʣʝʠʪʦʚʘʷ. ʂ ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʪʨʘʭʠʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʪʳ, ʛʘʚʘʡʠʪʳ, 

ʤʫʜʞʠʝʨʠʪʳ, ʘʥʢʘʨʘʤʠʪʳ, ʣʠʤʙʫʨʛʠʪʳ. ʇʨʠ ʵʪʦʤ 85% ʩʝʨʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ, ʘ 

ʩʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦʨʦʜʳ ʩʝʨʠʠ ʩʣʘʛʘʶʪ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʟʝʤʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʦ-ʚʘ ʊʨʠʩʪʘʥ-ʜʘ-ʂʫʥʴʷ, ɻʘʚʘʡʠ, ɻʦʬʬ), ʦʜʥʘʢʦ ʝʩʪʴ ʠ 

ʧʦʜʚʦʜʥʳʝ (ʄʫʨʢʫʩ-ʅʝʢʢʝʨ). ʆʙʲʸʤ ʧʦʨʦʜ ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʥʝʚʝʣʠʢ. ɺ 

ʦʩʥʦʚʥʦʤ, ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʦʩʪʨʦʚʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ, ʪʘʢʠʭ ʢʘʢ ʦ-ʚʘ ɿʝʣʝʥʦʛʦ ʤʳʩʘ ʠ 

ʊʨʠʥʠʜʘʜ. ʂ ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʦʪʥʦʩʷʪʩʷ ʪʝʬʨʠʪʳ, ʱʝʣʦʯʥʳʝ ʪʨʘʭʠʪʳ, ʥʝʬʝʣʝʥʠʪʳ, ʙʘʟʘʥʠʪʳ, 

ʬʦʥʦʣʠʪʳ. 

ɺʥʫʪʨʠʧʣʠʪʥʳʝ ʪʦʣʝʠʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠ ʩʭʦʜʥʳ ʩ ʪʦʣʝʠʪʘʤʠ ʉʆʍ, ʦʜʥʘʢʦ ʜʣʷ ʥʠʭ 

ʚʳʜʝʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʉʨʝʜʠ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʢʨʦʤʝ ʤʠʥʝʨʘʣʦʚ, ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʪʦʣʝʠʪʦʚ ʉʆʍ, ʚʩʪʨʝʯʘʶʪʩʷ ʝʱʸ ʦʨʪʦʧʠʨʦʢʩʝʥ ʠ ʦʙʦʛʘʱʝʥʥʳʝ ʪʠʪʘʥʦʤ ʚʢʨʘʧʣʝʥʥʠʢʠ ïTi-ʘʚʛʠʪ, 

Ti-ʩʦʜʝʨʞʘʱʠʡ ʘʤʬʠʙʦʣ ʢʝʨʩʫʪʠʪ ʠ Ti-ʙʠʦʪʠʪ (Safonova et al., 2016). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʦʨʦʜ ʯʘʩʪʦ 

ʚʠʪʨʦʬʠʨʦʚʘʷ, ʠʥʪʝʨʩʝʨʪʘʣʴʥʘʷ ʠʣʠ ʛʠʘʣʦʧʠʣʠʪʦʚʘʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʪʦʣʝʠʪʦʚ ʚ 

ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ TiO2 ʠ P2O5, ʘ ʪʘʢʞʝ ʩʫʤʤʳ 

ʱʝʣʦʯʝʡ ʠ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ ʠ ʧʦʥʠʞʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Al2O3 ʠ CaO. ʇʦ ʧʨʠʯʠʥʝ 

ʛʣʫʙʠʥʥʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʣʠʚʠʥʘ (ʙʦʣʴʰʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʯʘʛʦʚ) ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ 

ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ MgO ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ FeO*/MgO. ɺʚʠʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʠ Cr ʚ ʦʣʠʚʠʥʝ ʠ ʭʨʦʤʠʪʝ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʪʦʣʝʠʪʳ ʦʙʝʜʥʝʥʳ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʣʘʚʘ. 

ɹʦʣʴʰʝ ʦʪʣʠʯʠʡ ʦʪ ʉʆʍ ʤʦʞʥʦ ʥʘʡʪʠ ʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ 

ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ LREE, ʘ ʪʘʢʞʝ LILE (ʨʠʩ. 1.6), 

ʧʨʠʯʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʪʦʣʝʠʪʦʚ ʢ ʱʝʣʦʯʥʳʤ ʧʦʨʦʜʘʤ. ʉʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʵʪʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʜʣʷ ʙʘʟʘʣʴʪʦʚ OIB ʚʳʰʝ, ʘ ʜʣʷ OPB ʵʪʦ ʦʙʦʛʘʱʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ (ʨʠʩ. 1.6; Wilson, 

1963; Sun, McDonough, 1989; Hemond et al., 1993; Mahoney et al., 1993; Neal et al., 1997; Regelous 

et al., 2003). ʊʘʢʞʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Nb (ʨʠʩ. 1.6ɹ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʠʝ ʦʪʥʦʰʝʥʠʷ Zr/Nb (<20) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʙʘʟʘʣʴʪʘʤʠ ʉʆʍ (>20). ʅʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ Ta-Nb ʘʥʦʤʘʣʠʠ ʥʘ ʩʧʝʢʪʨʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ (ʨʠʩ. 1.6ɹ), ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʠʩʪʦʯʥʠʢʝ ʨʝʮʠʢʣʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɺʦ ʚʨʝʤʷ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ Ta ʠ Nb, ʷʚʣʷʷʩʴ ʥʝʤʦʙʠʣʴʥʳʤʠ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʵʣʝʤʝʥʪʘʤʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʵʢʣʦʛʠʪʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟʘʣʴʪʘʭ, ʟʘʤʝʱʘʷ Ti ʚ ʩʪʨʫʢʪʫʨʝ 

ʨʫʪʠʣʘ. ɼʘʣʝʝ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʤʘʥʪʠʶ, ʠʟ ʢʦʪʦʨʦʡ ʦʥʘ ʞʝ ʠ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ 

(ʨʝʮʠʢʣʠʥʛ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʦʛʘʱʘʷ Ta ʠ Nb ʤʘʥʪʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʫʜʫʪ ʚʳʧʣʘʚʣʷʪʴʩʷ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʧʦʨʦʜʳ (Weawer, 1991; Hofmann, 1997; Kerrich, Wyman, 

1997). ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʘ ʘʥʦʤʘʣʠʷ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 1.3. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OIB ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʤʝʨʝ ʚʥʫʪʨʠʧʣʠʪʥʳʭ 

ʧʦʨʦʜ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 1.6). ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʣʘʪʦ ʆʥʪʦʥʛ-ɼʞʘʚʘ (OPB) ʭʘʨʘʢʪʝʨʥʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, LREE, ʯʝʤ ʜʣʷ 

ʇʦʣʠʥʝʟʠʠ ʠʣʠ ɻʘʚʘʡʩʢʠʭ ʦʩʪʨʦʚʦʚ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʤʝʰʝʥʠʝʤ ʨʘʩʧʣʘʚʦʚ ʠʟ 
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ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʧʣʶʤʦʚʦʛʦ ʠ ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ), ʥʘʧʨʠʤʝʨ, ʚ ʦʙʩʪʘʥʦʚʢʝ ʚʥʝʦʩʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʶʤ-ʉʆʍ (Chen et al., 2021). 

 

 

ʈʠʩ 1.6. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʥʜʨʠʪʫ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɸ) ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʜʠʘʛʨʘʤʤʳ (ɹ) ʜʣʷ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʧʦʨʦʜ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɼʘʥʥʳʝ ʜʣʷ ʇʦʣʠʥʝʟʠʠ ʜʘʥʳ ʧʦ (Woodhead, 1995), ʜʣʷ ɻʘʚʘʡʩʢʠʭ ʦ-ʚʦʚ ʧʦ (Regelous et al., 

2003), ʜʣʷ ʧʣʘʪʦ ʆʥʪʦʥʛ-ɼʞʘʚʘ ʧʦ (Chen et al., 2021). ɼʘʥʥʳʝ ʜʣʷ ʭʦʥʜʨʠʪʘ, ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, N-

MORB ʠ OIB ʚʟʷʪʳ ʠʟ (Sun, McDonough, 1989). 

 

1.3. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ 

 

ɺ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʦʜʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʝʨʠʡ 

ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʠ (ʪʦʣʝʠʪʦʚʳʝ, ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʫʤʝʨʝʥʥʦ-

ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʳʝ (ʰʦʰʦʥʠʪ-ʣʘʪʠʪʦʚʳʝ), ʘ ʪʘʢʞʝ ʦʩʦʙʳʝ ʙʦʥʠʥʠʪʦʚʳʝ ʠ ʘʜʘʢʠʪʦʚʳʝ ʩʝʨʠʠ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ (ʨʠʩ. 1.7). 
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ʅʘʧʨʠʤʝʨ, ʜʣʷ ʗʧʦʥʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ (Kuno, 1966), ʯʪʦ ʚ ʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʝʨʠʡ: ʪʦʣʝʠʪʦʚʘʷ (ʬʨʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ) ï ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʘʷ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ) ï ʰʦʰʦʥʠʪʦʚʘʷ (ʪʳʣʦʚʘʷ ʯʘʩʪʴ). ʇʦʜʦʙʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʪʘʢʞʝ 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʜʣʷ ʂʘʤʯʘʪʢʠ (ʄʘʨʪʳʥʦʚ, 1999). ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʨʦʜ 

ʨʘʟʥʳʭ ʩʝʨʠʡ ʜʣʷ ʦʜʥʦʡ ʜʫʛʠ ʦʪʣʠʯʥʳ ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ ʜʨʫʛʦʡ. ɼʣʷ ʥʝʟʨʝʣʳʭ ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ ʜʫʛ 

(ʄʘʨʠʘʥʩʢʘʷ, ʊʦʥʛʘ) ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʧʦʨʦʜʳ ʙʦʥʠʥʠʪʦʚʦʡ ʠ ʪʦʣʝʠʪʦʚʦʡ ʩʝʨʠʡ, ʘ ʜʣʷ 

ʟʨʝʣʳʭ ʵʥʩʠʘʣʠʯʝʩʢʠʭ (ʗʧʦʥʩʢʘʷ, ʂʫʨʠʣʴʩʢʘʷ) ï ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʠ ʰʦʰʦʥʠʪʦʚʦʡ. 

 

 

ʈʠʩ 1.7. ʇʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʟʨʝʣʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʚʥʝ ʤʘʩʰʪʘʙʘ) ʧʦ (ʐʚʝʣʣʝʨ, 1991). 

ʉʪʨʝʣʢʠ ï ʥʘʧʨʘʚʣʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʦʪ ʬʨʦʥʪʘ ʢ 

ʪʳʣʫ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʣʠʷ ʠ 

ʙʣʠʟʢʠʭ ʢ ʥʝʤʫ ʧʦ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʣʝʤʝʥʪʦʚ ʦʪʨʘʞʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʋ. ɼʠʢʠʥʩʦʥʘ 

(Dickinson, 1975). ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʝ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: 1) 

ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʧʣʘʚʣʝʥʠʝ ʤʘʥʪʠʠ ʚʳʰʝ ʧʦʛʨʫʞʘʶʱʝʡʩʷ ʧʣʠʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʦʣʝʠʪʦʚ; 2) ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʩʫʙʜʫʢʮʠʠ ʛʝʥʝʨʘʮʠʷ ʤʘʛʤʳ ʩʪʘʥʦʚʠʪʩʷ ʦʙʫʩʣʦʚʣʝʥʘ ʝʱʸ ʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʝʡ ʩ ʚʳʰʝʣʝʞʘʱʝʡ ʤʘʥʪʠʝʡ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʫʶ ʩʝʨʠʶ, 

ʦʥʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ ʙ·ʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʣʴʰʝ ʦʪ ʞʝʣʦʙʘ (ʐʚʝʣʣʝʨ, 1991). ʀ. 

ʂʫʰʠʨʦ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ (ʂʫʰʠʨʦ, 1984) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʬʨʦʥʪʘ ʢ ʪʳʣʫ ʥʘ ʗʧʦʥʩʢʦʡ 
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ʜʫʛʝ ʚʦʟʨʘʩʪʘʝʪ ʪʘʢʞʝ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʤʘʛʤ, ʠ ʚ ʚʫʣʢʘʥʠʪʘʭ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ. 

ʊʦ ʝʩʪʴ ʚ ʪʳʣʦʚʦʡ ʯʘʩʪʠ ʚʳʧʣʘʚʣʷʶʪʩʷ ʤʘʛʤʳ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʣʠʡ ʠ 

ʧʦʜʦʙʥʳʝ ʝʤʫ ʵʣʝʤʝʥʪʳ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʥʦʤ ʬʣʶʠʜʝ. ʆʪ ʬʨʦʥʪʘ ʢ ʪʳʣʫ ʤʝʥʷʝʪʩʷ ʪʘʢʞʝ 

ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜ. 

ʆʩʪʨʦʚʦʜʫʞʥʳʝ ʪʦʣʝʠʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʦʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ TiO2, Cr, Ni, Fe2O3+FeO+MgO ʠ ʚʳʩʦʢʠʤʠ 

ɸl2O3. ʇʨʠ ʵʪʦʤ ʩʘʤ ʪʦʣʝʠʪʦʚʳʡ ʪʨʝʥʜ (ʪʨʝʥʜ ʥʘʢʦʧʣʝʥʠʷ ʞʝʣʝʟʘ) ʥʝ ʪʘʢ ʭʘʨʘʢʪʝʨʥʦ ʚʳʨʘʞʝʥ, 

ʢʘʢ ʫ ʪʦʣʝʠʪʦʚ ʉʆʍ (Miyashiro, 1975; Saunders et al., 1979). ʊʦʣʝʠʪʳ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʙʦʣʝʝ 

ʦʙʦʛʘʱʝʥʳ LILE, ʠ ʦʙʝʜʥʝʥʳ HFSE ʠ ʪʷʞʝʣʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Heavy Rare Earth 

Elements, HREE; ʨʠʩ. 1.8). 

 

 

ʈʠʩ 1.8. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʥʜʨʠʪʫ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɸ) ʠ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʝ ʜʠʘʛʨʘʤʤʳ (ɹ) ʜʣʷ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʦʨʦʜ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ɼʘʥʥʳʝ ʜʣʷ ɸʥʜ ʜʘʥʳ ʧʦ (Mamani et al., 2010), ʜʣʷ ʗʧʦʥʠʠ ʧʦ (Shuto et al., 2015), ʜʣʷ 

ʄʘʨʠʘʥʩʢʦʡ ʜʫʛʠ ʧʦ (Pearce, Stern, 2005). ɼʘʥʥʳʝ ʜʣʷ ʭʦʥʜʨʠʪʘ, ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, N-MORB ʠ OIB 

ʚʟʷʪʳ ʠʟ (Sun, McDonough, 1989). 
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ʉʘʤʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ 

ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʩʧʝʢʪʨʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ 

ʧʦ Nb ʠ Ta (ʨʠʩ. 1.8ɹ). ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ, ʦʙʲʷʩʥʷʶʱʠʭ ʜʘʥʥʫʶ ʘʥʦʤʘʣʠʶ. 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ, Ta ʠ Nb ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʨʝʩʪʠʪʝ ʠʟ-ʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ-

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ (ʨʫʪʠʣ) ʚ ʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ (Saunders et al., 1980; Hawkesworth et al., 1993). 

ʆʜʥʘʢʦ, ʚ ʨʘʙʦʪʝ (Ayers, Watson, 1991) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʫʪʠʣʘ ʚ ʞʠʜʢʦʩʪʷʭ 

ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʦʪ 10 ʜʦ 30 ʢʙʘʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʠ 10-15 ʢʙʘʨ ʥʝ ʚʩʝʛʜʘ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʜʘʥʥʫʶ ʘʥʦʤʘʣʠʶ. ʇʨʠ ʜʘʚʣʝʥʠʠ 30 ʢʙʘʨ ʨʫʪʠʣ ʧʦʯʪʠ 

ʚ 100 ʨʘʟ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤ, ʯʝʤ ʙʦʛʘʪʳʡ LILE ʠ REE ʤʦʥʘʮʠʪ, ʧʦʵʪʦʤʫ ʬʣʶʠʜʳ, ʚʳʜʝʣʷʶʱʠʝʩʷ 

ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʧʣʠʪʳ, ʤʦʛʫʪ ʙʳʪʴ ʜʘʞʝ ʦʙʦʛʘʱʝʥʳ Nb ʠ Ta ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʘ ʥʝ ʠʩʪʦʱʝʥʳ 

(Ayers, Watson, 1993). ʇʦʵʪʦʤʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʩʦʜʝʨʞʘʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʤʘʛʤʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʦʜʚʠʞʥʦʩʪʴ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʬʣʶʠʜʘʭ, ʧʨʠ ʵʪʦʤ LILE ʦʯʝʥʴ 

ʧʦʜʚʠʞʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ HFSE ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʧʦʜʚʠʞʥʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʝʜʥʝʥ ʠʩʪʦʯʥʠʢ ʙʦʣʴʰʠʥʩʪʚʘ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʤʘʛʤ (Tatsumi et al., 1986; McCulloch, Gamble, 

1991; Hawkesworth et al., 1994; Arculus, 1994). ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Nb ʠ Ta ʚ 

ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʛʣʠʥʦʟʝʤʘ (Baier et al., 2008). ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥ ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴ Nb ʠ Ta, ʪʝʤ 

ʩʘʤʳʤ ʦʙʝʜʥʷʷ ʠʤʠ ʬʣʶʠʜ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʤʘʛʤʳ, ʥʦ ʵʪʦ ʙʫʜʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʤʝʥʝʝ 5 ɻʧʘ). 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʬʨʦʥʪʘʣʴʥʦʡ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʚʦʟʨʘʩʪʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʦʜ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ (ʨʠʩ. 1.7). ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʙʘʟʘʣʴʪ-

ʘʥʜʝʟʠʪʦʚʘʷ (ʩʦʢʨʘʱʝʥʥʘʷ), ʪʘʢ ʠ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʘʷ (ʧʨʦʪʷʞʝʥʥʘʷ). ʇʨʠ ʵʪʦʤ ʚ 

ʩʝʨʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ, ʪʦʛʜʘ ʢʘʢ ʦʙʲʝʤʳ ʙʘʟʘʣʴʪʦʚ, ʜʘʮʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʪʦʣʴʢʦ 10%. ɹʦʣʴʰʠʥʩʪʚʦ ʙʘʟʘʣʴʪʦʚ/ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʠʤʝʶʪ ʧʦʨʬʠʨʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ 40-45% ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʘʮʠʪʘʤ ʠ 

ʨʠʦʣʠʪʘʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ. ʆʙʠʣʴʥʳ ʛʣʦʤʝʨʦʧʦʨʬʠʨʦʚʳʝ 

ʩʨʦʩʪʢʠ ʤʠʥʝʨʘʣʦʚ ʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠ 

ʙʠʦʪʠʪ. 

ɺʫʣʢʘʥʠʪʳ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʝʠʪʦʚʦʡ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ 

LILE ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʜʫ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʠ ʨʘʩʧʣʘʚʦʤ (Sr Ą K Ą Rb Ą Ba). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʤʝʥʴʰʘʶʪʩʷ ʦʪʥʦʰʝʥʠʷ K/Rb ʠ Ba/Sr ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʣʝʠʪʦʚʦʡ. ʉʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʥʦʩʪʠ LREE ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ HREE ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʚʦʟʨʘʩʪʘʶʪ ʩʦʜʝʨʞʘʥʠʷ HFSE. 
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ʇʦʩʣʝʜʥʠʝ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʘʷ ʠ ʱʝʣʦʯʥʘʷ 

ʩʝʨʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʳʣʦʚʳʭ ʯʘʩʪʝʡ ʠʣʠ ʟʨʝʣʳʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ. ʇʦʨʦʜʳ ʵʪʠʭ ʩʝʨʠʡ ʯʘʱʝ 

ʚʩʝʛʦ ʩʣʘʛʘʶʪ ʩʠʣʣʳ, ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʷʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ. ʇʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʘʬʠʨʦʚʳʤʠ, ʪʘʢ ʠ ʧʦʨʬʠʨʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʚʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ (ʣʝʨʮʦʣʠʪʳ, ʧʠʨʦʢʩʝʥʠʪʳ, ʚʝʨʣʠʪʳ, ʛʘʙʙʨʦʠʜʳ). ʇʨʠ 

ʵʪʦʤ ʚʫʣʢʘʥʠʪʳ ʢʘʢ ʧʨʘʚʠʣʦ ʥʠʟʢʦʢʨʝʤʥʝʟʝʤʥʠʩʪʳʝ ʠ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ, ʥʦ ʪʘʢʞʝ ʢʘʢ ʚʩʝ 

ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʚʫʣʢʘʥʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʦʟʝʤʘ ʠ ʧʦʥʠʞʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ TiO2. ʇʦʨʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʝʨʠʡ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚʩʝʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ Ni ʠ Cr.  

ɹʦʥʠʥʠʪʦʚʫʶ ʩʝʨʠʶ ʩʯʠʪʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʝʟʨʝʣʳʭ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʭ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʦʩʪʨʦʚ ʏʠʯʠʜʟʠʤʘ ʚ ʟʘʧʘʜʥʦʡ ʇʘʮʠʬʠʢʝ, ʨʘʥʝʝ 

ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʦʩʪʨʦʚ ɹʦʥʠʥ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʪʦʪʠʧʦʤ ʚʳʜʝʣʝʥʠʷ ʵʪʦʡ ʩʝʨʠʠ (Kuroda et al., 1978; 

Taylor et al., 1994; Dobson et al., 2006). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʥʘʣʠʯʠʝ 

ʙʦʥʠʥʠʪʦʚ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʘʪʦ (Ingle et al., 2007) ʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʨʠʬʪʦʚ (Smithies, 2002; Srivastava, 2008), ʯʪʦ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʦʙʱʝʧʨʠʥʷʪʫʶ ʦʜʥʦʟʥʘʯʥʫʶ 

ʩʚʷʟʴ ʤʝʞʜʫ ʙʦʥʠʥʠʪʘʤʠ ʠ ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʤʠ ʜʫʛʘʤʠ (Pearce, Reagan, 2019). ɹʦʥʠʥʠʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ, ʧʦ ʢʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤ (SiO2 = 53-58 ʤʘʩ. %), ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ MgO ʦʪ 8 ʜʦ 33 ʤʘʩ. %, Cr, Ni 

ʠ H2O, ʥʦ ʩ ʦʯʝʥʴ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ HFSE ʠ LREE. ɺ ʦʪʣʠʯʠʝ ʦʪ MORB ʙʦʥʠʥʠʪʳ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʦʙʦʛʘʱʝʥʳ K, Rb, Ba ʠ Sr. 

ɼʨʫʛʠʤ ʧʨʠʟʥʘʢʦʤ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʦʨʦʜ ʘʜʘʢʠʪʦʚʦʡ ʩʝʨʠʠ. 

ɸʜʘʢʠʪʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʩʨʝʜʠ ʚʫʣʢʘʥʠʪʦʚ ʦʩʪʨʦʚʘ ɸʜʘʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʣʝʫʪʩʢʦʡ 

ʜʫʛʠ (Kay, Kay, 1988). ʂ ʘʜʘʢʠʪʘʤ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʷʪ ʧʦʨʦʜʳ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ ʜʘʮʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg, Sr, K, ʠ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ HREE, Ni ʠ Cr. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ La/Yb, Sr/Y ʠ ʥʠʟʢʠʝ FeO/MgO. 

ɸʜʘʢʠʪʳ ʚ ʧʨʠʨʦʜʝ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʳʚʘʶʪ ʩ ʩʫʙʜʫʢʮʠʝʡ ʠ ʧʣʘʚʣʝʥʠʝʤ 

ʤʦʣʦʜʦʡ, ʛʦʨʷʯʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʠʣʠ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʉʆʍ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ (Drammond, 

Defant, 1990; Drammond et al., 1996). ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʜʘʢʠʪʦʚ 

ʩ ʧʣʘʚʣʝʥʠʝʤ ʩʣʵʙʘ ʚ ʟʦʥʘʭ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʩʫʙʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʡ ʠ 

ɸʣʝʫʪʩʢʦʡ ʜʫʛʘʭ, ʛʜʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʘʜʘʢʠʪʳ (ɺʦʣʳʥʝʮ ʠ ʜʨ., 1998). 

ʋ ʤʘʛʤʘʪʠʟʤʘ ɸʂʆ ʤʥʦʛʦ ʦʙʱʠʭ ʯʝʨʪ ʩ ʵʥʩʠʘʣʠʯʝʩʢʠʤʠ ʦʩʪʨʦʚʥʳʤʠ ʜʫʛʘʤʠ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ɸʥʜʩʢʦʡ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʝʠʪʦʚʘʷ, ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʘʷ, ʫʤʝʨʝʥʥʦ-

ʱʝʣʦʯʥʘʷ ʠ ʱʝʣʦʯʥʘʷ ʩʝʨʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʆʥʠ ʩʭʦʞʠ ʩ ʥʘʙʦʨʦʤ ʩʝʨʠʡ ʜʣʷ ʦʩʪʨʦʚʥʳʭ 

ʜʫʛ, ʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʝʨʠʡ ʨʘʟʣʠʯʥʳ. ɺ ɸʥʜʘʭ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʨʝʜʥʝʢʘʣʠʝʚʳʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʩʝʨʠʠ, ʜʘʣʝʝ ʩʣʝʜʫʶʪ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ (ʰʦʰʦʥʠʪ-
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ʣʘʪʠʪʦʚʳʝ), ʘ ʟʘʪʝʤ ʱʝʣʦʯʥʳʝ ʩʝʨʠʠ. ʊʦʣʝʠʪʦʚʳʝ ʩʝʨʠʠ ʨʝʜʢʠ, ʧʨʠ ʵʪʦʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʥʠʟʢʦʢʘʣʠʝʚʳʝ ʚʫʣʢʘʥʠʪʳ. ʂʨʝʤʥʝʢʠʩʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʘʢʞʝ ʦʪʣʠʯʥʘ ʦʪ 

ʦʩʪʨʦʚʦʜʫʞʥʳʭ: ʚ ʧʦʩʣʝʜʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ, ʘ ʚ ɸʥʜʩʢʦʡ 

ʦʢʨʘʠʥʝ ï ʘʥʜʝʟʠʪʳ ʠ ʜʘʮʠʪʳ. ʂʦʣʠʯʝʩʪʚʦ ʨʠʦʣʠʪʦʚ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʙʘʟʘʣʴʪʦʚ, ʪʦʛʜʘ ʢʘʢ 

ʚ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʨʘʪʥʳʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʧʣʘʚʣʝʥʠʝ ʢʦʨʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ/ʠʣʠ ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ ʢʦʨʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʚ ʚʫʣʢʘʥʠʪʘʭ ʢʩʝʥʦʣʠʪʦʚ (ʛʥʝʡʩʦʚ, ʢʚʘʨʮʠʪʦʚ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ), 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʪʷʞʝʣʦʛʦ ʠʟʦʪʦʧʘ ʩʪʨʦʥʮʠʷ (87Sr) ʠ ʨʘʜʠʦʛʝʥʥʦʛʦ ʩʚʠʥʮʘ (Pichler, Zeil, 

1972; Kay, 1980; Ewart, 1982). 

ɼʣʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ɸʂʆ ʭʘʨʘʢʪʝʨʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʨʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʜʦ 40% ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʦʪ ʦʩʥʦʚʥʳʭ ʢ ʢʠʩʣʳʤ 

ʨʘʟʥʦʩʪʷʤ. ʇʨʠ ʵʪʦʤ ʧʣʘʛʠʦʢʣʘʟ ʠʤʝʝʪ ʙʦʣʝʝ ʥʘʪʨʠʝʚʳʡ ʩʦʩʪʘʚ, ʯʝʤ ʚ ʚʫʣʢʘʥʠʪʘʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ, 

ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʦʷʚʣʝʥʘ ʝʛʦ ʟʦʥʘʣʴʥʦʩʪʴ. ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʝʪ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (ʂʇʐ): ʩʘʥʠʜʠʥ ʚ ʥʦʨʤʘʣʴʥʳʭ ʠ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʭ ʠ ʘʥʦʨʪʦʢʣʘʟ ʚ 

ʱʝʣʦʯʥʳʭ ʨʘʟʥʦʩʪʷʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʩʪʨʝʯʘʝʪʩʷ ʜʚʫʧʠʨʦʢʩʝʥʦʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʨʪʦʧʠʨʦʢʩʝʥʘ (ʙʨʦʥʟʠʪ/ʛʠʧʝʨʩʪʝʥ) ʥʘʜ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ 

(ʌʨʦʣʦʚʘ, ɹʫʨʠʢʦʚʘ, 1997). ʀʟ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, ʚ 

ʙʦʣʝʝ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ ʩʦʚʤʝʩʪʥʦ ʩ ʙʠʦʪʠʪʦʤ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ɸʂʆ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ 

ʵʥʩʠʘʣʠʯʝʩʢʠʭ ʆɼ: ʦʙʦʛʘʱʝʥʠʝ ʂ2ʆ, Na2O ʠ ʈ2ʆ5 ʠ ʦʙʝʜʥʝʥʠʝ ʉʘʆ. ɹʦʣʴʰʝ ʦʪʣʠʯʠʡ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (Ewart, 1982; Marriner, Milward, 1984; Thorpe et al., 1984; 

Hickey et al., 1986; Bryant, et al., 2006). ɼʣʷ ʧʦʨʦʜ ɸʂʆ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

LILE (ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʭ ʨʘʟʚʠʪʠʠ ʥʘ ʤʦʱʥʦʡ ʜʨʝʚʥʝʡ ʢʦʨʝ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʨʦʜʘʤʠ ʆɼ (ʨʠʩ. 

1.8) ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HFSE. ɼʣʷ ʧʦʨʦʜ ɸʂʆ, ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʦʨʦʜ ʆɼ, ʭʘʨʘʢʪʝʨʥʳ ʤʠʥʠʤʫʤʳ 

ʧʦ Nb ʠ Ta (ʨʠʩ. 1.8ɹ), ʥʦ ʠʥʦʛʜʘ ʦʥʠ ʩʣʘʙʝʝ ʚʳʨʘʞʝʥʳ ʠ ʤʦʛʫʪ ʜʘʞʝ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʥʫʪʴ ʚ 

ʧʦʨʦʜʘʭ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʩʝʛʤʝʥʪʝ ɸʥʜʩʢʦʡ ɸʂʆ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ Nb ʚ ɸʥʜʩʢʦʡ ɸʂʆ ʠ ʚ ʜʨʝʚʥʝʡ ʘʨʭʝʡʩʢʦʡ ʢʦʨʝ 

ʙʣʠʟʢʠ ( 5-6 ʛ/ʪ). ɺ ʧʦʚʳʰʝʥʥʳʭ ʦʪʥʦʰʝʥʠʷʭ Th/Nb ʧʦʨʦʜʳ ɸʂʆ ʧʨʦʷʚʣʷʶʪ ʩʭʦʜʩʪʚʦ ʩ 

ʧʦʨʦʜʘʤʠ ʵʥʩʠʘʣʠʯʝʩʢʠʭ ʆɼ, ʯʪʦ ʠʭ ʦʪʣʠʯʘʝʪ ʦʪ ʧʦʨʦʜ N-MORB ʠʣʠ OIB (ʨʠʩ. 1.8). 

 

1.4. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʘʥʪʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ 

 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʪʫ 

ʠʣʠ ʠʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠ/ʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, 
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ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʨʘʟʥʳʝ ʪʠʧʳ ʧʦʨʦʜ (ʨʠʩ. 1.5, 1.6, 1.8). ʅʘʧʨʠʤʝʨ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ 

ʦʢʝʘʥʠʯʝʩʢʠʝ ʙʘʟʘʣʴʪʳ ʉʆʍ ʠʤʝʶʪ ʠʜʝʥʪʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʪʦʤʫ ʯʪʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ 

ʦʜʥʦʛʦ ʪʠʧʘ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʡ ʤʘʥʪʠʠ. ʅʦ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʜʘʞʝ ʚ ʪʦʣʝʠʪʘʭ ʉʆʍ ʥʘʯʘʣʠ ʚʳʜʝʣʷʪʴ ʨʘʟʥʳʝ ʧʦʜʪʠʧʳ ʧʦʨʦʜ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ 

ʃ.ɺ. ɼʤʠʪʨʠʝʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (ɼʤʠʪʨʠʝʚ ʠ ʜʨ., 1990) ʜʣʷ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʦʚ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʨʘʟʥʳʝ ʪʠʧʳ ʪʦʣʝʠʪʦʚ (ʊʆʈ ï ʪʦʣʝʠʪʳ ʦʢʝʘʥʠʯʝʩʢʠʭ ʨʠʬʪʦʚ): ʊʆʈ-1, ʊʆʈ-2, TOP-Fe, 

TOP-Fe, Ti, TOP-Na ʠ ʊʆʈ-ʂ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʧʦʜʪʠʧʳ N-MORB ʩʪʘʣʠ 

ʥʘʟʳʚʘʪʴʩʷ N1 ʠ N2 (Morel, Hekinian, 1980; Klein, Langmuir, 1987 ʠ ʜʨ.). ʈʘʟʥʦʦʙʨʘʟʠʝ 

ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʦʚ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʪʘʢʞʝ ʥʝ ʦʩʪʘʣʦʩʴ ʙʝʟ 

ʚʥʠʤʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ (White, 1985) ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠ ʪʠʧʘ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ, 

ʥʘʟʚʘʥʥʳʭ ʧʦ ʠʭ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ: ʦʩʪʨʦʚʘ ʉʚʷʪʦʡ ɽʣʝʥʳ, ʂʝʨʛʝʣʝʥ ʠ ʆʙʱʝʩʪʚʘ.  

ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʥʪʠʠ, ʠʟ ʢʦʪʦʨʦʡ 

ʦʙʨʘʟʫʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʨʘʩʧʣʘʚʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʨʦʜ MORB- ʠ OIB-ʪʠʧʘ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʨʝʟʝʨʚʫʘʨʦʚ), ʦʩʥʦʚʘʥʥʳʭ ʥʝ ʩʪʦʣʴʢʦ ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʩʢʦʣʴʢʦ ʥʘ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɿʠʥʜʣʝʨ ʠ ʍʘʨʪ ʚ ʩʚʦʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

(Zindler, Hart, 1986) ʚʳʜʝʣʠʣʠ ʯʝʪʳʨʝ ʪʠʧʘ ʤʘʥʪʠʡʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ: ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ (DM), 

ʦʙʦʛʘʱʝʥʥʳʡ-1 (EM1), ʦʙʦʛʘʱʝʥʥʳʡ-2 (EM2) ʠ ʨʝʟʝʨʚʫʘʨ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʠʟʦʪʦʧʦʚ 

ʫʨʘʥʘ ʠ ʩʚʠʥʮʘ (HIMU). ɼʝʧʣʝʪʠʨʦʚʘʥʥʘʷ ʤʘʥʪʠʷ (DM ï depleted mantle) ï ʦʙʣʘʩʪʴ ʤʘʥʪʠʠ, 

ʝʜʠʥʦʞʜʳ ʠʩʧʳʪʘʚʰʘʷ ʧʣʘʚʣʝʥʠʝ, ʵʪʦ ʩʘʤʳʡ ʠʩʪʦʱʝʥʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʚʳʜʝʣʷʝʤʳʡ ɿʠʥʜʣʝʨʦʤ ʠ 

ʍʘʨʪʦʤ (ʊʫʨʢʠʥʘ, 2008). ɼʣʷ DM ʭʘʨʘʢʪʝʨʥʦ ʦʙʝʜʥʝʥʠʝ LILE, LREE, ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

87Sr/86Sr, 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 143Nd/144Nd ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ŮNd. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʪʠʧ ʨʝʟʝʨʚʫʘʨʘ ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʣʝʠʪʦʚ ʉʆʍ. ʉʣʝʜʫʶʱʠʡ ʪʠʧ ʨʝʟʝʨʚʫʘʨʘ ï ʦʙʦʛʘʱʝʥʥʘʷ 

ʤʘʥʪʠʷ, ʚ ʥʝʡ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ɽʄ: (1) EM1, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ŮNd, ʫʤʝʨʝʥʥʦ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʠ ʥʠʟʢʠʝ 206Pb/204Pb; (2) EM2 

ʩ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ 87Sr/86Sr, ʧʦʚʳʰʝʥʥʳʤʠ 206Pb/204Pb ʠ 207Pb/204Pb ʠ ʪʘʢʞʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŮNd. ʇʦʩʣʝʜʥʠʡ ʪʠʧ ʤʘʥʪʠʡʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ï ɻ ʪʦ HIMU (high Õ, ʛʜʝ 

Õ = 238U/204Pb), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʙʘʟʘʣʴʪʦʚ ʪʠʧʘ OIB ʌʨʘʥʮʫʟʩʢʦʡ 

ʇʦʣʠʥʝʟʠʠ (Zindler, Hart, 1986; Woodhead, 1996). ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʟ 

ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʠʤʝʶʪ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʠʟʦʪʦʧʥʳʝ ʦʪʥʦʰʝʥʠʷ 206Pb/204Pb, 207Pb/204Pb, 208Pb/204Pb 

ʠ ʥʠʟʢʠʝ 87Sr/86Sr.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ (Zindler, Hart, 1986) ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʚʳʜʝʣʷʣʠʩʴ ʜʣʷ ʙʘʟʘʣʴʪʦʚ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʥʝʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʦʩʪʨʦʚʘʭ ʚ ʨʘʙʦʪʝ (White, 1985), ʪ.ʝ. 

HIMU ï ʦʩʪʨʦʚʘ ʉʚʷʪʦʡ ɽʣʝʥʳ, EM1 ï ʂʝʨʛʝʣʝʥ, EM2 ï ʦʩʪʨʦʚʘ ʆʙʱʝʩʪʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ 

ʪʠʧʳ ʨʝʟʝʨʚʫʘʨʦʚ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʨʝ, ʠ ʠʭ ʩʤʝʰʝʥʠʝʤ ʚ ʨʘʟʥʦʤ ʧʨʦʮʝʥʪʥʦʤ 
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ʩʦʦʪʥʦʰʝʥʠʠ ʩʪʘʣʠ ʦʙʲʷʩʥʷʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʨʦʜ ʠ ʦʙʩʪʘʥʦʚʦʢ ʉʆʍ, ʦʪʤʝʯʘʷ ʧʨʠ ʵʪʦʤ ʷʚʥʦ 

ʙ·ʣʴʰʠʡ ʚʢʣʘʜ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʄʠʨʦʥʦʚ ʠ ʜʨ., 2001). ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʲʷʩʥʷʶʪ ʨʘʟʥʠʮʫ ʚ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʙʘʟʘʣʴʪʦʚ MORB-ʪʠʧʘ ʧʨʦʮʝʩʩʘʤʠ ʬʨʘʢʮʠʦʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ɼʤʠʪʨʠʝʚ, 1998). ʆʜʥʘʢʦ ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʦʪʥʦʰʝʥʠʡ ʛʦʚʦʨʷʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʣʦʚʠʷ ʧʝʨʚʠʯʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʘ ʜʦʙʘʚʢʦʡ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʛʘʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʤʫ (ʊʫʨʢʠʥʘ, 

2008). ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʪʘʢʦʡ ʚʦʧʨʦʩ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ LREE 

ʙʘʟʘʣʴʪʦʚ ʪʠʧʘ E-MORB. 

ɺʳʜʝʣʷʝʪʩʷ ʝʱʸ ʦʜʠʥ ʤʘʥʪʠʡʥʳʡ ʨʝʟʝʨʚʫʘʨ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ï 

ʧʨʠʤʠʪʠʚʥʘʷ ʤʘʥʪʠʷ (PM ï primitive mantle). ɽʸ ʦʧʠʩʳʚʘʶʪ ʢʘʢ ʤʘʥʪʠʶ, ʢʦʪʦʨʘʷ ʥʝ ʠʩʧʳʪʳʚʘʣʘ 

ʢʘʢʠʭ-ʣʠʙʦ ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩ ʤʦʤʝʥʪʘ ʦʪʜʝʣʝʥʠʷ ʝʸ ʦʪ ʷʜʨʘ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ɿʝʤʣʠ 

(ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʳ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʥʪʠʠ). ɺʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʘʢʦʡ ʤʘʥʪʠʠ ʚ 

ʨʝʘʣʴʥʦʩʪʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʧʨʠʤʠʪʠʚʥʦʡ 

ʤʘʥʪʠʠ ʚʥʝʩʣʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʠ ʦʜʠʥ ʠʟ ʤʘʥʪʠʡʥʳʭ ʙʘʟʘʣʴʪʦʚ ʠʣʠ ʢʩʝʥʦʣʠʪʦʚ ʥʝ ʠʤʝʝʪ 

ʧʦʜʭʦʜʷʱʝʛʦ ʩʦʩʪʘʚʘ, ʯʪʦʙʳ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʥʳʤ ʪʦʣʴʢʦ ʠʟ ʥʝʸ. ɺʝʨʦʷʪʥʦ, ʥʠ ʦʜʥʘ ʯʘʩʪʴ ʤʘʥʪʠʠ 

ʥʝ ʩʦʭʨʘʥʠʣʘ ʩʚʦʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʨʠʤʠʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ (White, 2013). ʆʜʥʘʢʦ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ PM ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʧʝʢʪʨʦʚ, ʘ ʪʘʢʞʝ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʪʦʯʥʠʢʦʚ. 

ʆʪʣʠʯʠʷ ʙʘʟʘʣʴʪʦʚ ʉʆʍ ʦʪ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʠʭ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʜʥʳ ʥʘ 

ʛʨʘʬʠʢʝ 87Sr/86Sr ï 143Nd/144Nd (ʨʠʩ. 1.9). ɹʘʟʘʣʴʪʳ ʉʆʍ, ʦʙʝʜʥʝʥʥʳʝ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʭʥʝʡ ʣʝʚʦʡ ʯʘʩʪʠ ʤʘʥʪʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʣʠʥʠʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 143Nd/144Nd ʠ 87Sr/86Sr) ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ 

ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʙʘʟʘʣʴʪʦʚ OIB ʫʩʪʘʥʦʚʣʝʥʳ ʦʯʝʥʴ ʰʠʨʦʢʠʝ 

ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʘʢ ʥʝʦʜʠʤʘ, ʪʘʢ ʠ ʩʪʨʦʥʮʠʷ. ʅʘ ʛʨʘʬʠʢʝ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʦʨʦʜʳ 

ʦʩʪʨʦʚʦʚ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʘ (ʦ-ʚʘ ʂʝʨʛʝʣʝʥ) ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʦʛʘʱʝʥʳ Sr, ʯʝʤ, ʥʘʧʨʠʤʝʨ, 

ʙʘʟʘʣʴʪʳ ɻʘʚʘʡʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʡ ʠʩʪʦʯʥʠʢ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ 206Pb/204Pb ï 207Pb/204Pb (ʨʠʩ. 1.10) ʚʠʜʥʦ, ʯʪʦ ʙʘʟʘʣʴʪʳ ʉʆʍ ʠʤʝʶʪ ʩʘʤʳʝ 

ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʠʟʦʪʦʧʦʚ ʩʚʠʥʮʘ 207Pb (Dupre, Allegre, 1983), ʟʘʥʠʤʘʷ ʢʨʘʡʥʠʝ 

ʥʠʞʥʠʝ ʪʦʯʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʰʠʨʦʢʠʝ 

ʚʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʠʥʮʘ (ʨʠʩ. 1.10). ʇʨʷʤʦʛʦ ʣʠʥʝʡʥʦʛʦ ʪʨʝʥʜʘ ʦʪ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʭ 

MORB ʢ ʤʦʨʩʢʠʤ ʦʩʘʜʢʘʤ (ʚʝʨʭʥʝʡ ʢʦʨʝ) ʯʝʨʝʟ OIB ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ 

ʩʤʝʰʝʥʠʝʤ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʢʦʨʦʚʳʤ (ʊʫʨʢʠʥʘ, 2008). ʇʦʵʪʦʤʫ ʚʳʜʝʣʷʶʪ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠʩʪʦʯʥʠʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ: PREMA ï ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʤʘʥʪʠʷ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʩʤʝʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ (Zindler, Hart, 

1986), ʠ FOZO ï ʬʦʢʫʩʥʘʷ ʟʦʥʘ, ʢ ʢʦʪʦʨʦʡ ʦʪʢʣʦʥʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʝʥʜʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʦʩʪʨʦʚʦʚ (Hart et al., 1992). 

 

 

ʈʠʩ. 1.9. ʂʦʨʨʝʣʷʮʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd ʠ Sr ʚ ʙʘʟʘʣʴʪʘʭ ʉʆʍ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʧʦ (ʌʦʨ, 1989; 

ʊʫʨʢʠʥʘ, 2008). 

 

ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʪʠʧʘ MORB ʚ ʩʨʝʜʥʝʤ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ 87Sr/86Sr ʠ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

l43Nd/144Nd ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ (ʨʠʩ. 1.11). ʇʦʩʢʦʣʴʢʫ 

ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ 

ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʢʦʚ ʧʦʜ ʦʢʝʘʥʠʯʝʩʢʫʶ/ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ, ʤʘʛʤʘ ʚ ʪʘʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʠʤʝʝʪ ʩʤʝʰʘʥʥʳʡ ʠʩʪʦʯʥʠʢ. ʊʘʢʠʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪʩʷ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ: 1) 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ; 2) ʦʩʘʜʢʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ; 3) ʤʘʥʪʠʡʥʦʛʦ 

ʢʣʠʥʘ; 4) ʩʠʘʣʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʩʥʦʚʘʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʜʫʛ (ʌʦʨ, 1989). ɼʣʷ ʧʦʨʦʜ ʵʪʦʡ ʦʙʩʪʘʥʦʚʢʠ ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ, ʪ.ʢ. ʤʦʨʩʢʘʷ ʚʦʜʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʜʠʦʛʝʥʥʦʛʦ 87Sr, ʱʝʣʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʣʶʠʜʘ, ʫʩʢʦʨʷʶʱʝʛʦ ʧʣʘʚʣʝʥʠʝ. 
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ʈʠʩ. 1.10. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʚʠʥʮʘ ʛʣʘʚʥʳʭ ʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦ (White, 2013) ʩ ʧʦʣʷʤʠ ʙʘʟʘʣʴʪʦʚ 

ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʧʦ (Church, Tilton, 1973; Church, 1976; Meijer, 1976; Kay et al., 1978; Sun, 1980; ɾʫʨʘʚʣʝʚ ʠ 
ʜʨ., 1985). 

 

ʅʝʢʦʪʦʨʳʝ ʧʦʣʷ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʦʪʢʣʦʥʷʶʪʩʷ ʚʧʨʘʚʦ ʦʪ ʣʠʥʠʠ ʤʘʥʪʠʡʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʪʦ, ʯʪʦ Nd ʠ Sr ʠʟ ʜʨʫʛʠʭ (ʦʪʣʠʯʥʳʭ ʦʪ DM ʜʣʷ ɹʉʆʍ) 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʤʝʰʠʚʘʶʪʩʷ ʢ ʤʘʛʤʘʤ ʜʦ ʠʭ ʠʟʣʠʷʥʠʷ. ʂʘʞʜʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʦʪʨʘʞʘʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʚ ʩʚʦʝʤ ʨʦʜʝ ʵʚʦʣʶʮʠʶ, ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʣʘʛʘʶʱʠʭ ʝʸ ʧʦʨʦʜ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʨʦʜ ʜʫʛʠ ɹʘʥʜʘ ʚ ʀʥʜʦʥʝʟʠʠ ʭʘʨʘʢʪʝʨʥʳ 

ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʭ l43Nd/144Nd, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʧʦʣʦʛʠʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʨʠʩ. 1.11). ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʩʘʜʢʠ, ʩʥʝʩʝʥʥʳʝ ʩ ɸʚʩʪʨʘʣʠʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʧʦʛʨʫʞʘʶʪʩʷ ʚ ʟʦʥʫ ʩʫʙʜʫʢʮʠʠ. ʇʦʵʪʦʤʫ 

ʧʦʜʦʙʥʳʝ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ 

ʦʩʘʜʢʘʤʠ ʤʘʛʤʳ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʦʚʘʥʥʦʡ ʟʘ ʩʯʝʪ ʤʘʪʝʨʠʘʣʘ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ 

(Whitford, Jezek, 1982). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʘʣʴʪʘʤʠ ʉʆʍ, ʧʦʨʦʜʳ ʆɼ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ 

207ʈb/204ʈb ʠ 206Pb/204Pb, ʦʪʢʣʦʥʷʷʩʴ ʦʪ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ ʚ ʦʙʣʘʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

(ʨʠʩ. 1.10). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʵʥʩʠʤʘʪʠʯʝʩʢʠʭ ʜʫʛ (ʄʘʨʠʘʥʩʢʘʷ, ʉʫʥʜʘ) ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʤʘʛʤʳ ʤʦʨʩʢʠʤʠ ʦʩʘʜʢʘʤʠ (Woodhead, Freser, 

1985). ɼʣʷ ʜʨʫʛʠʭ ʜʫʛ, ʠʟʦʪʦʧʥʳʝ ʟʥʘʯʝʥʠʷ 206ʈb/204ʈb ʚ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʪʘʢʦʚʳʝ ʚ ʦʩʘʜʢʘʭ, ʧʦʜʦʙʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʨʘʢʪʫʶʪʩʷ ʢʘʢ ʫʯʘʩʪʠʝ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ, ʘ 

ʠʤʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʨʝʚʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʦʩʘʜʢʘʭ 

(Davidson, 1986; White, Dupre, 1986). 



32 

 

 

ʈʠʩ. 1.11. ʂʦʨʨʝʣʷʮʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd ʠ Sr ʚ ʙʘʟʘʣʴʪʘʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ 

ʧʦ (ʌʦʨ, 1989 ʠ ʩʩʳʣʢʠ ʪʘʤ). ɹʉʆʍ ï ʙʘʟʘʣʴʪʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ, ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï 

ʣʠʥʠʷ ʤʘʥʪʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. II ʠ IV ï ʢʚʘʜʨʘʥʪʳ ʤʘʥʪʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: II ï 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ, IV ï ʦʙʦʛʘʱʝʥʥʳʡ ʠʩʪʦʯʥʠʢ. I ʠ III  ï çʟʘʧʨʝʱʝʥʥʳʝè ʢʚʘʜʨʘʥʪʳ ʧʦʨʦʜ 

ʩʤʝʰʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʢʦʨʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

ʇʦʨʦʜʳ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʧʦ ʠʟʦʪʦʧʥʳʤ ʤʝʪʢʘʤ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʥʳ, 

ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʧʨʠʤʝʨʝ ʖʞʥʦʡ ɸʤʝʨʠʢʠ (ʨʠʩ. 1.11). ɼʣʷ ʇʘʪʘʛʦʥʠʠ ʦʪʤʝʯʘʝʪʩʷ ʰʠʨʦʢʠʡ 

ʨʘʟʙʨʦʩ ʠʟʦʪʦʧʦʚ Sr ʠ Nd, ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʱʠʡʩʷ ʩ ʤʘʥʪʠʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

(Hawkesworth et al., 1979). ʃʘʚʳ ɸʂʆ ʇʝʨʫ ʠ ʩʝʚʝʨʥʦʛʦ ʏʠʣʠ ʠʤʝʶʪ ʥʠʟʢʠʝ l43Nd/144Nd ʠ ʚʳʩʦʢʠʝ 

87Sr/86Sr ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʨʦʜ, ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʷʩʥʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚ ʵʚʦʣʶʮʠʶ ʤʘʛʤ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ 

(James, 1982; Hawkesworth et al., 1982). 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʛʦ ʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʪʘʢ ʢʘʢ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ ʨʘʟʥʦʨʦʜʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʭʦʜʩʪʚʘ ʠ ʥʘʦʙʦʨʦʪ, ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʨʦʜ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. ʇʦ 

ʧʨʠʥʮʠʧʫ ʘʢʪʫʘʣʠʟʤʘ ʵʪʠ ʨʘʟʣʠʯʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʨʦʜ ʜʨʝʚʥʠʭ ʦʢʝʘʥʦʚ ʠ ʠʭ 

ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʣʦʞʝʥʥʳʭ, ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʎɸʉʇ ʨʘʩʰʠʬʨʦʚʳʚʘʣʘʩʴ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʤʘʛʤʘʪʠʟʤʫ ʝʛʦ 



33 

 

ʘʢʪʫʘʣʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ï ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠ ʝʛʦ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʪ 

ʧʦʣʝʚʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʜʦ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʠ 

ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʳ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ 

ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʟʦʥ ɼʞʫʥʛʘʨʦ-ɹʘʣʭʘʰʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎɸʉʇ (ʨʠʩ. 

1.12). 

 

 

ʈʠʩ. 1.12. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʧʦ (Windley et 

al., 2007). 
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ɻʃɸɺɸ 2. ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ ʉʂʃɸɼʏɸʊʓʍ ɿʆʅ 

ʎɽʅʊʈɸʃʔʅʆɻʆ ʂɸɿɸʍʉʊɸʅɸ 

 

2.1. ʆʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʣʣʘʞ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ, ʦʩʪʨʦʚʥʳʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʜʫʛ ʠ ʩʤʝʞʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʪʝʢʪʦʥʠʯʝʩʢʠ ʩʦʚʤʝʱʝʥʥʳʭ ʚ ʧʝʨʠʦʜ ʦʪ ʨʘʥʥʝʛʦ ʦʨʜʦʚʠʢʘ ʜʦ ʨʘʥʥʝʛʦ 

ʩʠʣʫʨʘ ʩ ʦʙʨʘʟʚʘʥʠʝʤ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ʆʩʪʨʦʚʥʳʝ ʜʫʛʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝʡ, ʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʜʫʛʠ ʥʘ ʦʢʨʘʠʥʘʭ 

ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʨʘʟʚʠʚʘʣʠʩʴ ʩ ʩʠʣʫʨʘ ʜʦ ʧʦʟʜʥʝʛʦ ʢʘʨʙʦʥʘ ʠ ʧʝʨʤʠ. ʇʨʦʮʝʩʩʳ 

ʩʫʙʜʫʢʮʠʠ ʟʘʚʝʨʰʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʩ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ɹʘʣʪʠʢʠ, ʉʠʙʠʨʠ ʠ ʊʘʨʠʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʳʭ ʩ ʘʤʘʣʴʛʘʤʘʮʠʝʡ ʵʪʠʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʂʘʟʘʭʩʢʠʡ ʦʨʦʢʣʠʥ, 

ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎɸʉʇ (ɿʦʥʝʥʰʘʡʥ ʠ 

ʜʨ., 1990; Sengºr et al., 1993; Berzin, Dobretsov, 1994; ɼʠʜʝʥʢʦ ʠ ʜʨ., 1994; Filippova et al., 2001; 

Windley et al., 2007; Xiao et al., 2009; ɼʝʛʪʷʨʝʚ, 2011). ɼʣʷ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ ʭʘʨʘʢʪʝʨʥʦ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʟʦʥʘʭ ʧʝʨʝʭʦʜʘ ʦʪ ʦʢʝʘʥʘ ʢ 

ʢʦʥʪʠʥʝʥʪʫ. ʂ ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ʦʪʥʦʩʷʪʩʷ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʊʝʚʝʣʝʚ ʠ ʜʨ., 1988; 

ʊʝʚʝʣʝʚ, ʂʦʰʝʣʝʚʘ, 1988; ɼʝʛʪʷʨʝʚ, 1993; ɼʝʛʪʷʨʝʚ, ʈʷʟʘʥʮʝʚ, 1993). ɺ ʩʪʨʫʢʪʫʨʝ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʞʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ 

ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ ʠ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʚʳʭ ʪʦʣʱ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ (ʗʢʫʙʯʫʢ ʠ ʜʨ., 1989; 

ʗʢʫʙʯʫʢ, 1990; ɼʝʛʪʷʨʝʚ, 1999; Safonova et al., 2020, 2022, 2024; Khassen et al., 2020; Degtyarev et 

al., 2020, 2021, 2022; ɻʫʨʦʚʘ ʠ ʜʨ., 2022). 

ʀʩʪʦʨʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʥʘʯʘʣʘʩʴ ʩ ʨʘʟʜʝʣʝʥʠʷ 

ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʜʚʘ ʙʣʦʢʘ (ʊʝʢʪʦʥʠʢʘ ʂʘʟʘʭʩʪʘʥʘ, 1982). ɿʘʧʘʜʥʳʡ ʙʣʦʢ, ʚ ʢʦʪʦʨʦʤ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʚʳʜʝʣʷʣʩʷ ʢʘʢ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ, 

ʨʘʟʜʝʣʝʥʥʳʡ ʚ ʚʝʥʜʩʢʦʝ ʚʨʝʤʷ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʯʘʩʪʢʦʚ ʩ ʢʦʨʦʡ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʚ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʝ ʚʨʝʤʷ ʚ ɿʘʧʘʜʥʦʤ ʙʣʦʢʝ ʟʘʚʝʨʰʠʣʩʷ 

ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʘ ʫʞʝ ʚ ʜʝʚʦʥʝ ʦʪʤʝʯʘʣʦʩʴ ʧʦʣʥʦʝ 

ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʂ ʚʦʩʪʦʢʫ ʦʪ ɽʨʝʤʝʥʪʘʫ-

ʅʠʷʟʩʢʠʭ ʛʦʨ ʠ ɸʢʪʘʫ-ʄʦʠʥʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ɿʘʧʘʜʥʳʤ ʠ 

ɺʦʩʪʦʯʥʳʤ ʙʣʦʢʘʤʠ, ʪ.ʢ. ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʩʣʝʜʥʠʝ (ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) 
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ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʦʩʪʘʚʝ ɺʦʩʪʦʯʥʦʛʦ ʙʣʦʢʘ ʚʳʜʝʣʷʣʠʩʴ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʦʬʠʦʣʠʪʳ, ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ, ʘ ʪʘʢʞʝ 

ʢʨʝʤʥʠʩʪʳʝ, ʬʣʠʰʝʚʳʝ ʠ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʝ ʦʪʣʦʞʝʥʠʷ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʥʘ ʤʝʩʪʝ ɺʦʩʪʦʯʥʦʛʦ 

ʙʣʦʢʘ ʚ ʧʘʣʝʦʟʦʝ ʩʫʱʝʩʪʚʦʚʘʣ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣʦ 

ʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʦʪ ʦʢʝʘʥʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ 

ʧʘʣʝʦʟʦʷ (ʊʝʢʪʦʥʠʢʘ ʂʘʟʘʭʩʪʘʥʘ, 1982). 

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ 

ʜʦʢʘʟʘʣʠ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʵʚʦʣʶʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʠ ʂʘʟʘʭʩʢʦʛʦ 

ʦʨʦʢʣʠʥʘ ʚ ʮʝʣʦʤ. ʊʘʢ ʚ ɿʘʧʘʜʥʦʤ ʙʣʦʢʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʢʝʘʥʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ, ʪʝʢʪʦʥʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʇʘʪʘʣʘʭʘ, 

ɹʝʣʳʡ, 1981; ɹʦʨʠʩʝʥʦʢ ʠ ʜʨ., 1989). ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʚʫʭ ʙʣʦʢʦʚ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʠʠ ʥʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʘ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ɿʘʧʘʜʥʦʤ ʙʣʦʢʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʩʠʘʣʠʯʝʩʢʠʭ ʤʘʩʩʠʚʦʚ ʠ ʠʭ 

ʦʪʩʫʪʩʪʚʠʠ ʚ ɺʦʩʪʦʯʥʦʤ. ɺ ʩʪʨʫʢʪʫʨʝ ɿʘʧʘʜʥʦʛʦ ʙʣʦʢʘ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʚʳʝ, ʢʨʝʤʥʠʩʪʳʝ, 

ʬʣʠʰʝʚʳʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʘʢʠʤ ʞʝ ʚ ɺʦʩʪʦʯʥʦʤ ʙʣʦʢʝ, 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʩʦʚʤʝʱʝʥʳ ʩ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʤʘʩʩʠʚʘʤʠ (ɼʝʛʪʷʨʝʚ, 1999). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʧʝʪʨʦʛʝʥʝʟʠʩʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʠʟʚʝʩʪʢʦʚʦ-

ʱʝʣʦʯʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʝʨʠʡ ɺʦʩʪʦʯʥʦʛʦ ʙʣʦʢʘ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ (ʉʘʤʳʛʠʥ, 1990; ʉʘʤʳʛʠʥ, ʍʝʨʘʩʢʦʚʘ, 1994; Safonova et al., 2020, 

2024b; Khassen et al., 2020; Degtyarev et al., 2020, 2021, 2022, ɻʫʨʦʚʘ ʠ ʜʨ., 2022). ʀʟʫʯʝʥʠʝ 

ʦʬʠʦʣʠʪʦʚ, ʙʘʟʘʣʴʪʦʠʜʦʚ (Safonova et al., 2020, 2024b; Khassen et al., 2020; Degtyarev et al., 2020, 

2022; ɻʫʨʦʚʘ ʠ ʜʨ., 2022), ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʚʳʭ, ʢʨʝʤʥʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 

1983, 1988, 1991; ʗʢʫʙʯʫʢ, 1991; ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 1992; ʅʠʢʠʪʠʥ ʠ ʜʨ., 1992; ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 

2019; Degtyarev et al., 2020) ʠ ʛʨʘʫʚʘʢʢʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ (Safonova et al., 2022, 2024b; ʇʝʨʬʠʣʦʚʘ 

ʠ ʜʨ., 2022a, ʙ; Safonova, Perfilova, 2023) ʧʦʟʚʦʣʠʣʠ ʜʦʢʘʟʘʪʴ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʚ ʪʝʯʝʥʠʝ ʨʘʥʥʝʛʦ ʧʘʣʝʦʟʦʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʝʤʙʨʦ-ʦʨʜʦʚʠʢʩʢʠʭ ʠ ʩʠʣʫʨʠʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ 

ɺʦʩʪʦʯʥʦʤ ʙʣʦʢʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚʳʜʝʣʷʶʪ ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟʩʢʫʶ ʠ ɼʞʫʥʛʘʨʦ-

ɹʘʣʭʘʰʩʢʫʶ (ɼɹʉʆ) ʩʢʣʘʜʯʘʪʳʝ ʦʙʣʘʩʪʠ (ʨʠʩ. 2.1). ɺ ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʩʢʦʣʴʢʦ 

ʫʟʢʠʭ ʧʦʣʦʩ ʘʢʢʨʝʮʠʦʥʥʳʭ ʠ ʧʨʝʜʜʫʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʤʝʱʝʥʳ ʩ 

ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʫʶ ʏʠʥʛʠʟʩʢʫʶ ʠ 

ʩʠʣʫʨʠʡʩʢʫʶ ɹʦʱʝʢʫʣʴʩʢʫʶ ʩʠʩʪʝʤʳ ʦʩʪʨʦʚʥʳʭ ʜʫʛ (ɼʝʛʪʷʨʝʚ, 1999). 
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ʈʠʩ. 2.1. ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʧʦ (ɼʝʛʪʷʨʝʚ, 1999). 1-5 ï 

ɼʞʫʥʛʘʨʦ-ɹʘʣʭʘʰʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ (1 ï ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʦʷʩ; 2 ï ʜʝʚʦʥʩʢʠʝ ï 

ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʬʣʠʰ; 3 ï ʨʘʥʥʝ-ʧʦʟʜʥʝʩʠʣʫʨʠʡʩʢʠʝ 

ʬʣʠʰʦʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʦʣʠʩʪʦʩʪʨʦʤʳ; 4 ï ʦʨʜʦʚʠʢʩʢʦ-ʩʠʣʫʨʠʡʩʢʠʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

(ʚʢʣʶʯʘʷ ʦʬʠʦʣʠʪʳ); 5 ï ʦʨʜʦʚʠʢʩʢʠʝ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʚʫʣʢʘʥʠʪʳ); 6-9 ï ɹʦʱʝʢʫʣʴ-ʏʠʥʛʠʟʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ 

ʦʙʣʘʩʪʴ (6 ï ʨʘʥʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʦʷʩ; 7 ï ʜʝʚʦʥʩʢʠʝ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʘʢʢʨʝʮʠʦʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ; 8 ï ʜʝʚʦʥʩʢʠʝ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 

ʠ ʩʢʣʦʥʦʚʳʝ ʬʘʮʠʠ; 9 ï ʜʦʜʝʚʦʥʩʢʠʝ ʢʦʤʧʣʝʢʩʳ); 10 ï ʤʝʟʦʟʦʡʩʢʠʝ ʠ ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʙʘʩʩʝʡʥʳ; 

11 ï ʘ) ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ; ʙ) ʨʘʟʣʦʤʳ. ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ɼɹʉʆ: 1 ï ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʠ 

ɹʘʟʘʨʙʘʡʩʢʘʷ ʧʦʜʟʦʥʳ; 2 ï ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʟʦʥʘ; 3 ï ʅʫʨʠʥʩʢʘʷ ʧʦʜʟʦʥʘ; 4 ï ʋʩʧʝʥʩʢʘʷ ʧʦʜʟʦʥʘ; 5 ï 

ɸʱʠʦʟʝʢʩʢʘʷ ʟʦʥʘ; 6 ï ɾʘʤʘʥ-ʉʘʨʳʩʫʡʩʢʘʷ ʟʦʥʘ; 7 ï ɸʛʘʜʳʨʩʢʘʷ ʟʦʥʘ; 8 ï ʉʝʚʝʨʦ-ʂʘʨʘʛʘʥʜʠʥʩʢʘʷ ʟʦʥʘ; 

9 ï ʇʨʝʜʯʠʥʛʠʟʩʢʘʷ ʟʦʥʘ. ɿʚʝʟʜʘʤʠ ʦʪʤʝʯʝʥʳ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ɼʣʷ ɼɹʉʆ ʭʘʨʘʢʪʝʨʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʠʞʥʝ-ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʆʨʜʦʚʠʢʩʢʠʝ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʩʝʨʠʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ ʝʸ ʩʝʚʝʨʥʦʡ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʦ-

ʩʠʣʫʨʠʡʩʢʠʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʠ ʬʣʠʰʝʚʳʝ ʬʦʨʤʘʮʠʠ. ɺ ɼɹʉʆ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʦʥ, 

ʠʤʝʶʱʠʭ ʜʫʛʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʘʚʦʤ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʚʦʟʨʘʩʪʦʤ (ʨʠʩ. 2.1). 
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ʉʝʚʝʨʦ-ʂʘʨʘʛʘʥʜʠʥʩʢʫʶ ʠ ʇʨʝʜʯʠʥʛʠʟʩʢʫʶ ʟʦʥʳ ʩʣʘʛʘʶʪ ʦʨʜʦʚʠʢʩʢʠʝ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʚʫʣʢʘʥʠʪʳ ʠ ʩʠʣʫʨʠʡʩʢʠʝ ʬʣʠʰʦʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 2.1). ɺ ʩʦʩʪʘʚ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʶʞʥʝʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʚʭʦʜʷʪ 

ʦʨʜʦʚʠʢʩʢʦ-ʥʠʞʥʝʩʠʣʫʨʠʡʩʢʠʝ ʘʢʢʨʝʮʠʦʥʥʳʝ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʝʨʝʢʨʳʪʳʝ 

ʩʠʣʫʨʠʡʩʢʠʤʠ ʬʣʠʰʝʚʳʤʠ ʪʦʣʱʘʤʠ. ʋʩʧʝʥʩʢʘʷ ʠ ɸʱʠʦʟʝʢʩʢʘʷ ʟʦʥʳ ʩʣʦʞʝʥʳ 

ʥʠʞʥʝʩʠʣʫʨʠʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʟʨʝʟʳ ʢʦʪʦʨʳʭ ʥʘʨʘʱʠʚʘʶʪʩʷ 

ʥʠʞʥʝ-ʚʝʨʭʥʝʩʠʣʫʨʠʡʩʢʠʤʠ ʬʣʠʰʦʠʜʥʳʤʠ ʪʦʣʱʘʤʠ. ɼʣʷ ɸʛʘʜʳʨʩʢʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ 

ʤʦʣʦʜʳʝ ʚʝʨʭʥʝʩʠʣʫʨʠʡʩʢʠʝ ʧʦʨʦʜʳ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 2.1) (ɼʝʛʪʷʨʝʚ, 1999). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʨʦʝʥʠʠ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʨʝʣʠʢʪʳ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʡ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ, ʪʘʢ ʠ ʢʦʤʧʣʝʢʩʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʝʛʦ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʢʘʢ ʩʪʨʫʢʪʫʨʳ ʷʜʨʘ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ (Heinhorst et al., 2000; Seltmann, Porter, 2005; Krºner et al., 2007, 2008; 

Abrajevitch et al., 2008; Li  et al., 2018; ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019; Safonova et al., 2020, 2022, 2024b; 

Degtyarev et al., 2021, 2022; ɻʫʨʦʚʘ ʠ ʜʨ., 2022; ʇʝʨʬʠʣʦʚʘ ʠ ʜʨ., 2022ʘ, ʙ; Safonova, Perfilova, 

2023), ʪʘʢ ʠ ʝʛʦ ʢʨʳʣʴʷʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʂʠʪʘʷ (Abrajevitch et al., 2008; Li  et al., 2018; Yang, 2019a, b). ʆʜʥʘʢʦ ʚʦʧʨʦʩʳ ʦ 

ʚʦʟʨʘʩʪʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʤʥʦʛʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʶʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. ɸʚʪʦʨʦʤ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠ ʩ ʠʩʧʦʣʴʟʚʦʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʪ ʦʩʥʦʚʥʦʛʦ 

ʜʦ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ ʟʦʥ ɼɹʉʆ. 

 

2.2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ 

 

ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʟʦʥʘ (ʀʉɿ) ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʥʦʤ ʇʨʠʙʘʣʭʘʰʴʝ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʧʨʦʪʷʛʠʚʘʷʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ ʯʝʤ 80 ʢʤ ʚʜʦʣʴ ʦʟʝʨʘ ɹʘʣʭʘʰ (ʨʠʩ. 

2.2). ʀʉɿ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʷʜʨʝ ʂʘʟʘʭʩʢʦʛʦ ʦʨʦʢʣʠʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɼɹʉʆ 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1960; ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981; ʉʪʝʧʘʥʝʮ, 2016), ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʦʡ 

ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʠʪʘʷ 

(ʟʘʧʘʜʥʘʷ ɼʞʫʥʛʘʨʠʷ) (ɼʝʛʪʷʨʝʚ, 1999, 2011, 2012; Windley et al., 2007; Xiao et al., 2010, 2013; 

ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019; Safonova et al., 2020; Degtyarev et al., 2021, 2022). ʆʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʀʉɿ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʘʢʢʨʝʮʠʦʥʥʳʡ ʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩʳ. 
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ɺ ʉʉʉʈ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʀʉɿ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʦʠʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ɺ 1939 ʛʦʜʫ ʚ ʀʉɿ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠ ʥʘʯʘʣʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʞʘʜʝʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɺ 50-60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʟʜʝʩʴ ʧʨʦʚʦʜʠʣʠʩʴ 

ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʤʘʩʰʪʘʙʘ 1:200 000 ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʛʝʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʥʝʜʨ ʉʉʉʈ 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1960). ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʀʪʤʫʨʫʥʜʠʥʩʢʦʡ ʟʦʥʳ 

ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʣʴʢʦ ʚ ʨʘʙʦʪʝ çʆʬʠʦʣʠʪʳ ʀʪʤʫʨʫʥʜʳ-ʂʘʟʳʢʩʢʦʡ ʟʦʥʳè ʚ ʤʦʥʦʛʨʘʬʠʠ 

çʆʬʠʦʣʠʪʳ ʂʘʟʘʭʩʪʘʥʘè ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɸ.ɸ. ɸʙʜʫʣʠʥʘ ʠ ɽ.ʀ. ʇʘʪʘʣʘʭʠ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981). 

ʆʜʥʘʢʦ ʚ ʥʝʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʨʝʛʠʦʥʘ; ʜʝʪʘʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʦ 

ʚʨʝʤʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

 

 

ʈʠʩ. 2.2. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʉʉʉʈ, ʤʘʩʰʪʘʙ 1:200 000, ʩʝʨʠʷ ʇʨʠʙʘʣʭʘʰʩʢʘʷ, ʣʠʩʪ L-43-XI 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷé1960). ɾʝʣʪʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ï ʫʯʘʩʪʢʠ ʦʪʙʦʨʘ ʧʨʦʙ: ɿ ï ɿʘʧʘʜʥʳʡ; ɺ ï ʚʦʩʪʦʯʥʳʡ; 

ʍ1 ï ʍʦʨʩ-1; ʍ2 ï ʍʦʨʩ-2.  

 

ɺ ʤʦʥʦʛʨʘʬʠʠ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981) ʧʨʠʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ 

ʤʘʩʰʪʘʙʘ ʦʪ 1:200 000 ʜʦ 1:50 000 ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ, ʨʘʟʜʝʣʝʥʥʳʝ ʨʘʟʣʦʤʘʤʠ/ʥʘʜʚʠʛʘʤʠ (ʩʥʠʟʫ-
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ʚʚʝʨʭ): ʵʬʬʫʟʠʚʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ (ʙʘʟʘʣʴʪʳ/ʧʠʣʣʦʫ-ʣʘʚʳ) ï ʛʣʫʙʦʢʦʚʦʜʥʳʝ (ʧʝʣʘʛʠʯʝʩʢʠʝ) 

ʢʨʝʤʥʠ ï ʢʨʝʤʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ ʠ ʩʣʘʥʮʳ (ʛʝʤʠʧʝʣʘʛʠʯʝʩʢʠʝ ʦʩʘʜʢʠ) ï ʧʝʩʯʘʥʠʢʠ, 

ʛʨʘʚʝʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ (ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ/ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʞʝʣʦʙʘ). ʊʘʢʠʝ 

ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ (ʉʆʇ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(Isozaki et al., 1990). ʉʆʇ ʢʘʢ ʫʩʪʦʡʯʠʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʘʛʤʘʪʯʠʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʙʳʣʘ ʚʧʝʨʳʝ ʦʧʠʩʘʥʘ ʥʘ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʗʧʦʥʠʠ, ʘ ʧʦʟʞʝ ʠ ʥʘ 

ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ (Isozaki et al., 1990; ʌʠʣʠʧʧʦʚ ʠ ʜʨ., 2001; ʍʘʥʯʫʢ, ʂʝʤʢʠʥ, 2003). ʇʦʨʦʜʳ ʀʉɿ 

ʥʘʯʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʦʩʪʘʚʝ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʘʢʢʨʝʮʠʦʥʥʦʡ ʧʨʠʟʤʳ ʫʞʝ ʩ ʢʦʥʮʘ 

1990-ʭ ʛʦʜʦʚ (Zhylkaidarov, 1998), ʧʦʟʞʝ ʝʝ ʬʦʨʤʠʨʦʚʘʥʳʝ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʥʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʵʚʦʣʶʮʠʝʡ ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ (ɼʠʜʝʥʢʦ ʠ ʜʨ., 1994; Dobretsov et al., 

1995; ɼʝʛʪʷʨʝʚ, 1999; Windley et al., 2007; ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019). 

ʀʉɿ ʩʦʩʪʦʠʪ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʟʣʦʤʘʤʠ ʠ ʩʣʦʞʝʥʥʳʭ 

ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʬʠʦʣʠʪʘʤʠ, ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʨʦʜ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʤʝʣʘʥʞʝʤ, ʚ ʙʣʦʢʘʭ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ 

ʦʩʘʜʦʯʥʳʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʨʠʩ. 2.2). ɼʘʥʥʳʝ ʧʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʮʠʨʢʦʥʦʚ ʠʟ 

ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʠʜʝ ʙʣʦʢʦʚ ʚ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤ ʤʝʣʘʥʞʝ ʂʝʥʪʝʨʣʘʫ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʨʘʩʪʘʤ 498 Ñ 8 ʠ 476 Ñ 3 ʤʣʥ ʣʝʪ, ʠʟ ʙʠʦʪʠʪʦʚʦʛʦ ʧʣʘʛʠʦʛʨʘʥʠʪʘ ʤʘʩʩʠʚʘ 

ɺʦʩʪʦʯʥʳʡ ɸʨʭʘʨʩʫ ï 520 Ñ 2 ʤʣʥ ʣʝʪ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ʊʝʩʠʢʪʘʩ ï 531 Ñ 6 ʠ 532 Ñ 2 ʤʣʥ 

ʣʝʪ (ʪʘʙʣ. 2; Degtyarev et al., 2021). 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʀʉɿ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʦʬʠʦʣʠʪʦʚʳʝ ʪʝʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʦʩʥʦʚʥʦʛʦ, ʨʝʞʝ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʠ/ʠʣʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʦʡ (ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1960) ʚ ʩʦʩʪʘʚʝ 

ʘʢʢʨʝʮʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʀʉɿ ʚʳʜʝʣʷʣʠ ʪʨʠ ʩʚʠʪʳ ʢʝʤʙʨʦ-ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʩʥʠʟʫ-

ʚʚʝʨʭ): ʠʪʤʫʨʫʥʜʠʥʩʢʫʶ, ʢʘʟʳʢʩʢʫʶ ʠ ʪʶʨʝʪʘʡʩʢʫʶ (ʨʠʩ. 2.2, 2.3). ʆʜʥʘʢʦ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ (ʨʘʜʠʦʣʷʨʠʠ, ʢʦʥʦʜʦʥʪʳ) ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʭ ʚʦʟʨʘʩʪ ʙʦʣʝʝ ʤʦʣʦʜʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʜʦʚʠʢʩʢʠʡ (ʪʘʙʣ. 2; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 

1983; Zhylkaidarov, 1998; ʅʠʢʠʪʠʥ, 2002; ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019). ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʂ.ɽ. ɼʝʛʪʷʨʝʚʘ ʩ ʢʦʣʣʝʛʘʤʠ (Degtyarev et al., 2020, 2021) ʢʦʣʠʯʝʩʪʚʦ, ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʩʚʠʪ 

ʧʝʨʝʩʤʘʪʨʠʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʤʠʢʨʦʬʘʫʥʝ, ʛʝʦʭʠʤʠʠ ʠ ʠʟʦʪʦʧʥʦʡ 

ʛʝʦʭʨʦʥʦʣʦʛʠʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʚʠʪʳ: ʠʪʤʫʨʫʥʜʠʥʩʢʘʷ (O2; 

ʢʨʝʤʥʠ ʠ OIB-ʙʘʟʘʣʴʪʦʠʜʳ) ʠ ʫʰʙʫʣʘʢʩʢʘʷ (O2; ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʚʫʣʢʘʥʠʪʳ), ʪʶʨʝʪʘʡʩʢʘʷ (O2-

3; ʢʨʝʤʥʠ ʠ ʙʘʟʘʣʴʪʳ MORB-ʪʠʧʘ), ʢʨʝʤʥʠʩʪʘʷ ʢʘʟʳʢʩʢʘʷ (O2-3) ʠ ʢʨʝʤʥʠʩʪʦ-ʪʫʬʦʛʝʥʥʘʷ 

ʫʟʫʥʪʦʙʝʢʩʢʘʷ (O2-3), ʢʨʝʤʥʠʩʪʦ-ʦʙʣʦʤʦʯʥʦ-ʪʫʬʦʛʝʥʥʘʷ ʦʙʘʣʠʥʩʢʘʷ (O3) ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-
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ʦʩʘʜʦʯʥʘʷ ʜʞʘʤʘʥʰʫʨʫʢʩʢʘʷ (O3; ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʨʠʦʣʠʪʳ, ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ, ʪʫʬʳ ʠ 

ʠʟʚʝʩʪʥʷʢʠ), ʘ ʪʘʢʞʝ ʘʱʠʦʟʝʢʩʢʘʷ ʩʚʠʪʘ (S1), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʣʠʩʪʦʩʪʨʦʤʫ (Degtyarev et 

al., 2020, 2021). ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʩʦʩʪʘʚʝ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʪʶʨʝʪʡʩʢʦʡ ʩʚʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʦʡ (ɻʝʦʣʦʛʠʯʝʩʢʘʷé, 1960) (ʨʠʩ. 2.3). 

 

 

ʈʠʩ. 2.3. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ ʜʣʷ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ, ʢʘʟʳʢʩʢʦʡ ʠ ʪʶʨʝʪʘʡʩʢʦʡ ʩʚʠʪ ʧʦ 

(ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019). 

 

ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ (O2) ʩʣʦʞʝʥʘ ʵʬʬʫʟʠʚʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʝʤʥʷʤʠ, 

ʢʨʝʤʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʩʣʘʥʮʘʤʠ (ʨʠʩ. 2.2, 2.3). ɺ ʩʚʠʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 
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ʨʝʟʢʠʝ ʬʘʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʣʘʪʝʨʘʣʠ. ɺ ʨʘʙʦʪʝ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981) 

ʠʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʧʦʜʩʚʠʪʳ: ʥʠʞʥʶʶ, ʩʨʝʜʥʶʶ ʠ ʚʝʨʭʥʶʶ. ʅʠʞʥʷʷ 

ʧʦʜʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʘʬʠʨʦʚʳʤʠ ʠ ʧʦʨʬʠʨʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʠ ʜʦʣʝʨʠʪʘʤʠ. ɺ 

ʩʦʩʪʘʚ ʩʨʝʜʥʝʡ ʧʦʜʩʚʠʪʳ ʚʭʦʜʷʪ ʦʢʝʘʥʠʯʝʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʣʝʥʪʦʯʥʳʝ 

ʢʨʝʤʥʠ, ʢʨʝʤʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ, ʛʨʘʚʝʣʠʪʦ-ʙʨʝʢʯʠʠ ʩ ʦʙʣʦʤʢʘʤʠ ʢʨʝʤʥʠʩʪʳʭ 

ʧʦʨʦʜ ʠ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤ ʤʘʪʨʠʢʩʦʤ. ɺ ʚʝʨʭʥʝʡ ʧʦʜʩʚʠʪʝ ʧʨʝʦʙʣʘʜʘʶʪ ʙʘʟʘʣʴʪʳ ʠ ʚ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʨʝʤʥʠ, ʢʨʝʤʥʠʩʪʳʝ ʘʨʛʠʣʣʠʪʳ ʠ ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʚʝʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. 

ɺʳʭʦʜʳ ʧʦʨʦʜ ʥʘʨʫʰʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʨʘʟʥʦʛʦ ʧʦʨʷʜʢʘ ï ʦʪ ʣʦʢʘʣʴʥʳʭ ʜʦ 

ʨʝʛʠʦʥʘʣʴʥʳʭ (ʨʠʩ. 2.2). ɼʠʟʲʶʥʢʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʦʩʣʦʞʥʷʶʪʩʷ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʤʝʣʢʠʤʠ 

ʩʢʣʘʜʢʘʤʠ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʭ ʧʘʯʝʢ ʧʦʨʦʜ, ʨʘʟʜʝʣʝʥʥʳʭ ʨʘʟʣʦʤʘʤʠ ʠ 

ʩʣʘʛʘʶʱʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʧʦ 

ʥʘʭʦʜʢʘʤ ʢʦʥʦʜʦʥʪʦʚ ʚ ʢʨʝʤʥʷʭ (ʪʘʙʣ. 2; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1983; Degtyarev et al., 2020) ʠ 

ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʘʭ (Degtyarev et al., 2020). 

ɻʣʘʚʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʷʚʣʷʶʪʩʷ 

ʙʘʟʘʣʴʪʳ ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ ʧʦʪʦʢʦʚ ʠ ʧʠʣʣʦʫ-ʣʘʚ (ʨʠʩ. 2.4ɸ). ɺʩʪʨʝʯʘʶʪʩʷ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ ʤʠʘʨʦʣʘʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʮʝʦʣʠʪʘʤʠ ʠ ʢʘʣʴʮʠʪʦʤ. ʇʦʚʩʝʤʝʩʪʥʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʥʘʣʠʯʠʠ ʧʨʦʞʠʣʦʢ ʢʘʣʴʮʠʪʘ, ʵʧʠʜʦʪʘ, 

ʢʚʘʨʮʘ, ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. ɺ ʨʝʣʴʝʬʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪ ʩʦʧʢʠ ʚʳʩʦʪʦʡ 10-30 ʤ, ʦʙʳʯʥʦ 

ʩʣʦʞʝʥʥʳʝ ʙʘʟʘʣʴʪʘʤʠ ʥʘ ʟʘʧʘʜʥʳʭ ʩʢʣʦʥʘʭ ʠʣʠ ʚ ʦʩʥʦʚʘʥʠʠ ʠ ʢʨʝʤʥʷʤʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʠ 

ʢʨʝʤʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʦʢʦʣʦ ʚʝʨʰʠʥʳ ʠʣʠ ʥʘ ʚʦʩʪʦʯʥʳʭ ʩʢʣʦʥʘʭ (ʨʠʩ. 2.4ɹ). ʅʘ ʤʥʦʛʠʭ 

ʩʦʧʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ çʭʦʣʦʜʥʳʝè ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʙʘʟʘʣʴʪʦʠʜʘʤʠ ʠ ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʚʠʰʥʸʚʳʤʠ ʠ ʯʝʨʥʳʤʠ ʢʨʝʤʥʷʤʠ ʠ/ʠʣʠ ʰʦʢʦʣʘʜʥʳʤʠ 

ʪʦʥʢʦʧʣʠʪʯʘʪʳʤʠ ʢʨʝʤʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ (ʨʠʩ. 2.4ɺ, ɼ), ʟʘʣʝʛʘʶʱʠʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ 

ʚʳʰʝ ʙʘʟʘʣʴʪʦʚ. ʅʘ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʙʘʟʘʣʴʪʘʤʠ ʠ ʟʝʣʝʥʦʚʘʪʳʤʠ ʠʣʠ ʢʨʘʩʥʳʤʠ ʣʝʥʪʦʯʥʳʤʠ 

ʢʨʝʤʥʷʤʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʙʨʝʢʯʠʷʤʠ (ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019). 

ʊʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʀʉɿ ʦʧʠʩʘʥʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʙʨʝʢʯʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʙʣʦʤʢʦʚ 

ʷʰʤʦʠʜʦʚ ʠ ʙʘʟʘʣʴʪʦʠʜʦʚ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʩʪʳʤ ʠʣʠ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʧʘʜʥʦʡ ʇʘʮʠʬʠʢʠ ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʩʪʨʫʢʪʫʨ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ, ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʩʠʤʘʫʥʪʦʚ 

(ʉʘʬʦʥʦʚʘ, 2020). ɺ ʩʦʩʪʘʚʝ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʚʠʪʳ ʪʘʢʞʝ ʫʧʦʤʠʥʘʶʪʩʷ ʪʨʘʭʠʪʳ, 

ʪʨʘʭʠʘʥʜʝʟʠʪʳ, ʱʝʣʦʯʥʳʝ ʨʠʦʣʠʪʳ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʳ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981; ʉʪʝʧʘʥʝʮ, 2016; 

Degtyarev et al., 2021). ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2017-2021 ʛʦʜʦʚ ʪʘʢʞʝ ʟʘʢʘʨʪʠʨʦʚʘʥʳ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ, ʛʘʙʙʨʦʠʜʳ (ʨʠʩ. 2.4ɻ), ʧʦʨʬʠʨʦʚʳʝ ʠ ʘʬʠʨʦʚʳʝ ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ ʠ 

ʨʠʦʣʠʪʳ. 
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ʊʘʙʣʠʮʘ 2. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʜʘʥʥʳʤ ʧʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʠʟ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʉɿ. 

ˉ ʃʦʢʘʮʠʷ ʉʚʠʪʘ/ʢʦʤʧʣʝʢʩ ɺʠʜ ʜʘʪʠʨʦʚʘʥʠʷ ɺʦʟʨʘʩʪ ʉʩʳʣʢʘ 

1 ʛ. ʂʘʨʘʞʘʣ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Pygodus anserinus Lamont et Lindstrºm;  

Periodon cf. grandis (Ethington) 

Pygodus anserinus - Periodon grandis conodont zones 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʢʘʪʠʡ 
Zhylkaidarov, 1998 

2 ɸʨʭʘʨʩʫ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ 
ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding, Drepanodus cf. arcuatus 

Pander 

ʉʨʝʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 
ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1983 

3 ɸʨʭʘʨʩʫ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding; Pygodus serra (Hadding); 

Drepanodus sp. 

Periodon aculeatus ïPygodus serra conodont zones 

ʉʨʝʜʥʠʡ-ʧʦʟʜʥʠʡ 

ʜʘʨʨʠʚʠʣ 
Degtyarev et al., 2020 

4 ɸʨʭʘʨʩʫ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Pygodus anserinus Lamont et Lindstrºm;  

Periodon grandis (Ethington); Drepanodus sp. 

Pygodus anserinus - Periodon grandis conodont zones 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʢʘʪʠʡ 
Degtyarev et al., 2020 

5 ʚ. 422 ʂʘʟʳʢʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Periodon aff. aculeatus Hadding; Periodon cf. P. grandis 

(Ethington); Panderodus sp.; Drepanodus sp. Protopanderodus sp., 

Pygodus sp. 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ- 

ʨʘʥʥʠʡ ʢʘʪʠʡ 
ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019 

6 ʛ. ʉʫʩʳʟʢʘʨʘ  ʂʘʟʳʢʩʢʘʷ 
ʂʦʥʦʜʦʥʪʳ: Periodon aff. aculeatus Hadding; Pygodus cf. anserinus 

Lamont et Lindstrºm 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 
ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1983 

7 

ʉʝʚʝʨʥʝʝ ʦʪ 

ʜʦʣʠʥʳ ʨ. 

ɸʱʠʦʟʝʢ 

ʊʶʨʝʪʘʡʩʢʘʷ 
ʂʦʥʦʜʦʥʪʳ: Pygodus serra (Hadding); Pygodus cf. anserinus Lamont 

et Lindstrºm; Periodon aculeatus Hadding 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 
ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1983 

8 
8 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ʆʙʘʣʳʡ 
ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding 

ʉʨʝʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 
Zhylkaidarov, 1998 

9 
8 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ʆʙʘʣʳʡ 
ʂʘʟʳʢʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Pygodus anserinus Lamont et Lindstrºm 

Pygodus anserinus conodont zone 
ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ Zhylkaidarov, 1998 

10 ɿʘʧʘʜ ʀʉɿ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Pragmodus cf. flexuosus Moskalenko; Cordylodus 

ramosus Hadding; Periodon aculeatus Hadding; Paroistodus originalis 

(Sergeeva); Protopanderodus rectus Lindstrºm 

ɼʘʧʠʥ-ʜʘʨʨʠʚʠʣ ʅʠʢʠʪʠʥ, 2002 

11 ɿʘʧʘʜ ʀʉɿ ʂʘʟʳʢʩʢʘʷ 
ʂʦʥʦʜʦʥʪʳ: Pygodus serra (Hadding);  

Pygodus anserinus Lamont et Lindstrºm 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʢʘʪʠʡ 
ʅʠʢʠʪʠʥ, 2002 

12 
ʉʝʚʝʨʥʳʡ 

ɹʘʣʭʘʰ 
ʊʶʨʝʪʘʡʩʢʘʷ ʂʦʥʦʜʦʥʪʳ: Pygodus serra (Hadding) ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ʅʠʢʠʪʠʥ, 2002 

13 

3.5-4 ʢʤ ʥʘ 

ʚʦʩʪʦʢ ʦʪ ʛ. 

ʆʙʘʣʳʡ 

ʂʘʟʳʢʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Pygodus anserinus Lamont et Lindstrºm; Periodon 

grandis (Ethington); Scabbardella altipes (Henningsmoen); Spinodus 

spinatus (Hadding); Drepanodus sp.; Protopanderodus sp. 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʢʘʪʠʡ 
Degtyarev et al., 2020 



43 

 

MDA ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ; Hbl ï ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʡ; Bt ï ʙʠʦʪʠʪʦʚʳʡ. 

Pygodus anserinus - Periodon grandis conodont zones 

14 

ʛ. ʊʶʨʝʪʘʡ; 

1 ʢʤ ʥʘ ʶʛ ʦʪ ʛ. 

ʆʙʘʣʳʡ 

ʊʶʨʝʪʘʡʩʢʘʷ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington); Protopanderodus sp.; 

Scabbardella altipes (Henningsmoen); Per. cf. Per. aculeatus Hadding 

Pygodus anserinus - Periodon grandis conodont zones 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ-

ʨʘʥʥʠʡ ʢʘʪʠʡ 
Degtyarev et al., 2020 

15 
3 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ʂʳʟʳʣʪʦʙʝ 
ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, ʧʝʩʯʘʥʠʢ 

456 (ʛʣʘʚʥʳʡ ʧʠʢ), 

MDA = 439 Ñ 7 ʤʣʥ 

ʣʝʪ 

Safonova et al., 2022 

16 ɺʦʩʪʦʢ ʀʉɿ ʂʘʟʳʢʩʢʘʷ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, ʧʝʩʯʘʥʠʢ 

476 (ʛʣʘʚʥʳʡ ʧʠʢ), 

MDA = 442 Ñ 3 ʤʣʥ 

ʣʝʪ 

Safonova et al., 2022 

17 
10 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ʀʪʤʫʨʫʥʜʳ 

ɹʣʦʢ ʚ ʤʝʣʘʥʞʝ 

ʀʪʤʫʨʫʥʜʳ-

ʂʝʥʪʝʨʣʘʫ 

U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, Hbl-ʜʠʦʨʠʪ 502 Ñ 4 ʤʣʥ ʣʝʪ Safonova et al., 2020 

18 
3 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ʊʝʩʠʢʪʘʩ 
ʄʘʩʩʠʚ ʊʝʩʠʢʪʘʩ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, Hbl-ʧʣʘʛʠʦʛʨʘʥʠʪ 531 Ñ 6 ʤʣʥ ʣʝʪ Degtyarev et al., 2021 

19 
3.2 ʢʤ ʥʘ ʖɿ ʦʪ 

ʛ. ʊʝʩʠʢʪʘʩ 
ʄʘʩʩʠʚ ʊʝʩʠʢʪʘʩ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, Bt-ʧʣʘʛʠʦʛʨʘʥʠʪ 532 Ñ 2 ʤʣʥ ʣʝʪ Degtyarev et al., 2021 

20 
18 ʢʤ ʥʘ ʖɺ ʦʪ 

ʛ. ʀʪʤʫʨʫʥʜʳ 

ʄʘʩʩʠʚ ɺʦʩʪʦʯʥʳʡ 

ɸʨʭʘʨʩʫ 
U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, Hbl-Bt-ʧʣʘʛʠʦʛʨʘʥʠʪ 520 Ñ 2 ʤʣʥ ʣʝʪ Degtyarev et al., 2021 

21 
10 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ʀʪʤʫʨʫʥʜʳ 

ɹʣʦʢ ʚ ʤʝʣʘʥʞʝ 

ʂʝʥʪʝʨʣʘʫ 
U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, ʧʣʘʛʠʦʛʨʘʥʠʪ 498 Ñ 8 ʤʣʥ ʣʝʪ Degtyarev et al., 2021 

22 
1.5 ʢʤ ʥʘ ʩʝʚʝʨ 

ʦʪ ʛ. ʀʪʤʫʨʫʥʜʳ 

ɹʣʦʢ ʚ ʤʝʣʘʥʞʝ 

ʂʝʥʪʝʨʣʘʫ 
U-Pb ʜʘʪʠʨʦʚʘʥʠʝ, Hbl-ʧʣʘʛʠʦʛʨʘʥʠʪ 476 Ñ 3 ʤʣʥ ʣʝʪ Degtyarev et al., 2021 
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ʈʠʩ. 2.4. ʌʦʪʦ ʢʦʨʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ ʧʦʨʦʜ ʀʉɿ: ɸ ï ʧʠʣʣʦʫ-ʣʘʚʘ; ɹ ï ʩʦʧʢʘ, ʩʣʦʞʝʥʥʘʷ ʙʘʟʘʣʴʪʘʤʠ (ʚ 

ʦʩʥʦʚʘʥʠʠ) ʠ ʢʨʝʤʥʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ; ɺ ï ʭʦʣʦʜʥʳʡ ʢʦʥʪʘʢʪ ʙʘʟʘʣʴʪʦʚ ʠ ʚʠʰʥʸʚʳʭ ʘʨʛʠʣʣʠʪʦʚ; ɻ ï 

ʪʝʣʦ ʤʠʢʨʦʛʘʙʙʨʦ; ɼ ï ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʚʠʪʳ. 

 

ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʢʘʟʳʢʩʢʦʡ ʩʚʠʪʳ (O2-3), ʯʘʩʪʦ ʩ 

ʨʘʟʤʳʚʦʤ ʠ ʩ ʙʘʟʘʣʴʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ (ʨʠʩ. 2.3). ʇʦʨʦʜʳ ʢʘʟʳʢʩʢʦʡ ʩʚʠʪʳ 

ʪʘʢʞʝ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ ʠ ʥʘʨʫʰʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʫʧʣʝʢʩ-

ʩʪʨʫʢʪʫʨ (ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019; Safonova et al., 2020) ʜʝʣʘʶʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʠʥʥʦʡ ʤʦʱʥʦʩʪʠ 
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ʩʚʠʪʳ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʚʪʦʨʝʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʧʘʯʝʢ ʧʦʨʦʜ ʚ ʩʝʨʠʠ ʥʘʜʚʠʛʦʚ ʤʦʛʣʦ ʧʦʩʣʫʞʠʪʴ 

ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʨʘʥʝʝ ʤʦʱʥʦʩʪʴ ʢʘʟʳʢʩʢʦʡ ʩʚʠʪʳ ʦʮʝʥʠʚʘʣʘʩʴ ʚʧʣʦʪʴ ʜʦ 2000 ʤ (ʇʘʪʘʣʘʭʘ, 

ɹʝʣʳʡ, 1981; ʂʦʰʢʠʥ ʠ ʜʨ., 1987), ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʥʝ ʙʦʣʝʝ, 

ʯʝʤ 100-200 ʤ (Degtyarev et al., 2020). ʂʘʟʳʢʩʢʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʢʨʝʤʥʷʤʠ, 

ʢʨʝʤʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʘʨʛʠʣʣʠʪʘʤʠ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ 

ʛʨʘʚʝʣʠʪʘʤʠ (ʨʠʩ. 2.3). ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʙʨʝʢʯʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʩʪʨʦʫʛʦʣʴʥʳʭ ʦʙʣʦʤʢʦʚ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, 

ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʚʫʣʢʘʥʠʪʦʚ ʦʩʥʦʚʥʦʛʦ, ʨʝʞʝ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981). ʉʨʝʜʥʝ-ʚʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ 

ʢʘʟʳʢʩʢʦʡ ʩʚʠʪʳ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʥʘʭʦʜʢʘʤ ʢʦʥʦʜʦʥʪʦʚ ʚ ʣʝʥʪʦʯʥʳʭ ʢʨʝʤʥʷʭ (ʪʘʙʣ. 2; ʅʦʚʠʢʦʚʘ ʠ 

ʜʨ., 1983; ʉʘʬʦʥʦʚʘ ʠ ʜʨ., 2019; Degtyarev et al., 2020). 

ʊʶʨʝʪʘʡʩʢʘʷ ʩʚʠʪʘ (O2-3) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʩʪʨʳʤ, ʥʝʚʳʜʝʨʞʘʥʥʳʤ ʩʦʩʪʘʚʦʤ ʪʘʢʞʝ ʩ 

ʨʝʟʢʠʤʠ ʬʘʮʠʘʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʧʦ ʣʘʪʝʨʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ (ʨʠʩ. 2.3). ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʟʘʯʘʩʪʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʧʦʨʦʜʳ ʩʚʠʪʳ ʩʣʘʛʘʶʪ ʘʥʪʠʢʣʠʥʘʣʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʠʧʝʨʙʘʟʠʪʦʚ ʠ 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʙʨʝʢʯʠʡ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ, 

ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ʚ 

ʨʘʡʦʥʝ ʨ. ɸʱʠʦʟʝʢ ʜʦʩʪʠʛʘʝʪ 780 ʤ, ʠʟ ʢʦʪʦʨʳʭ 280 ʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʨʝʢʯʠʠ ʠ 170 ʤ ʥʘ 

ʧʝʩʯʘʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʚʧʣʦʪʴ ʜʦ ʛʨʘʚʝʣʠʪʦʚ (ʇʘʪʘʣʘʭʘ, ɹʝʣʳʡ, 1981). 

ɺʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʧʦ ʢʦʥʦʜʦʥʪʘʤ ʠʟ ʢʨʝʤʥʝʡ (ʪʘʙʣ. 2; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 

1983; Degtyarev et al., 2020). 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ 2017-2021 ʛʛ. ʩʦʠʩʢʘʪʝʣʝʤ ʩ ʢʦʣʣʝʛʘʤʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʧʦʨʦʜ 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʢʘʭ: ʍʦʨʩ-1, ʍʦʨʩ-2, 

ɺʦʩʪʦʯʥʳʡ ʠ ɿʘʧʘʜʥʳʡ (ʨʠʩ. 2.3). ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʪ ʦʩʥʦʚʥʦʛʦ ʜʦ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʚ ʙʣʦʢʘʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʤʝʣʘʥʞʘ ʂʝʥʪʝʨʣʘʫ (ʫʯ. ɿʘʧʘʜʥʳʡ, ʍʦʨʩ-2), ʚʙʣʠʟʠ ʤʘʩʩʠʚʦʚ 

ɸʨʭʘʨʩʫ ʠ ɺʦʩʪʦʯʥʳʡ ɸʨʭʘʨʩʫ (ʫʯ. ʍʦʨʩ-1, ʍʦʨʩ-2), ʘ ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʠ ʪʶʨʝʪʘʡʩʢʦʡ ʩʚʠʪ (ʫʯ. ʍʦʨʩ-1, ʍʦʨʩ-2, ɺʦʩʪʦʯʥʳʡ) (ʨʠʩ. 2.3, ʪʘʙʣ. 

3, ʧʨʠʣ. 1ɸ). ɼʝʪʘʣʴʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʍʦʨʩ-1 (ʨʠʩ. 2.5) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ ʙ·ʣʴʰʘʷ ʯʘʩʪʴ 

ʟʘʥʷʪʘ ʘʬʠʨʦʚʳʤʠ ʠ ʧʦʨʬʠʨʦʚʳʤʠ ʪʝʤʥʦ-ʟʝʣʝʥʳʤʠ ʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʙʘʟʘʣʴʪʘʤʠ 

ʠʪʤʫʨʫʥʜʠʥʩʢʦʡ ʩʚʠʪʳ. ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʛʨʘʥʠʪʦʠʜʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 2 ʤ (ʨʠʩ. 2.5ɸ-ɺ). 

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʢʘʨʪʠʨʦʚʘʥʠʠ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʜʠʦʨʠʪʦʚ, ʘʥʜʝʟʠʪʦʚ, 

ʜʘʮʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ. ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʩʦʧʢʠ, ʩʣʦʞʝʥʥʳʝ 

ʜʠʦʨʠʪʘʤʠ ʙʝʟ ʚʠʜʠʤʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʜʨʫʛʠʤʠ ʧʦʨʦʜʘʤʠ (ʨʠʩ. 2.5ɻ), ʪʘʢ ʠ ʯʝʨʝʜʦʚʘʥʠʝ ʙʦʣʝʝ 

ʩʚʝʪʣʳʭ (ʜʘʮʠʪʳ/ʨʠʦʣʠʪʳ) ʚʫʣʢʘʥʠʪʦʚ ʩ ʙʦʣʝʝ ʪʝʤʥʳʤʠ (ʙʘʟʘʣʴʪʳ/ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ) (ʨʠʩ. 2.5A, ɹ, 

ɼ, ɽ). 
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ʈʠʩ. 2.5. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʠ ʦʪʦʙʨʘʥʥʳʭ ʧʦʨʦʜ ʩ ʫʯʘʩʪʢʘ ʍʦʨʩ-1. ɸ ï ʩʭʝʤʘ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʫʯʘʩʪʢʘ; ɹ ï ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ; ɺ ï ʬʦʪʦ ʦʙʨʘʟʮʦʚ ʩ ʫʯʘʩʪʢʘ; ɻ ï ʦʙʟʦʨʥʘʷ ʬʦʪʦʧʘʥʦʨʘʤʘ ʫʯʘʩʪʢʘ; ɼ ï 

ʢʦʥʪʘʢʪ çʪʝʤʥʳʭè ʠ çʩʚʝʪʣʳʭè ʚʫʣʢʘʥʠʪʦʚ; ɽ ï ʜʘʮʠʪ. 

 

ʊʘʙʣʠʮʘ 3. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʫʯʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʉɿ. 

ˉ ʆʙʨʘʟʝʮ ʇʦʨʦʜʘ ʂʦʤʧʣʝʢʩ/ʩʚʠʪʘ ʋʯʘʩʪʦʢ ʂʦʦʨʜʠʥʘʪʳ 

1 It-22-17 ʊʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-2 46Á48'59.0'' 76Á20'49.8'' 

2 It-35-17 ɼʦʣʝʨʠʪ ʊʶʨʝʪʘʡʩʢʘʷ ʩʚʠʪʘ ɺʦʩʪʦʯʥʳʡ 46Á43'09.1'' 76Á44'47.1'' 

3 It-64-17 ʊʨʘʭʠʘʥʜʝʟʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-2 46Á48'13.2'' 76Á21'40.2'' 

4 It-76-17 ɹʘʟʘʣʴʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ʍʦʨʩ-2 46Á52'41.4'' 76Á16'55.2'' 

5 It-77-17 ɹʘʟʘʣʴʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ʍʦʨʩ-2 46Á52'46.8'' 76Á17'08.7'' 

6 It-78-17 ɹʘʟʘʣʴʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ʍʦʨʩ-2 46Á52'48.6'' 76Á17'21.4'' 

7 It-79-17 ɹʘʟʘʣʴʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ʍʦʨʩ-2 46Á52'21.4'' 76Á17'08.7'' 

8 It-80-17 ɼʦʣʝʨʠʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ʍʦʨʩ-2 46Á52'50.0'' 76Á17'37.6'' 

9 It-01-18 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'44.6'' 76Á22'56.0'' 

10 It-17-18 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'38.1'' 76Á22'56.5'' 

11 It-39-18 ɸʥʜʝʟʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-2 46Á49'35.2'' 76Á21'12.2'' 

12 It-43-18 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-2 46Á48'47.9'' 76Á20'25.5'' 

13 It-73-18 ɸʥʜʝʟʠʙʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'58.3'' 76Á21'47.7'' 
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14 It-95-18 ɸʥʜʝʟʠʙʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'54.8'' 76Á22'00.3'' 

15 It-99-18 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'02.6'' 76Á21'55.2'' 

16 It-02-19 ɼʘʮʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'10.7'' 76Á22'09.6'' 

17 It-03-19 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'10.5'' 76Á22'10.7'' 

18 It-06-19 ɸʥʜʝʟʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'14.0'' 76Á22'06.1'' 

19 It-07-19 ʈʠʦʣʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'14.3'' 76Á22'05.4'' 

20 It-10-19 ɸʥʜʝʟʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'10.2'' 76Á22'08.1'' 

21 It-12-19 ɼʠʦʨʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'16.2'' 76Á22'09.2'' 

22 It-14-19 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'20.1'' 76Á22'06.7'' 

23 It-15-19 ɼʠʦʨʠʪ-ʧʦʨʬʠʨ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'17.7'' 76Á22'11.9'' 

24 It-16-19 ɼʠʦʨʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'15.5'' 76Á22'20.3'' 

25 It-17-19 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á48'17.8'' 76Á22'20.1'' 

26 It-18-19 ɼʦʣʝʨʠʪ ɺʦʩʪʦʯʥʳʡ ɸʨʭʘʨʩʫ ʍʦʨʩ-1 46Á48'19.4'' 76Á22'21.4'' 

27 N1901 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'53.6'' 76Á21'51.0'' 

28 N1906 ɸʥʜʝʟʠʙʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-1 46Á47'57.2'' 76Á21'47.4'' 

29 N1914 ɸʥʜʝʟʠʙʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ɿʘʧʘʜʥʳʡ 46Á54'43.7'' 76Á06'02.4'' 

30 N1915 ɼʦʣʝʨʠʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ɿʘʧʘʜʥʳʡ 46Á54'44.0'' 76Á06'01.0'' 

31 N1917 ɼʠʦʨʠʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ɿʘʧʘʜʥʳʡ 46Á56'06.8'' 76Á03'25.8'' 

32 N1955 ʈʠʦʣʠʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ɿʘʧʘʜʥʳʡ 46Á50'50.2'' 76Á18'12.5'' 

33 N1964 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʉʝʚʝʨʥʳʡ 46Á47'01.9'' 76Á22'52.9'' 

34 KZH-5 ɹʘʟʘʣʴʪ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ɿʘʧʘʜʥʳʡ 46Á53'07.3'' 76Á08'59.5'' 

35 ARKH-3 ʄʝʪʘʛʘʙʙʨʦ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ ʩʚʠʪʘ ʍʦʨʩ-2 46Á51'02.7'' 76Á20'42.3'' 

36 JD6-1 Hbl-ʜʠʦʨʠʪ ʄʝʣʘʥʞ ʂʝʥʪʝʨʣʘʫ ɿʘʧʘʜʥʳʡ 46Á57'02.2" 76Á03'04.5" 

 

2.3. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ 

 

ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʟʦʥʘ (ʊʉɿ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ, ʚ 50 ʢʤ ʥʘ ʶʛ ʦʪ ʛ. ʂʘʨʘʛʘʥʜʘ (ʨʠʩ. 2.6, 2.7). ʆʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 350 ʢʤ ʚʜʦʣʴ ʩʫʙʰʠʨʦʪʥʦʡ ʚʝʪʚʠ ʜʝʚʦʥʩʢʦʛʦ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ 

(ʨʠʩ. 2.1). ʊʘʢʞʝ, ʢʘʢ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʘʷ, ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʟʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ɼɹʉʆ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʨʦʜ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʠ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ɸʥʪʦʥʶʢ, 1976; ʗʢʫʙʯʫʢ, 1991; Khassen 

et al., 2020; Degtyarev et al., 2022). ʀʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʡʦʥʘ ʛʦʨ ʊʝʢʪʫʨʤʘʩ 

ʥʘʩʯʠʪʳʚʘʝʪ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʣʝʪ. ʇʝʨʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʛʦʨ ʊʝʢʪʫʨʤʘʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ɸ.ɸ. ɹʦʛʜʘʥʦʚʳʤ (ɹʦʛʜʘʥʦʚ, 1939) ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʶʞʥʦʡ ʠ 

ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʆʥ ʦʙʲʝʜʠʥʠʣ ʢʨʝʤʥʠʩʪʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʛʦʨ ʊʝʢʪʫʨʤʘʩ ʚ ʫʨʪʳʥʜʞʘʣʴʩʢʫʶ ʩʝʨʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʩʚʠʪ ï ʢʘʨʘʤʫʨʫʥʩʢʦʡ 
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(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʘʟʘʣʴʪ-ʚʫʣʢʘʥʦʛʝʥʥʦʡ) ʠ ʪʝʢʪʫʨʤʘʩʩʢʦʡ (ʢʨʝʤʥʠʩʪʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʠ 

ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʦʙʩʫʞʜʘʣʠʩʴ 

ʤʥʦʛʠʤʠ ʛʝʦʣʦʛʘʤʠ (ʏʝʪʚʝʨʠʢʦʚʘ ʠ ʜʨ., 1966; ɸʥʪʦʥʶʢ, 1974, 1976; ʅʘʟʘʨʦʚ, 1975; ɹʝʩʧʘʣʦʚ, 

1976, 1980; ʗʢʫʙʯʫʢ, 1991; ɿʘʡʮʝʚ, 1997; ɸʥʪʦʥʶʢ ʠ ʜʨ., 2015). ʇʦʣʫʯʝʥʥʳʝ ʧʦʟʜʥʝʝ ʜʘʥʥʳʝ ʧʦ 

ʢʦʥʦʜʦʥʪʘʤ ʚ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʛʦʨ ʊʝʢʪʫʨʤʘʩ, ʉʘʨʳʪʘʫ ʠ ɸʨʢʘʣʳʢ ʧʦʟʚʦʣʠʣʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ ʠʟʥʘʯʘʣʴʥʦ ɸ.ɸ. ɹʦʛʜʘʥʦʚʳʤ ʦʙʱʫʶ ʩʭʝʤʫ ʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʘ 

(ʂʫʨʢʦʚʩʢʘʷ, 1985; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991; ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 1992). ʇʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʝʦʨʠʠ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ, ʪ.ʢ. ʚʢʣʶʯʘʣʘ ʠ 

ʪʦʣʱʠ ʦʬʠʦʣʠʪʦʚʦʛʦ ʨʘʟʨʝʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʝʣʘʥʞʝ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʨʫʜʦʥʦʩʥʦʩʪʴ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʟʦʥʳ, ʠ ʦʣʠʩʪʦʩʪʨʦʤʫ ʚ ʛʦʨʘʭ ʊʝʢʪʫʨʤʘʩ ʠ ɸʨʢʘʣʳʢ (ɻʝʨʘʩʠʤʦʚʘ ʠ 

ʜʨ., 1992). 

 

 

ʈʠʩ. 2.6. ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ ʠ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ɼɹʉʆ ʧʦ 

(ɸʥʪʦʥʶʢ ʠ ʜʨ., 1995; ʉʪʝʧʘʥʝʮ, 2016). 

 

ʇʝʨʠʜʦʪʠʪʳ, ʛʘʙʙʨʦʠʜʳ, ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ, ʛʨʘʥʠʪʦʠʜʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ 

ʚʫʣʢʘʥʠʪʘʤʠ ʢʘʨʘʤʫʨʫʥʩʢʦʡ ʠ ʢʨʝʤʥʷʤʠ ʪʝʢʪʫʨʤʘʩʩʢʦʡ ʩʚʠʪ, ʙʳʣʠ ʨʘʥʝʝ ʠʟʫʯʝʥʳ ʅ.ʌ. ʊʨʫʩʦʚʦʡ 

(ʊʨʫʩʦʚʘ, 1948), ʅ.ʇ. ʄʠʭʘʡʣʦʚʳʤ ʠ ɺ.ʅ. ʄʦʩʢʘʣʝʚʦʡ (ʄʠʭʘʡʣʦʚ, ʄʦʩʢʘʣʝʚʘ, 1972), ʈ.ɸ. 

ɸʥʪʦʥʶʢʦʤ (ɸʥʪʦʥʶʢ, 1974), ʀ.ɽ. ʂʫʟʥʝʮʦʚʳʤ (ʂʫʟʥʝʮʦʚ, 1980), ɺ.ɻ. ʉʪʝʧʘʥʮʦʤ (ʉʪʝʧʘʥʝʮ, 

2016). ɽʱʝ ʚ ʥʘʯʘʣʝ ʩʝʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʫʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚ ʛʝʦʜʠʥʘʤʠʢʝ, ʚ ʨʘʙʦʪʝ (ɸʥʪʦʥʶʢ, 1974) ʧʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʨʦʜ ʦʬʠʦʣʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʛʦʨ ʊʝʢʪʫʨʤʘʩ ʩ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʰʣʦʛʦ. ɼʣʷ ʵʪʦʛʦ ʨʝʛʠʦʥʘ 
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ʦʥ ʚʧʝʨʚʳʝ ʦʪʥʝʩ ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʳ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʢ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤʫ ʤʝʣʘʥʞʫ ʠ 

ʩʦʧʦʩʪʘʚʠʣ ʝʛʦ ʩ ʤʝʣʘʥʦʢʨʘʪʦʚʳʤ ʦʢʝʘʥʠʯʝʩʢʠʤ ʬʫʥʜʘʤʝʥʪʦʤ. ɼʘʣʝʝ ʈ.ʄ. ɸʥʪʦʥʶʢ ʥʝʩʢʦʣʴʢʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʊʝʢʪʫʨʤʘʩʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ 

ʧʦʷʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ ʰʦʚʥʫʶ ʧʦʣʠʭʨʦʥʥʫʶ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʩʦʩʪʘʚʝ 

ʢʦʪʦʨʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʩʦʚʤʝʱʝʥʳ ʬʨʘʛʤʝʥʪʳ ʜʚʫʭ ʦʬʠʦʣʠʪʦʚʳʭ ʟʦʥ (ɸʥʪʦʥʶʢ ʠ ʜʨ., 2015). ɺ 

ʉʘʨʳʪʘʫ-ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʟʦʥʝ ʚ ʤʝʣʘʥʞʝ ʦʥ ʚʳʜʝʣʠʣ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʦʪʢʨʳʪʦʡ 

ʯʘʩʪʠ ʦʢʝʘʥʘ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʚ ʧʨʝʜʝʣʘʭ ɹʘʟʘʨʙʘʡʩʢʦʡ ʟʦʥʳ ï ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʚʧʘʜʠʥʳ ʦʢʨʘʠʥʥʦ-ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʝ 

ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʜʟʦʥʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʨʘʟʣʦʤʘʤʠ ï ʋʩʧʝʥʩʢʘʷ, 

ʊʝʢʪʫʨʤʘʩʩʢʘʷ, ɹʘʟʘʨʙʘʡʩʢʘʷ ʠ ʅʫʨʠʥʩʢʘʷ (ʨʠʩ. 2.7) (ɸʥʪʦʥʶʢ, 1974, 1976; ʗʢʫʙʯʫʢ, 1991; 

ɸʥʪʦʥʶʢ ʠ ʜʨ., 1995, 2015). 

 

 

ʈʠʩ. 2.7. ʉʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʚ 

ʨʘʡʦʥʝ ʛʦʨ ʊʝʢʪʫʨʤʘʩ ʧʦ (ʗʢʫʙʯʫʢ, 1991) ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ɿʚʝʟʜʳ ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʇʦʜʟʦʥʳ: 

ʊʝʢʪʫʨʤʘʩʩʢʘʷ (ʊʇɿ), ɹʘʟʘʨʙʘʡʩʢʘʷ (ɹʇɿ), ʋʩʧʝʥʩʢʘʷ (ʋʇɿ), ʅʫʨʠʥʩʢʘʷ (ʅʇɿ). 
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ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʧʦʜʟʦʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 40 ʢʤ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ 

(ʨʠʩ. 2.7) ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʤʝʣʘʥʞʘ ʚ ʦʩʥʦʚʘʥʠʠ, ʧʦʨʦʜ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʠ ʦʪʣʦʞʝʥʠʡ ʢʘʨʘʤʫʨʫʥʩʢʦʡ, ʪʝʢʪʫʨʤʘʩʩʢʦʡ ʠ ʩʘʨʳʪʘʫʩʩʢʦʡ ʩʚʠʪ (ʨʠʩ. 2.7, 2.8, 2.9ɸ). ʆʩʥʦʚʥʳʝ 

ʬʦʨʤʘʮʠʠ ï ʧʝʨʠʜʦʪʠʪʳ, ʛʘʙʙʨʦ, ʙʘʟʘʣʴʪʳ ʠ ʢʨʝʤʥʠʩʪʳʝ ʦʩʘʜʢʠ ʠ ʠʭ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 

ʘʥʘʣʦʛʠ, ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ (ɸʥʪʦʥʶʢ, 1974; ʂʫʟʥʝʮʦʚ, 1980; ʊʫʨʤʘʥʠʜʟʝ ʠ ʜʨ., 1991; 

ʉʪʝʧʘʥʝʮ, 2016). ʄʝʣʘʥʞ ʩʦʩʪʦʠʪ ʠʟ ʣʠʟʘʨʜʠʪʦʚʦʛʦ ʠ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʛʦ 

ʤʘʪʨʠʢʩʘ ʠ ʙʣʦʢʦʚ ʜʫʥʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ, ʛʘʙʙʨʦ (ʨʠʩ. 2.10ɸ) ʠ ʜʦʣʝʨʠʪʦʚ (ʨʠʩ. 

2.10ɹ), ʘ ʪʘʢʞʝ ʛʥʝʡʩʦʚ, ʢʨʝʤʥʝʡ ʠ ʙʘʟʘʣʴʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʩʠʝʥʠʪʦʚ ʠ ʘʤʬʠʙʦʣʠʪʦʚ. ɺʩʝ 

ʢʦʥʪʘʢʪʳ ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ ʩ ʙʘʟʘʣʴʪʘʤʠ ʢʘʨʘʤʫʨʫʥʩʢʦʡ ʪʦʣʱʠ ʷʚʣʷʶʪʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ (ɸʥʪʦʥʶʢ, 1976; ɸʚʜʝʝʚ, 1986; ʄʘʛʤʘʪʠʯʝʩʢʠʝé, 1988). ɹʣʦʢʠ ʚ ʤʝʣʘʥʞʝ 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʊʦʨʪʘʫʣʴʩʢʘʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ, U-Pb ʚʦʟʨʘʩʪ (ʧʦ ʮʠʨʢʦʥʘʤ) 

ʧʣʘʛʠʦʛʨʘʥʠʪʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 473Ñ2 ʤʣʥ ʣʝʪ (Degtyarev et al., 2022). ɺ ʶʞʥʦʡ ʯʘʩʪʠ 

ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʧʦʜʟʦʥʳ (ʧʦʩ. ɸʢʦʠ) ʚʳʷʚʣʝʥʳ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʬʬʫʟʠʚʘʤʠ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʘ 

ʪʘʢʞʝ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ (U-Pb ʚʦʟʨʘʩʪ ʧʣʘʛʠʦʛʨʘʥʠʪʘ ï 537Ñ5 ʤʣʥ ʣʝʪ), ʠʤʝʶʱʠʝ ʪʦʣʴʢʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʦʨʜʦʚʠʢʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ɼʝʛʪʷʨʝʚ ʠ ʜʨ., 2023). 

ʉʘʤʘʷ ʜʨʝʚʥʷʷ ʩʚʠʪʘ ʊʉɿ ï ʢʘʨʘʤʫʨʫʥʩʢʘʷ (ʆ2kr), ʩʦʩʪʦʷʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʵʬʬʫʟʠʚʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʠʣʣʦʫ-ʣʘʚʘʤʠ ʠ 

ʙʘʟʘʣʴʪʦʚʳʤʠ ʣʘʚʦʙʨʝʢʯʠʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʣʠʩʪʦʣʠʪʳ ʢʨʝʤʥʝʡ ʠ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ (ʨʠʩ. 

2.9ɸ). ɹʘʟʘʣʴʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ ʧʠʣʣʦʫ-ʣʘʚʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʥʳʤʠ ʠʣʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʨʠʩ. 2.10ɺ). ʆʥʠ ʠʟʤʝʥʝʥʳ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʯʘʩʪʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʝʣʘʛʠʯʝʩʢʠʤʠ ʦʩʘʜʢʘʤʠ: ʢʨʝʤʥʷʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ (ʨʠʩ. 

2.10ɻ). ʄʦʱʥʦʩʪʴ ʧʦʪʦʢʦʚ ʧʠʣʣʦʫ-ʣʘʚ ʜʦʩʪʠʛʘʝʪ 20-50 ʤʝʪʨʦʚ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ï ʦʪ 150-

200 ʜʦ 500-600 ʤʝʪʨʦʚ. ʉʨʝʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʧʦ ʢʦʥʦʜʦʥʪʘʤ ʠʟ ʢʨʝʤʥʝʡ 

ʦʣʠʩʪʦʣʠʪʦʚ ʠ ʦʣʠʩʪʦʧʣʘʢ (ʪʘʙʣ. 4, ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 1992). 

ɺ ʩʦʩʪʘʚ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʪʝʢʪʫʨʤʘʩʩʢʦʡ ʩʚʠʪʳ (O2-3tk) ʚʭʦʜʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʘʩʥʳʝ, 

ʨʦʟʦʚʳʝ ʠ ʰʦʢʦʣʘʜʥʳʝ ʣʝʥʪʦʯʥʳʝ ʢʨʝʤʥʠ, ʯʘʩʪʦ ʩʤʷʪʳʝ ʚ ʩʢʣʘʜʢʠ, ʙʫʜʠʥʠʨʦʚʘʥʥʳʝ, ʩ ʪʦʥʢʠʤʠ 

ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʩʝʨʳʭ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʩʣʘʥʮʝʚ (ʨʠʩ. 2.9ɸ). 

ʄʦʱʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʢʨʝʤʥʝʡ ï ʦʪ 0.5 ʜʦ 2 ʤ, ʘ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ï 

0.5-1 ʩʤ (Khassen et al., 2020). ʂʨʝʤʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʠ ʚ 

ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʠ ʩʣʦʞʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʯʝʰʫʡ ʚ ʩʦʩʪʘʚʝ 

ʦʣʠʩʪʦʩʪʨʦʤ. ʏʝʪʢʠʭ ʛʨʘʥʠʮ ʤʝʞʜʫ ʪʝʢʪʫʨʤʘʩʩʢʦʡ ʩʚʠʪʦʡ ʠ ʜʨʫʛʠʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʟʦʥʳ ʥʝ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʦ. ʉʨʝʜʥʝ-ʚʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ 

ʦʧʨʝʜʝʣʝʥ ʧʦ ʪʨʝʤ ʢʦʤʧʣʝʢʩʘʤ ʢʦʥʦʜʦʥʪʦʚ ʠʟ ʢʨʝʤʥʝʡ: ʨʘʥʥʠʡ ʜʘʨʨʠʚʠʣʣ, ʧʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣʣ ʠ 

ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ (ʪʘʙʣ. 4, ʂʫʨʢʦʚʩʢʘʷ, 1985; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991; ɻʨʠʜʠʥʘ, 2003). ʄʦʱʥʦʩʪʴ  
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ʈʠʩ. 2.8. ɸ ï ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʊʉɿ ʚ ʨʘʡʦʥʝ ʛ. ʉʘʨʳʪʘʫ ʧʦ (ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1988) ʩ ʠʟʤʝʥʝʥʠʷʤʠ; ɹ ï ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ. ɿʚʝʟʜʳ ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʊʇɿ ï ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʧʦʜʟʦʥʘ, ʋʇɿ ï ʋʩʧʝʥʩʢʘʷ ʧʦʜʟʦʥʘ. 
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ʩʚʠʪʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 150-250 ʤʝʪʨʦʚ, ʥʦ ʨʝʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, 

ʪ.ʢ. ʩʣʦʠ ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʥʘʜʚʠʥʫʪʳ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʫʧʣʝʢʩ-ʩʪʨʫʢʪʫʨ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʢʢʨʝʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (Isozaki at al., 1990; Wakita, Metcalf, 2005; Wakita, 2012; 

Safonova at al., 2016). 

 

 

ʈʠʩ. 2.9. ʆʙʦʙʱʝʥʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʦʥʢʠ ʊʝʢʪʫʨʤʘʩʩʢʦʡ (ɸ), ɹʘʟʘʨʙʘʡʩʢʦʡ (ɹ) ʠ ʋʩʧʝʥʩʢʦʡ (ɺ) 

ʧʦʜʟʦʥ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʦ (Khassen at al., 2020). ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ. 

 

ʉʘʨʳʪʘʫʩʩʢʘʷ ʩʚʠʪʘ (O3-S1sr) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʣʠʩʪʦʩʪʨʦʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʘʣʝʚʨʦ-

ʛʣʠʥʠʩʪʦʛʦ ʠ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʩʪʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʦʣʠʩʪʦʣʠʪʦʚ ʢʨʝʤʥʝʡ, ʙʘʟʘʣʴʪʦʚ, ʛʘʙʙʨʦʠʜʦʚ, 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ (ʨʠʩ. 2.9ɸ; ʗʢʫʙʯʫʢ, 1991; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991). ʄʘʪʨʠʢʩ 

ʨʘʩʩʣʘʥʮʦʚʘʥ, ʦʪʤʝʯʘʶʪʩʷ ʦʧʦʣʟʥʝʚʳʝ ʪʝʢʩʪʫʨʳ. ʄʦʱʥʦʩʪʴ ʦʣʠʩʪʦʩʪʨʦʤʦʚʦʡ ʪʦʣʱʠ 400-500 ʤ. 

ʇʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʧʦ ʥʘʭʦʜʢʘʤ ʢʦʥʦʜʦʥʪʦʚ, ʘ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʠʡ ʧʦ 

ʛʨʘʧʪʦʣʠʪʘʤ (ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 1992; Degtyarev et al., 2022). 
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ʊʘʙʣʠʮʘ 4. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʜʘʥʥʳʤ ʧʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʠʟ ʦʩʘʜʦʯʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʉɿ. 

ˉ ʃʦʢʘʮʠʷ ʇʦʨʦʜʘ ɺʦʟʨʘʩʪ ʉʩʳʣʢʘ 

ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʧʦʜʟʦʥʘ 

1 
7 ʢʤ ʥʘ ʉɺ ʦʪ ʛ. 

ʂʘʨʘʤʫʨʫʥ 
ʇʣʘʛʠʦʛʨʘʥʠʪ ʊʦʨʪʘʫʣʴʩʢʠʡ ʦʬʠʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ: 473 Ñ 2 ʤʣʥ ʣʝʪ Degtyarev et al., 2022 

2 
ʧʦʩ. ɸʢʦʠ 

(ʇʨʦʩʪʦʨʥʦʝ) 
ʇʣʘʛʠʦʛʨʘʥʠʪ ʅʘʜʩʫʙʜʫʢʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ: 537 Ñ 5 ʤʣʥ ʣʝʪ ɼʝʛʪʷʨʝʚ ʠ ʜʨ., 2023 

ʂʘʨʘʤʫʨʫʥʩʢʘʷ ʩʚʠʪʘ 

3 
5.5 ʢʤ ʥʘ ʚʦʩʪʦʢ 

ʦʪ ʛ. ʂʘʨʘʤʫʨʫʥ 

ʃʠʥʟʳ ʢʨʝʤʥʝʡ ʚ 

ʙʘʟʘʣʴʪʘʭ 

ʉʨʝʜʥʠʡ ʜʘʨʨʠʚʠʣ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding 
Degtyarev et al., 2022 

4 
7 ʢʤ ʥʘ ʚʦʩʪʦʢ ʦʪ 

ʛ. ʂʘʨʘʤʫʨʫʥ 

ʃʠʥʟʳ ʢʨʝʤʥʝʡ ʚ 

ʙʘʟʘʣʴʪʘʭ 

ʉʨʝʜʥʠʡ ʜʘʨʨʠʚʠʣ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding 
Degtyarev et al., 2022 

5 
ʊʦʨʪʘʫʣʴʩʢʘʷ 

ʜʦʣʠʥʘ 
ʂʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding, Protopanderodus cf. parvibasis (Lofgren), 

Histiodella holodentata (Ethington et Clark) 

ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991; 

ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 

1992 

ʊʝʢʪʫʨʤʘʩʩʢʘʷ ʩʚʠʪʘ 

6 ʛ. ʊʝʢʪʫʨʤʘʩ ɾʝʣʪʳʝ ʢʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding, Pygodus anserinus Lamont et Lindstrºm, 

Protopanderodus sp., Drepanodus arcuatus (Pander); Pygodus anserinus conodont zone 

Degtyarev et al., 2022 

7 ʛ. ʊʝʢʪʫʨʤʘʩ ɾʝʣʪʳʝ ʢʨʝʤʥʠ 
ʇʦʟʜʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington) 
Degtyarev et al., 2022 

8 
3.7 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ʂʘʨʘʤʫʨʫʥ 

ʂʨʘʩʥʳʝ 

ʢʨʝʤʥʠ 

ʉʨʝʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington), Periodon aculeatus Hadding 
Degtyarev et al., 2022 

9 - ʂʨʝʤʥʠ 
ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ 

ʂʦʥʦʜʦʥʪʳ: Pygodus serra (Hadding), Pygodus anserinus Lamont et Lindstrºm 

ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 

1992; ʅʠʢʠʪʠʥ, 2002 

10 - ʂʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Drepanodus suberectus (Branson et Mehl) s.f., Paroistodus cf. originalis (Sergeeva), 

Periodon aculeatus Hadding, Drepanodus arcuatus (Pander), 

Pygodus anserinus Lamont et Lindstrºm 

ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991 

ʉʘʨʳʪʘʫʩʩʢʘʷ ʩʚʠʪʘ 

11 ʛ. ɼʫʘʥʘ-ʂʦʨʘʩʳ ʂʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʦʨʜʦʚʠʢ (ʩʘʥʜʙʠʡ-ʢʘʪʠʡ) ï ʨʘʥʥʠʡ ʩʠʣʫʨ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington), Drepanodus suberectus (Branson et Mehl), 

Scabbardella altipes (Henningsmoen) 

ɻʨʘʧʪʦʣʠʪʳ: Coronograptus gregarious (Lapworth), Monograptus convolutus (Hisinger) 

ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 

1992 

12 
1.3 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 

ʂʨʘʩʥʳʝ 

ʷʰʤʳ 

ʇʦʟʜʥʠʡ ʦʨʜʦʚʠʢ (ʩʘʥʜʙʠʡ-ʢʘʪʠʡ) 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington) 
Degtyarev et al., 2022 
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ɹʘʟʘʨʙʘʡʩʢʘʷ ʧʦʜʟʦʥʘ 

13 
2.5 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 
ʇʣʘʛʠʦʛʨʘʥʠʪ ɹʘʟʘʨʙʘʡʩʢʘʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ: 453 Ñ 4 ʤʣʥ ʣʝʪ Degtyarev et al., 2022 

14 
2.4 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 
ʈʠʦʣʠʪ ɹʘʟʘʨʙʘʡʩʢʘʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ: 452 Ñ 3 ʤʣʥ ʣʝʪ Safonova et al., 2025 

15 
2.4 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 
ɻʨʘʥʠʪ ɹʘʟʘʨʙʘʡʩʢʘʷ ʦʬʠʦʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ: 459 Ñ 3 ʤʣʥ ʣʝʪ Safonova et al., 2025 

ʂʫʟʝʢʩʢʘʷ ʩʚʠʪʘ 

16 
ʉʝʚʝʨ ʛ. ɼʫʘʥʘ-

ʂʦʨʘʩʳ 
ʂʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon aculeatus Hadding, Pygodus serra (Hadding), 

Pygodus anserinus Lamont et Lindstrºm 

ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991 

17 
3.2 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 

ʂʨʝʤʥʠʩʪʳʝ 

ʘʨʛʠʣʣʠʪʳ 

ʇʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Pygodus anserinus Lamont et Lindstrºm, Periodon aculeatus Hadding, Cornuodus 

longibasis (Lindstrºm), Protopanderodus sp., Drepanodus sp.; Pygodus anserinus conodont zone 

ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991; 

ɼʝʛʪʷʨʝʚ ʠ ʜʨ., 2017 

ɹʘʟʘʨʙʘʡʩʢʘʷ ʩʚʠʪʘ 

18 
2.6 ʢʤ ʥʘ ʉɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 

ʂʨʝʤʥʠʩʪʳʝ 

ʪʫʬʬʠʪʳ 

ʉʠʣʫʨ (?) 

ʂʦʥʦʜʦʥʪʳ: Drepanoistodus sp., Decoriconus sp. 
Degtyarev et al., 2022 

19 
1.3 ʢʤ ʥʘ ʖɿ ʦʪ ʛ. 

ɼʫʘʥʘ-ʂʦʨʘʩʳ 

ʂʨʘʩʥʳʝ 

ʢʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington) 
Degtyarev et al., 2022 

20 - 
ʂʨʘʩʥʳʝ 

ʢʨʝʤʥʠ 

ʇʦʟʜʥʠʡ ʩʘʥʜʙʠʡ 

ʂʦʥʦʜʦʥʪʳ: Periodon grandis (Ethington), Panderodus mutatus (Branson et Mehl), 

Scabbardella cf. altipes (Henningsmoen) 

ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 

1992 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

21 
6.2 ʢʤ ʥʘ ʉɺ ʦʪ ʛ. 

ʂʘʨʘʤʫʨʫʥ 

Cpx-ʛʨʘʥʫʣʠʪ 454ï478, 830, 1880, 2530 ʤʣʥ ʣʝʪ (ʛʣʘʚʥʳʝ ʧʠʢʠ) Degtyarev et al., 2022 

22 
ɻʨʘʥʘʪ- 

ʩʦʜʝʨʞʘʱʠʡ ʛʥʝʡʩ 
461ï507, 914ï112 ʤʣʥ ʣʝʪ (ʛʣʘʚʥʳʝ ʧʠʢʠ) Degtyarev et al., 2022 

ʅʫʨʠʥʩʢʘʷ ʧʦʜʟʦʥʘ, ʝʨʤʝʢʩʢʘʷ ʩʚʠʪʘ 

23 
7 ʢʤ ʥʘ ʉɿ ʦʪ 

ʂʨʘʩʥʦʡ ʧʦʣʷʥʳ 
ʇʝʩʯʘʥʠʢ 450, 510 ʤʣʥ ʣʝʪ (ʛʣʘʚʥʳʝ ʧʠʢʠ); MDA = 439 Ñ 3 Ma 

ʇʝʨʬʠʣʦʚʘ ʠ ʜʨ., 

2022ʙ 

ʋʩʧʝʥʩʢʘʷ ʧʦʜʟʦʥʘ, ʦʣʠʩʪʦʩʪʨʦʤʘ 

24 
7 ʢʤ ʚʦʩʪʦʯʥʝʝ 

ʂʨʘʩʥʦʡ ʧʦʣʷʥʳ 
ʇʝʩʯʘʥʠʢ 453 ʤʣʥ ʣʝʪ (ʛʣʘʚʥʳʡ ʧʠʢ); MDA = 437 Ñ 3 Ma 

ʇʝʨʬʠʣʦʚʘ ʠ ʜʨ., 

2022ʙ 

MDA = ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʦʟʨʘʩʪ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ
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ʇʨʠ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ ʠʟ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʧʦʜʟʦʥʳ ʚ ʨʘʡʦʥʝ ʛʦʨ ʉʘʨʳʪʘʫ (ʨʠʩ. 2.11) 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʦʩʪʘʚʘ ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ ʢʘʨʪʝ ʩʚʠʪ ʠ ʧʦʨʦʜ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ, ʦʪʤʝʯʝʥʥʳʭ ʥʘ ʢʘʨʪʝ ʢʘʢ ʪʝʢʪʫʨʤʘʩʩʢʘʷ ʩʚʠʪʘ, ʙʳʣʠ 

ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʙʘʟʘʣʴʪʳ, ʨʘʥʥʝ ʚ ʩʦʩʪʘʚʝ ʵʪʦʡ ʩʚʠʪʳ ʥʝ ʨʘʩʩʤʘʪʨʳʚʘʝʤʳʝ; ʥʘ ʜʦʚʦʣʴʥʦ 

ʧʨʦʪʷʞʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʘʨʳʪʘʫʩʩʢʦʡ ʩʚʠʪʳ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʚʳʭʦʜʦʚ ʧʝʩʯʘʥʠʢʦʚ, ʘ ʥʝʢʦʪʦʨʳʝ 

ʚʳʭʦʜʳ ʛʘʙʙʨʦ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʥʘ ʛʝʦʣʢʘʨʪʝ ʥʝ ʦʪʨʘʞʝʥʳ. ɼʘʞʝ ʩ ʫʯʝʪʦʤ 

ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ GPS-ʥʘʚʠʛʘʮʠʠ ʪʘʢʠʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʊʝʢʪʫʨʤʘʩʩʢʦʡ 

ʧʦʜʟʦʥʳ ʦʯʝʚʠʜʥʳ. ʆʜʥʠʤ ʠʟ ʦʙʲʷʩʥʝʥʠʡ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʦʤʦʚ ʠ ʥʘʜʚʠʛʦ-ʧʦʢʨʦʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʫʩʣʦʞʥʷʶʱʝʝ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʩʚʠʪ, ʪʘʢ ʠ ʦʪʥʝʩʝʥʠʝ ʧʦʨʦʜ ʥʘ ʤʝʩʪʥʦʩʪʠ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʚʠʪʘʤ ʠ ʠʭ ʜʠʘʛʥʦʩʪʠʢʫ. 

 

 

ʈʠʩ. 2.10. ʌʦʪʦ ʦʙʥʘʞʝʥʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʊʉɿ: ɸ ï ʪʝʣʦ ʛʘʙʙʨʦʠʜʦʚ; ɹ ï ʜʦʣʝʨʠʪʦʚʘʷ ʜʘʡʢʘ; ɺ ï 

ʧʠʣʣʦʫ-ʣʘʚʘ; ɻ ï ʢʦʥʪʘʢʪ ʚʠʰʥʸʚʳʭ ʢʨʝʤʥʝʡ ʠ ʙʘʟʘʣʴʪʦʚ ʢʘʨʘʤʫʨʫʥʩʢʦʡ ʩʚʠʪʳ. 

 

ʉʝʚʝʨʥʝʝ ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʧʦʜʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʘ ɹʘʟʘʨʙʘʡʩʢʘʷ ʧʦʜʟʦʥʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ 

ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʦʜʳ ʢʫʟʝʢʩʢʦʡ ʠ ʙʘʟʘʨʙʘʡʩʢʦʡ ʩʚʠʪ (ʨʠʩ. 2.7, 2.9ɹ, 2.12) (ɸʥʪʦʥʶʢ, 1974; ʗʢʫʙʯʫʢ 

ʠ ʜʨ., 1988). ɼʣʷ ɹʘʟʘʨʙʘʡʩʢʦʡ ʧʦʜʟʦʥʳ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʨʘʩʩʣʦʝʥʥʳʝ ʛʘʙʙʨʦ, ʢʦʤʧʣʝʢʩ ʧʘʨʘʣʣʝʣʴʥʳʭ ʜʘʝʢ, ʙʘʟʘʣʴʪʳ ʠ 
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ʛʨʘʥʠʪʦʠʜʳ (ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991; ʉʪʝʧʘʥʝʮ, 2016). ʀʟ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʭ ʜʫʥʠʪʘ ʠ 

ʛʘʨʮʙʫʨʛʠʪʘ ʦʬʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʟʘʨʙʘʡʩʢʦʡ ʧʦʜʟʦʥʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʘʢʮʝʩʩʦʨʥʳʝ ʮʠʨʢʦʥʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʚʦʟʨʘʩʪ 467 Ñ 3 ʤʣʥ ʣʝʪ (ɸʥʪʦʥʶʢ ʠ ʜʨ., 2021; Degtyarev 

et al., 2022). ʇʨʠʩʫʪʩʪʚʠʝ ʮʠʨʢʦʥʦʚ ʚ ʜʫʥʠʪʘʭ ʠ ʛʘʨʮʙʫʨʛʠʪʘʭ ʦʙʲʷʩʥʷʣʦʩʴ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʝʡ 

ʚʳʧʣʘʚʢʠ ʤʘʥʪʠʡʥʳʭ ʨʝʩʪʠʪʦʚ (ʙʘʟʘʣʴʪʦʚ), ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʙʘʟʘʨʙʘʡʩʢʠʭ 

ʦʬʠʦʣʠʪʦʚ. ɼʣʷ ʧʣʘʛʠʦʛʨʘʥʠʪʘ ʠʟ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʤʝʣʘʥʞʘ ɹʘʟʘʨʙʘʡʩʢʦʡ ʧʦʜʟʦʥʳ ʧʦʣʫʯʝʥ U-

Pb ʚʦʟʨʘʩʪ ï 453 Ñ 4 ʤʣʥ ʣʝʪ (Degtyarev et al., 2022). 

 

 

ʈʠʩ. 2.11. ʌʨʘʛʤʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʛ. ʉʘʨʳʪʘʫ ʧʦ (ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1988 ʩ ʠʟʤʝʥʝʥʠʷʤʠ) ʩ ʪʦʯʢʘʤʠ 

ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʠ ʬʦʪʦ ʦʙʥʘʞʝʥʠʡ. 

 

ʂʫʟʝʢʩʢʘʷ ʩʚʠʪʘ (ʆ2-3kz) ʩʣʦʞʝʥʘ ʤʘʩʩʠʚʥʳʤʠ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʤʠ ʧʠʣʣʦʫ-ʙʘʟʘʣʴʪʘʤʠ, 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ ʩ ʣʠʥʟʘʤʠ ʣʘʚʦʙʨʝʢʯʠʡ ʠ 

ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 2.9ɹ). ɻʨʘʥʠʮʳ ʢʫʟʝʢʩʢʦʡ ʩʚʠʪʳ ʩ ʜʨʫʛʠʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ (ʨʠʩ. 2.12). 

ʂʦʤʧʣʝʢʩ ʢʦʥʦʜʦʥʪʦʚ ʠʟ ʢʨʝʤʥʝʡ ʠ ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʨʘʩʪ ʢʫʟʝʢʩʢʦʡ ʩʚʠʪʳ 

ʢʘʢ ʩʨʝʜʥʠʡ-ʚʝʨʭʥʠʡ ʦʨʜʦʚʠʢ (ʧʦʟʜʥʠʡ ʜʘʨʨʠʚʠʣ ï ʨʘʥʥʠʡ ʩʘʥʜʙʠʡ) (ʪʘʙʣ. 4; ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 

1991; ɼʝʛʪʷʨʝʚ ʠ ʜʨ., 2017), ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʩʭʦʞʝʡ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʩʦʩʪʘʚʫ ʩ ʢʘʨʘʤʫʨʫʥʩʢʦʡ ʩʚʠʪʦʡ 

ʊʝʢʪʫʨʤʘʩʩʢʦʡ ʧʦʜʟʦʥʳ (ʨʠʩ. 2.9ɸ, ɹ). 

ɹʘʟʘʨʙʘʡʩʢʘʷ ʩʚʠʪʘ (O3-S1bz) ʩʦʩʪʦʠʪ ʠʟ ʣʝʥʪʦʯʥʳʭ ʢʨʝʤʥʝʡ, ʤʝʩʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʚ, 

ʢʨʝʤʥʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʦʚ ʠ ʪʫʬʬʠʪʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʧʣʘ, 

ʙʘʟʘʣʴʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʪʫʬʦʚ, ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʧʦʣʠʤʠʢʪʦʚʳʭ ʠ ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʭ 

ʧʝʩʯʘʥʠʢʦʚ (ʛʨʘʫʚʘʢʢ) (ɸʥʪʦʥʶʢ, 1971). ʅʠʞʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʢʦʥʦʜʦʥʪʘʤ ʠʟ ʢʨʝʤʥʝʡ ʢʘʢ ʧʦʟʜʥʠʡ ʩʘʥʜʙʠʡ-ʢʘʪʠʡ (ʪʘʙʣ. 4; ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 1992), ʘ ʚʝʨʭʥʷʷ ï 
































































































































































































































