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ɺɺɽɼɽʅʀɽ  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɹʝʨʠʣʣ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʠʥʝʨʘʣ ʵʣʝʤʝʥʪʘ ʙʝʨʠʣʣʠʷ, ʢʦʪʦʨʳʡ, ʥʘʨʷʜʫ ʩ 

ʙʝʨʪʨʘʥʜʠʪʦʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʝʨʠʣʣʠʝʚʦʛʦ ʩʳʨʴʷ. ɹʝʨʠʣʣ ʬʦʨʤʠʨʫʝʪ 

ʙʦʛʘʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʛʨʝʡʟʝʥʘʤʠ. ʕʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʯʘʩʪʦ ʢʦʤʧʣʝʢʩʥʳʝ: ʧʝʛʤʘʪʠʪʦʚʳʝ ï ʩ Li, Cs, Rb, Ta, Nb, ʛʨʝʡʟʝʥʦʚʳʝ ï ʩ Sn, W, 

Mo (ʇʝʢʦʚ, 2023). ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ, ʠʣʠ ʚʤʝʩʪʝ ʩ ʨʫʜʥʳʤ ʙʝʨʠʣʣʦʤ, ʟʥʘʯʝʥʠʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʶʚʝʣʠʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʝʨʠʣʣʝ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʩʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ ʙʝʨʠʣʣʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʤʘʣʳʭ ʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɹʝʨʠʣʣ, ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʰʠʨʦʢʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʚʳʟʳʚʘʶʪ ʚʦʧʨʦʩʳ ʛʝʦʭʠʤʠʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʶʚʝʣʠʨʥʳʭ. ʆʪʚʝʪʳ ʥʘ ʵʪʠ 

ʚʦʧʨʦʩʳ ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʪʦʯʥʝʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ 

ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʙʦʪʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʝʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʙʝʨʠʣʣʝ, ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʚ ʥʝʤ ʠ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʝʨʘʣʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, Staatz et al., 1965; ʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚ, 1989; 

Karampelas et al., 2019). ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʶʚʝʣʠʨʥʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʫ) ʠ ʚʳʧʦʣʥʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (Aurisicchio et al., 2018; Giuliani et al., 2019). ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ 

ʜʠʘʛʨʘʤʤ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʦʙʨʘʟʮʦʚ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ (Saeseaw et al., 2019; Popov et al., 

2021). ʇʨʠ ʵʪʦʤ, ʘʚʪʦʨʳ, ʧʫʙʣʠʢʫʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʙʝʨʠʣʣʫ, ʜʘʞʝ ʧʦʣʫʯʝʥʥʳʝ 

ʣʦʢʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ (LA-ICP-MS), ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʠ ʟʦʥʘʣʴʥʦʩʪʴ ʝʛʦ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ (ɹʠʜʥʳʡ ʠ ʜʨ., 2011). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʥʘʣʠʟ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʡ 

ʨʦʩʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʙʝʨʠʣʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʣʠʪʴ ʩʚʝʪ ʥʘ ʵʚʦʣʶʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚ ʭʦʜʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʘ (Aurisicchio et al., 2018). 
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʮʚʝʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ ʠʟ ʦʩʥʦʚʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʤʝʥʝʥʠʝ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʝʛʦ ʮʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʠʧʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʙʝʨʠʣʣʘ ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʦʟʜʘʥʠʝ ʦʧʦʨʥʦʡ ʢʦʣʣʝʢʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʚʩʝ ʦʩʥʦʚʥʳʝ ʮʚʝʪʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʙʝʨʠʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ. 

2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʦʩʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ.  

3. ʀʟʫʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʙʝʨʠʣʣʘ ʣʦʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ SIMS c ʥʠʟʢʠʤ 

ʧʦʨʦʛʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

4. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʝʪʦʜʘʤʠ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. 

5. ɺʳʷʚʣʝʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʦʜʥʦʡ ʮʚʝʪʦʚʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʧʦʨʦʜ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʣʦʢʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ (SIMS) ʚʳʷʚʣʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ 

ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. 

2. ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠ ʣʝʪʫʯʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (F, Cl) ʚ ʚʦʨʦʙʴʝʚʠʪʝ ʠ ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ. ʋʩʪʘʥʦʚʣʝʥʦ ʦʪʣʠʯʠʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʨʦʙʴʝʚʠʪʘ ʠʟ ʜʘʝʢ ʥʝʟʦʥʘʣʴʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣɹ ʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʦʪ 

ʚʦʨʦʙʴʝʚʠʪʘ ʠʟ ʟʦʥʘʣʴʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣɹ ʥʳʭ ʧʝʛʤʘʪʠʪʦʚ. ɺʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʩʢʠ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʪʦʧʘʟʩʦʜʝʨʞʘʱʠʭ ʨʠʦʣʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʝʨʠʣʣʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠʭ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ: 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.6.4 

ʄʠʥʝʨʘʣʦʛʠʷ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. ɻʝʦʭʠʤʠʷ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʧʦ ʧʫʥʢʪʘʤ 2, 8, 13. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʰʠʨʷʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʛʝʦʭʠʤʠʠ ʙʝʨʠʣʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʦʢʨʘʩʢʠ ʠ ʛʝʥʝʟʠʩʘ ʙʝʨʠʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʭʠʤʠʷè, çʃʘʙʦʨʘʪʦʨʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜè, çʆʩʥʦʚʳ ʛʝʤʤʦʣʦʛʠʠè. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʥʘʫʯʥʳʝ ʚʳʚʦʜʳ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʧʨʠʚʷʟʢʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʢ ʙʝʨʠʣʣʦʥʦʩʥʳʤ ʨʘʡʦʥʘʤ ʠ ʦʪʜʝʣʴʥʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʛʝʥʝʟʠʩʘ 

ʙʝʨʠʣʣʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ. ʇʦʣʫʯʝʥ ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʅʀʈ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʦʪ 

24.04.2023 ʛ. (ʇʨʠʣʦʞʝʥʠʝ ɸ.1). 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʙʝʨʠʣʣʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʝʨʠʣʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʠʟ 

ʫʯʝʙʥʦʡ ʢʦʣʣʝʢʮʠʠ ʥʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʬʦʥʜʘ ɻʦʨʥʦʛʦ ʤʫʟʝʷ; ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʣʶʙʝʟʥʦ 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʢʦʣʣʝʛʘʤʠ. ɺʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 108 ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ (506 ʣʦʢʘʣʴʥʳʭ 

ʘʥʘʣʠʟʦʚ ʥʘ ʠʦʥʥʦʤ ʟʦʥʜʝ), ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʝʤʴ ʦʩʥʦʚʥʳʭ ʮʚʝʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʜʝʣʝʥʠʷ ʙʳʣʘ ʧʦʣʦʞʝʥʘ ʦʢʨʘʩʢʘ ʤʠʥʝʨʘʣʘ ï ʪʠʧʦʤʦʨʬʥʳʡ 

ʧʨʠʟʥʘʢ (ʌʝʢʣʠʯʝʚ, 1964), ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʘʢ ʧʨʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʛʝʤʤʦʣʦʛʠʠ. ɺʥʫʪʨʠ ʛʨʫʧʧ ʦʙʨʘʟʮʳ ʜʝʣʠʣʠʩʴ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʦʩʥʦʚʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʧʨʦʷʚʣʝʥʠʷʤ ʙʝʨʠʣʣʘ (ʧʝʛʤʘʪʠʪʘʤ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʳʤ ʠ ʛʨʝʡʟʝʥʘʤ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʤ). ɼʣʷ ʟʝʣʝʥʦʛʦ 

ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʮʚʝʪʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

210 ʘʥʘʣʠʟʦʚ ʚ 37 ʦʙʨʘʟʮʘʭ. ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ, ʷʚʣʷʶʱʠʡʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʙʝʨʠʣʣʘ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ (7 ʘʥʘʣʠʟʦʚ). ʉʦʩʪʘʚ ʚʦʨʦʙʴʝʚʠʪʘ (ʤʦʨʛʘʥʠʪʘ) 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ 17 ʦʙʨʘʟʮʘʭ (54 ʘʥʘʣʠʟʘ). ʂʦʣʣʝʢʮʠʷ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ (ʛʝʣʠʦʜʦʨʘ) ʙʳʣʘ ʤʝʥʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʠ ʚʢʣʶʯʘʣʘ ʪʨʠ ʦʙʨʘʟʮʘ (28 ʘʥʘʣʠʟʦʚ). ɹʝʨʠʣʣ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʛʦʣʫʙʦʛʦ 

(ʘʢʚʘʤʘʨʠʥ) ʠ ʩʠʥʝʛʦ (ʤʘʢʩʠʩ-ʙʝʨʠʣʣ) ʮʚʝʪʘ ʙʳʣ ʠʟʫʯʝʥ ʚ 24 ʦʙʨʘʟʮʘʭ (130 ʘʥʘʣʠʟʦʚ). 13 

ʦʙʨʘʟʮʦʚ ʙʝʣʦʛʦ ʙʝʨʠʣʣʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ 48 ʪʦʯʢʘʭ. ʂʦʣʣʝʢʮʠʷ ʧʨʦʟʨʘʯʥʦʛʦ 

ʙʝʩʮʚʝʪʥʦʛʦ ʙʝʨʠʣʣʘ (ʛʦʰʝʥʠʪʘ) ʩʦʩʪʦʷʣʘ ʠʟ 13 ʦʙʨʘʟʮʦʚ (29 ʘʥʘʣʠʟʦʚ). ɼʣʷ ʨʷʜʘ ʢʨʠʩʪʘʣʣʦʚ 

ʨʦʩʪʦʚʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʝʤ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʝʯʝʥʠʷʭ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʝʨʠʣʣʝ, ʚʢʣʶʯʘʷ ʚʦʜʫ ʠ ʣʝʪʫʯʠʝ ʵʣʝʤʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʠʦʥʥʦʤ ʟʦʥʜʝ Cameca IMS-4f ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ 
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(SIMS) ʚ ʗʨʦʩʣʘʚʩʢʦʤ ʬʠʣʠʘʣʝ ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤʝʥʠ ʂ.ɸ. ɺʘʣʠʝʚʘ ʈɸʅ 

ʧʦ ʤʝʪʦʜʠʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021; ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022). ɸʥʘʣʠʟʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʝ ʩʝʩʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʝʪʫʯʠʭ 

(Cl, F, H) ʠ ʣʝʛʢʠʭ (B, Li) ʵʣʝʤʝʥʪʦʚ ʠ ʦʩʥʦʚʥʦʛʦ ʥʘʙʦʨʘ ʧʨʠʤʝʩʝʡ (Na, Mg, P, K, Ca, Sc, Ti, V, 

Cr, Mn, Fe, Co, Ni, Ga, Rb, Cs, Sr). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠ ʘʢʚʘʤʘʨʠʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʷʚʣʝʥʥʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʥʘʢʦʧʣʝʥʠʠ Li ʠ Cl 

ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʛʨʘʥʝʡ ʧʠʥʘʢʦʠʜʘ {0001}, Fe, Ga ʠ ʉs ï ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʛʨʘʥʝʡ ʧʨʠʟʤʳ 

{10 1 0}.  

2. ɸʢʚʘʤʘʨʠʥ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʢʚʘʤʘʨʠʥʘ ʠʟ ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʝʡʟʝʥʦʚ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg, Ti, Mn, V, Cr, Li, Na, K, Rb, Cl, H2O ʠ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ F.  

3. ɺʦʨʦʙʴʝʚʠʪ ʠʟ ʜʘʝʢ ʥʝʟʦʥʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʨʦʙʴʝʚʠʪʘ ʠʟ ʟʦʥʘʣʴʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cs, Li, Rb, Cl ʠ ʧʦʚʳʰʝʥʥʳʤ ï ʚʦʜʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʦʙʦʛʘʱʝʥʠʷ ʨʘʩʧʣʘʚʘ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ: Geological International 

Student Summit (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʉʇʙɻʋ, 2021, 2022, 2023); XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʃʦʤʦʥʦʩʦʚ-2021è (ʄʦʩʢʚʘ, ʄɻʋ, 

2021); çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʭʠʤʠʠ ï 2021è (ʀʨʢʫʪʩʢ, ʀɻʍ ʉʆ ʈɸʅ, 2021). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʘʥʘʣʠʟʝ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʨʘʙʦʪʳ, ʦʪʙʦʨʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ 

ʠʟ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ, ʧʦʣʫʯʝʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʨʘʙʦʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʩʚʝʱʝʥʳ ʚ 8 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ (ʧʫʥʢʪʳ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ˉ 10-15, 44, 

102), ʚ ʪʦʤ ʯʠʩʣʝ ʚ 1 ʩʪʘʪʴʝ - ʚ ʠʟʜʘʥʠʠ ʠʟ ʧʝʨʝʯʥʷ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ 

ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʚ 3 ʩʪʘʪʴʷʭ - ʚ ʠʟʜʘʥʠʷʭ, 

ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ Scopus. 
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ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ, ʩʦʜʝʨʞʠʪ 229 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 82 ʨʠʩʫʥʢʘ, 8 

ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 230 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ 15 ʧʨʠʣʦʞʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʧʨʦʬ. ʉ.ɻ. ʉʢʫʙʣʦʚʫ ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʤʦʱʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 

ʨʘʙʦʪʳ. ɿʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʫʯʝʙʥʦʡ ʢʦʣʣʝʢʮʠʠ ʥʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʬʦʥʜʘ 

ɻʦʨʥʦʛʦ ʤʫʟʝʷ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʜʠʨʝʢʪʦʨʘ ʤʫʟʝʷ 

ʄ.ʖ. ʐʘʙʘʣʦʚʘ. ɸʚʪʦʨ ʪʘʢʞʝ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤʫ ʢʦʣʣʝʢʪʠʚʫ ɻʦʨʥʦʛʦ ʤʫʟʝʷ ʠ ɽ.ʃ. ʂʦʪʦʚʦʡ ʟʘ 

ʧʦʩʪʦʷʥʥʫʶ ʧʦʜʜʝʨʞʢʫ. ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ ɸ.ɺ. ɹʝʨʝʟʠʥʫ (ʀɻɻɼ ʈɸʅ), ʧʦʤʦʛʘʚʰʝʤʫ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ; ʄ.ɸ. ʀʚʘʥʦʚʫ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ʖ.ɼ. ɻʨʠʮʝʥʢʦ (ʄʠʥʤʫʟʝʡ ʈɸʅ), ʄ.ʇ. ʇʦʧʦʚʫ (ʋɻɻʋ), ɽ.ʅ. ʊʝʨʝʭʦʚʫ (ɻʀʅ ʈɸʅ) ʠ 

ʀ.ɸ. ɸʙʜʨʘʭʤʘʥʦʚʫ (ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ) ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʝʨʠʣʣʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʉ.ɻ. ʉʠʤʘʢʠʥʘ ʠ ɽ.ɺ. ʇʦʪʘʧʦʚʘ (ʗʌ ʌʊʀɸʅ) ʟʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʠʦʥʥʦʤ ʟʦʥʜʝ, ɽ.ɸ. ɺʘʩʠʣʴʝʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ) ï ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʚʝʨʠʬʠʢʘʮʠʠ ʟʝʨʝʥ ʥʘ ʨʘʤʘʥʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʠ ʄ.ɺ. 

ʅʠʢʠʪʠʥʫ (ʉʇʙɻʋ), ʚʳʧʦʣʥʠʚʰʫʶ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ. 
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ɻʃɸɺɸ 1 ʉʆʉʊʆʗʅʀɽ ʇʈʆɹʃɽʄʓ 

ɹʝʨʠʣʣ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʠʥʝʨʘʣ ʵʣʝʤʝʥʪʘ ʙʝʨʠʣʣʠʷ, ʢʦʪʦʨʳʡ, ʥʘʨʷʜʫ ʩ 

ʙʝʨʪʨʘʥʜʠʪʦʤ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʝʨʠʣʣʠʝʚʦʛʦ ʩʳʨʴʷ. ɹʝʨʠʣʣ ʬʦʨʤʠʨʫʝʪ 

ʙʦʛʘʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʨʘʥʠʪʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʛʨʝʡʟʝʥʘʤʠ. ʕʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʯʘʩʪʦ ʢʦʤʧʣʝʢʩʥʳʝ: ʧʝʛʤʘʪʠʪʦʚʳʝ ï ʩ Li, Cs, Rb, Ta, Nb, ʛʨʝʡʟʝʥʦʚʳʝ ï ʩ Sn, W, 

Mo (ʇʝʢʦʚ, 2023). ʉʘʤʦʩʪʦʷʪʝʣʴʥʦʝ, ʠʣʠ ʚʤʝʩʪʝ ʩ ʨʫʜʥʳʤ ʙʝʨʠʣʣʦʤ, ʟʥʘʯʝʥʠʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʶʚʝʣʠʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʯʴ ʠʜʝʪ 

ʦʙ ʠʟʫʤʨʫʜʝ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʤ ʚ ʛʨʝʡʟʝʥ-ʮʚʠʪʪʝʨʦʚʳʭ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ɼʨʫʛʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʜʨʘʛʦʮʝʥʥʦʛʦ ʙʝʨʠʣʣʘ (ʥʘʧʨʠʤʝʨ, ʘʢʚʘʤʘʨʠʥ, ʛʝʣʠʦʜʦʨ, ʚʦʨʦʙʴʝʚʠʪ, 

ʙʝʩʮʚʝʪʥʳʡ ʙʝʨʠʣʣ) ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩ ʧʝʛʤʘʪʠʪʦʚʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ (ʇʝʢʦʚ, 2023). 

1.1 ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʨʠʣʣʘ   

ɹʝʨʠʣʣ ʠʤʝʝʪ ʠʜʝʘʣʴʥʫʶ ʬʦʨʤʫʣʫ Be3Al 2Si6O18. ʉʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʜʝʘʣʴʥʦʤ ʙʝʨʠʣʣʝ ʩʣʝʜʫʶʱʝʝ: SiO2 = 67 ʤʘʩ.%, Al 2O3 = 18.9 ʤʘʩ.%, BeO = 14.1 ʤʘʩ.%. 

ʉʪʨʫʢʪʫʨʘ ʙʝʨʠʣʣʘ ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʨʘʙʦʪʝ (Bragg, West, 1926), ʧʦʟʜʥʝʝ ʙʳʣʘ 

ʫʪʦʯʥʝʥʘ ʨʘʙʦʪʘʤʠ (ɹʝʣʦʚ, ʊʘʨʭʦʚʘ, 1951; Gibbs et al., 1968; Morosin, 1972). 

ʇʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʙʝʨʠʣʣʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ): ao = 9.2088 

¡, co = 9.1896 ¡. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P6/mcc) ʩʦʩʪʦʠʪ ʠʟ 

ʪʝʪʨʘʵʜʨʦʚ SiO4, ʢʦʪʦʨʳʝ, ʩʦʝʜʠʥʷʷʩʴ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ, ʦʙʨʘʟʫʶʪ ʢʦʣʴʮʘ Si6O18, ʣʝʞʘʱʠʝ ʚ 

ʧʣʦʩʢʦʩʪʠ {0001}. ʇʦʵʪʦʤʫ ʤʠʥʝʨʘʣ ʙʝʨʠʣʣ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʷʪ ʢ ʢʦʣʴʮʝʚʳʤ ʩʠʣʠʢʘʪʘʤ. ʕʪʠ 

ʢʦʣʴʮʘ ʩʦʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʢʘʨʢʘʩʥʫʶ ʧʦʩʪʨʦʡʢʫ ʪʝʪʨʘʵʜʨʘʤʠ BeO4 ʠ ʦʢʪʘʵʜʨʘʤʠ AlO6 ʥʘ 

ʫʨʦʚʥʷʭ 1/4 ʠ 3/4 ʚʜʦʣʴ ʦʩʠ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ ʩ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʴʮʘ ʦʙʨʘʟʫʶʪ ʢʘʥʘʣʳ, 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ ʩ (ʨʠʩʫʥʦʢ 1.1.1). ʕʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 2.8 ¡ (ʚ 

ʧʣʦʩʢʦʩʪʠ ʩʠʣʠʢʘʪʥʳʭ ʢʦʣʝʮ) ʜʦ 5.1 ¡ (ʩʝʨʝʜʠʥʘ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʨʷʜʦʤ 

ʢʦʣʴʮʘʤʠ).  

ɺ ʠʜʝʘʣʴʥʦʤ ʙʝʨʠʣʣʝ ʧʦʟʠʮʠʠ ʚ ʢʘʥʘʣʘʭ ʚʘʢʘʥʪʥʳ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ 

ʢʨʫʧʥʦʠʦʥʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ (ʨʠʩʫʥʦʢ 

1.1.2). ɼʠʘʤʝʪʨ ʢʘʥʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʚʤʝʱʘʪʴ ʠʦʥʳ ʠʣʠ ʤʦʣʝʢʫʣʳ 

ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ, OH-, H2O, F-, He, CO2, 

CH4, N, NO3. ɼʘʞʝ ʛʣʘʚʥʳʝ ʜʣʷ ʙʝʨʠʣʣʘ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʯʘʩʪʠʯʥʦ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʥʘʣʘʭ (ɹʝʨʰʦʚ, 1970; Don Goldman et al., 1978; Aines, Rossman, 1984). ʀʟ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʚ ʦʩʥʦʚʥʦʤ ʚʭʦʜʷʪ Na, Cs ʠ ʂ. Na+ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ 

ʤʝʥʴʰʫʶ ʧʦ ʨʘʟʤʝʨʫ ʧʦʟʠʮʠʶ 2b (0 0 0), ʚʦʜʘ ʠʣʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʱʝʣʦʯʥʳʝ ʢʘʪʠʦʥʳ (Cs, K) 

ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʶ 2ʘ (0 0 1/4) (Wood, Nassau, 1967; Hawthorne, ĻernĨ, 1977; Artioli  et al., 

1993). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ CO2 ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʶ 2a (Wood, Nassau, 1967; Charoy et al., 
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1996; Fukuda, Shinoda, 2011; Fridrichov§ et al., 2016). ɺʭʦʞʜʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʫ ʙʝʨʠʣʣʘ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ Al (ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 6) ʠʣʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ Be (ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 4), ʠ ʚ ʧʦʟʠʮʠʠ 2ʘ ʠ 2b ʚ ʢʘʥʘʣʘʭ.  

 

ʈʠʩʫʥʦʢ 1.1.1 ï ʉʪʨʫʢʪʫʨʘ ʙʝʨʠʣʣʘ, ʝʩʣʠ ʩʤʦʪʨʝʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ c.  

O ï ʢʨʘʩʥʳʡ, Si ï ʩʠʥʠʡ, Be ï ʟʝʣʝʥʳʡ, Al ï ʬʠʦʣʝʪʦʚʳʡ, Na ï ʞʝʣʪʳʡ, H ï ʙʝʣʳʡ. ɺ ʢʘʥʘʣʘʭ 

ʧʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʟʘʥʠʤʘʶʪ ʚʘʢʘʥʪʥʳʝ ʧʦʟʠʮʠʠ: Na+, ʚʦʜʘ I ʪʠʧʘ (ʚʥʠʟʫ 

ʩʧʨʘʚʘ) ʠ ʚʦʜʘ II ʪʠʧʘ (ʚʚʝʨʭʫ ʩʣʝʚʘ). ʇʨʠʚʝʜʝʥʦ ʧʦ (Henry, 2022) 

 

ʈʠʩʫʥʦʢ 1.1.2 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

{ 110}, ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ Na+, H2O ʠ ʚʘʢʘʥʩʠʡ ʚ ʧʦʟʠʮʠʠ Wyckoff 2a (0, 0, 

1/4) ʠ 2b (0, 0, 0), ʩ H2O I ʪʠʧʘ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ ʤʦʣʝʢʫʣʳ, ʠ ʜʨʫʛʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 
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ʦʨʠʝʥʪʠʨʦʚʢʝ II  ʪʠʧʘ, ʚʳʨʦʚʥʝʥʥʳʝ ʧʦ Na+. ʂʨʘʩʥʳʡ ï O, ʞʝʣʪʳʡ ï Na, ʙʝʣʳʡ ï H. ʇʨʠʚʝʜʝʥʦ 

ʧʦ (Henry, 2022) 

ʇʦ ʬʘʢʪʫ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʦʛʦ ʙʝʨʠʣʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ 

ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʫʣʳ Al 2Be3Si6O18 ʧʦ ʧʨʠʯʠʥʝ ʢʘʪʠʦʥʥʳʭ ʟʘʤʝʱʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʟʘʤʝʱʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʟʘʤʝʱʝʥʠʝ Si4+ ʥʘ Al 3+ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ 

ʠʣʠ ʟʘʤʝʱʝʥʠʝ Al 3+ ʜʚʫʭʚʘʣʝʥʪʥʳʤʠ ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʠʦʥʘʤʠ (Mg2+, Mn2+, Fe2+, Fe3+, Cr3+, 

V3+), ʘ ʪʘʢʞʝ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʤ Ti4+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ (Aurisicchio et al., 1994; 

Khaibullin et al., 2003). Be2+ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʟʘʤʝʱʘʝʪʩʷ Li + ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ Na+, ʯʪʦ 

ʚ̫ʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ (Le, 2008). B ʠ ʈ ʚ ʙʝʨʠʣʣʝ ʟʘʤʝʱʘʶʪ Si ʚ ʪʝʪʨʘʵʜʨʝ (ĻernĨ, 

Hawthorne, 1976). 

ɺ ʙʝʨʠʣʣʝ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʜʚʘ ʪʠʧʘ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʧʘʨʥʦʛʦ ʠʟʦʤʦʨʬʠʟʤʘ: 

ʟʘʤʝʱʝʥʠʝ ʜʚʫʭʚʘʣʝʥʪʥʳʤ ʢʘʪʠʦʥʦʤ (M2+) ʘʣʶʤʠʥʠʷ (çʦʢʪʘʵʜʨʠʯʝʩʢʦʝè) ʠ ʟʘʤʝʱʝʥʠʝ 

ʦʜʥʦʚʘʣʝʥʪʥʳʤ ʢʘʪʠʦʥʦʤ (Li+) ʙʝʨʠʣʠʷ (çʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝè) (Aurisicchio et al., 1988). ʆʙʳʯʥʦ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ Mg2+ ʠ Fe2+, ʜʦʧʫʩʢʘʝʪʩʷ ʚʭʦʞʜʝʥʠʝ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʠʦʥʦʚ ʉʘ2+ (ĻernĨ, 2002). ʆʙʘ ʪʠʧʘ ʟʘʤʝʱʝʥʠʷ ʪʨʝʙʫʶʪ ʚʭʦʞʜʝʥʠʷ 

ʢʘʪʠʦʥʘ Na+ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʙʘʣʘʥʩʘ ʟʘʨʷʜʦʚ. ʆʢʪʘʵʜʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

VIAl 3+ + C VIM2+ + CNa+. ʀʟʦʚʘʣʝʥʪʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʘʪʠʦʥʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Fe3+, 

Cr3+, V3+, Mn3+) ʚ ʧʦʟʠʮʠʠ ɸ1 ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʫʯʘʝʚ ʦʢʨʘʰʠʚʘʥʠʷ ʙʝʨʠʣʣʘ 

(Henry, 2022). ʍʦʪʷ ʤʥʦʞʝʩʪʚʦ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʩʪʨʫʢʪʫʨʫ 

ʙʝʨʠʣʣʘ, ʥʦ ʦʙʳʯʥʦ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ Mg2+ ʠ/ʠʣʠ Fe2+. 

ʊʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʠʤʝʝʪ ʚʠʜ IVBe2+ + C IVLi+ + CNa+. ɼʣʷ Li, ʢʨʦʤʝ ʚʭʦʞʜʝʥʠʷ ʚ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʥʘ ʤʝʩʪʦ Be (Aurisicchio et al., 1988), ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʚʭʦʞʜʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ, ʠʣʠ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ Y ʥʘ ʤʝʩʪʦ Al (Staatz et al., 

1965; Andersson, 2006). ʃʠʪʠʡ ʧʨʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤ ʟʘʤʝʱʝʥʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʭʨʦʤʦʬʦʨʦʤ. 

ɺʘʢʘʥʪʥʳʝ ʧʦʟʠʮʠʠ ʚ ʢʘʥʘʣʘʭ ʙʝʨʠʣʣʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʢʘʪʠʦʥʘʤʠ ʢʨʫʧʥʦʠʦʥʥʳʭ 

ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺʤʝʩʪʝ ʩ ʮʝʟʠʝʤ ʚ ʢʘʥʘʣ 

ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ çʨʘʟʙʘʚʣʝʥʠʠè Be-ʪʝʪʨʘʵʜʨʦʚ ʣʠʪʠʝʤ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʠ 

ʥʘʪʨʠʡ, ʥʦ ʦʥ ʟʘʥʠʤʘʝʪ ʜʨʫʛʫʶ ʧʦʟʠʮʠʶ. ʂʘʪʠʦʥʳ ʥʘʪʨʠʷ ʠ ʮʝʟʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʯʝʨʝʜʫʶʪʩʷ: 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ Cs+ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʜʫʚʘʭ ʢʘʥʘʣʦʚ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʘʪʠʦʥʳ Na+ ï ʚ 

ʧʝʨʝʞʠʤʘʭ (ʨʠʩʫʥʦʢ 1.1.3).   

ʂʦʣʠʯʝʩʪʚʦ ʥʘʪʨʠʷ ʚ ʵʪʦʡ ʧʦʟʠʮʠʠ ʣʠʤʠʪʠʨʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʪʦʡ 

ʧʦʟʠʮʠʠ, ʢʦʪʦʨʫʶ ʦʥʠ ʟʘʥʠʤʘʶʪ ʚʤʝʩʪʝ ʩ ʢʘʪʠʦʥʘʤʠ Cs+. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʠʝ 

ʨʘʩʩʪʦʷʥʠʷ Cs-Na ʥʝ ʜʦʧʫʩʢʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʩʝʣʝʥʠʷ ʧʦʟʠʮʠʡ Cs ʠ Na (ʇʝʢʦʚ, 2023). 

ʀʦʥʥʳʡ ʨʘʜʠʫʩ Na+ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ [Si6O18]
12- ʢʦʣʝʮ, ʪʦʛʜʘ 

ʢʘʢ Cs+ ʨʘʟʤʝʱʘʝʪʩʷ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʵʪʠʭ ʢʦʣʝʮ; ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠʦʥʥʳʡ ʨʘʜʠʫʩ 
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K+ ʠ Rb+ ʠʩʢʣʶʯʘʝʪ ʠʭ ʧʦʧʘʜʘʥʠʝ ʚ ʢʘʥʘʣʳ ʚ ʩʢʦʣʴ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ĻernĨ, 

2002).  

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʦʣʝʮ, ʢʫʜʘ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ ʩ ʢʨʫʧʥʳʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʥʝ 

ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʢ ʠʜʝʘʣʴʥʦʤʫ ʧʦ ʩʦʩʪʘʚʫ ʙʝʨʠʣʣʫ, ʩʪʨʫʢʪʫʨʘ ʙʝʨʠʣʣʘ ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ çʮʝʦʣʠʪʦʧʦʜʦʙʥʘʷè.  

 

ʈʠʩʫʥʦʢ 1.1.3 ï ʉʦʜʝʨʞʠʤʦʝ ʢʘʥʘʣʘ ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ-ʚʦʨʦʙʴʝʚʠʪʘ (ʇʝʢʦʚ, 2023) 

ʆʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʩ/ʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ï ʢʘʢʦʡ 

ʪʠʧ ʟʘʤʝʱʝʥʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʙʝʨʠʣʣʘ. ʆʪʥʦʰʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 0.991-0.996 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ (o-ʙʝʨʠʣʣ); ʚ ʠʥʪʝʨʚʘʣʝ 0.999-1.003 ï ʥʘ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʪʝʪʨʘʵʨʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ (t-ʙʝʨʠʣʣ) (Aurisicchio et al., 1988). ʕʪʠ ʪʠʧʳ 

ʟʘʤʝʱʝʥʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʪʝʧʝʥʠ. ɹʝʨʠʣʣ çʥʦʨʤʘʣʴʥʦʛʦè 

ʪʠʧʘ (n-ʙʝʨʠʣʣ) ʠʤʝʝʪ ʩ/ʘ ʦʪʥʦʰʝʥʠʝ 0.997-0.998 (Aurisicchio et al., 1988) ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʣʠʙʦ 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʢʘʪʠʦʥʦʚ, ʣʠʙʦ ʣʠʤʠʪʠʨʦʚʘʥʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ (Baļ²k et al., 2019) 

ʫʩʪʘʥʦʚʠʣʠ ʩʪʨʫʢʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ (ʧʨʝʜʝʣʳ) ʠʟʦʤʦʨʬʠʟʤʘ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʧʦʟʠʮʠʡ ʠ 

ʧʦʟʠʮʠʡ ʚ ʢʘʥʘʣʘʭ ʙʝʨʠʣʣʘ. ʊʝʪʨʘʵʜʨ SiO4 ʩʦʩʪʦʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʘʪʦʤʦʚ Si ʠ ʆ. ʇʦʟʠʮʠʠ ʚ 

ʢʘʥʘʣʘʭ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʤʝʱʝʥʠʷ, ʥʦ ʦʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ 

ʦʪ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ ʠʟʦʤʦʨʬʥʳʝ ʟʘʤʝʱʝʥʠʷ ʚ ʧʦʟʠʮʠʷʭ Al ʠ ɺʝ. 

ʇʦʩʢʦʣʴʢʫ ʬʘʢʪʠʯʝʩʢʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʘʢʪʦʨʘ ʠʟʤʝʥʝʥʠʷ 

ʢʘʨʢʘʩʘ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ (ʟʘʤʝʱʝʥʠʷ ʧʦʟʠʮʠʠ Al ʠ ʧʦʟʠʮʠʠ Be), ʠ ʵʪʠ ʜʚʘ ʟʘʤʝʱʝʥʠʷ ʥʝ 
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ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʘʤʝʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʙʝʨʠʣʣ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ ʚ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʇʘʨʘʤʝʪʨʳ ʧʦʩʣʝʜʥʝʡ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʩʦʩʪʘʚʦʤ ʙʝʨʠʣʣʘ. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʥʝʨʘʣʦʚ, ʜʣʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʥʦʡ ʤʦʜʝʣʠ (Henry, 2022).  

ʄʦʣʝʢʫʣʷʨʥʘʷ ʚʦʜʘ ʚ ʙʝʨʠʣʣʝ. ʇʨʦʚʝʜʝʥʥʳʤʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʨʠʣʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʠʪ ʚʦʜʫ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Na (ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ). Na ʠ H2O ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʥʘʣʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʙʝʨʠʣʣʘ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʨʠʣʣʘ ʥʘ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ. ʍʦʪʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʦʜʳ ʬʦʨʤʘʣʴʥʦ ʥʝ ʪʨʝʙʫʝʪ 

ʚʭʦʞʜʝʥʠʷ Na ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ ʟʘʨʷʜʦʚ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʦʜʳ, ʚʭʦʜʷʱʠʭ ʩʦʚʤʝʩʪʥʦ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʙʝʨʠʣʣʘ, ʬʠʢʩʠʨʫʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ (Henry et al., 2022). ɺʦʜʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʥʘʣʘʭ ʙʝʨʠʣʣʘ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚʧʝʨʚʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (Wickersheim, Buckanan, 1959). 

ʇʦʟʜʥʝʝ ʨʘʙʦʪʘʤʠ (Wood, Nassau, 1967, 1968) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʣʦʞʝʥʠʷ 

(ʦʨʠʝʥʪʘʮʠʠ) ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʢʘʢ çʊʠʧ Iè ʠ çʊʠʧ IIè. ɼʣʷ H2O I ʪʠʧʘ H-H ʚʝʢʪʦʨ 

ʧʘʨʘʣʣʝʣʝʥ ʦʩʠ ʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʅ-ʅ ʚʝʢʪʦʨ ʜʣʷ H2O II  ʪʠʧʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʦʩʠ ʩ (ʨʠʩʫʥʦʢ 

1.1.2). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚ H2O I ʪʠʧʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʣʘʙʦ ʩʚʷʟʘʥʳ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʦʩʪʘʚʝ 

ʢʘʨʢʘʩʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʩʪʨʫʢʪʫʨʥʳʡ ʢʘʥʘʣ (Wood, Nassau, 1967). ʆʨʠʝʥʪʘʮʠʷ H2O II ʪʠʧʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʣʷʨʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ ʘʥʠʦʥʘ O2- ʚ H2O ʚ ʧʦʟʠʮʠʠ 2a ʢ ʢʘʪʠʦʥʫ Na+ ʚ ʩʦʩʝʜʥʝʡ 

ʧʦʟʠʮʠʠ 2b. ʂʦʣʠʯʝʩʪʚʦ H2O II ʪʠʧʘ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʷ Na
+ (Wood, 

Nassau, 1967, 1968). 

ʍʦʪʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩʚʷʟʳʚʘʣʦ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʚ ʙʝʨʠʣʣʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, ʩʠʩʪʝʤʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʊʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ ʠʟʚʝʩʪʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ (Hawthorne, ĻernĨ, 1977; Sherriff et al., 1991; 

Artioli  et al., 1993; Artioli  et al., 1995; Groat et al., 2010). ɼʣʷ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʝʡ ʠ ʚʦʜʳ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ (Groat et al., 2008). ɼʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈ. ɻʝʥʨʠ (Henry, 

2022; Henry et al., 2022) ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʧʦʧʳʪʦʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʩʦʦʪʥʝʩʪʠ ʩʦʜʝʨʞʘʥʠʝ Na ʩ ʩʦʜʝʨʞʘʥʠʝʤ H2O ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʮʚʝʪʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʙʝʨʠʣʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟʫʤʨʫʜʘ (Zimmermann et al., 1997; Giuliani et al., 1997; Groat et al., 

2008; Marshall et al., 2016). ʈ. ɻʝʥʨʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʤʨʫʜʘ, ʘʢʚʘʤʘʨʠʥʘ, ʛʦʰʝʥʠʪʘ ʠ ʤʦʨʛʘʥʠʪʘ, 
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ʧʦʟʚʦʣʠʚʰʝʝ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʠ ʥʘʪʨʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ (Henry et al., 2022). 

ʍʦʪʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʣʦʞʥʦ ʠʟʤʝʨʷʪʴ ʚ ʙʝʨʠʣʣʝ ʩʦʜʝʨʞʘʥʠʝ Na ʚ ʬʦʨʤʝ apfu (ʢ.ʬ.) ʠʣʠ 

Na2O ʤʘʩ.% (EPMA ʤʝʪʦʜ), ʥʦ ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ: ʤʝʪʦʜ LA-ICP-MS ʷʚʣʷʝʪʩʷ ʯʝʨʝʩʯʫʨ ʜʝʩʪʨʫʢʪʠʚʥʳʤ; ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʦʜʦʤ LOI (ʧʦʪʝʨʠ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ, ʇʇʇ) ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʧʘʜʘʥʠʝ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʥʘʚʝʩʢʫ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʢ ʪʦʤʫ ʞʝ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʣʦʢʘʣʴʥʳʡ; IR 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʩʣʦʞʥʦʡ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ 

(Libowitzky, Rossman, 1997). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʠʟʤʝʨʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʙʝʨʠʣʣʝ ʦʪʢʨʳʚʘʶʪʩʷ ʜʣʷ ʤʝʪʦʜʘ SIMS, ʢʦʪʦʨʳʡ ʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʥʘʩʪʦʷʱʝʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʨʫʙʝʞʦʤ ʤʝʪʦʜ SIMS ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʙʝʨʠʣʣʝ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʧʨʠʯʠʥʝ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʢʘʢ ʩʘʤʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʪʘʢ ʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ 

ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ Na ʠ 

ʚʦʜʳ ʚ ʙʝʨʠʣʣʝ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦʩʣʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʥʝʩʣʦʞʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Na ʤʝʪʦʜʦʤ EPMA. ʍʦʪʷ ʚʭʦʞʜʝʥʠʝ ʠʦʥʘ Na ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʴʶ ʜʚʦʡʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʙʝʨʠʣʣʝ, ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʧʦ ʟʘʨʷʜʫ 

ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʘʥʠʦʥʘ ʠʣʠ ʤʦʣʝʢʫʣʳ ʚ ʩʦʩʝʜʥʝʤ ʩ ʥʠʤ ʫʯʘʩʪʢʝ (Hawthorne, ĻernĨ, 1977). ɺ 

ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ H2O apfu ʙʦʣʴʰʝ, 

ʯʝʤ ʩʣʝʜʫʝʪ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: H2O (ʢ.ʬ.) = 2Na (ʢ.ʬ.). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʙʝʨʠʣʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ: H2O, ʤʘʩ.% = (0.845958 Ĭ 

Na2O, ʤʘʩ.%) + 0.08373 (Giuliani et al., 1997). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʦʛʘʱʝʥʥʳʭ ʱʝʣʦʯʘʤʠ ʛʣʠʥʦʟʝʤʠʩʪʳʭ ʯʣʝʥʦʚ 

ʛʨʫʧʧʳ ʙʝʨʠʣʣʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ (ʇʝʢʦʚ, 2023): 

R+
x+y(Be3-xLi x)(Al2-yM2+y)Si6O18ÅnH2O, 

ʛʜʝ R = Cs, Na, K, Rb; M = Fe, Mg, Mn; 0 Ò x+y Ò 1; 0 Ò n Ò 1. 

ɹʦʣʝʝ ʩʣʦʞʥʘʷ ʦʙʱʘʷ ʬʦʨʤʫʣʘ ʙʝʨʠʣʣʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ĻernĨ, 2002 ʠ 

ʩʩʳʣʢʠ ʚ ʨʘʙʦʪʝ): 

C(Na,Cs)2X-Y+Z
C(H2O,He,Ar)Ò2-(2XY+Z)+Na

T(2)(Be3-XLiY X-Y)O(Al ,Fe,Sc,Cr)3+
2-

Z
O(Fe,Mg,Mn)2+

Z
T(1)[Si6O18], 

ʛʜʝ Y Ò 2, X ÓY, Z ç 2 ʠ 2X-Y+Z Ò 2. 
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1.2 ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ  

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʙʝʨʠʣʣʘ ï Be3Al 2[Si6O18], ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʥ 

ʙʫʜʝʪ ʣʠʙʦ ʙʝʩʮʚʝʪʥʳʤ, ʣʠʙʦ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʦʢʨʘʩʢʝ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʝʛʦ ʩʦʩʪʘʚʝ (Hammarstrom, 1989 ʠ ʩʩʳʣʢʠ ʚ ʨʘʙʦʪʝ). 

ɼʦʙʘʚʣʝʥʠʝ Cr, V, Mn ʠʣʠ Fe ʚ ʬʦʨʤʫʣʫ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʚ ʤʠʨʝ: ʟʝʣʝʥʦʛʦ ʠʟʫʤʨʫʜʘ (Cr, ÑV), ʨʦʟʦʚʦʛʦ ʤʦʨʛʘʥʠʪʘ 

(Mn), ʞʝʣʪʦʛʦ ʛʝʣʠʦʜʦʨʘ (Fe) ʠ ʛʦʣʫʙʦʛʦ (ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʩʢʠ) 

ʘʢʚʘʤʘʨʠʥʘ (Fe). ʆʜʥʘʢʦ ʧʨʦʩʪʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚ ʙʝʨʠʣʣʘ ʵʪʠʭ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ-

ʭʨʦʤʦʬʦʨʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʚʘʣʝʥʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʠʮʠʷ ʝʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʮʚʝʪʘ ʙʝʨʠʣʣʘ. 

ʎʚʝʪ ʙʝʨʠʣʣʘ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ Fe2+ ʠ Fe3+. Fe2+ ʦʪʚʝʯʘʝʪ ʟʘ 

ʥʝʷʨʢʠʡ (ʙʣʝʜʥʳʡ) ʩʠʥʠʡ/ʛʦʣʫʙʦʡ ʮʚʝʪ. Fe3+ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʦʣʦʪʠʩʪʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. ʂʦʛʜʘ 

Fe2+ ʠ Fe3+ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʤʝʩʪʝ, ʮʚʝʪ ʙʝʨʠʣʣʘ ʩʪʘʥʦʚʠʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʤ ʩʠʥʠʤ. 

ɿʝʣʝʥʳʡ ʮʚʝʪ ʜʣʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʙʝʨʠʣʣʘ ʦʙʳʯʥʦ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ 

ʩʠʥʝʛʦ ʠ ʞʝʣʪʦʛʦ ʦʪʪʝʥʢʦʚ. ɿʝʣʝʥʳʡ ʮʚʝʪ ʠʟʫʤʨʫʜʘ ʦʙʫʩʣʦʚʣʝʥ ʚʭʦʞʜʝʥʠʝʤ ʠʦʥʦʚ Cr3+. ʊʘʢʦʡ 

ʞʝ ʵʬʬʝʢʪ ʚʳʟʳʚʘʝʪ ʚʭʦʞʜʝʥʠʝ ʚ ʠʟʫʤʨʫʜ ʠʦʥʦʚ V3+. ʉʦʜʝʨʞʘʱʠʡ Mn ʙʝʨʠʣʣ ʠʤʝʝʪ ʦʢʨʘʩʢʫ ʦʪ 

ʨʦʟʦʚʦʛʦ ʜʦ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. ʎʚʝʪ ʙʫʜʝʪ ʙʣʝʜʥʦ ʨʦʟʦʚʳʤ, ʢʦʛʜʘ ʤʘʨʛʘʥʝʮ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʠʦʥʦʚ Mn2+, ʠ ʢʨʘʩʥʳʤ ʜʣʷ Mn3+.  

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʠʟʫʯʝʥʠʷ ʙʝʨʠʣʣʘ, ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʘ ʥʘ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʮʚʝʪʫ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʘ 5 ʛʨʫʧʧ: ʩʦʙʩʪʚʝʥʥʦ, ʙʝʨʠʣʣ (ʥʝʧʨʦʟʨʘʯʥʳʡ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʡ), ʠʟʫʤʨʫʜ 

(ʷʨʢʦ-ʟʝʣʝʥʳʡ), ʘʢʚʘʤʘʨʠʥ (ʧʨʦʟʨʘʯʥʳʡ ʛʦʣʫʙʦʡ), ʛʝʣʠʦʜʦʨ (ʞʝʣʪʳʡ, ʞʝʣʪʦ-ʙʫʨʳʡ), ʨʦʩʪʝʨʠʪ 

(ʙʝʣʳʡ ʠʣʠ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʡ, ʧʣʘʩʪʠʥʯʘʪʳʡ) (ʌʝʢʣʠʯʝʚ, 1964). ɺʧʦʩʣʝʜʩʪʚʠʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʫʪʦʯʥʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʝʱʝ 4 ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʤʦʨʛʘʥʠʪ 

(ʛʨʫʧʧʘ ʙʝʨʠʣʣʘ ʙʦʛʘʪʘʷ ʮʝʟʠʝʤ ʠ ʤʘʨʛʘʥʮʝʤ ʢʨʘʩʥʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ), ʛʝʰʝʥʠʪ (ʙʝʨʠʣʣ ʷʨʢʦ-

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʨʠʷ), ʚʦʨʦʙʴʝʚʠʪ (ʙʦʛʘʪʘʷ ʮʝʟʠʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ, ʞʝʣʪʦʛʦ ʮʚʝʪʦʚ), ʙʘʮʮʠʪ (ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʢʘʥʜʠʷ, 

ʞʝʣʝʟʘ ʠ ʈɿɽ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʩʳʣʢʠ ʚ ʂʫʧʨʠʷʥʦʚʘ, 1989) ʙʳʣʠ 

ʚʳʜʝʣʝʥ rʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ: 1) n-ʙʝʨʠʣʣʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʙʣʠʟʦʢ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ, ʦʥʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ, ʩʣʶʜʷʥʳʭ ʠ ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʛʨʝʡʟʝʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 2) ʆ-ʙʝʨʠʣʣʳ, ʩʦʜʝʨʞʘʱʠʝ Mg, Fe, Mn, Cr, Sc, V, Ti ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʷʭ, ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʨʘʥʥʠʭ ʠ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʷʭ ʛʨʝʡʟʝʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʩʨʝʜʠ 

ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ Mg ʠ Fe; 3) t-ʙʝʨʠʣʣʳ (ʱʝʣʦʯʥʳʝ), ʚ ʢʦʪʦʨʳʭ Li+ ʠ, ʯʘʩʪʠʯʥʦ, Mg+ 
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ʟʘʥʠʤʘʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ Be, ʘ ʢʨʫʧʥʳʝ ʢʘʪʠʦʥʳ ʱʝʣʦʯʝʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʢʘʥʘʣʘʭ, 

t-ʙʝʨʠʣʣʳ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ (ʂʫʧʨʠʷʥʦʚʘ, 1989).  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʞʝ ʧʦʣʫʯʠʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʨʝʜʣʦʞʝʥʘʷ ɹʝʫʩʦʤ (1960), 

ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʣʠʩʴ ʛʣʘʚʥʳʝ ʧʨʠʤʝʩʠ ʙʝʨʠʣʣʘ ï ʱʝʣʦʯʠ, ʘ ʪʘʢʞʝ ʣʠʪʠʡ. ʇʦ ʩʫʤʤʝ ʠ 

ʩʦʦʪʥʦʰʝʥʠʠʶ ʱʝʣʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʨʠʣʣʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 4 ʛʨʫʧʧʳ: ʙʝʩʱʝʣʦʯʥʳʝ, 

ʥʘʪʨʦʚʳʝ, ʥʘʪʨʦʚʦ-ʣʠʪʠʝʚʳʝ ʠ ʣʠʪʠʝʚʦ-ʮʝʟʠʝʚʳʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʪʦʣʴʢʦ ʥʘ ʩʫʤʤʝ ʱʝʣʦʯʝʡ, ʥʝ ʫʯʠʪʳʚʘʝʪ ʜʨʫʛʠʝ ʧʨʠʤʝʩʠ (Fe, Mg, Cr, Sc ʠ ʜʨ.), ʯʪʦ, 

ʧʦ ʤʥʝʥʠʶ ɺ.ɻ. ʌʝʢʣʠʯʝʚʘ (1964), ʷʚʣʷʝʪʩʷ ʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ.  

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʜʝʣʝʥʠ ̫ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʩɹ ̫ ʥʝ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʮʚʝʪ ʤʠʥʝʨʘʣʘ) ʠ ʜʨʫʛʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʌʝʢʣʠʯʝʚ, 1964).  

ɺ ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʣʝʜʦʚʘʥʠʡ ʙʝʨʠʣʣ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʝʛʦ 

ʦʩʥʦʚʥʳʤ ʮʚʝʪʦʚʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ, ʢʦʨʨʝʣʠʨʫʶʱʠʤ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʠʞʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʛʝʥʝʟʠʩʘ ʜʣʷ ʛʣʘʚʥʳʭ ʮʚʝʪʦʚʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʥr ʝ ʪʠʧʦʤʦʨʬʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʪʣʠʯʠ ̫ʙʝʨʠʣʣʘ 

ʦʜʥʦʡ ʮʚʝʪʦʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʧʦʨʦʜ (ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ). 

ɸʢʚʘʤʘʨʠʥ. ʅʘʟʚʘʥʠʝ ʵʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ (ʟʘʢʨʝʧʠʚʰʝʝʩʷ ʟʘ ʥʝʡ ʩ ʥʘʯʘʣʘ XVII  

ʚʝʢʘ), ʚ ʧʝʨʝʚʦʜʝ ʩ ʣʘʪʳʥʠ, ʟʚʫʯʠʪ ʢʘʢ çʤʦʨʩʢʘʷ ʚʦʜʘè (ɹʫʢʘʥʦʚ, 2008), ʯʪʦ ʦʪʚʝʯʘʝʪ ʦʜʥʦʤʫ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʦʢʨʘʩʢʠ ï ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʦʡ (çʮʚʝʪʘ ʤʦʨʩʢʦʡ 

ʚʦʜʳè). ʆʢʨʘʩʢʘ ʘʢʚʘʤʘʨʠʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʛʦʣʫʙʦʡ, ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʦʡ, ʩʠʥʝʡ. ɻʦʨʘʟʜʦ 

ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʤʘʢʩʠʩ-ʙʝʨʠʣʣ ï ʶʚʝʣʠʨʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʨʠʣʣʘ ʛʫʩʪʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ. ʆʥ 

ʦʪʢʨʳʪ ʚ 1917 ʛ. ʚ ɹʨʘʟʠʣʠʠ ʠ ʥʘʟʚʘʥ ʧʦ ʥʘʠʤʝʥʦʚʘʥʠʶ ʨʫʜʥʠʢʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʩʠʥʝʛʦ ʙʝʨʠʣʣʘ (ʤʘʢʩʠʩ-ʙʝʨʠʣʣʘ) ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʫʩʪʦʡʯʠʚʘʷ ʥʘ ʩʚʝʪʫ ʦʢʨʘʩʢʘ. ʊʘʢʫʶ 

ʥʝʦʙʳʯʥʫʶ ʦʢʨʘʩʢʫ ʦʙʲʷʩʥʷʶʪ ʚʭʦʞʜʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʫ ʙʝʨʠʣʣʘ ʘʪʦʤʦʚ ʙʦʨʘ, ʨʘʜʠʢʘʣʦʚ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʠʦʥʦʚ NO3
-, ʜʝʬʝʢʪʘʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʙʝʨʠʣʣʘ, ʥʘʣʠʯʠʝʤ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʮʚʝʪʦʚʳʭ ʮʝʥʪʨʦʚ (Nassau et al., 1976; Andersson, 2008 ʠ ʜʨ.). 

ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʙʝʨʠʣʣʝ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1 ʤʘʩ.%, ʥʦ ʚ 

ʩʠʥʠʭ ʠʣʠ ʞʝʣʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʦʥʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 3 ʤʘʩ.%. ʊʝʦʨʝʪʠʯʝʩʢʠ ʘʪʦʤʳ ʞʝʣʝʟʘ 

ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʚʩʝ ʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ (ʦʢʪʘʵʜʨʠʯʝʩʢʫʶ, ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʠ ʚ 

ʢʘʥʘʣʝ), ʥʦ ʚʭʦʞʜʝʥʠʝ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʤʘʣʦʚʝʨʦʷʪʥʳʤ (Fridrichov§ et al., 2015). ʉʠʥʠʡ, ʟʝʣʝʥʳʡ ʠ ʞʝʣʪʳʡ ʮʚʝʪ ʜʨʘʛʦʮʝʥʥʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ, ʪʘʢʠʭ ʢʘʢ ʘʢʚʘʤʘʨʠʥ ʠ ʞʝʣʪʳʡ ʙʝʨʠʣʣ (ʛʝʣʠʦʜʦʨ), ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʧʦʨʮʠʷʤʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ (Viana et al., 2002a).  
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ʇʨʠʩʫʪʩʪʚʠʝ ʠʦʥʦʚ Fe3+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʚʤʝʩʪʦ ʠʦʥʦʚ Al 3+ ʦʢʨʘʰʠʚʘʝʪ 

ʘʢʚʘʤʘʨʠʥ ʚ ʞʝʣʪʳʡ ʮʚʝʪ. ɾʝʣʪʳʡ ʮʚʝʪ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʙʣʫʯʝʥʠʝʤ 

ʛʦʣʫʙʦʛʦ ʙʝʨʠʣʣʘ (Nassau, 2001). ʀʦʥʳ Fe2+ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʥʘʣʦʚ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 

ʩʪʘʙʠʣʴʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʘʢʚʘʤʘʨʠʥʘ ʚ ʩʠʥʠʡ ʠ ʛʦʣʫʙʦʡ ʮʚʝʪʘ. ʇʨʠʩʫʪʩʪʚʠʝ Fe2+ ʠ Fe3+ ʚ ʪʝʭ ʞʝ 

ʧʦʟʠʮʠʷʭ ʧʨʠʜʘʝʪ ʦʙʨʘʟʮʘʤ ʟʝʣʝʥʳʡ ʮʚʝʪ. ʀʦʥʳ Fe3+, ʟʘʤʝʱʘʶʱʠʝ Al 3+ ʧʫʪʝʤ ʟʘʭʚʘʪʘ 

ʵʣʝʢʪʨʦʥʘ, ʧʝʨʝʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ Fe2+, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ (ʀʙʨʘʛʠʤʦʚʘ 

ʠ ʜʨ., 2009). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʚʘʤʘʨʠʥ ʦʢʨʘʰʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ Fe2+ï

O2-ïFe3+ (IVCT ï ʤʝʞʚʘʣʝʥʪʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ), ʮʚʝʪ ʛʝʣʠʦʜʦʨʘ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ Fe3+īO2- (Fritsch, Rossman, 1988).  

ɺ ʦʩʥʦʚʥʦʤ ʘʢʚʘʤʘʨʠʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʝʛʤʘʪʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʧʥʝʚʤʘʪʦʣʠʪʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʛʨʝʡʟʝʥʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʘʢʚʘʤʘʨʠʥʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚʢʣʶʯʘʷ 

ɸʨʛʝʥʪʠʥʫ (Sardi, Heimann, 2014), ɹʨʘʟʠʣʠʶ (Viana et al., 2002), ʂʘʥʘʜʫ (Mihalynuk, Lett, 2003; 

Adamo et al., 2008; Beal, Lentz, 2010; Groat et al., 2010), ʂʠʪʘʡ (Wang et al., 2009), ʏʝʭʠʶ (Nov§k 

et al., 2011; PŚikryl  et al., 2014), ʀʪʘʣʠʶ (Aurisicchio et al., 1988; Bocchio et al., 2009), ʄʦʟʘʤʙʠʢ 

(Aurisicchio et al., 1988; Neiva, Neiva, 2005); ʇʘʢʠʩʪʘʥ (Aurisicchio et al., 1988), ʉʣʦʚʘʢʠʶ (Uher 

et al., 2010), ɺʴʝʪʥʘʤ (Huong et al., 2011; Fridrichov§ et al., 2015), ʠ ɿʠʤʙʘʙʚʝ (Aurisicchio et al., 

1988; ĻernĨ et al., 2003). ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʧʦ ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ. ʈʝʜʢʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʘʢʚʘʤʘʨʠʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʩʩʣʝʜʦʚʘʣʩʷ. 

ʉʨʝʜʠ ʵʪʠʭ ʨʘʙʦʪ ʚʳʛʦʜʥʦ ʚʳʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʤʝʪʦʜʦʤ LA-ICP-

MS (42 ʦʙʨʘʟʮʘ), ʚʢʣʶʯʘʷ ʘʢʚʘʤʘʨʠʥ, ʠʟ ʤʠʘʨʦʣʦʚʳʭ ʧʦʣʦʩʪʝʡ ʚ ʛʨʘʥʠʪʘʭ ʢʦʤʧʣʝʢʩʘ ʕʨʦʥʛʦ, 

ʅʘʤʠʙʠʷ (Lum et al., 2016). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʚʘʤʘʨʠʥ ʠ ʟʝʣʝʥʳʡ ʙʝʨʠʣʣ ʩʦʜʝʨʞʘʪ 

ʞʝʣʝʟʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʭʨʦʤʦʬʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʦʰʝʥʠʪ (ʙʝʩʮʚʝʪʥʳʡ ʙʝʨʠʣʣ) ʣʠʰʝʥ 

ʭʨʦʤʦʬʦʨʦʚ. ʉʦʜʝʨʞʘʥʠʝ Fe ʚ ʙʝʨʠʣʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʮʚʝʪʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʠʟʚʝʩʪʥʳʤʠ ʭʨʦʤʘʪʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ Fe ʚ ʩʠʥʝʤ, ʞʝʣʪʦʤ ʠ ʟʝʣʝʥʦʤ ʙʝʨʠʣʣʝ. ɺ ʘʢʚʘʤʘʨʠʥʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʤʝʪʥʘʷ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe (0.79-3.19 

ʤʘʩ.% FeO), Na (0.09-0.35 ʤʘʩ.% Na2O), Al  (15.99-18.18 ʤʘʩ.% Al2O3). ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʘʝʪʩʷ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʠʧʦʚ ʙʝʨʠʣʣʘ, ʧʨʠʯʝʤ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʠ ʩʘʤʳʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʘʢʚʘʤʘʨʠʥʝ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʠ 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʙʝʨʠʣʣʘ ʠʟ ʕʨʦʥʛʦ, ʅʘʤʠʙʠʷ ʚ ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʩʪʘʚʦʤ ʙʝʨʠʣʣʘ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʮʚʝʪʘ ʠʟ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʄʠʨʘ (Lum et al., 2016). 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʚʘʤʘʨʠʥʘ ʠʟ ʛʨʝʡʟʝʥʦʚ ʐʝʨʣʦʚʦʡ ɻʦʨʳ (ɿʘʙʘʡʢʘʣʴʝ) ʠ 

ʩʣʶʜʦʥʦʩʥʦ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ (ɿʘʤʙʠʷ, ɸʬʨʠʢʘ) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʜʣʷ ʘʢʚʘʤʘʨʠʥʘ 

ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʝʛʦ 
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ʫʚʝʣʠʯʝʥʠʶ ʦʪ ʩʣʘʙʦʦʢʨʘʰʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢ ʪʝʤʥʦʦʢʨʘʰʝʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʚ ʮʝʣʦʤ ʘʢʚʘʤʘʨʠʥ 

ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʩʦʜʝʨʞʠʪ ʞʝʣʝʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʚʘʤʘʨʠʥ 

ʠʟ ʤʝcʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦ ʩʦʩʪʘʚʫ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ (ɽʣʬʠʤʦʚʘ ʠ ʜʨ., 2004). 

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʤʝʪʦʜʦʤ SIMS (ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 2019) ʘʢʚʘʤʘʨʠʥ ʠʟ ʉʫʧʨʫʥʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʤʫʩʢʦʚʠʪ-ʙʝʨʠʣʣ-ʤʠʢʨʦʢʣʠʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ) 

ʦʪʥʦʩʠʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʢ ʥʠʟʢʦʱʝʣʦʯʥʳʤ ʙʝʨʠʣʣʘʤ ʩ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʦʢʦʣʦ 0.5 ʤʘʩ.% ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʙʝʨʠʣʣʘ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʝʣʝʟʘ (0.58 ʤʘʩ.% FeO) ʠ ʤʘʛʥʠʷ (0.37 ʤʘʩ.% MgO). ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

ʘʢʚʘʤʘʨʠʥ ʉʫʧʨʫʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʪʨʦʚʳʤ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Li 

(130 ppm). ʉʦʜʝʨʞʘʥʠʷ K2O ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʘʢʚʘʤʘʨʠʥʦʚ ʩʣʶʜʦʥʦʩʥʳʭ ʙʝʟʧʦʣʦʩʪʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʠ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ 

(ɿʘʛʦʨʩʢʠʡ ʠ ʜʨ., 1999). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʝʨʠʣʣ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʛʨʘʥʠʪʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʩʠʣʠʢʘʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠʣʠ ʚʦʜʥʦ-ʩʠʣʠʢʘʪʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʚʦʜʦʡ (>7 ʤʘʩ.%), ʣʠʪʠʝʤ, ʥʦ ʦʙʝʜʥʝʥʥʦʡ ʬʪʦʨʦʤ ʠ ʙʦʨʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 700Áʉ ʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 6 ʢʙʘʨ (ɻʝʨʘʩʠʤʦʚʘ ʠ ʜʨ., 2019). 

ɻʝʣʠʦʜʦʨ. ɾʝʣʪʳʡ ʙʝʨʠʣʣ, ʦʜʥʘ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʵʪʦʛʦ 

ʤʠʥʝʨʘʣʘ, ʠʟʚʝʩʪʥʘ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜ ʜʚʫʤʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ: ʛʝʣʠʦʜʦʨ 

(heliodor) ʠ ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ (golden beryl). ʅʘʟʚʘʥʠʝ ʛʝʣʠʦʜʦʨʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʠʤʝʥʠ 

ʛʨʝʯʝʩʢʦʛʦ ʙʦʛʘ ʉʦʣʥʮʘ (ɻʝʣʠʦʩʘ) ʠ ʬʨʘʥʮʫʟʩʢʦʛʦ ʩʣʦʚʘ çʠʟ ʟʦʣʦʪʘè (ʜʨʫʛʘʷ ʚʝʨʩʠʷ ï 

ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ çʧʦʜʘʨʦʢè). ʉʯʠʪʘʝʪʩʷ (ɹʫʢʘʥʦʚ, 2008), ʯʪʦ ʛʝʣʠʦʜʦʨ ʠ ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʮʚʝʪʫ: ʪʝʨʤʠʥ çʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣè ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʞʝʣʪʳʭ ʙʝʨʠʣʣʦʚ, ʘ ʥʘʟʚʘʥʠʝ çʛʝʣʠʦʜʦʨè ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʝʪʣʦ-

ʟʝʣʝʥʳʭ, ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʭ, ʞʝʣʪʦ-ʟʝʣʝʥʳʭ ʠ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʭ ʢʘʤʥʝʡ. ʀʟʚʝʩʪʥʳʡ 

ʛʝʤʤʦʣʦʛ ɺ. ʐʫʤʘʥ (Schumann, 1997) ʧʨʝʜʣʘʛʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʝʣʠʦʜʦʨʳ ʥʝ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʨʠʣʣʘ, ʘ ʦʪʥʦʩʠʪʴ ʠʭ ʢ ʙʣʝʜʥʦ-ʦʢʨʘʰʝʥʥʳʤ ʟʦʣʦʪʠʩʪʳʤ 

ʙʝʨʠʣʣʘʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʢʨʘʩʢʝ ʙʝʨʠʣʣʘ ʠ ʝʝ 

ʧʨʠʨʦʜʝ, ʪʘʢ ʠ ʚ ʛʝʤʤʦʣʦʛʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ ʵʪʦ ʨʘʟʣʠʯʠʝ ʦʙʳʯʥʦ ʠʛʥʦʨʠʨʫʝʪʩʷ, ʠ ʦʙʘ ʪʝʨʤʠʥʘ 

(ʛʝʣʠʦʜʦʨ ʠ ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ) ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ. ʊʝʨʤʠʥ golden beryl 

(ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ) ʥʝʩʢʦʣʴʢʦ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʨʛʦʚʦʛʦ ʥʘʟʚʘʥʠʷ ʞʝʣʪʦʛʦ 

ʙʝʨʠʣʣʘ ʢʘʢ ʙʦʣʝʝ ʧʦʥʷʪʥʳʡ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ, ʘʩʩʦʮʠʠʨʫʶʱʠʡʩʷ ʩ ʮʚʝʪʦʤ ʟʦʣʦʪʘ. ɽʱʝ ʦʜʥʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʙʳʪʦʝ ʥʘʟʚʘʥʠʝ ʟʦʣʦʪʠʩʪʦʛʦ ʙʝʨʠʣʣʘ ï ʜʘʚʠʜʩʦʥʠʪ, ʜʘʥʥʦʝ ʚ ʯʝʩʪʴ ʠʟʚʝʩʪʥʦʛʦ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʶʚʝʣʠʨʘ ɼʞ. ɼʘʚʠʜʩʦʥʘ (ɹʫʢʘʥʦʚ, 2008). ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʪʝʨʤʠʥ golden 
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beryl (ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ) ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʥʛʣʦʷʟʳʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʛʝʣʠʦʜʦʨ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʳ (ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2016) 

ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʟʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ, ʘ ʧʦ ʩʫʱʝʩʪʚʫ ï ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʠʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʵʪʠʤ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʨʤʠʥ ʛʝʣʠʦʜʦʨ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʞʝʣʪʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ, ʦʢʨʘʩʢʘ ʢʦʪʦʨʦʡ ʚʳʟʚʘʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʦʥʦʚ Fe3+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʷʭ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʣʘʙʳʡ ʧʣʝʦʭʨʦʠʟʤ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ. ʅʘʟʚʘʥʠʝ ʟʦʣʦʪʠʩʪʳʡ ʙʝʨʠʣʣ (golden beryl) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʩʠʣʴʥʦ ʧʣʝʦʭʨʦʠʨʫʶʱʠʭ ʚ ʞʝʣʪʳʭ ʪʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ, ʦʢʨʘʩʢʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚʭʦʞʜʝʥʠʝʤ ʠʦʥʦʚ Fe3+ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʧʦʟʠʮʠʠ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

400Áʉ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠʦʙʨʝʪʘʶʪ ʛʦʣʫʙʫʶ ʠʣʠ ʩʠʥʶʶ ʦʢʨʘʩʢʫ. ɺ ʦʙʦʠʭ ʪʠʧʘʭ ʢʨʠʩʪʘʣʣʦʚ 

ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʦʢʨʘʩʢʠ ʠ ʧʣʝʦʭʨʦʠʟʤʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʩʚʷʟʘʥʳ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʟʘʭʚʘʪʘ, ʩʪʘʙʠʣʴʥʳʤʠ ʜʦ 350-400Áʉ. 

ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 2016), ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʥʦʩʪʴ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʞʝʣʪʳʭ ʙʝʨʠʣʣʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʧʨʠʨʦʜʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠʭ 

ʛʝʥʝʟʠʩʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ (ʧʝʛʤʘʪʠʪʦʚʦʛʦ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ).  

ʇʨʠʨʦʜʘ ʦʢʨʘʩʢʠ ʛʝʣʠʦʜʦʨʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ. ʉʧʝʢʪʨʳ ʕʇʈ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʦʥʳ Fe3+ ʟʘʤʝʱʘʶʪ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʠʦʥʳ Al3+ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʙʝʨʠʣʣʘ ʤʥʦʛʠʭ ʮʚʝʪʦʚ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʞʝʣʪʦʤ ʙʝʨʠʣʣʝ (Andersson, 2013). ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʞʝʣʪʳʡ ʮʚʝʪ ʙʝʨʠʣʣʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ Fe3+. ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ (Solntsev, Bukin, 1997), ʯʪʦ ʮʝʥʪʨ 

ʮʚʝʪʘ ʷʚʣʷʝʪʩʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ Fe3+, ʥʝ ʩʪʘʣʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ, ʚʦʟʤʦʞʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ ʤʝʥʝʝ ʚʝʨʦʷʪʥʦʝ ʟʘʤʝʱʝʥʠʝ Si4+ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

(Wood, Nassau, 1968; Don Goldman et al., 1978; Viana et al., 2002) ʚʳʨʘʟʠʣʠ ʩʦʤʥʝʥʠʝ ʚ ʪʦʤ, ʯʪʦ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʦʥʳ Fe ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʠʦʥʳ Si ʠ Be ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ. ʃ. 

ɸʥʜʝʨʩʩʦʥ (2006) ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʨʠʤʝʩʠ Li ʥʝ ʟʘʤʝʱʘʶʪ ʠʟʦʤʦʨʬʥʦ Be, ʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʜʨʫʛʦʤ ʪʝʪʨʘʵʜʨʝ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʜʥʫ ʦʙʱʫʶ ʩʪʦʨʦʥʫ ʩ ʧʫʩʪʳʤ ʪʝʪʨʘʵʜʨʦʤ Be. ʀʦʥʳ ʞʝʣʝʟʘ 

ʠʤʝʶʪ ʪʦʪ ʞʝ ʨʘʟʤʝʨ, ʯʪʦ ʠ ʠʦʥ Li, ʠ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʵʪʦʡ 

ʧʦʟʠʮʠʠ Li.ʇʦʵʪʦʤʫ ʚ ʫʯʝʙʥʦʡ ʠ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʦʜʦʣʞʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʪʦʯʢʘ ʟʨʝʥʠʷ, 

ʯʪʦ ʞʝʣʪʳʡ ʮʚʝʪ ʙʝʨʠʣʣʘ ʦʙʫʩʣʦʚʣʝʥ ʠʦʥʘʤʠ Fe3+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ (Andersson, 2013).  
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ɼʘʥʥʳʝ ʧʦ ʛʝʦʭʠʤʠʠ ʛʝʣʠʦʜʦʨʘ ʦʛʨʘʥʠʯʝʥʳ. ʉʨʘʚʥʝʥʠʝ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʝʣʠʦʜʦʨʘ ʠʟ ʛʨʝʡʟʝʥʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ɻʦʨʘ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021) ʩ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʛʝʦʭʠʤʠʠ ʛʝʣʠʦʜʦʨʘ ʠʟ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ 

(ʧʝʛʤʘʪʠʪʦʚ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʝʣʠʦʜʦʨ ʠʟ ʐʝʨʣʦʚʦʡ ɻʦʨʳ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʩ 

ʛʝʣʠʦʜʦʨʦʤ ʠʟ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʃʫʫʤʷʢʠ, ʌʠʥʣʷʥʜʠʷ (Michallik et al., 2019) ʠ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ɺʥʫʪʨʝʥʥʝʡ ʄʦʥʛʦʣʠʠ, ʂʠʪʘʡ (Yu et al., 2017), ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Mn (ʚ ʦʙʦʠʭ ʦʙʲʝʢʪʘʭ) ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti (Yu et al., 2017). ɻʝʣʠʦʜʦʨ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ʇʘʤʧʝʘʥʘ, ɸʨʛʝʥʪʠʥʘ ʪʘʢʞʝ ʠʤʝʝʪ ʩʭʦʜʥʦʝ ʩ ʰʝʨʣʦʚʦʛʦʨʩʢʠʤ ʛʝʣʠʦʜʦʨʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe, ʉʦ, Na 

ʠ ʂ ʠ ʧʦʥʠʞʝʥʥʳʤ ï Sc (Sardi, Heimann, 2014). ʇʦ ʠʟʚʝʩʪʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʇ. ʏʝʨʥʠ ʛʝʣʠʦʜʦʨ 

ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ ɻʦʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ ï ʙʝʩʱʝʣʦʯʥʦʤʫ ʙʝʨʠʣʣʫ ʩ 

ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʣʦʯʝʡ ʤʝʥʝʝ 0.1 ʤʘʩ.% (Ļerny, Turnock, 1975; ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 

2021). 

ʀʟʫʤʨʫʜ. ʀʟʫʤʨʫʜ, ʟʝʣʝʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʨʠʣʣʘ, ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʠʤ ʚ ʄʠʨʝ ʧʦ 

ʮʝʥʥʦʩʪʠ ʜʨʘʛʦʮʝʥʥʳʤ ʢʘʤʥʝʤ (ʧʦʩʣʝ ʘʣʤʘʟʘ ʠ ʨʫʙʠʥʘ). ʍʦʪʷ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʫʶ 

ʩʪʘʪʠʩʪʠʢʫ, ʂʦʣʫʤʙʠʷ ʧʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ (ʧʦ ʦʮʝʥʢʘʤ, 60%) ʠʟʫʤʨʫʜʦʚ ʚ ʤʠʨʝ. ʆʜʥʘʢʦ 

ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠʟʫʤʨʫʜʥʳʝ ʨʫʜʥʠʢʠ ʚ ʂʦʣʫʤʙʠʠ ʠʩʪʦʱʘʶʪʩʷ (Groat et al., 2008). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʜʦʣʶ ɹʨʘʟʠʣʠʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 10% ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʫʤʨʫʜʦʚ. ʀʟʫʤʨʫʜ ʪʘʢʞʝ ʜʦʙʳʚʘʝʪʩʷ ʚ ʈʦʩʩʠʠ, ɸʬʛʘʥʠʩʪʘʥʝ, ɸʚʩʪʨʘʣʠʠ, ɸʚʩʪʨʠʠ, ɹʦʣʛʘʨʠʠ, 

ʂʠʪʘʝ, ʀʥʜʠʠ, ʄʘʜʘʛʘʩʢʘʨʝ, ʅʘʤʠʙʠʠ, ʅʠʛʝʨʠʠ, ʇʘʢʠʩʪʘʥʝ, ʖʞʥʦʡ ɸʬʨʠʢʝ, ʀʩʧʘʥʠʠ, 

ʊʘʥʟʘʥʠʠ, ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ʠ ɿʠʤʙʘʙʚʝ. 

ʎʚʝʪ ʠʟʫʤʨʫʜʘ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʤʝʩʷʤʠ Cr ʠ/ʠʣʠ V, ʟʘʤʝʥʷʶʱʠʤʠ Al ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ. ʇʨʠʩʫʪʩʪʚʠʝ Cr ʠ V ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ ʚʳʟʳʚʘʝʪ ʢʨʘʩʥʫʶ ʬʣʶʦʨʝʩʮʝʥʮʠʶ, 

ʢʦʪʦʨʘʷ ʫʩʠʣʠʚʘʝʪ ʥʘʩʳʱʝʥʥʦʩʪʴ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʥʦ, ʝʩʣʠ ʚ ʢʨʠʩʪʘʣʣʝ ʠʟʫʤʨʫʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ Fe3+, ʵʬʬʝʢʪ ʩʥʠʞʘʝʪʩʷ (Nassau, 2001). ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʯʪʝʥʠʷ ʦ ʨʘʟʣʠʯʠʠ ʤʝʞʜʫ ʠʟʫʤʨʫʜʦʤ ʠ ʟʝʣʝʥʳʤ ʙʝʨʠʣʣʦʤ (Conklin, 

2002; Schwarz, Schmetzer, 2002). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʩʢʘʟʘʥʦ ʰʠʨʦʢʦ ʧʨʠʟʥʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

(Schwarz, Schmetzer, 2002): çʠʟʫʤʨʫʜʳ ï ʵʪʦ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʝ, ʟʝʣʝʥʳʝ ʠʣʠ ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʳʝ, ʥʘʪʫʨʘʣʴʥʳʝ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʙʝʨʠʣʣʳ, ʢʦʪʦʨʳʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʪʯʝʪʣʠʚʳʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ Cr ʠ/ʠʣʠ V ʚ ʢʨʘʩʥʦʤ ʠ ʩʠʥʝ-ʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ ʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷè.  

ɼʝʪʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʠʧʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʫʤʨʫʜʘ ʧʦ ʚʩʝʤʫ ʄʠʨʫ ʩ 

ʠʭ ʪʠʧʠʟʘʮʠʝʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʩʚʦʜʢʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ 

ʠʟʫʤʨʫʜʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʨʝʛʠʦʥʦʚ (ʚʢʣʶʯʘʷ ʤʘʣʳʝ ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʜʘʥʥʳʝ ʧʦ 

ʩʪʘʙʠʣʴʥʳʤ ʠʟʦʪʦʧʘʤ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨ.) ʧʨʠʚʦʜʷʪʩʷ ʚ ʦʙʦʙʱʘʶʱʠʭ 
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ʧʫʙʣʠʢʘʮʠʷʭ (Giuliani et al., 1997; Schwarz, Giuliani, 2001; Groat et al., 2008; Aurisicchio et al., 

2018; Giuliani, Groat, 2019; Giuliani et al., 2019; Karampelas et al., 2019).   

ʇʦʤʠʤʦ ʨʝʰʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʛʝʦʭʠʤʠʠ ʠʟʫʤʨʫʜʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʤʠʥʝʨʘʣʘ (Saeseaw et al., 2019; 

Popov at al., 2021), ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ï ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʠʟʫʤʨʫʜʘ, ʯʝʤ ʜʣʷ ʜʨʘʛʦʮʝʥʥʦʛʦ ʢʦʨʫʥʜʘ (Saeseaw et al., 2019). 

ɺʝʨʦʷʪʥʦ, ʧʨʝʜʧʦʩʳʣʢʠ ʵʪʦʛʦ ʣʝʞʘʪ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʝʨʠʣʣʘ ʧʦ-ʩʚʦʝʤʫ ʫʥʠʢʘʣʴʥʘ ï ʚ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ 

(ʬʨʘʛʤʝʥʪʳ) ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʛʝʦʤʝʪʨʠʠ, ʚ ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ. 

ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʣʝʛʢʦʝ ʚʭʦʞʜʝʥʠʝ ʠ ʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʤʝʱʘʶʱʠʭ ʨʝʜʢʠʭ ʠ 

ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʜʣʷ ʢʦʨʫʥʜʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʧʦʟʠʮʠʶ, ʚ ʢʦʪʦʨʫʶ ʤʦʛʫʪ 

ʚʭʦʜʠʪʴ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʤʨʫʜ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʜʘʪʴ ʦʙʨʘʟʮʘʤ ʠʟ 

ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʫʥʠʢʘʣʴʥʳʝ ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ 

ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʙʘʥʢʘ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʦʢʦʣʦ 300 ʦʙʨʘʟʮʦʚ ʠʟʫʤʨʫʜʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ 

ʚʩʝʤʫ ʄʠʨʫ, ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʪʦʜʦʤ LA-ICP-MS, ʚ ʣʘʙʦʨʘʪʦʨʠʠ GIA ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʚʦʜʥʘʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʩʦʩʪʘʚʘ ʠ ʩʝʨʠʷ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ 

(ʨʠʩʫʥʦʢ 1.2.1; Saesaw et al., 2019).  

ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʮʝʣʷʭ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʵʣʝʤʝʥʪʳ ʚʢʣʶʯʘʶʪ Li , K, V, Cr, Fe, Rb ʠ 

Cs. ʂʦʣʫʤʙʠʡʩʢʠʡ ʠʟʫʤʨʫʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʭʠʤʠʯʝʩʢʠ çʯʠʩʪʳʤè, ʦʙʣʘʜʘʷ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʱʝʣʦʯʝʡ (Li , K, Rb ʠ Cs), ʘ ʪʘʢʞʝ Fe. 

ɼʨʫʛʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ/ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʠʟʫʤʨʫʜ ʠʟ ɸʬʛʘʥʠʩʪʘʥʘ ʠ ʂʠʪʘʷ ʙʦʣʝʝ 

ʦʙʦʛʘʱʝʥ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʝʪʢʦ ʦʪʜʝʣʷʪʴ ʝʛʦ ʦʪ ʢʦʣʫʤʙʠʡʩʢʦʛʦ ʠʟʫʤʨʫʜʘ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʤʨʫʜʘ ʠʟ ʩʣʘʥʮʝʚ ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʞʝʣʝʟʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ/ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ 

ʠʟʫʤʨʫʜʘ ʠʟ ʩʣʘʥʮʝʚ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʡ ʛʨʫʧʧʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʠʭ ʭʘʨʘʢʪʝʨʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʩʪʘʚʘ. ʅʘʧʨʠʤʝʨ, ʨʦʩʩʠʡʩʢʠʡ ʠʟʫʤʨʫʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʠʪ ʤʝʥʴʰʝ Fe ʠ 

ʙʦʣʴʰʝ Li; ʟʘʤʙʠʡʩʢʠʡ ʠʟʫʤʨʫʜ ʠʟ ʂʘʬʫʙʫ ï ʙʦʣʴʰʝ Cs, Fe ʠ Li; ʤʘʜʘʛʘʩʢʘʨʩʢʠʡ ʠʟʫʤʨʫʜ ï 

ʦʙʳʯʥʦ ʙʦʣʴʰʝ K ʠ Fe; ʵʬʠʦʧʩʢʠʡ ʠʟʫʤʨʫʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʤʝʨʝʥʥʦ ʦʙʦʛʘʱʝʥ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ; ʘ ʙʨʘʟʠʣʴʩʢʠʡ ʠʟʫʤʨʫʜ ʦʙʝʜʥʝʥ ʤʥʦʛʠʤʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
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ʈʠʩʫʥʦʢ 1.2.1 ï ɼʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʘ (Saeseaw et al., 2019) 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʜʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʩʝ ʝʱʝ 

ʩʫʱʝʩʪʚʫʶʪ ʧʦʣʷ ʧʝʨʝʢʨʳʪʠʷ ʩʦʩʪʘʚʦʚ ʠʟʫʤʨʫʜʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʇʦ ʩʫʪʠ, ʚʳʙʦʨʦʯʥʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʙʠʥʘʨʥʳʭ ʛʨʘʬʠʢʦʚ ʦʙʣʝʛʯʘʝʪ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ 

ʦʙʰʠʨʥʦʡ ʚʳʙʦʨʢʦʡ ʥʘʢʦʧʣʝʥʥʳʭ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ 

ʩʨʘʚʥʠʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʪʦʣʴʢʦ ʩ ʵʪʘʣʦʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʕʣʝʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʤʝʪʦʜʝ ʚʳʙʦʨʦʯʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʚʢʣʶʯʘʶʪ Li, K, Fe, Rb ʠ Cs (Saesaw et al., 2019).  

ɺʦʨʦʙʴʝʚʠʪ (ʤʦʨʛʘʥʠʪ). ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʦʩʦʙʦ 

ʚʳʜʝʣʷʶʪʩʷ ʣʠʪʠʡ- ʠ ʮʝʟʠʡʩʦʜʝʨʞʘʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʱʠʝ ʨʦʟʦʚʳʡ ʮʚʝʪ. ʑʝʣʦʯʥʦʡ 

ʙʝʨʠʣʣ, ʩʦʜʝʨʞʘʱʠʡ ʉs, ʩʫʜʷ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

çʚʦʨʦʙʴʝʚʠʪè (ʦʙʳʯʥʦ ʨʦʟʦʚʳʝ Li-Cs ʨʘʟʥʦʚʠʜʥʦʩʪʠ) ʠ çʨʦʩʪʝʨʠʪè (ʙʝʩʮʚʝʪʥʳʝ ʠ ʩʣʘʙʦ 
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ʦʢʨʘʰʝʥʥʳʝ Li-Cs ʨʘʟʥʦʚʠʜʥʦʩʪʠ) (Zambonini, Caglioti, 1928; ɹʝʫʩ, 1960; Rossovskiy, 1981). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʟʦʚʳʡ ʙʝʨʠʣʣ ʠʟʚʝʩʪʝʥ ʧʦʜ ʜʚʫʤʷ ʥʘʟʚʘʥʠʷʤʠ. ɺ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ 

ʧʨʠʥʷʪʦ ʥʘʟʚʘʥʠʝ çʤʦʨʛʘʥʠʪè (ʜʘʥʦ ʚ 1911 ʛ. ʚ ʯʝʩʪʴ ɼʞ. ʇ. ʄʦʨʛʘʥʘ, ʩʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʢʦʣʣʝʢʮʠʦʥʝʨʘ ʤʠʥʝʨʘʣʦʚ, ʧʦʜʘʨʠʚʰʝʛʦ ʩʚʦʝ ʩʦʙʨʘʥʠʝ ʄʫʟʝʶ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʠʩʪʦʨʠʠ ʚ ʅʴʶ-ʁʦʨʢʝ), ʚ ʈʦʩʩʠʠ ï çʚʦʨʦʙʴʝʚʠʪè (ʜʘʥʦ ʚ 1908 ʛ. ʧʦ ʬʘʤʠʣʠʠ ʨʫʩʩʢʦʛʦ 

ʤʠʥʝʨʘʣʦʛʘ ɺ.ʀ. ɺʦʨʦʙʴʸʚʘ, ʧʦʛʠʙʰʝʛʦ ʚ 1906 ʛ. ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʇʘʤʠʨ). ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʠ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʟʚʘʥʠʝ çʤʦʨʛʘʥʠʪè. ɺʦʨʦʙʴʝʚʠʪ 

(ʠʣʠ ʤʦʨʛʘʥʠʪ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʫʩʪʦ- ʠ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʤʠ, ʠʥʦʛʜʘ ʨʦʟʦʚʘʪʦ-ʬʠʦʣʝʪʦʚʳʤʠ, 

ʚʠʰʥʝʚʦ-ʨʦʟʦʚʳʤʠ, ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʳʤʠ ʠʣʠ ʪʘʙʣʠʪʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ.  

ʃʠʪʠʡ ʠ ʮʝʟʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʧʝʨʚʳʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʙʝʨʠʣʣʝ ʚ 1908 

ʛ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ ʠ ʂ.ɸ. ʅʝʥʘʜʢʝʚʠʯʝʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʪʠʧʠʯʥʳʭ ʧʦ ʬʦʨʤʝ ʠ ʮʚʝʪʫ 

(ʪʘʙʣʠʪʯʘʪʳʭ, ʙʝʩʮʚʝʪʥʳʭ ʜʦ ʞʝʣʪʦʚʘʪʦ-ʨʦʟʦʚʳʭ) ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ 

ʃʠʧʦʚʢʠ ʥʘ ʉʨʝʜʥʝʤ ʋʨʘʣʝ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʥʘʟʚʘʣ ʵʪʫ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʨʠʣʣʘ ʚʦʨʦʙʴʝʚʠʪʦʤ ʚ 

ʧʘʤʷʪʴ ʦ ʨʫʩʩʢʦʤ ʤʠʥʝʨʘʣʦʛʝ ɺ.ʀ. ɺʦʨʦʙʴʝʚʝ, ʧʝʨʚʳʤ ʦʧʠʩʘʚʰʠʤ ʨʦʟʦʚʳʡ ʙʝʨʠʣʣ ʚ ʧʝʛʤʘʪʠʪʘʭ 

ʃʠʧʦʚʢʠ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʧʠʩʘʣ: çɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʜʚʘ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʚʦ 1-ʭ) ʥʘʭʦʞʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʮʝʟʠʷ, ʜʝʣʘʶʱʝʛʦ 

ʠʟ ʚʦʨʦʙʴʝʚʠʪʘ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʮʝʟʠʝʤ ʚʝʱʝʩʪʚ ʠ 2) ʥʘʭʦʞʜʝʥʠʝ ʚ ʥʝʤ H, Li ʠ Cs, 

ʟʘʩʪʘʚʣʷʶʱʝʝ ʠʟʤʝʥʠʪʴ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʙʝʨʠʣʣʦʚè (ʩʩʳʣʢʘ ʚ 

ʗʢʫʙʦʚʠʯ ʠ ʜʨ., 2009). ʉʦ ʚʨʝʤʝʥʝʤ ʭʠʤʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʝʨʤʠʥʘ çʚʦʨʦʙʴʝʚʠʪè ʯʘʩʪʠʯʥʦ 

ʫʪʨʘʪʠʣʩʷ, ʠ ʩʝʡʯʘʩ ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʛʦ ʥʝʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪ, ʢʘʢ ʠ ʪʝʨʤʠʥ çʤʦʨʛʘʥʠʪè, ʢ ʣʶʙʦʤʫ 

ʨʦʟʦʚʦʤʫ ʙʝʨʠʣʣʫ. 

ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʮʝʟʠʷ (ʜʦ 6-8 ʤʘʩ.% Cs2O) ʠ ʣʠʪʠʷ (ʜʦ 1.2 ʤʘʩ.% Li2O) ʚ ʙʝʨʠʣʣʝ 

ʯʘʩʪʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚʤʝʩʪʝ. ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠʯʠʥ ʵʪʦʛʦ ï ʛʝʦʭʠʤʠʯʝʩʢʘʷ: ʚʦʨʦʙʴʝʚʠʪ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʚ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʣʠʪʠʝʚʳʤʠ 

ʩʠʣʠʢʘʪʘʤʠ, ʘ ʠʥʦʛʜʘ ʠ ʩ ʧʦʣʣʫʮʠʪʦʤ. ɽʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ Li ʠ Cs ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʘʶʪ ʚ ʧʝʛʤʘʪʠʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʤʘʢʩʠʤʫʤʘ. ʈʘʥʥʠʡ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʙʝʨʠʣʣ ʚ ʵʪʠʭ ʞʝ ʧʝʛʤʘʪʠʪʘʭ ʩʦʜʝʨʞʠʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʦʜʳ (ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ é, 1997). 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʨʛʘʥʠʪʘ ʷʚʣʷʝʪʩʷ ʨʦʟʦʚʘʷ ʦʢʨʘʩʢʘ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʚʳʟʚʘʥʥʘʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʭʨʦʤʦʬʦʨʘ Mn2+. ʇʦʵʪʦʤʫ ʤʦʨʛʘʥʠʪ ʠ ʨʦʟʦʚʳʡ ʙʝʨʠʣʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʣʠ ʩʠʥʦʥʠʤʘʤʠ. ʈʦʟʦʚʘʷ ʦʢʨʘʩʢʘ, ʧʦ ʩʫʪʠ ʜʝʣʘ, ʷʚʣʷʝʪʩʷ çʚʠʟʠʪʥʦʡ ʢʘʨʪʦʯʢʦʡè 

Cs-ʙʝʨʠʣʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʘʤʘʷ ʥʘʩʳʱʝʥʥʘʷ ʨʦʟʦʚʘʷ ʦʢʨʘʩʢʘ ʤʦʨʛʘʥʠʪʘ ʥʝ ʧʝʨʝʩʝʢʘʝʪʩʷ ʧʦ 

ʮʚʝʪʫ ʩ ʩʘʤʦʡ ʙʣʝʜʥʦʡ ʢʨʘʩʥʦʡ ʦʢʨʘʩʢʦʡ ʜʨʫʛʦʡ ʨʝʜʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ï ʢʨʘʩʥʳʤ ʙʝʨʠʣʣʦʤ 

(ʙʠʢʩʙʠʪʦʤ). ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʨʛʘʥʠʪ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʦʟʦʚʫʶ 
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ʦʢʨʘʩʢʫ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʮʚʝʪ ʤʦʨʛʘʥʠʪʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʦʪʪʝʥʢʘʤ ʰʘʤʧʘʥʩʢʦʛʦè 

(champagne hues), ʯʪʦ ʦʪʚʝʯʘʝʪ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʤ ʪʦʥʘʤ ʦʢʨʘʩʢʠ (Henry, 2022).   

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʤʦʨʛʘʥʠʪ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cs. 

ʉʦʜʝʨʞʘʥʠʝ Cs (ʠ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ) ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ (ĻernĨ, 1975). ʑʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʚʭʦʜʷʪ ʚ 

ʢʘʥʘʣʳ ʩʪʨʫʢʪʫʨʳ ʙʝʨʠʣʣʘ ʧʫʪʝʤ ʜʚʦʡʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʚʭʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʦʣʴʰʦʛʦ ʧʦ ʨʘʟʤʝʨʫ ʠʦʥʘ Cs ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ (Hawthorne, ĻernĨ, 1977, Sherriff et 

al., 1991, ĻernĨ, 2002, ĻernĨ et al., 2003).  

ɿʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ɺʝ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʘʪʦʤʘʤʠ Li ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʭʦʞʜʝʥʠʝʤ ʢʨʫʧʥʳʭ ʘʪʦʤʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ Na ʠ Cs, ʢʦʪʦʨʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʘʩʝʣʷʶʪ 

ʯʘʩʪʥʳʝ ʧʦʟʠʮʠʠ 2b ʠ 2ʘ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʥʘʣʘʭ ʚʦʨʦʙʴʝʚʠʪʘ. ʅʘʪʨʠʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʣʝʮ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ, ʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʡ Cs+ ʨʘʩʧʦʣʦʞʝʥ 

ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʵʪʠʤʠ ʮʝʥʪʨʘʤʠ ʚʜʦʣʴ ʩ-ʦʩʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʚʦʢʨʫʛ ʘʪʦʤʦʚ Na ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 

ʪʦʡ ʞʝ ʧʦʟʠʮʠʠ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʟʘʥʷʪʘ ʮʝʟʠʝʤ. ɸʪʦʤʳ Na ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ 

ʮʝʥʪʨʝ ʢʘʥʘʣʘ, ʥʦ ʠ ʧʦʟʠʮʠʷʭ ʦʙʱʝʛʦ ʪʠʧʘ ʚʥʫʪʨʠ ʢʘʥʘʣʦʚ (ʗʢʫʙʦʚʠʯ ʠ ʜʨ., 2009). 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʙʝʨʠʣʣʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ Cs, Rb ʠ Li ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (Staatz et al., 1965). 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʙʝʨʠʣʣʝ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ 

ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʢʦʛʜʘ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʝʩʦʚʤʝʩʪʠʤʳʝ ʩ ʩʘʤʳʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʝʛʤʘʪʠʪʦʚ (ʢʚʘʨʮʝʤ ʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ), ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

ʚ ʙʝʨʠʣʣʝ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ɹʝʫʩ, 1960; ĻernĨ, 1975; ɿʘʛʦʨʩʢʠʡ ʠ ʜʨ., 1999; ĻernĨ et 

al., 2003). ʂʘʢ ʧʨʘʚʠʣʦ, ʙʝʨʠʣʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cs ʠʤʝʶʪ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ Na/Li 

ʦʪʥʦʰʝʥʠʷ. ʆʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʝ Cs ʚ ʙʝʨʠʣʣʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 19000 ppm, ʭʦʪʷ ʠʟʚʝʩʪʥʳ ʠ 

ʠʩʢʣʶʯʝʥʠʷ (Laurs et al., 2003). 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ. ɺ ʤʠʨʝ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ 

ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ: Ruby Violet (ʠʣʠ Red Beryl) ʨʫʜʥʠʢ ʚ ʛʦʨʘʭ Wah-Wah ʚ ʦʢʨʫʛʝ ɹʠʚʝʨ, 

ʰʪʘʪ ʖʪʘ, ʉʐɸ. ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʜʦʣʴ ʪʨʝʱʠʥ (ʯʘʩʪʦ ʟʘʧʦʣʥʝʥʥʳʭ 

ʛʣʠʥʦʡ) ʚ ʪʦʧʘʟʦʚʦʤ ʨʠʦʣʠʪʝ. ʆʥ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʘ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʛʘʟʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʠʟ ʨʠʦʣʠʪʘ, ʧʘʨʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʠʟ 

ʥʘʛʨʝʪʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʩʪʝʢʣʦʤ ʚ 

ʨʠʦʣʠʪʝ (Shigley et al., 2003). 

ɺʧʝʨʚʳʝ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʘʡʜʝʥʥʳʡ ʥʘ ʨʫʜʥʠʢʝ Ruby Violet ʚ 

ʛʦʨʘʭ Wah-Wah ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʖʪʳ ʙʳʣ ʦʧʠʩʘʥ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ (ʩʩʳʣʢʠ ʚ 

Shigley et al., 2003). ʉ ʪʝʭ ʧʦʨ ʦʥ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʝʜʢʠʭ ʮʚʝʪʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 
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ʶʚʝʣʠʨʥʦʛʦ ʙʝʨʠʣʣʘ, ʧʨʠʯʝʤ ʝʛʦ ʨʘʩʪʫʱʝʝ ʧʨʠʟʥʘʥʠʝ ʥʘ ʨʳʥʢʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʩʦʭʨʘʥʷʶʱʠʤʠʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʍʦʪʷ ʙʝʨʠʣʣ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʘʭ (ʥʘʧʨʠʤʝʨ, ʘʢʚʘʤʘʨʠʥ, ʤʦʨʛʘʥʠʪ, ʛʝʣʠʦʜʦʨ ʠ ʛʦʰʝʥʠʪ) ʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ (ʠʟʫʤʨʫʜ), ʝʛʦ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ 

ʨʠʦʣʠʪʘʭ ʢʨʘʡʥʝ ʥʝʦʙʳʯʥʘ. ʇʦʤʠʤʦ ʨʫʜʥʠʢʘ Ruby Violet, ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʟʘʣʝʞʝʡ 

ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ (ʚʩʝ ʚ ʨʠʦʣʠʪʘʭ ï ʚ ʰʪʘʪʘʭ ʖʪʘ, ʅʴʶ-ʄʝʢʩʠʢʦ, ʉʐɸ, ʚ ʄʝʢʩʠʢʝ), ʥʦ ʥʠ ʚ 

ʦʜʥʦʤ ʠʟ ʥʠʭ ʥʝ ʙʳʣʦ ʜʦʙʳʪʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʤʘʪʝʨʠʘʣʘ ʦʛʨʘʥʦʯʥʦʛʦ ʢʘʯʝʩʪʚʘ.  

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʟʳʚʘʣʩʷ çʙʠʢʩʙʠʪè, ʥʦ ʵʪʦ ʥʘʟʚʘʥʠʝ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʦ 

ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ï ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʝʛʦ ʧʫʪʘʥʠʮʳ ʩ ʙʠʢʩʙʠʠʪʦʤ [(Mn,Fe)2O3], ʨʝʜʢʠʤ 

ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʪʦʧʘʟʦʚʳʭ ʨʠʦʣʠʪʘʭ ʚ ʰʪʘʪʝ ʖʪʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʨʘʩʥʳʤ ʙʝʨʠʣʣʦʤ (Shigley et al., 2003). 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʦʙʣʘʜʘʝʪ ʢʨʘʡʥʝ ʫʩʪʦʡʯʠʚʦʡ ʦʢʨʘʩʢʦʡ, ʥʝ ʧʨʦʧʘʜʘʶʱʝʡ ʜʘʞʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʙʝʨʠʣʣʘ ʜʦ 1000Áʉ (Andersson, 2019). ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʮʚʝʪ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʤʝʩʷʤʠ 

Mn3+, ʟʘʤʝʱʘʶʱʠʤʠ Al ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ (Platonov et al., 1989). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʩʝ ʧʨʠʤʝʩʠ Mn ʚ ʪʝʤʥʦ-ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ ʠʟ ʰʪʘʪʘ ʖʪʘ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʠʜʝ Mn3+, ʠ ʪʦʣʴʢʦ 

ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ (ʦʙʦʟʥʘʯʝʥʥʦʝ ʢʘʢ ʪʠʧ II) ʥʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʥʝʥʘʨʫʰʝʥʥʦʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ (Fridrichov§ et al., 2018). ʉʠʛʥʘʣ ʦʪ Mn2+ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʜʣʷ ʪʝʤʥʦ-

ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʥʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚʦʦʙʱʝ, ʜʘʞʝ ʝʩʣʠ ʦʥ ʙʳʣ ʥʘʛʨʝʪ ʜʦ 1000ÁC (Andersson, 

2013). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ ʥʝʪ ʟʘʭʚʘʯʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʩʚʦʙʦʜʠʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ Mn3+ ʜʦ Mn2+.  

ʊʝʤʥʦ-ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ ʞʝʣʝʟʘ. ʆʥʠ ʩʫʱʝʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

Fe3+, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ Fe2+ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʝ (Fridrichov§ et al., 2018).  

ʆʙʣʫʯʝʥʠʝ ʠʦʥʦʚ Fe2+ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʝʨʠʣʣʘ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʥʦ ʚ 

ʪʝʤʥʦ-ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʦʪʩʫʪʩʪʚʫʝʪ. ʀʦʥʳ Fe3+ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ 

ʧʦʟʠʮʠʠ (Fridrichov§ et al., 2018).  

ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʙʳʣ ʠʟʚʣʝʯʝʥ ʠʟ ʪʦʧʘʟʦʚʳʭ ʨʠʦʣʠʪʦʚ ʚ ʰʪʘʪʝ ʖʪʘ, 

ʉʐɸ. ʕʪʠ ʨʠʦʣʠʪʳ ʦʙʦʛʘʱʝʥʳ ʬʪʦʨʦʤ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ Li, Rb, Cs, U, Th 

ʠ Be (Burt at al., 1982; Christiansen et al., 1983). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʝʛʦ ʨʠʦʣʠʪʘ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cs ʠ Rb. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ Li, ʭʦʪʷ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ EPMA, ʥʝ ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʤʝʪʦʜʦʤ SREF. ʆʜʥʘʢʦ ʧʨʠʩʫʪʩʪʚʠʝ Cs ʠ Rb ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʢʘʥʘʣʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Li ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ Be (Hawthorne, ĻernĨ, 1977). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʧʦʢʘʟʳʚʘʶʪ ʣʠʰʴ ʥʝʙʦʣʴʰʫʶ ʜʦʣʶ 

ʧʨʠʤʝʩʝʡ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʘʥʘʣʘʤʠ. ɺʦʜʘ ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʚ ʩʪʨʫʢʪʫʨʫ ʪʦʣʴʢʦ ʚ 

ʧʦʟʠʮʠʠ 2a, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʰʝʩʪʠʯʣʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʚʤʝʩʪʝ ʩ K, Rb ʠ 
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Cs, ʪʦʛʜʘ ʢʘʢ Na ʚʭʦʜʠʪ ʚ ʧʦʟʠʮʠʶ 2b ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʰʝʩʪʠʯʣʝʥʥʦʛʦ ʢʦʣʴʮʘ (Aurisicchio et 

al., 1994; Kolesov, Geiger, 2000; Fukuda et al., 2009). ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʧʦʢʘʟʳʚʘʝʪ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Na ʠ Rb (Gatta et al., 2022). ʂʨʘʩʥʳʡ 

ʙʝʨʠʣʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʝʥ H2O, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʙʝʨʠʣʣʘʤʠ (ʥʘʧʨʠʤʝʨ, Fridrichov§ et 

al., 2016; Henry et al., 2022), ʚʦʜʘ ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩ ʧʦʤʦʱʴʶ ʨʘʤʘʥʦʚʩʢʦʡ ʠʣʠ NIR-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʩʣʦʚʠʷʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ: ʚ ʤʦʤʝʥʪ ʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʧʘʨʦʚ ʛʘʟʘ ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʨʠʦʣʠʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʊ (ʜʦ 600ÁC, Shigley et al., 

2003) ʠ ʥʠʟʢʦʝ ʈ (Christiansen et al., 1997; Shinohara, 2008). ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʚʦʟʤʦʞʥʦ, ʙʳʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ HF ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚʦʜʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʧʘʟ, 

ʘʩʩʦʮʠʠʨʫʝʤʳʡ ʩ ʙʝʨʠʣʣʦʤ, ʠʤʝʝʪ ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʪʦʨʘ (20,37%) ʠ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ (0,19%) (Wood, Nassau, 1968). ʀʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʚʳʰʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ, ʦʙʲʷʩʥʷʶʱʝʡ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜ rʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ, ʚʧʣʦʪʴ ʜʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ, ʜʘʚʣʝʥʠʝ (Wood, Nassau, 1968; Fridrichov§ et al., 2018). 

ɹʝʩʮʚʝʪʥʳʡ ʙʝʨʠʣʣ. ɹʝʩʮʚʝʪʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʙʝʨʠʣʣʘ ʠʤʝʝʪ ʥʘʟʚʘʥʠʝ ʛʦʰʝʥʠʪ (ʦʪ 

ʛʦʨʦʜʘ ɻʦʰʝʥ ʚ ʰʪʘʪʝ ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ, ʛʜʝ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ). ɻʦʰʝʥʠʪ ʪʘʢʞʝ 

ʠʟʚʝʩʪʝʥ ʢʘʢ ʙʝʣʳʡ ʙʝʨʠʣʣ ʠʣʠ ʧʨʦʟʨʘʯʥʳʡ ʙʝʨʠʣʣ. ɻʦʰʝʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ʇʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʙʝʨʠʣʣʳ ʣʠʰʝʥʳ ʦʧʪʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ ʠ ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʶʚʝʣʠʨʥʦʡ ʮʝʥʥʦʩʪʠ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʛʦʰʝʥʠʪ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʝʥ ʚ ʙʝʨʠʣʣ ʪʠʧʘ ʤʘʢʩʠʩ 

(ʂʦʤʘʱʝʥʢʦ, 2011).  

1.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʙʝʨʠʣʣʘ ï ʤʠʥʝʨʘʣʘ ʩ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʫʣʦʡ 

Be3Al 2[Si6O18] ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʦʷʢʦ. ɽʝ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʡ ʤʦʪʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʝʞʘʱʠʝ ʚ ʧʣʦʩʢʦʩʪʠ { 0001}  ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʰʝʩʪʠʯʣʝʥʥʳʝ ʢʦʣʴʮʘ [Si6O18], ʧʦʵʪʦʤʫ ʤʠʥʝʨʘʣ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʥʦʩʷʪ ʢ ʢʦʣʴʮʝʚʳʤ ʩʠʣʠʢʘʪʘʤ. ʂʦʣʴʮʘ ʵʪʠ ʩʦʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ ʢʘʨʢʘʩʥʫʶ 

ʧʦʩʪʨʦʡʢʫ ʦʢʪʘʵʜʨʘʤʠ Al ʠ ʪʝʪʨʘʵʜʨʘʤʠ Be ʥʘ ʫʨʦʚʥʷʭ 3/4 ʠ 1/4 ʚʜʦʣʴ ʦʩʠ c. ʏʝʨʝʟ ʮʝʥʪʨʳ 

ʢʦʣʝʮ [Si6O18] ʧʨʦʭʦʜʠʪ ʦʩʴ 6-ʛʦ ʧʦʨʷʜʢʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʱʘʷʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʴʶ 

ʢʘʥʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʨʫʧʥʳʝ ʥʠʟʢʦʟʘʨʷʜʥʳʝ ʢʘʪʠʦʥʳ (Na, K, Rb, Cs, Ca) 

ʠ/ʠʣʠ ʤʦʣʝʢʫʣʳ H2O, ʠʥʦʛʜʘ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʝʨʠʣʣ 

ʠʥʘʯʝ, ʢʘʢ ʢʘʨʢʘʩʥʳʡ ʙʝʨʠʣʣʦʩʠʣʠʢʘʪ ʘʣʶʤʠʥʠʷ, ʧʨʠʯʝʤ ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʡ (ʇʝʢʦʚ, 2023). 



27 

ɺ ʩʣʫʯʘʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʙʝʨʠʣʣ ʙʫʜʝʪ ʧʨʦʟʨʘʯʥʦʛʦ 

ʠʣʠ ʙʝʣʦʛʦ ʮʚʝʪʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʦʢʨʘʩʢʝ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʝʛʦ 

ʩʦʩʪʘʚʝ. ɼʦʙʘʚʣʝʥʠʝ Cr, V, Mn ʠʣʠ Fe ʚ ʬʦʨʤʫʣʫ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʚ ʤʠʨʝ: ʟʝʣʝʥʦʛʦ ʠʟʫʤʨʫʜʘ (Cr, ÑV), ʨʦʟʦʚʦʛʦ 

ʤʦʨʛʘʥʠʪʘ (Mn), ʞʝʣʪʦʛʦ ʛʝʣʠʦʜʦʨʘ (Fe) ʠ ʛʦʣʫʙʦʛʦ (ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʨʘʩʢʠ) ʘʢʚʘʤʘʨʠʥʘ (Fe). ʂʦʣʠʯʝʩʪʚʦ ʠ ʚʘʣʝʥʪʥʦʩʪʴ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʠʮʠʷ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʜʣʷ ʮʚʝʪʘ ʙʝʨʠʣʣʘ. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʮʚʝʪ ʤʠʥʝʨʘʣʘ) ʠ ʜʨʫʛʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʨʘʙʦʪʝ 

(ʌʝʢʣʠʯʝʚ, 1964).  
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ɻʃɸɺɸ 2 ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʀ ʇʈʆʗɺʃɽʅʀʁ ɹɽʈʀʃʃɸ 

ʍʦʪʷ Be ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʦʤ (47-ʦʝ ʤʝʩʪʦ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ), ʙʝʨʠʣʣ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤ (ʨʫʜʥʳʤ, 

ʘʢʮʝʩʩʦʨʥʳʤ ʠ ʪ.ʧ.) ʤʠʥʝʨʘʣʦʤ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚ ʛʨʘʥʠʪʘʭ, 

ʧʝʛʤʘʪʠʪʘʭ, ʩʢʘʨʥʘʭ, ʩʣʘʥʮʘʭ, ʨʠʦʣʠʪʘʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣʘʭ. ʇʨʠʩʫʪʩʪʚʠʝ ʙʝʨʠʣʣʘ ʚ 

çʢʠʩʣʦʡè (ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ) ʩʠʩʪʝʤʝ ʷʚʣʷʝʪʩʷ ʨʘʥʥʠʤ ʧʨʠʟʥʘʢʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʊʘʤ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ ʙʝʨʠʣʣ, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʜʨʫʛʠʝ 

ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ (ʢʨʠʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ). 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʙʝʨʠʣʣʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʘ ʩ ʬʪʦʨʦʤ, ʩ ʢʦʪʦʨʳʤ ʦʥ 

ʦʙʨʘʟʫʝʪ ʚʝʩʴʤʘ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ [BeF4]
2-, [BeF3]

1-, [BeF2]
0, [BeF]1+. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʱʸʣʦʯʥʦʩʪʠ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʣʝʛʢʦ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʜʦ ʩʦʝʜʠʥʝʥʠʡ [Be(OH)F]0, 

[Be(OH)2F]1-, ʚ ʚʠʜʝ ʢʦʪʦʨʳʭ ʙʝʨʠʣʣʠʡ ʤʠʛʨʠʨʫʝʪ. ʌʪʦʨ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʛʣʘʚʥʦʛʦ ʵʢʩʪʨʘʢʪʦʨʘ 

ʙʝʨʠʣʣʠʷ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʛʤ ʠ ʥʘʢʦʧʣʝʥʠʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʟʘʭ ʠ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʡ ʧʝʛʤʘʪʠʪʦʚʦʡ ʤʘʛʤʝ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʧʝʨʝʥʦʩʯʠʢʘ ʚ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ (ɻʠʥʟʙʫʨʛ, 1977). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʝʨʝʥʦʩʝ ʙʝʨʠʣʣʠʷ 

ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʬʪʦʨʢʘʨʙʦʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʪʘʢ ʢʘʢ ʙʝʨʠʣʣʠʝʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʛʣʫʙʠʥʥʦʩʪʠ, ʚʘʨʠʘʮʠʷʭ ʩʦʩʪʘʚʘ ʨʫʜʦʥʦʩʥʦʡ ʤʘʛʤʳ ʠ ʚʦʟʨʘʩʪʘ 

(ʂʫʧʨʠʷʥʦʚʘ, 2015). 

ɹʝʨʠʣʣ ʦʙʨʘʟʫʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʥʦ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʙʝʨʠʣʣʘ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɻʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʠʜʝʘʣʴʥʦʡ ʬʦʨʤʫʣʳ ʙʝʨʠʣʣʘ, ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʧʝʪʨʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʟʝʤʥʦʡ ʢʦʨʳ: Al, Si ʠ O ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʉʘʤʳʤ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʬʦʨʤʫʣʝ ʠʜʝʘʣʴʥʦʛʦ ʙʝʨʠʣʣʘ ʷʚʣʷʝʪʩʷ Be, ʢʦʪʦʨʳʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ, ʩʦʜʝʨʞʠʪʩʷ ʪʘʤ ʚ ʩʨʝʜʥʝʤ ʥʘ ʫʨʦʚʥʝ ʚʩʝʛʦ 1.5 ppm 

(Taylor, McLennan, 2001). ɼʘʞʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʩʦʜʝʨʞʘʥʠʝ Be 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʚʩʝʛʦ 2.1 ppm (Rudnick, Gao, 2003). ɺ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʙʝʨʠʣʣ ʥʝ 

ʤʦʞʝʪ ʥʘʯʘʪʴ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʘʩʧʣʘʚ ʥʝ ʬʨʘʢʮʠʦʥʠʨʫʝʪʩʷ ʜʦ ~70 ppm Be, 

ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʘʙʦʪʘʤ ʩ ʧʝʛʤʘʪʠʪʦʤ ʧʨʠ 700ÁC, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚ (London, 

Evensen, 2002). ʀʟ-ʟʘ ʜʝʬʠʮʠʪʘ Be ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʨʦʜ ʟʝʤʥʦʡ ʢʦʨʳ ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ, ʧʨʝʞʜʝ ʯʝʤ ʙʫʜʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʨʠʣʣʘ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʛʨʘʥʠʪʘʭ, ʧʝʛʤʘʪʠʪʘʭ, ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 
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(Groat et al., 2008). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʨʠʣʣʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʥ ʦʙʨʘʟʫʝʪʩʷ (Henry, 2022).  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʷʭ. ʊʘʢ, ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ 

ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʙʝʨʠʣʣʠʷ ɸ.ɸ. ɹʝʫʩ (1960) ʧʨʝʜʣʘʛʘʝʪ 14 ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʙʝʨʠʣʣʘ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥr ʝ 

ʛʝʥʝʨʘʮʠʠ ʙʝʨʠʣʣʘ (ʪʘʙʣʠʮʘ 2.1.1) 

ʊʘʙʣʠʮʘ 2.1.1 ï ʊʠʧʳ ʛʣʘʚʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ (ʚ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʠʷ, ʧʦ ɹʝʫʩʫ, 1960) 

ʊʠʧʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʙʝʨʠʣʣʘ 

ɺʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ 

ʇʘʨʘʛʝʥʝʟʠʩ 

ʄʝʩʪʦʨʦʞ-

ʜʝʥʠʝ ɻʣʘʚʥʳʝ 

ʤʠʥʝʨʘʣʳ 

ʉʚʷʟʘʥʥʳʝ 

ʨʝʜʢʦʤʝʪʘʣʣɹ-

ʥʳʝ ʤʠʥʝʨʘʣʳ 

I. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʘʭ 

ʄʠʘʨʦʣʦʥʦʩʥʳʝ 

ʰʣʠʨʦʚʠʜʥʳʝ 

ʧʝʛʤʘʪʠʪʳ 

ɻʨʘʥʠʪʳ, ʛʥʝʡʩʦ-

ʛʨʘʥʠʪʳ 

ʄʠʢʨʦʢʣʠʥ, 

ʢʚʘʨʮ, ʘʣʴʙʠʪ 

ʌʝʥʘʢʠʪ ɹʨʘʟʠʣʠʷ, ʰʪʘʪ 

ʄʠʥʘʩ-ɾʝʨʘʡʩ 

ɹʣʦʢʦʚʳʝ ʠ 

ʧʦʣʥʦʜʠʬʬʝʨʝʥʮʠ

ʨʦʚʘʥʳʝ 

ʤʫʩʢʦʚʠʪ-

ʤʠʢʨʦʢʣʠʥʦʚʳʝ 

ʧʝʛʤʘʪʠʪʳ 

ɻʨʘʥʠʪʳ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʢʨʦʚʣʠ 

ʠʥʪʨʫʟʠʚʦʚ 

ʄʠʢʨʦʢʣʠʥ, 

ʢʚʘʨʮ, 

ʤʫʩʢʦʚʠʪ, 

ʘʣʴʙʠʪ, ʰʝʨʣ, 

ʬʦʩʬʘʪʳ 

ʌʝʥʘʢʠʪ, 

ʙʝʨʪʨʘʥʜʠʪ, 

ʭʨʠʟʦʙʝʨʠʣʣ, 

ʛʝʨʜʝʨʠʪ, 

ʙʝʨʠʣʣʦʥʠʪ, 

ʪʨʠʬʝʣʠʥ, 

ʢʦʣʫʤʙʠʪ-

ʪʘʥʪʘʣʠʪ, 

ʮʠʪʨʦʣʠʪ 

ɹʨʘʟʠʣʠʷ, 

ʰʪʘʪʳ ʈʠʫ-

ɻʨʘʜʠ ʜʫ 

ʅʦʨʪʠ, 

ʇʘʨʠʘʙʘ; 

ʀʥʜʠʷ, 

ʈʘʜʞʘʩʪʘʥ 

ɿʘʤʝʱʝʥʥʳʝ 

ʧʝʛʤʘʪʠʪʳ 

 

 ʄʫʩʢʦʚʠʪ-

ʘʣʴʙʠʪʦʚʳʝ ʠ 

ʘʣʴʙʠʪʦʚʳʝ  

 

 

 

 

 

 

ʉʧʦʜʫʤʝʥ-

ʘʣʴʙʠʪʦʚʳʝ ʠ 

ʣʝʧʠʜʦʣʠʪ-

ʘʣʴʙʠʪʦʚʳʝ 

 

 

 

ɻʨʘʥʠʪʳ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʢʨʦʚʣʠ 

ʠʥʪʨʫʟʠʚʦʚ 

 

 

 

 

ʊʦ ʞʝ 

 

 

 

ɸʣʴʙʠʪ, ʢʚʘʨʮ, 

ʤʫʩʢʦʚʠʪ, 

ʩʧʝʩʩʘʨʪʠʥ, 

ʪʫʨʤʘʣʠʥ 

 

 

 

 

 

ɸʣʴʙʠʪ, ʢʚʘʨʮ, 

ʤʫʩʢʦʚʠʪ, 

ʧʦʣʠʭʨʦʤʥʳʝ 

ʪʫʨʤʘʣʠʥʳ, 

ʩʧʝʩʩʘʨʪʠʥ 

 

 

 

ɹʝʨʪʨʘʥʜʠʪ, 

ʛʝʨʜʝʨʠʪ, 

ʙʝʨʠʣʣʦʥʠʪ, 

ʣʠʪʦʬʠʣʣʠʪ, 

ʢʦʣʫʤʙʠʪ, 

ʪʘʥʪʘʣʠʪ 

 

 

ɻʝʨʜʝʨʠʪ, 

ʙʝʨʠʣʣʦʥʠʪ, 

ʬʝʥʘʢʠʪ, 

ʩʧʦʜʫʤʝʥ, 

ʣʝʧʠʜʦʣʠʪ, 

ʧʝʪʘʣʠʪ, 

ʣʠʪʦʬʠʣʣʠʪ, 

ʧʦʣʣʫʮʠʪ, 

ʢʦʣʫʤʙʠʪ-

ʪʘʥʪʘʣʠʪ 

 

 

 

ʉʐɸ, ʰʪʘʪ 

ʂʦʥʥʝʢʪʠʢʫʪ; 

ɸʚʩʪʨʘʣʠʷ, 

ɺʦʜʞʠʥʘ 

 

 

 

 

 

ʉʐɸ, ʰʪʘʪ 

ʅʴ-ʁʄʝʢʩʠʢʦ; 

ʖʛʦ-ɿʘʧʘʜʥʘʷ 

ɸʬʨʠʢʘ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1.1 

ʇʝʛʤʘʪʠʪʳ ʣʠʥʠʠ 

ʩʢʨʝʱʠʚʘʥʠʷ 

ʋʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʧʦʨʦʜʳ 

ʇʣʘʛʠʦʢʣʘʟʳ 

(ˉ18-40), 

ʬʣʦʛʦʧʠʪ, 

ʙʠʦʪʠʪ, ʢʚʘʨʮ, 

ʬʣʶʦʨʠʪ 

ʀʟʫʤʨʫʜ, 

ʬʝʥʘʢʠʪ, 

ʭʨʠʟʦʙʝʨʠʣʣ, 

ʙʘʚʝʥʠʪ, Be-

ʤʘʨʛʘʨʠʪ 

ɸʬʨʠʢʘ, 

ʊʨʘʥʩʚʘʘʣʴ 

(ʉʦʤʝʨʩʝʪ 

ʄʘʡʥ) 

II. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʧʥʝʚʤʘʪʦʣʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɹʝʨʠʣʣʦʥʦʩʥʳʝ 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥ

ʳʝ ʠ 

ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʳ

ʝ ʛʨʘʥʠʪʳ 

ɻʨʘʥʠʪʳ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ 

ʂʚʘʨʮ, ʘʣʴʙʠʪ, 

ʤʫʩʢʦʚʠʪ, 

ʤʠʢʨʦʢʣʠʥ, 

ʬʣʶʦʨʠʪ, 

ʪʦʧʘʟ, 

ʪʫʨʤʘʣʠʥ 

ɹʝʨʪʨʘʥʜʠʪ, 

ʬʝʥʘʢʠʪ, 

ʚʦʣʴʬʨʘʤʠʪ 

ʉʐɸ, ʰʪʘʪʳ 

ɸʨʠʟʦʥʘ, 

(ʍʠʣʣʩʘʡʜ), 

ʖʪʘ, (ʐʠʧ-

ʈʦʢ) 

ɻʨʝʡʟʝʥʳ 

 

ɺ ʛʨʘʥʠʪʘʭ 

 

 

 

 

 

 

ɺ ʛʨʘʥʦʜʠʦʨʠʪʘʭ 

 

 

ɻʨʘʥʠʪʳ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ 

 

 

 

 

 

ɻʨʘʥʦʜʠʦʨʠʪʳ 

 

 

ʂʚʘʨʮ, ʘʣʴʙʠʪ, 

ʤʫʩʢʦʚʠʪ, 

ʪʦʧʘʟ, 

ʬʣʶʦʨʠʪ 

 

 

 

ɸʣʴʙʠʪ, 

ʤʫʩʢʦʚʠʪ, 

ʢʚʘʨʮ, 

ʬʣʶʦʨʠʪ, 

ʤʠʢʨʦʢʣʠʥ 

 

 

ɹʝʨʪʨʘʥʜʠʪ, 

ʬʝʥʘʢʠʪ, ʙʘʚʝʥʠʪ, 

ʛʝʣʴʚʠʥ, 

ʢʘʩʩʠʪʝʨʠʪ, 

ʚʦʣʴʬʨʘʤʠʪ 

 

 

ʎʠʥʥʚʘʣʴʜʠʪ, 

ʬʝʥʘʢʠʪ, 

ʙʝʨʪʨʘʥʜʠʪ 

 

 

ʉʐɸ, ʰʪʘʪʳ 

ɸʨʠʟʦʥʘ, 

ɺʘʡʦʤʠʥʛ; 

ɸʨʛʝʥʪʠʥʘ, 

ʧʨʦʚʠʥʮʠʷ 

ʉʘʥ-ʃʫʠʩ  

 

ʉʉʉʈ, ʉʠʙʠʨʴ 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫ

ʨʥʳʝ ʢʚʘʨʮʝʚʳʝ 

ʞʠʣʳ ʩ ʜʨʫʛʠʤʠ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠ

ʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ɻʨʘʥʠʪʳ ʠ 

ʚʤʝʱʘʶʱʠʝ ʠʭ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ 

ʧʦʨʦʜʳ 

ʂʚʘʨʮ, ʧʦʣʝʚʦʡ 

ʰʧʘʪ, 

ʤʫʩʢʦʚʠʪ, 

ʬʣʶʦʨʠʪ 

ɹʝʨʪʨʘʥʜʠʪ, 

ʬʝʥʘʢʠʪ, ʛʝʣʴʚʠʥ, 

ʚʦʣʴʬʨʘʤʠʪ, 

ʢʘʩʩʠʪʝʨʠʪ, 

ʤʦʣʠʙʜʝʥʠʪ 

ʉʐɸ, ʰʪʘʪʳ 

ʖʞʥʘʷ 

ɼʘʢʦʪʘ, 

ɺʘʡʤʦʥʛ, ʅʴʶ-

ʄʝʢʩʠʢʦ, 

ɸʨʛʝʥʪʠʥʘ, 

ʧʨʦʚʠʥʮʠʷ 

ʉʘʥ-ʃʫʠʩ ʠ 

ʂʦʨʜʦʙʘ 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫ

ʨʥʳʝ ʩʣʶʜʠʩʪʦ-

ʢʚʘʨʮ-

ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ 

ʩʣʶʜʠʪʦʚʳʝ ʞʠʣʳ 

ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜʘʭ 

ʀʟʤʝʥʝʥʥʳʝ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʧʦʨʦʜʳ 

ʇʣʘʛʠʦʢʣʘʟ, 

ʢʚʘʨʮ, 

ʬʣʦʛʦʧʠʪ, 

ʙʠʦʪʠʪ, 

ʬʣʶʦʨʠʪ, 

ʭʣʦʨʠʪ, 

ʘʢʪʠʥʦʣʠʪ 

ʍʨʠʟʦʙʝʨʠʣʣ, 

ʬʝʥʘʢʠʪ, ʙʘʚʝʥʠʪ, 

ʚʦʣʴʬʨʘʤʠʪ 

ɽʛʠʧʝʪ, ɼʝʙʝʣ, 

ɿʘʙʘʨʘ; 

ɸʚʩʪʨʘʣʠʷ, 

ʇʫʫʥʘ 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥ

ʳʝ ʢʘʨʙʦʥʘʪʥʳʝ 

ʞʠʣʳ 

ɹʠʪʫʤʠʥʦʟʥʳʝ 

ʠʟʚʝʩʪʥʷʢʠ 

ʂʘʣʴʮʠʪ ɻʝʣʴʚʠʥ, ʧʘʨʠʟʠʪ ʂʦʣʫʤʙʠʷ 

(ʄʶʟʦ); 

ɹʨʘʟʠʣʠʷ (ɹʦʤ 

ʀʝʟʫʩ ʜʦʩ 

ʄʝʡʨʘʩ) 

 



31 

ʂʨʦʤʝ ʨʘʩʰʠʨʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ɸ. ɹʝʫʩʘ, ʪʘʢʞʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʜʝʣʝʥʠʷ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ hʝʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ (ʪʘʙʣʠʮʘ 2.1.2), ʚ ʢʦʪʦʨʳʭ 

ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʙʝʨʠʣʣ (ʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚ, 1989). 

ʊʘʙʣʠʮʘ 2.1.2 ï ɻʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ (ʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚ, 1989). 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ 

ʈʫʜʥʳʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ 

ʬʦʨʤʘʮʠʠ 

ʇʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ 

ʀʟʤʝʥʝʥʥʳʝ ʛʨʘʥʠʪʳ ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʛʨʘʥʠʪʳ ɸʣʴʙʠʪ, ʢʚʘʨʮ, ʂʇʐ, ʤʫʩʢʦʚʠʪ, 

ʮʠʥʥʚʘʣʴʜʠʪ 

ʄʝʪʘʩʦʤʘʪʠʪʳ ʟʦʥ 

ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ  

ʇʦʣʝʚʦʰʧʘʪʦʚʳʝ 

ʤʝʪʘʩʦʤʘʪʠʪʳ 

ɸʣʴʙʠʪ, ʂʇʐ, ʢʚʘʨʮ 

ʇʝʛʤʘʪʠʪʳ ʉʣʶʜʦʥʦʩʥʳʝ ʂʚʘʨʮ, ʘʣʴʙʠʪ, ʂʇʐ, ʤʫʩʢʦʚʠʪ 

ʈʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ɸʣʴʙʠʪ, ʣʝʧʠʜʦʣʠʪ, ʧʦʣʠʭʨʦʤʥʳʡ 

ʪʫʨʤʘʣʠʥ, ʘʤʙʣʠʛʦʥʠʪ, ʪʘʥʪʘʣʠʪ ʠ 

ʜʨ. 

ʍʨʫʩʪʘʣʝʥʦʩʥʳʝ 

(ʤʠʘʨʦʣʦʚʳʝ) 

ɸʣʴʙʠʪ, ʂʇʐ, ʪʦʧʘʟ, ʪʫʨʤʘʣʠʥ 

ʉʢʘʨʥʳ ɹʝʨʠʣʣʠʝʥʦʩʥʳʝ 

ʛʨʝʡʟʝʥʠʟʠʨʦʚʘʥʥʳʝ 

ʄʘʛʥʝʪʠʪ, ʬʣʶʦʨʠʪ, 

ʧʨʦʪʦʣʠʪʠʦʥʠʪ, ʤʫʩʢʦʚʠʪ, 

ʭʨʠʟʦʙʝʨʠʣʣ 

ɻʨʝʡʟʝʥʳ ʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʧʣʫʪʦʥʦʛʝʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ʂʦʤʧʣʝʢʩʥʳʝ ʢʚʘʨʮʝʚʦ-

ʞʠʣʴʥʳʝ 

 

ɺʦʣʴʬʨʘʤʠʪ, ʤʦʣʠʙʜʝʥʠʪ, 

ʢʘʩʩʠʪʝʨʠʪ, ʤʫʩʢʦʚʠʪ, ʪʦʧʘʟ, 

ʮʠʥʥʚʘʣʴʜʠʪ 

ʉʣʶʜʠʩʪʦ-ʬʣʶʦʨʠʪ-

ʙʝʨʠʣʣʦʚʳʝ 

 

ʄʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ, ʬʣʶʦʨʠʪ, 

ʘʣʴʙʠʪ 

ʀʟʫʤʨʫʜʦʥʦʩʥʳʝ ʩʣʶʜʠʪʳ  ʌʣʦʛʦʧʠʪ, ʦʣʠʛʦʢʣʘʟ, ʢʚʘʨʮ, 

ʬʣʶʦʨʠʪ, ʬʫʢʩʠʪ, ɺʝ-ʤʘʨʛʘʨʠʪ 

ʀʟʫʤʨʫʜʥʳʝ ʞʠʣʳ ʚ ʯʝʨʥʳʭ 

ʩʣʘʥʮʘʭ 

ʂʘʨʙʦʥʘʪ, ʢʚʘʨʮ, ʬʣʶʦʨʠʪ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʝ 

ʇʫʩʪʦʪʳ ʚ ʨʠʦʣʠʪʘʭ ʂʚʘʨʮ, ʪʦʧʘʟ, ʙʠʢʩʙʠʠʪ, 

ʩʧʝʩʩʘʨʪʠʥ, ʪʨʠʜʠʤʠʪ, ʛʝʤʘʪʠʪ, 

ʠʣʴʤʝʥʠʪ, ʢʘʣʴʮʠʪ, ʬʣʶʦʨʠʪ 

ʇʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʨʫʜʥʳʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʪʠʧʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʙʝʨʠʣʣʘ, ʠʟʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʝ. 

2.1 ʇʝʛʤʘʪʠʪʳ  

ɹʝʨʠʣʣ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʝʛʤʘʪʠʪʘʭ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʚ ʤʠʨʝ 

ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʩ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʝʛʤʘʪʠʪʘʭ. ɸʢʚʘʤʘʨʠʥ 
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ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʪʠʧʘʭ ʧʝʛʤʘʪʠʪʦʚ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʨʫʛʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʩʪʘʥʦʚʢʘʤ. ɻʝʣʠʦʜʦʨ, ʛʦʰʝʥʠʪ ʠ ʚʦʨʦʙʴʝʚʠʪ (ʤʦʨʛʘʥʠʪ) ʦʙʨʘʟʫʶʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʧʝʛʤʘʪʠʪʦʚ. ʇʝʛʤʘʪʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʣʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʧʦʨʦʜ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. 

ʇʝʛʤʘʪʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʦʚ, ʦʪ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʜʦ ʤʥʦʛʠʭ ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ. ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʝʛʤʘʪʠʪʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʤʝʨʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʘʯʘʩʪʫʶ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ.  

ʆʙʱʝʧʨʠʥʷʪʦ, ʯʪʦ ʧʝʛʤʘʪʠʪʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʥʳʭ ʧʣʫʪʦʥʦʚ ʠʣʠ ʠʟ ʘʥʘʪʝʢʪʠʯʝʩʢʠʭ ʛʨʘʥʠʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚʦ ʚʨʝʤʷ ʤʝʪʘʤʦʨʬʠʟʤʘ (Simmons, Webber, 2008). ʂʨʦʤʝ ʪʦʛʦ, ʣʝʪʫʯʠʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ H2O, F, B, P ʠ Li, ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʭ ʫʥʠʢʘʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʧʝʛʤʘʪʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: (1) ʦʩʪʘʪʦʯʥʳʝ 

ʧʝʛʤʘʪʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʦʙʦʛʘʱʝʥʳ ʣʝʪʫʯʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʥʝ ʩʪʦʣʴʢʦ ʚʦʜʦʡ ï ʦʥʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʚʦʜʦʥʘʩʳʱʝʥʥʳʤʠ ï ʩʢʦʣʴʢʦ ʬʪʦʨʦʤ, ʭʣʦʨʦʤ, ʙʦʨʦʤ, ʬʦʩʬʦʨʦʤ ʠ ʜʨ.); (2) ʣʝʪʫʯʠʝ 

ʷʚʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ-ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ. ʆʥʠ ʨʘʟʨʳʚʘʶʪ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʝ ʮʝʧʦʯʢʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʜʝʪ ʧʦʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ; (3) 

ʩʦʯʝʪʘʥʠʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʥʫʢʣʝʘʮʠʠ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʠʭ ʨʦʩʪʘ ʜʘʝʪ 

ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʦʮʝʥʢʘʤ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣ (ʩʦʪʥʠ ï ʪʳʩʷʯʠ, ʤʦʞʝʪ ʙʳʪʴ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʣʝʪ, 

ʥʘʧʨʠʤʝʨ, London, 2005, 2008, 2015). 

ʍʦʪʷ ʧʝʛʤʘʪʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤʠ ʧʣʫʪʦʥʘʤʠ, ʠʭ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʤʝʨ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ. ʇʨʦʩʪʳʝ ʧʝʛʤʘʪʠʪʦʚʳʝ ʪʝʣʘ 

ʤʦʛʫʪ ʙʳʪʴ ʰʠʨʠʥʦʡ ʤʝʥʝʝ ʤʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʫʟʢʠʝ ʜʘʡʢʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ. ʂʨʫʧʥʳʝ ʧʝʛʤʘʪʠʪʦʚʳʝ ʞʠʣʳ ʤʦʛʫʪ ʙʳʪʴ ʦʛʨʦʤʥʳʤʠ, ʩʦʪʥʠ ʤʝʪʨʦʚ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ, ʠʟ ʧʦʜʦʙʥʳʭ ʠ ʜʦʙʳʚʘʣʠʩʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ (Glover 

et al., 2012).  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʘʷ ʙʘʟʦʚʘʷ 

ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʝʛʤʘʪʠʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʇ. ʏʝʨʥʠ (ĻernĨ, 1991) ʠ ʧʦʟʜʥʝʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʵʪʠʤ ʘʚʪʦʨʦʤ (ĻernĨ, Ercit, 2005). ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʝʛʤʘʪʠʪʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʛʣʫʙʠʥʝ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʪ ʩʘʤʳʭ ʛʣʫʙʠʥʥʳʭ ʜʦ ʩʘʤʳʭ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʨʠʩʫʥʦʢ 2.1.1). ɺʳʜʝʣʷʶʪʩʷ ʢʣʘʩʩʳ ʘʙʠʩʩʘʣʴʥʳʭ, ʤʫʩʢʦʚʠʪʦʚʳʭ, 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ. ʂʣʘʩʩʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠ ʤʠʘʨʦʣʦʚʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʨʘʟʙʠʪʳ ʥʘ ʩʝʤʝʡʩʪʚʘ LCT (Li-Cs-Ta) ʠ NYF (Nb-Y-F), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 
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ʪʘʙʣʠʮʝ 2.1.3. ʉʝʤʝʡʩʪʚʦ LCT ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʙʝʨʠʣʣʦʚʳʡ, ʢʦʤʧʣʝʢʩʥʳʡ 

(ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ), ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʡ ʠ ʘʣʴʙʠʪʦʚʳʡ ʪʠʧʳ.  

ʇʦʢʘʟʘʥʳ 5 ʢʣʘʩʩʦʚ ʧʝʛʤʘʪʠʪʦʚ: ʘʙʠʩʩʘʣʴʥʳʝ, ʤʫʩʢʦʚʠʪʦʚʳʝ, ʤʫʩʢʦʚʠʪ-

ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʝ, ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʝ ʠ ʤʠʘʨʦʣʦʚʳʝ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʛʤʘʪʠʪʦʚ. ʊʝʤʥʦ-ʩʝʨʘʷ ʧʦʣʦʩʘ ï ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ 

ʘʥʜʘʣʫʟʠʪ-ʩʠʣʣʠʤʘʥʠʪ-ʢʠʘʥʠʪ, ʪʦʣʩʪʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʩʧʦʜʫʤʝʥ-ʧʝʪʘʣʠʪ 

 

 

ʈʠʩʫʥʦʢ 2.1.1 ï P-T ʜʠʘʛʨʘʤʤʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʛʤʘʪʠʪʦʚ ʧʦ (Ļerny, 

1991).  

ɹʝʨʠʣʣʦʚʳʡ ʪʠʧ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʜʪʠʧʳ: ʙʝʨʠʣʣ-ʢʦʣʫʤʙʠʪʦʚʳʡ ʠ ʙʝʨʠʣʣ-

ʢʦʣʫʤʙʠʪ-ʬʦʩʬʘʪʥʳʡ. ʂʦʤʧʣʝʢʩʥʳʡ ʪʠʧ ʚʢʣʶʯʘʝʪ ʧʦʜʪʠʧʳ: ʩʧʦʜʫʤʝʥʦʚʳʡ, ʧʝʪʘʣʠʪʦʚʳʡ, 

ʣʝʧʠʜʦʣʠʪʦʚʳʡ, ʵʣʴʙʘʠʪʦʚʳʡ ʠ ʘʤʙʣʠʛʦʥʠʪʦʚʳʡ. ʉʝʤʝʡʩʪʚʦ NYF ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʪʠʧ, ʧʦʜʪʠʧʳ: ʘʣʣʘʥʠʪ-ʤʦʥʘʮʠʪʦʚʳʡ, ʵʚʢʩʝʥʠʪʦʚʳʡ ʠ ʛʘʜʦʣʠʥʠʪʦʚʳʡ. 

ʅʘʟʚʘʥʠʷ ʧʦʜʪʠʧʦʚ ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʤʠʥʝʨʘʣʦʛʠʠ ʜʘʥʥʦʛʦ ʧʝʛʤʘʪʠʪʘ, ʠ ʚ 

ʧʦʜʪʠʧʘʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʢʚʦʟʥʳʝ ʤʠʥʝʨʘʣʳ. ɹʦʣʝʝ ʧʦʟʜʥʷʷ ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ 

ʧʦʜʪʠʧʘʤʠ ʜʦʙʘʚʠʣʘ ʜʝʪʘʣʠ ʢ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʞʜʦʛʦ ʩʝʤʝʡʩʪʚʘ ʠ ʩʤʝʰʘʥʥʦʝ 

ʩʝʤʝʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʯʝʨʪʳ ʧʝʛʤʘʪʠʪʦʚ LCT ʠ NYF. ʉʝʤʝʡʩʪʚʦ LCT, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʦʛʘʱʝʥʦ Li, Rb, Cs, Be, Sn, Ga, B, P, F ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ Ta > Nb. LCT-

ʧʝʛʤʘʪʠʪʳ ʩʚʷʟʘʥʳ ʩ ʦʨʦʛʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʩʠʥʦʨʦʛʝʥʥʳʤʠ ʠʣʠ ʧʦʟʜʥʝʦʨʦʛʝʥʥʳʤʠ) ʩ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʧʣʶʤʘʟʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ. 
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ʉʝʤʝʡʩʪʚʦ NYF, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʦʛʘʱʝʥʦ Ti, Y, Sc, REE, Zr, U, Th, F ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Nb > Ta; ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʘʥʦʨʦʛʝʥʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ ʠ ʛʨʘʥʠʪʘʤʠ A-ʪʠʧʘ (ĻernĨ, 

1991; ĻernĨ, Ercit, 2005). ʇʦʩʢʦʣʴʢʫ ʪʨʫʜʥʦ ʦʮʝʥʠʪʴ ʚʘʣʦʚʫʶ ʛʝʦʭʠʤʠʶ ʤʥʦʛʠʭ ʧʝʛʤʘʪʠʪʦʚ ʠʟ-

ʟʘ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʣʝʟʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʝʛʤʘʪʠʪʦʚ. 

ʊʘʙʣʠʮʘ 2.1.3 ï ɻʣʫʙʠʥʥʦ-ʟʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʧʦ ʜʘʥʥʳʤ 

(Ļerny, Ercit, 2005) ʩ ʫʪʦʯʥʝʥʠʷʤʠ (Ļerny et al., 2012) 

ʂʣʘʩʩ 

ʈ-ʊ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ 

ʇʦʜʢʣʘʩʩ 

ʍʘʨʘʢʪʝʨʥʳʝ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ 

ʊʠʧ ʇʦʜʪʠʧ ʉʝʤʝʡʩʪʚʦ 

ɸʙʠʩʩʘʣʴʥʳʝ 

(ʛʣʫʙʠʥʥʳʝ) 

9-4 ʢʙʘʨ 

700-800 Áʉ 

AB ï 

HREE 

U, Th, Zr, Ti, Nb, 

Y, LREE, HREE 

  Nb-Y-F 

AB - 

LREE 

Nb-Y-F 

AB - U Nb-Y-F 

AB - Be Li -Cs-Ta 

ʄʫʩʢʦʚʠʪʦʚʳʝ 
8-5 ʢʙʘʨ 

650-580 Áʉ 

 Ca, Ba, Sr, Fe>Mn    

ʄʫʩʢʦʚʠʪï 

ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʝ 

7-3 ʢʙʘʨ 

650-520 Áʉ 

ʩ REE Be, Y, REE, Ti, U, 

Th, Nb-Ta 

 

  Nb-Y-F 

 

c Li Li, Be, Nb Li -Cs-Ta 

ʈʝʜʢʦʵʣʝʤʝʥʪʥʳʝ 
4-2 ʢʙʘʨ 

650-420 Áʉ 

ʩ REE 

Be, Y, REE, Ti, U, 

Th, Nb>Ta, F 

ɸʣʣʘʥʠʪ-

ʤʦʥʘʮʠʪʦʚʳʝ 

 

 Nb-Y-F 

 

ʕʚʢʝʥʠʪʦʚʳʝ 

 

 Nb-Y-F 

 

ɻʘʜʦʣʠʥʠʪʦʚʳʝ 

 

 Nb-Y-F 

 

ʩ Li  

Li, Rb, Cs, Be, Ga, 

Sn, Hf, Nb 

ɹʝʨʠʣʣʦʚʳʝ ɹʝʨʠʣʣ-

ʢʦʣʫʤʙʠʪʦʚʳʝ  

Li -Cs-Ta 

ɹʝʨʠʣʣ-

ʢʦʣʫʤʙʠʪʦʚʳʝ- 

ʬʦʩʬʘʪʥʳʝ 

Li -Cs-Ta 

ʂʦʤʧʣʝʢʩʥʳʝ ʉʧʦʜʫʤʝʥʦʚʳʝ Li -Cs-Ta 

ʇʝʪʘʣʠʪʦʚʳʝ Li -Cs-Ta 

ʃʝʧʠʜʦʣʠʪʦʚʳʝ Li -Cs-Ta 

ʕʣʴʙʘʠʪʦʚʳʝ Li -Cs-Ta 

ɸʤʙʣʠʛʦʥʠʪʦʚʳʝ Li -Cs-Ta 

ɸʣʴʙʠʪ-

ʉʧʦʜʫʤʝʥʦʚʳʝ 

 Li -Cs-Ta 

ɸʣʴʙʠʪʦʚʳʡ  Li -Cs-Ta 

ʄʠʘʨʦʣʠʪʦʚʳʝ 

(ʤʠʘʨʦʣʦʚʳʝ) 

3-1.5 ʢʙʘʨ 

500-400 Áʉ 

ʩ REE 

Be, Y, Nb, REE, F, 

Ti, U, Th, Zr 

ʊʦʧʘʟ-ʙʝʨʠʣʣʦʚʳʝ 

ɻʘʜʦʣʠʥʠʪ-

ʬʝʨʛʫʩʦʥʠʪʦʚʳʝ 

 Nb-Y-F 

Nb-Y-F 

ʩ Li  

Li, Be, B, F, 

Ta>Nb 

ɹʝʨʠʣʣ-ʪʦʧʘʟʦʚʳʝ  Li -Cs-Ta 

ʉʧʦʜʫʤʝʥʦʚʳʝ  Li -Cs-Ta 

ʇʝʪʘʣʠʪʦʚʳʝ  Li -Cs-Ta 

ʃʝʧʠʜʦʣʠʪʦʚʳʝ  Li -Cs-Ta 

  

ʅʝʢʦʪʦʨʳʝ ʧʝʛʤʘʪʠʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʛʤʘʪʠʪʳ ʪʠʧʘ NYF (ʥʘʧʨʠʤʝʨ, ʇʘʡʢʩ-ʇʠʢ ʚ 

ʂʦʣʦʨʘʜʦ), ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʚʥʫʪʨʠ ʚʤʝʱʘʶʱʝʛʦ ʛʨʘʥʠʪʘ, 

ʥʘʧʦʜʦʙʠʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ çʣʫʢʦʚʠʮè. ɼʨʫʛʠʝ ʧʝʛʤʘʪʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʟʦʥʘʣʴʥʦ ʚ ʚʠʜʝ 

çʧʦʣʦʩè (ʪʘʢʠʝ ʢʘʢ ʧʝʛʤʘʪʠʪʳ ʪʠʧʘ LCT ʚ ʂʘʣʠʬʦʨʥʠʠ ʠ ʄʵʥʝ).  

ʍʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʛʤʘʪʠʪʦʚ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʪʥʳʤʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʧʦʨʦʜʘʤ, ʥʝʢʦʪʦʨʳʝ ʧʝʛʤʘʪʠʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, 
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ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʭ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʘʥʘʪʝʢʩʠʩ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ. ʄʝʪʘʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ çʟʘʧʫʩʢʘè ʘʥʘʪʝʢʩʠʩʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʛʤʘʪʠʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʨʘʩʧʣʘʚ, ʧʦ ʩʦʩʪʘʚʫ ʧʦʯʪʠ 

ʛʨʘʥʠʪʥʳʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ (Simmons et al., 1995, 1996, 

2003).  

ɹʝʨʠʣʣ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʘʢ ʚ LCT, ʪʘʢ ʠ ʚ NYF ʩʝʤʝʡʩʪʚʘʭ ʧʝʛʤʘʪʠʪʦʚ. ɺ 

ʧʝʛʤʘʪʠʪʘʭ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʘʢʚʘʤʘʨʠʥ, ʛʝʣʠʦʜʦʨ, ʛʦʰʝʥʠʪ ʠ ʤʦʨʛʘʥʠʪ. ɹʝʨʠʣʣ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ Be-ʩʦʜʝʨʞʘʱʠʤ ʤʠʥʝʨʘʣʦʤ ʚ ʧʝʛʤʘʪʠʪʘʭ ʪʠʧʘ LCT, ʥʦ ʚ ʧʝʛʤʘʪʠʪʘʭ ʪʠʧʘ NYF ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʛʘʜʦʣʠʥʠʪ-(Y) (Y,Ce,La,Nd)2FeBe2Si2O10 (London, 2008). ɸʢʚʘʤʘʨʠʥ ʚʩʪʨʝʯʘʝʪʩʷ 

ʢʘʢ ʚ ʧʝʛʤʘʪʠʪʘʭ ʪʠʧʘ LCT, ʪʘʢ ʠ NYF, ʚʢʣʶʯʘʷ ʧʝʛʤʘʪʠʪʳ LCT ʚ ɸʬʛʘʥʠʩʪʘʥʝ, ɹʨʘʟʠʣʠʠ, 

ʂʘʣʠʬʦʨʥʠʠ ʠ ʄʵʥʝ (ʉʐɸ) ʠ ʇʘʢʠʩʪʘʥʝ, ʠ ʧʝʛʤʘʪʠʪʳ NYF ʚ ʂʦʣʦʨʘʜʦ (ʉʐɸ). ɻʦʰʝʥʠʪ ʠ 

ʤʦʨʛʘʥʠʪ ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʝʛʤʘʪʠʪʘʭ LCT, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʚ 

ɹʨʘʟʠʣʠʠ, ʇʘʢʠʩʪʘʥʝ ʠ ʂʘʣʠʬʦʨʥʠʠ (ʉʐɸ). ɹʝʨʠʣʣ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʦʙʨʘʟʫʝʪ ʯʨʝʟʚʳʯʘʡʥʦ 

ʢʨʫʧʥʳʝ ʠ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. ʂʨʠʩʪʘʣʣʳ ʘʢʚʘʤʘʨʠʥʘ ʶʚʝʣʠʨʥʦʛʦ 

ʢʘʯʝʩʪʚʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʧʝʛʤʘʪʠʪʘʭ ʚ ʄʠʥʘʩ-ɾʝʨʘʡʩ, ɹʨʘʟʠʣʠʷ, ʘ ʪʘʢʞʝ ʚ ʂʦʣʦʨʘʜʦ, ʉʐɸ. 

ɻʝʣʠʦʜʦʨ ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʨʘʟʠʣʴʩʢʠʭ ʧʝʛʤʘʪʠʪʘʭ, ʥʦ ʛʝʣʠʦʜʦʨ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʦʩʪʫʧʘʝʪ ʠʟ ɺʦʣʦʜʘʨʩʢʦ-ɺʦʣʳʥʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʨʘʡʦʥʘ ʚ ɾʠʪʦʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʋʢʨʘʠʥʳ 

(Lyckberg et al., 2009).   

ɺ ʥʘʠʙʦʣʝʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ (ʦʙʦʛʘʱʝʥʥʳʭ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ) ʟʦʥʘʭ 

ʧʝʛʤʘʪʠʪʦʚ LCT ʙʝʨʠʣʣ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Li ʚ ʧʦʟʠʮʠʠ Be, ʠ Cs ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʢʘʥʘʣʝ ʚ ʧʦʟʠʮʠʠ 2a. ʇʨʠʩʫʪʩʪʚʠʝ ʙʝʨʠʣʣʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ Be-ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʨʠʣʣʘ ʠʟ ʛʨʘʥʠʪʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʝʦʙʭʦʜʠʤʦʝ ʧʦʨʦʛʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ɺʝ 

ʩʦʩʪʘʚʣʷʝʪ ~ 70 ppm (London, Evensen, 2002). 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʝʛʤʘʪʠʪʦʚ (M¿ller et al., 2022). ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ (Wise et al., 2022). ʅʦʚʳʡ 

ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪ ʙʦʣʝʝ ʧʦʣʥʳʡ ʥʘʙʦʨ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʨʠ ʛʨʫʧʧʳ 

ʧʝʛʤʘʪʠʪʦʚ (ʪʘʙʣʠʮʘ 2.1.4). 

ʇʝʛʤʘʪʠʪʳ ʛʨʫʧʧʳ 1 ʦʙʳʯʥʦ ʦʙʦʛʘʱʝʥʳ Li, Rb, Cs, Be, Ga, Sn, Ta > Nb, B, P ʠ F . ʆʥʠ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʫʚʝʨʝʥʥʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʪʠʧʘ: (i) ʙʝʨʠʣʣ Ñ ʬʦʩʬʘʪʩʦʜʝʨʞʘʱʠʡ ʪʠʧ; (ii ) 

ʙʦʛʘʪʳʡ ʣʠʪʠʝʤ ʩʧʦʜʫʤʝʥ- ʠʣʠ ʧʝʪʘʣʠʪ-ʦʙʦʛʘʱʝʥʥʳʡ ʪʠʧ; (iii) ʧʝʛʤʘʪʠʪʦʚʳʝ ʪʝʣʘ ʩ 

ʣʝʧʠʜʦʣʠʪʦʤ ʠʣʠ ʵʣʴʙʘʠʪʦʤ ʢʘʢ ʛʣʘʚʥʳʝ Li-ʩʦʜʝʨʞʘʱʠʝ ʬʘʟʳ. ʉʪʝʧʝʥʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴ, ʠ ʧʝʛʤʘʪʠʪʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʦʜʥʫ ʠʣʠ 
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ʥʝʩʢʦʣʴʢʦ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʜʢʦʵʣʝʤʝʥʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: (1) ʙʝʨʠʣʣ ʙʝʟ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ Li, Nb, Ta, Sn; (2) ʙʝʨʠʣʣ+ʢʦʣʫʤʙʠʪ; (3) ʙʝʨʠʣʣ+ʢʦʣʫʤʙʠʪ+ʪʨʠʬʠʣʠʥ LiFePO4; 

(4) ʙʝʨʠʣʣ+ʩʧʦʜʫʤʝʥ; (5) ʩʧʦʜʫʤʝʥ+ʘʤʙʣʠʛʦʥʠʪ; (6) ʩʧʦʜʫʤʝʥ+ʣʝʧʠʜʦʣʠʪ; (7) ʩʧʦʜʫʤʝʥ+ 

ʣʝʧʠʜʦʣʠʪ+ʵʣʴʙʘʠʪ; (8) ʘʣʴʙʠʪ+ʩʧʦʜʫʤʝʥ. 

ɻʨʘʥʠʪʥʳʝ ʧʝʛʤʘʪʠʪʳ ʛʨʫʧʧʳ 2 ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ɺʥʝʰʥʝ ʵʪʠ ʧʝʛʤʘʪʠʪʳ ʥʝʦʪʣʠʯʠʤʳ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʝʛʤʘʪʠʪʦʚ 

ʛʨʫʧʧʳ 1 (çʧʨʦʩʪʳʭè ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ). ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʤʝʣʢʠʭ ʧʦ ʨʘʟʤʝʨʫ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʣʶʦʨʠʪ, ʛʝʣʴʚʠʥ, ʤʘʛʥʝʪʠʪ, 

ʧʦʟʚʦʣʷʝʪ ʦʪʣʠʯʘʪʴ ʠʭ ʦʪ ʧʝʛʤʘʪʠʪʦʚ ʛʨʫʧʧʳ 1. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʝ ʧʝʛʤʘʪʠʪʳ 2 ʛʨʫʧʧʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ: (1) ʧʝʛʤʘʪʠʪʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ Fe (ʙʠʦʪʠʪ, ʬʘʷʣʠʪ) ʠʣʠ Na-

ʘʤʬʠʙʦʣʦʤ; (2) ʧʝʛʤʘʪʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʘʛʥʝʪʠʪ, ʫʨʘʥʠʥʠʪ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʢʩʠʜʳ ʠ 

ʩʠʣʠʢʘʪʳ REE; (3) ʧʝʛʤʘʪʠʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Be ʠ F, ʯʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʨʠʣʣʘ, ʪʦʧʘʟʘ ʠ ʬʣʶʦʨʠʪʘ. 

ʊʘʙʣʠʮʘ 2.1.4 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʧʦ (Wise et al., 2022), ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ, ʩ ʙʦʣʝʝ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ɻʨʫʧʧʘ 1 ɻʨʫʧʧʘ 2 ɻʨʫʧʧʘ 3 

ɹʝʨʠʣʣ Ñ ʢʦʣʫʤʙʠʪ Ñ 

ʪʨʠʬʠʣʠʥ Ñ ʛʨʘʬʪʦʥʠʪ 

ʄʘʛʥʝʪʠʪ Ñ ʵʧʠʜʦʪ Ñ ʪʠʪʘʥʠʪ ɸʥʜʘʣʫʟʠʪ Ñ ʩʠʣʣʠʤʘʥʠʪ 

Ñ ʢʦʨʫʥʜ 

ɹʝʨʠʣʣ + ʘʤʙʣʠʛʦʥʠʪ + 

ʢʦʣʫʤʙʠʪ 

ʋʨʘʥʠʥʠʪ Ñ ʤʘʛʥʝʪʠʪ ʂʠʘʥʠʪ Ñ ʨʫʪʠʣ 

ɸʤʙʣʠʛʦʥʠʪ + ʩʧʦʜʫʤʝʥ ʌʘʷʣʠʪ Ñ ʤʘʛʥʝʪʠʪ ʂʦʨʜʠʝʨʠʪ Ñ ʙʝʨʠʣʣ  

ʉʧʦʜʫʤʝʥ + ʧʝʪʘʣʠʪ ɸʨʬʚʝʜʩʦʥʠʪ ï ʨʠʙʝʢʠʪ Ñ ʬʘʷʣʠʪ ʉʘʧʬʠʨʠʥ Ñ ʩʠʣʣʠʤʘʥʠʪ 

ʉʧʦʜʫʤʝʥ + ʵʣʴʙʘʠʪ ɸʨʬʚʝʜʩʦʥʠʪ ï ʨʠʙʝʢʠʪ Ñ ʵʛʠʨʠʥ Ñ 

ʬʣʶʦʨʠʪ 

ʍʨʠʟʦʙʝʨʠʣʣ Ñ ʙʝʨʠʣʣ Ñ 

ʰʝʨʣ 

ʉʧʦʜʫʤʝʥ + ʣʝʧʠʜʦʣʠʪ + 

ʵʣʴʙʘʠʪ 

ɸʣʣʦʥʠʪ Ñ ʛʘʜʦʣʠʥʠʪ ɼʶʤʦʨʪʝɹʨʠʪ Ñ 

ʛʨʘʥʜʠʜʝɹʨʠʪ Ñ 

ʙʦʨʘʩʠʣʠʪ 
ʉʧʦʜʫʤʝʥ + ʘʣʴʙʠʪ ɸʣʣʘʥʠʪ Ñ ʤʦʥʘʮʠʪ Ñ ʵʫʢʩʝʥʠʪ ɼʶʤʦʨʪʠʝʨʠʪ Ñ ʰʝʨʣ 

ʃʝʧʠʜʦʣʠʪ + ʵʣʴʙʘʠʪ ɸʣʣʘʥʠʪ Ñ ʙʝʨʠʣʣ Ñ ʢʦʣʫʤʙʠʪ  

ʕʣʴʙʘʠʪ Ñ ʜʘʥʙʫʨʠʪ Ñ 

ʛʘʤʙʝʨʛʠʪ Ñ ʮʝʦʣʠʪʳ 

ɻʘʜʦʣʠʥʠʪ Ñ ʚɻʢʩʝʥʠʪ Ñ ʬʝʨʛʫʩʦʥʠʪ  

 ɹʝʨʠʣʣ Ñ ʪʦʧʘʟ Ñ ʬʣʶʦʨʠʪ  

 ɹʝʨʠʣʣ Ñ ʬʝʥʘʢʠʪ  

 ʄʠʢʨʦʢʣʠʥ (ʘʤʘʟʦʥʠʪ) Ñ ʬʣʶʦʨʠʪ  

 ʄʠʢʨʦʢʣʠʥ (ʘʤʘʟʦʥʠʪ) Ñ ʪʦʧʘʟ Ñ 

ʬʣʶʦʨʠʪ 

 

ʇʝʛʤʘʪʠʪʳ ʛʨʫʧʧʳ 3 ʩʠʣʴʥʦ ʧʣʶʤʘʟʠʪʦʚʳʝ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʚʘʨʮʘ, ʢʘʣʠʰʧʘʪʘ ʠ 

ʧʣʘʛʠʦʢʣʘʟʘ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʫʩʢʦʚʠʪ, ʙʠʦʪʠʪ, ʛʨʘʥʘʪ ʠʣʠ ʪʫʨʤʘʣʠʥ. 

ʏʪʦ ʝʱʝ ʙʦʣʝʝ ʚʘʞʥʦ, ʧʝʛʤʘʪʠʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʪ: (1) ʧʝʨʚʠʯʥʳʡ ʘʥʜʘʣʫʟʠʪ, ʩʠʣʣʠʤʘʥʠʪ, 

ʢʠʘʥʠʪ ʠʣʠ ʢʦʨʜʠʝʨʠʪ, (2) ʭʨʠʟʦʙʝʨʠʣʣ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʩʫʨʠʥʘʤʠʪ, ʘ ʥʝ ʙʝʨʠʣʣ ʠʣʠ 

ʬʝʥʘʢʠʪ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʘ-ʥʦʩʠʪʝʣʷ Be; (3) ʤʠʥʝʨʘʣʠʟʘʮʠʶ B, ʚʳʨʘʞʝʥʥʫʶ ʜʶʤʦʨʪʴʝʨʠʪʦʤ, 

ʛʨʘʥʜʠʜʝɹʨʠʪʦʤ, ʚʝʨʜʠʥʛʠʪʦʤ ʠ ʙʦʨʘʣʩʠʣʠʪʦʤ. ʐʝʨʣ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʥʝʙʦʣʴʰʠʭ 
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ʢʦʣʠʯʝʩʪʚʘʭ ʚʦ ʚʩʝʭ ʪʨʝʭ ʪʠʧʘʭ. ʇʝʨʝʯʝʥʴ ʨʝʜʢʠʭ ʤʠʥʝʨʘʣʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʦʨʫʥʜ, 

ʬʪʦʨʘʧʘʪʠʪ, ʤʦʥʘʮʠʪ-(Ce), ʢʩʝʥʦʪʠʤ-(Y), ʯʝʚʢʠʥʠʪ, ʬʝʨʙʝʨʠʪ, ʨʫʪʠʣ ʠ ʠʣʴʤʝʥʠʪ. 

ʊʨʠ ʛʨʫʧʧʳ ʧʝʛʤʘʪʠʪʦʚ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ, ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤʠ, ʭʦʪʷ ʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ, ʤʦʜʝʣʷʤʠ ʛʝʥʝʟʠʩʘ ʧʝʛʤʘʪʠʪʦʚ: ʦʩʪʘʪʦʯʥʳʝ ʨʘʩʧʣʘʚʳ 

ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (RMG) ʠ ʧʨʷʤʳʝ ʧʨʦʜʫʢʪʳ ʘʥʘʪʝʢʩʠʩʘ (DPA) (ʪʘʙʣʠʮʘ 2.1.5.). 

ʇʝʛʤʘʪʠʪʳ RMG ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʣʘʙʦʱʝʣʦʯʥʳʭ, 

ʤʝʪʘʛʣʠʥʦʟʝʤʠʩʪʳʭ ʠ ʧʣʶʤʘʟʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ S-, A- ʠʣʠ I-ʪʠʧʘ.  

ʇʝʛʤʘʪʠʪʳ DPA ʥʝ ʠʤʝʶʪ ʠʟʚʝʩʪʥʦʛʦ çʤʘʪʝʨʠʥʩʢʦʛʦè ʛʨʘʥʠʪʘ ʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʠʯʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʝʪʘʧʝʣʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ 

ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʡ. ʇʝʛʤʘʪʠʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʝʨʚʳʤ ʜʚʫʤ ʛʨʫʧʧʘʤ, ʦʙʨʘʟʫʶʪʩʷ ʠʟ 

ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʦʚ ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ S-, A- ʠ I-ʪʠʧʦʚ (RMG-1, RMG-2 ʠ RMG-1+2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʇʦʧʫʣʷʮʠʷ ʧʝʛʤʘʪʠʪʦʚ RMG-1, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʤʘʪʝʨʠʥʩʢʠʤ ʛʨʘʥʠʪʘʤ S-ʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝʤ Li, Rb, Cs, Be, Sn, Nb, Ta, B, P ʠ F. ɻʝʦʭʠʤʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʛʤʘʪʠʪʦʚ RMG-2, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʘʪʝʨʠʥʩʢʠʭ ʛʨʘʥʠʪʦʚ A-ʪʠʧʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Ga, Zr, Y, Nb, Ti, U, Th, REE, Zn, F ʠ Cl. ʇʝʛʤʘʪʠʪʳ 

RMG-1+2 ʠʤʝʶʪ ʦʙʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʘʥʘʣʦʛʠʯʥʳʡ ʛʨʘʥʠʪʘʤ I-ʪʠʧʘ, ʩ ʦʙʦʛʘʱʝʥʠʝʤ B, 

Be, REE, Nb, Ti, Li ʠ ʉʘ. 

ʆʩʪʘʣʴʥʳʝ ʪʨʠ ʛʨʫʧʧʳ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʘʥʘʪʝʢʩʠʩʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʦʨʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʯʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʠʤʝʶʱʠʭ ʩʨʦʜʩʪʚʦ 

ʢ S-, A- ʠʣʠ I-ʪʠʧʫ, ʘʚʪʦʨʳ (Wise et al., 2022) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʠʣʠ ʛʨʫʧʧʳ: ʢʘʢ DPA-1 

(ʦʙʦʛʘʱʝʥʥʫʶ Be, Nb, Ta, P, Li), DPA-2 (ʦʙʦʛʘʱʝʥʥʫʶ REE, U, Be) ʠ DPA-3 (ʦʙʦʛʘʱʝʥʥʫʶ Al, 

Be, B), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʢʚʘʨʮʘ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʮʝʣʷʭ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʪʠʭ ʛʨʫʧʧ ʧʝʛʤʘʪʠʪʦʚ (M¿ller et al., 

2021). 

ʇʨʦʙʣʝʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚ ʩ ʛʨʘʥʠʪʘʤʠ ʧʨʦʜʦʣʞʘʝʪ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʪʴʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ɺ.ɽ. ɿʘʛʦʨʩʢʠʤ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʚʳʜʝʣʠʪʴ 4 ʚʘʨʠʘʥʪʘ (ʩʮʝʥʘʨʠʷ) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʝʛʤʘʪʠʪʦʚ ʩ ʛʨʘʥʠʪʘʤʠ, ʪ.ʝ. 4 

ʪʠʧʘ ʛʨʘʥʠʪʥʦ-ʧʝʛʤʘʪʠʪʦʚʳʭ ʩʠʩʪʝʤ (Zagorsky, 2009; ɿʘʛʦʨʩʢʠʡ, ʄʘʢʘʛʦʥ, 2012). 

ʊʠʧ I. ɼʣʷ ʤʥʦʛʠʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʧʦʣʝʡ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʭ 

ʛʨʘʥʠʪʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʧʝʛʤʘʪʠʪʦʚ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʝʡ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʡ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. ɺ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʛʨʘʥʠʪʘʤʠ ʠ ʧʝʛʤʘʪʠʪʘʤʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ɺ ʨʷʜʝ 
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ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʝʛʤʘʪʠʪʦʚʳʡ ʵʪʘʧ ʚ ʠʩʪʦʨʠʠ 

ʤʘʛʤʘʪʠʟʤʘ ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʊʠʧ II ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʧʝʛʤʘʪʠʪʦʚ ʩ ʛʨʘʥʠʪʘʤʠ ʧʨʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʭ ʚʥʝʜʨʝʥʠʠ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʦʯʘʛʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʝʜʠʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʦʣʦʥʥʳ.  

ʊʠʧʫ III ʩʚʦʡʩʪʚʝʥʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʧʝʛʤʘʪʠʪʦʚ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʤ ʚʦʟʨʘʩʪʝ ʛʨʘʥʠʪʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʛʨʘʥʠʪʘʤʠ ʠ 

ʧʝʛʤʘʪʠʪʘʤʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʧʦ ʦʙʨʘʟʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ɺ.ɽ. ɿʘʛʦʨʩʢʦʛʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʥʝ ʧʦ 

ʩʭʝʤʝ çʨʦʜʠʪʝʣʠïʜʝʪʠè, ʘ ʧʦ ʩʭʝʤʝ çʙʨʘʪʴʷïʩʝʩʪʨʳè. ʇʝʛʤʘʪʠʪʳ ʟʜʝʩʴ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʥʫʪʨʠʢʘʤʝʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʦʙʲʝʤʝ ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʨʘʩʧʣʘʚʳ 

ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʩʣʶʜʷʥʳʭ ʠ/ʠʣʠ ʤʫʩʢʦʚʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ, 

ʷʚʣʷʷʩʴ ʧʨʦʜʫʢʪʘʤʠ ʵʚʦʣʶʮʠʠ ʢʠʩʣʦʡ ʤʘʛʤʳ ʚ ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʘʭ, ʚʥʝʜʨʷʶʪʩʷ 

ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʢʦʨʳ ʩʦʚʤʝʩʪʥʦ.  

IV ʪʠʧ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʨʠʘʥʪ ʧʨʷʤʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʰʣʠʨʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʫʪʨʠʢʘʤʝʨʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʥʦʡ ʤʘʛʤʳ ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʦʚʣʝʥʠʷ ʤʘʩʩʠʚʦʚ. 

ʄʘʩʰʪʘʙʳ ʧʨʦʮʝʩʩʦʚ ʧʝʛʤʘʪʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʩʥʠʞʘʶʪʩʷ ʦʪ I ʢ IV ʪʠʧʫ ʩʠʩʪʝʤ. ɼʣʷ I ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʥʳ ʫʢʦʨʦʯʝʥʥʳʝ ʪʨʝʥʜʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʨʘʥʠʪʦʚ, ʘ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʝ ʠ ʩʣʦʞʥʳʝ 

ʪʨʝʥʜʳ, ʩ ʰʠʨʦʢʠʤ ʬʘʮʠʘʣʴʥʦ-ʬʘʟʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʨʦʜ ï ʜʣʷ ʩʠʩʪʝʤ II ʪʠʧʘ. ɺ ʩʠʩʪʝʤʘʭ 

III ʪʠʧʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʛʨʘʥʠʪʦʚ ʣʠʪʦʬʠʣʴʥʳʤʠ ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ 

ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʝʛʤʘʪʠʪʦʚʳʤ ʧʦʣʷʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʨʘʥʠʪʦʚʳʭ ʩʠʩʪʝʤ ʩ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʨʘʙʦʪʘʭ ʉ.ʄ. ɹʝʩʢʠʥʘ ʠ ʖ.ɹ. ʄʘʨʠʥʘ (2019 ʠ ʜʨ.). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʧʦʣʝʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʚʘ ʧʦʢʦʣʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ: ʙʝʨʠʣʣʦʥʦʩʥʳʝ, 

ʥʝʨʝʜʢʦ ʩ ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʘʤʠ, ʤʫʩʢʦʚʠʪʦʤ, ʥʝʦʪʨʳʚʥʳʝ ʦʪ ʞʠʣʴʥʳʭ ʛʨʘʥʠʪʦʚ ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʠ ʥʘʪʨʦ-ʣʠʪʠʝʚʳʝ (Li, Ta, Cs, Be, Sn) LCT-ʧʝʛʤʘʪʠʪʳ, ʨʘʟʜʝʣʷʶʱʠʝʩʷ ʥʘ 

çʢʦʤʧʣʝʢʩʥʳʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝè ʩ ʧʝʛʤʘʪʠʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʠ ʛʣʘʚʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

(ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʧʦʜʫʤʝʥʘ, ʪʘʥʪʘʣʘʪʦʚ, ʙʝʨʠʣʣʘ, ʢʘʩʩʠʪʝʨʠʪʘ, ʧʦʣʣʫʮʠʪʘ, ʧʝʪʘʣʠʪʘ, 

ʘʤʙʣʠʛʦʥʠʪʘ) ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʪʝʣ ʠ çʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʝè, ʩʣʘʛʘʶʱʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʨʦʪʷʞʝʥʥʳʝ ʜʘʡʢʠ ʙʝʟ ʧʝʛʤʘʪʠʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʛʨʫʧʧʠʨʫʶʱʠʝʩʷ ʚ ʧʦʣʷ ʜʣʠʥʦʡ ʜʦ 10-15 ʢʤ 

ʠ ʙʦʣʝʝ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʛʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʚ 

çʛʦʣʦʚʘʭè ʧʦʜʚʦʜʷʱʠʭ ʜʘʝʢ çʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚè. ʇʦʠʩʢʠ çʤʘʪʝʨʠʥʩʢʠʭ 

ʛʨʘʥʠʪʦʚè ʜʣʷ çʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚè ʙʝʩʩʤʳʩʣʝʥʥʳ, ʠʙʦ ʵʪʦ ʥʝ ʧʝʛʤʘʪʠʪʳ, ʘ 

ʛʨʘʥʠʪʳ, ʭʦʪʷ ʠ ʦʩʦʙʝʥʥʳʝ (ʧʦ ʩʫʱʝʩʪʚʫ ʵʪʦ ʩʧʦʜʫʤʝʥʦʚʳʝ ʛʨʘʥʠʪʳ ʘʣʘʭʠʥʩʢʦʛʦ ʪʠʧʘ). 
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ʊʘʙʣʠʮʘ 2.1.5 ï ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʛʤʘʪʠʪʦʚ ʪʠʧʘ RMG ʠ DPA 

Oʩʪʘʪʦʯʥʳʝ ʨʘʩʧʣʘʚʳ ʛʨʘʥʠʪʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ (RMG) 

ʊʠʧʠʯʥʘʷ ʠʩʭʦʜʥʘʷ ʧʦʨʦʜʘ ɻʨʘʥʠʪ S-ʪʠʧʘ  ɻʨʘʥʠʪ ɸ-ʪʠʧʘ ɻʨʘʥʠʪ I-ʪʠʧʘ  

Xʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʘʥʠʪʘ ʇʣʶʤʘʟʠʪʦʚʳʡ 
ʑʝʣʦʯʥʦ - ʤʝʪʘʛʣʠʥʦʟʝʤʠʩʪʳʡ ʠʣʠ 

ʩʣʘʙʦ- ʱʝʣʦʯʥʦʡ 

ʇʣʶʤʘʟʠʪʦʚʳʡ - 

ʤʝʪʘʛʣʠʥʦʟʝʤʠʩʪʳʡ 

ʉʚʷʟʴ ʧʝʛʤʘʪʠʪʦʚ ʩ 

ʠʩʪʦʯʥʠʢʦʤ 
ʆʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʆʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʆʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ 

ʊʠʧ ʧʝʛʤʘʪʠʪʘ ɻʨʫʧʧʘ 1 ɻʨʫʧʧʘ 2 ɻʨʫʧʧʘ 1+2  

ʊʠʧʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ 
Be, Nb, Ta, P, Sn, Li, Cs, B REE, Be, Nb, F B, Be, REE, Nb, Ti, Li, Ca 

ʇʨʠʤʝʨʳ 

Winnipeg River, MB, ʂʘʥʘʜʘ  

Ca¶ada pegmatite, ʀʩʧʘʥʠʷ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʘʣʙʘ, 

ʂʘʟʘʭʩʪʘʥ 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʄʘʣʭʘʥ, ʈʦʩʩʠʷ 

Pikes Peak, ʉʐɸ 

Mt, Perdosu, ʀʪʘʣʠʷ 

Amis complex, ʅʘʤʠʙʠʷ 

Luumaki, ʌʠʥʣʷʥʜʠʷ 

 

TŚebiļ pluton, ʏʝʭʠʷ 

Strzegom granite, ʇʦʣʴʰʘ 

O'Grady batholith, ʂʘʥʘʜʘ 

Greer Lake, ʂʘʥʘʜʘ 

ʇʨʷʤʳʝ ʧʨʦʜʫʢʪʳ ʘʥʘʪʝʢʩʠʩʘ (DPA) 

ʊʠʧʠʯʥʘʷ ʠʩʭʦʜʥʘʷ ʧʦʨʦʜʘ ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʛʨʘʥʫʣʠʪʦʚʦʡ ʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʡ 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʛʨʘʥʫʣʠʪʦʚʦʡ ʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʡ 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʛʨʘʥʫʣʠʪʦʚʦʡ ʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʡ 

ʉʚʷʟʴ ʧʝʛʤʘʪʠʪʦʚ ʩ 

ʠʩʪʦʯʥʠʢʦʤ 

ɺʳʜʝʣʝʥʠʷ ʘʥʘʪʝʢʪʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʦʚ 

ɺʳʜʝʣʝʥʠʷ ʘʥʘʪʝʢʪʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʦʚ 

ɺʳʜʝʣʝʥʠʷ ʘʥʘʪʝʢʪʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʦʚ 

ʊʠʧ ʧʝʛʤʘʪʠʪʘ ɻʨʫʧʧʘ 1 ɻʨʫʧʧʘ 2 ɻʨʫʧʧʘ 3 

ʊʠʧʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ 

Be, Nb, Ta, P, Li, B REE, U, Be Al, Be, B 

ʇʨʠʤʝʨʳ 

G·ry Sowie, ʇʦʣʴʰʘ 

Oxford field, ʉʐɸ 

Cape Cross-Uis, ʅʘʤʠʙʠʷ 

Leinster pegmatite belt, Ireland 

Evje-Iveland, ʅʦʨʚʝʛʠʷ 

Lewisian Gneiss, ʐʦʪʣʘʥʜʠʷ 

Fraser Lake, ʂʘʥʘʜʘ 

ʇʣʦʩʢʘʷ, ʂʦʣʴʩʢʠʡ ʧ-ʦʚ, ʈʦʩʩʠʷ 

 

ɺʦʩʪʦʯʥʘʷ ɸʥʪʘʨʢʪʠʜʘ 

Thomas mine, ʉʐɸ 

Dolni Bory, ʏʝʭʠʷ 

Batchellerville, ʉʐɸ 
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ʉʜʝʣʘʥʥʘʷ ʘʚʪʦʨʘʤʠ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʧʨʘʚʢʘ, çʛʨʘʥʠʪ, ʘ ʥʝ ʧʝʛʤʘʪʠʪè ʠʤʝʝʪ 

ʥʘʫʯʥʳʝ (ʘ) ʠ ʧʨʦʛʥʦʟʥʳʝ (ʙ) ʩʣʝʜʩʪʚʠʷ: ʘ) ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʘʪʝʨʠʥʩʢʠʭ ʛʨʘʥʠʪʦʚ, 

ʩʥʠʤʘʶʪʩʷ ʚʦʟʨʘʞʝʥʠʷ ʧʨʦʪʠʚ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʩʪʘʪʫʩʘ çʘʣʴʙʠʪ- ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚè, 

ʟʘʥʠʤʘʶʱʠʭ ʚ ʠʩʪʦʨʠʠ ʤʘʛʤʘʪʠʟʤʘ ʥʝʢʦʪʦʨʳʭ ʧʝʛʤʘʪʠʪʦʥʦʩʥʳʭ ʘʨʝʘʣʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ, 

ʩʧʦʜʫʤʝʥ-ʨʝʜʢʦʤʝʪʘʣʣʴʥʦ-ʛʨʘʥʠʪʦʚʳʡ ʵʪʘʧ, ʟʘʚʝʨʰʘʶʱʠʡʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʚʦʠʭ (ʠʩʪʠʥʥʳʭ) 

ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʛʤʘʪʠʪʦʚ; ʠ ʙ) ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʜ ʪʘʢʠʤʠ ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʟʘʣʝʛʘʝʪ ʩʚʠʪʘ ʜʘʝʢ ʩʧʦʜʫʤʝʥʩʦʜʝʨʞʘʱʠʭ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʘʥʠʪʦʚ (ʪ. ʝ. 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ Li-ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʝʛʤʘʪʠʪʳ. 

2.2 ʇʫʩʪʦʪʳ ʚ ʪʦʧʘʟʦʚʳʭ ʨʠʦʣʠʪʘʭ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ) 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʫʥʠʢʘʣʝʥ ʪʝʤ, ʯʪʦ ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʠʧ ʙʝʨʠʣʣʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʵʢʩʪʨʫʟʠʚʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. ɺ ʤʠʨʝ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʩʪʘʤʠ, ʛʜʝ 

ʦʙʥʘʨʫʞʝʥ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ, ʷʚʣʷʶʪʩʷ ʛʦʨʳ ɺʘʭ-ɺʘʭ (Wah-Wah) ʠ ʭʨʝʙʝʪ ʊʦʤʘʩ (Thomas) ʚ 

ʖʪʝ, ʘ ʪʘʢʞʝ ʦʜʥʦ ʦʯʝʥʴ ʥʝʙʦʣʴʰʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʛʦʨʘʭ ɹʣʵʢ ʈʝʡʥʜʞ (Black Range) ʚ ʅʴʶ-

ʄʝʢʩʠʢʦ (ʉʐɸ). ʊʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʝ ʈʫʙʠ ɺʘʡʦʣʝʪ (Ruby Violet) ʚ ʛʦʨʘʭ ɺʘʭ-ɺʘʭ ʜʦʙʳʚʘʝʪʩʷ 

ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ. ɹʝʨʠʣʣ ʠʟ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʩʪʨʝʯʘʝʪʩʷ 

ʨʝʜʢʦ, ʠ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʝʜʢʦ ʧʨʝʚʳʰʘʶʪ 0.2 ʛ, ʯʪʦ ʜʝʣʘʝʪ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʨʝʜʢʠʭ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʚ ʤʠʨʝ. 

ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʚ ʭʨʝʙʪʝ ʊʦʤʘʩ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚʤʝʱʘʶʱʝʛʦ ʨʠʦʣʠʪʘ ʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʭ ʬʘʟ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʤʳ ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ (Aurisicchio et al., 

1990). ʇʦ ʦʮʝʥʢʘʤ (Keith et al., 1993) ʠ (Christiansen, Keith, 1997), ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ ʚ ʛʦʨʘʭ ɺʘʭ-

ɺʘʭ, ʚʝʨʦʷʪʥʦ, ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ (ʦʢʦʣʦ 650Áʉ), ʥʦ 

ʚʳʰʝ 200-300Áʉ. ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʩ ʤʘʛʤʦʡ, ʠ ʯʪʦ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʘʨʳ ʚʳʩʚʦʙʦʞʜʘʣʠʩʴ ʠʟ ʜʝʚʠʪʨʠʬʠʮʠʨʫʶʱʝʡ ʣʘʚʳ ʠ ʜʚʠʛʘʣʠʩʴ ʚʜʦʣʴ 

ʩʣʦʠʩʪʦʩʪʠ ʧʦʪʦʢʘ, ʦʪʢʣʘʜʳʚʘʷ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ. ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʦʙʨʘʟʦʚʳʚʘʣʩʷ, ʢʦʛʜʘ 

ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʚ ʪʦʧʘʟʦʚʳʭ ʨʠʦʣʠʪʘʭ ʚʩʪʫʧʘʣ ʚ ʨʝʘʢʮʠʶ ʩ Be-F ʬʣʶʠʜʥʦ-ʛʘʟʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʤ ʵʪʘʧʝ (Keith et al., 1993). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ 

ʚ ʭʨʝʙʪʝ ʊʦʤʘʩ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʥʝʨʘʣʘʤʠ ʧʘʨʦʚʦʡ ʬʘʟʳ, ʪʘʢʠʤʠ 

ʢʘʢ ʙʠʢʩʙʠʠʪ ʠ ʪʦʧʘʟ (Baker, 1998). ʆʙʨʘʟʦʚʘʥʠʝ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ʧʨʦʠʟʦʰʣʦ ʠʟ-ʟʘ ʨʝʘʢʮʠʠ 

ʨʠʦʣʠʪʦʚʦʛʦ ʩʪʝʢʣʘ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʬʪʦʨʠʜʘ ɺʝ ʠ ʤʝʪʝʦʨʥʦʡ ʚʦʜʦʡ ʚ ʧʘʨʘʭ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

(Thompson, 2002).  
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2.3 ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʤʨʫʜʦʥʦʩʥʳʤʠ ʩʣʶʜʠʪʘʤʠ ʠ ʞʠʣʘʤʠ ʚ 

ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ 

ɹʝʨʠʣʣʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, 

ʪʘʢʠʭ ʢʘʢ ʛʨʘʥʠʪʳ, ʧʝʛʤʘʪʠʪʳ, ʯʝʨʥʳʝ ʩʣʘʥʮʳ ʠ ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɺʝ, Cr ʠ V ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ (92 ʠ 97 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʧʨʝʜʝʣʘʭ 

ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨ r(Rudnick, Gao, 2003) ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʜʫʥʠʪʘʭ, 

ʧʝʨʠʜʦʪʠʪʘʭ ʠ ʙʘʟʘʣʴʪʘʭ ʠ ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʘʭ. ʆʜʥʘʢʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Cr ʠ V ʤʦʛʫʪ ʪʘʢʞʝ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ (Schwarz, 

Schmetzer, 2002). ɼʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ Be, Cr ʠ/ʠʣʠ V ʪʨʝʙʫʶʪʩʷ ʥʝʦʙʳʯʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ çʩʦʝʜʠʥʝʥʠʷè Be ʩ Cr ʠ/ʠʣʠ V ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʫʤʨʫʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ (ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʩʣʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ/ʬʣʶʠʜʦʚ ʥʘ 

ʫʣʴʪʨʘʤʘʬʠʪʳ). ʇʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʳ/ʬʣʶʠʜʳ ʤʦʛʫʪ ʟʘʭʚʘʪʳʚʘʪʴ ʵʣʝʤʝʥʪ-ʭʨʦʤʦʬʦʨ ʠʟ 

ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʙʝʨʠʣʣ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʪʘʢʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʝʨʠʣʣʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʙʝʨʠʣʣ-ʩʣʶʜʷʥʳʝ ʛʨʝʡʟʝʥʳ (çʩʣʶʜʠʪʳè) ʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ IV ʪʠʧʘ ʧʦ (ʂʫʧʨʠʷʥʦʚʘ, 2016). 

ʈʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ ʪʘʢʞʝ ʤʦʞʝʪ ʤʦʙʠʣʠʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʫʤʨʫʜʘ (Groat et al., 2008). ɺ ʢʦʣʫʤʙʠʡʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʪ ʥʠʢʘʢʠʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ 

ʮʠʨʢʫʣʷʮʠʠ ʬʣʶʠʜʦʚ ʚʥʫʪʨʠ ʚʤʝʱʘʶʱʠʭ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʫʤʨʫʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʟʥʘʶʪ, ʯʪʦ ʨʝʛʠʦʥʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʠ 

ʪʝʢʪʦʥʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʬʦʨʤʠʨʦʚʘʥʠʝ ʰʠʨ-ʟʦʥ, ʤʦʛʫʪ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʫʤʨʫʜʘ (ʥʘʧʨʠʤʝʨ, Grundmann, Morteani, 1989, 

1993; Cheillet, Royant, 2001; Vapnik et al., 2005, 2006).  ʉʨʝʜʠ ʨʷʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʧʨʦʷʚʣʝʥʠʡ 

ʠʟʫʤʨʫʜʘ ʧʦʩʣʝʜʥʝʡ ʠ ʥʘʠʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʡ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɻ. ɼʞʠʫʣʠʘʥʠ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Giuliani et al., 2019). ɸʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʨʘʟʜʝʣʠʪʴ ʧʨʦʷʚʣʝʥʠʷ ʠʟʫʤʨʫʜʘ ʥʘ ʜʚʘ 

ʛʣʘʚʥʳʭ ʪʠʧʘ (ʊʘʙʣʠʮʘ 2.3.1).  

(ʊʠʧ I) ʊʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʡ ï ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʪʠʧʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

(IA) ʄʘʬʠʯʝʩʢʠʝ-ʫʣʴʪʨʘʤʘʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ɹʨʘʟʠʣʠʷ, ɿʘʤʙʠʷ, ʈʦʩʩʠʷ ʠ ʜʨʫʛʠʝ); 

(IB) ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʂʠʪʘʡ, ʂʘʥʘʜʘ, ʅʦʨʚʝʛʠʷ, ʂʘʟʘʭʩʪʘʥ, ɸʚʩʪʨʘʣʠʷ); 

(IC) ɻʨʘʥʠʪʥʳʝ ʧʦʨʦʜʳ (ʅʠʛʝʨʠʷ). 

(ʊʠʧ II) ʊʝʢʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ï ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʪʠʧʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʜʣʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 
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ʊʘʙʣʠʮʘ 2.3.1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʦʷʚʣʝʥʠʡ ʠʟʫʤʨʫʜʘ ʧʦ ʚʩʝʤʫ ʄʠʨʫ, ʧʨʝʜʣʦʞʝʥʥʘʷ (Giuliani et al., 2019) 

ʊʠʧ 

ʤʝʩʪʦʨʦ-

ʞʜʝʥʠʷ 

ʊʝʢʪʦʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʊʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʡ 

ɻʝʦʣʦʛʠ-

ʯʝʩʢʘʷ 

ʩʨʝʜʘ 

ʆʩʘʜʦʯʥʘʷ ʄʝʪʘʤʦʨʬʠʯʝʩʢʘʷ ɻʨʘʥʠʪʳ 

ʋʩʣʦʚʠʷ 

ʤʝʪʘʤʦʨ-

ʬʠʟʤʘ 

ʆʪ ʜʠʘʛʝʥʝʟʘ 

ʜʦ 

ʟʝʣʝʥʦʩʣʘʥʮ

ʝʚʦʡ ʬʘʮʠʠ 

ʆʪ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʜʦ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʆʪ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʜʦ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ 

ɺʤʝʱʘʶ-

ʱʠʝ 

ʧʦʨʦʜʳ 

ʆʩʘʜʦʯʥʳʝ ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʄʘʬʠʯʝʩʢʠʝ-

ʫʣʴʪʨʘʤʘʬʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ (M-UMR) 

ʆʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ (SR) 

ɻʨʘʥʠʪʥʳʝ 

ʧʦʨʦʜʳ 

ʊʠʧ 

IIB  

ʇʣʘʪʬʦʨ-

ʤʝʥʥʳʝ 

ʢʘʨʙʦʥʘʪʥʳʝ 

ʦʪʣʦʞʝʥʠʷ  

IIC IIA  

ʄʝʪʘʤʦʨʬ

ʠʟʤ 

M-UMR 

IID  

ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʡ ʪʠʧ 

IA, ʩʤʝʰʘʥʥʳʡ IA ʠ IIA  ʚ 

M-UMR ʠ ʥʝʠʟʚʝʩʪʥʳʡ 

IA  IB IC 

ʧʝʛʤʘʪʠʪ-ʘʧʣʠʪ-ʢʚʘʨʮ-ʛʨʝʡʟʝʥʦʚʳʝ ʞʠʣʳ, 

ʣʠʥʟʳ, ʤʝʪʘʩʦʤʘʪʠʪʳ 
ʄʝʪʘʤʦʨ

ʬʠʟʤ SR 

ʄʠʛʤʘʪʠ

ʪ r

ʊʠʧ 

ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʠ 

ɾʠʣʳ ʠ/ʠʣʠ 

ʤʝʪʘʩʦʤʘ-

ʪʠʪʳ 

ʞʠʣʳ ʞʠʣʳ 

ʟʦʥʳ 

ʙʨʝʢʯʠʨʦ-

ʚʘʥʠʷ 

ʟʦʥʳ ʙʨʝʢʯʠʨʦʚʘʥʠʷ, 

ʤʝʪʘʩʦʤʘʪʠʪʳ, ʞʠʣʳ, 

ʙʫʜʠʥʳ, ʨʘʟʣʦʤʳ 

ɾʠʣʳ ʠ/ʠʣʠ ʤʝʪʘʩʦʤʘʪʠʪʳ, 

ʩʢʘʨʥʳ 
ʣʠʥʟʳ 

ʀʩʪʦʯʥʠʢ 

ʬʣʶʠʜʘ 

ʄʝʪʘʩʦʤʘ-

ʪʠʯʝʩʢʠʡ 

ʛʠʜʨʦʪʝʨ-

ʤʘʣʴʥʳʡ 

ʄʝʪʘʩʦʤʘ

-ʪʠʯʝʩʢʠʡ 

ʛʠʜʨʦʪʝʨ-

ʤʘʣʴʥʳʡ 

ɻʠʜʨʦ-

ʪʝʨʤʘ-

ʣʴʥʳʡ 

ʄʝʪʘʤʦʨ-

ʬʠʯʝʩʢʠ-

ʤʝʪʘʩʦʤʘ-

ʪʠʯʝʩʢʠʡ 

(ʄʘʛʤʘʪʠʢʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ) ʩ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ 

ʨʝʤʦʙʠʣʠʟʘʮʠʝʡ 

ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.3.1  

ʇʨʠʤʝʨ ʂʦʣʫʤʙʠʷ 

(ɺʦʩʪʦʯʥʘʷ 

ʠ ɿʘʧʘʜʥʘʷ 

ʠʟʫʤʨʫʜʥʳʝ 

ʟʦʥʳ) 

ʂʘʥʘʜʘ 

(Mountain 

River) 

 

ʉʐɸ (Uinta 

(?): ʚʦʧʨʦʩ ʦ 

ʥʘʣʠʯʠʠ 

ʠʟʫʤʨʫʜʘ) 

ʂʠʪʘʡ 

(Davdar) 

 

ɸʬʛʘʥʠ-

ʩʪʘʥ 

(Panjsher) 

ʉʐɸ 

(Heddeni

te) 

ɸʚʩʪʨʠʷ 

(Habachtal) 

 

ɹʨʘʟʠʣʠʷ 

(Itaberai, 

Santa 

Terezinha 

de Goi§s) 

 

ʇʘʢʠʩʪʘʥ 

(Swat-

Mingoraï 

Gujar-Kili, 

Barang) 

 

 

ɸʚʩʪʨʠʷ (Habachtal)? 

ʚʝʨʦʷʪʥʦ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʘʷ 

ʨʝʤʦʙʠʣʠʟʘʮʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ IA; 

ɹʨʘʟʠʣʠʷ (Santa Terezinha 

de Goi§s): ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ 

ʩʦ ʩʢʨʳʪʳʤ ʛʨʘʥʠʪʥʳʤ 

ʠʥʪʨʫʟʠʚʦʤ, ʨʘʟʨʝʟʘʥʥʳʤ 

ʥʘʜʚʠʛʦʤ ʠ 

ʠʟʫʤʨʫʜʦʥʦʩʥʦʡ ʟʦʥʦʡ 

ʩʜʚʠʛʘ; 

ʇʘʢʠʩʪʘʥ (Swat-Mingora?): 

ʚʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʩʢʨʳʪʳʤʠ, ʥʦ ʚʩʝ ʞʝ 

ʠʥʪʨʫʟʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ; 

ɸʚʩʪʨʘʣʠʷ (Poona): 

ʚʝʨʦʷʪʥʦ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ IA; 

ɽʛʠʧʝʪ (Djebel Sikait, 

Zabara, Umm Kabu): 

ʚʝʨʦʷʪʥʦ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ IA  

 

ɿʘʤʙʠʷ (Musakashi): 

ʅʝʠʟʚʝʩʪʥʳʡ ʛʝʥʝʟʠʩ, 

ʞʠʣʴʥʳʡ ʪʠʧ, ʬʣʶʠʜʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʩʭʦʜʩʪʚʦ ʩ ʪʠʧʘʤʠ IIB ʠ IIC 

ɹʨʘʟʠʣʠʷ 

(Carna²ba, Socot·, 

Itabira, Piren·polis, 

etc.) 

ʂʘʥʘʜʘ  

(Tsa da Gliza,  

Taylor 2) 

ʈʦʩʩʠʷ 

(ʀʟʫʤʨʫʜʥʳʝ 

ʢʦʧʠ) 

ʇʘʢʠʩʪʘʥ 

(Khaltaro) 

ɸʬʛʘʥʠʩʪʘʥ 

(Tawak) 

ʀʥʜʠʷ (Rajhastan, 

Gubaranda) 

ʖʞʥʘʷ ɸʬʨʠʢʘ 

(Gravelotte) 

ʄʦʟʘʤʙʠʢ (Rio 

Maria, etc.) 

ɸʚʩʪʨʘʣʠʷ 

(Menzies, 

Wodgina, etc.) 

ʕʬʠʦʧʠʷ 

(Kenticha) 

ʄʘʜʘʛʘʩʢʘʨ 

 (Ianapera, 

Mananjary) 

ɿʠʤʙʘʙʚʝ 

(Sandawana, 

Masvingo, Filibusi) 

ʋʢʨʘʠʥʘ 

(Wolodarsk) 

ʅʦʨʚʝʛʠʷ 

(Eidsvoll) 

 

ʂʠʪʘʡ 

(Dyakou) 

 

ʂʘʥʘʜʘ 

(Lened) 

 

ɸʚʩʪʨʘʣʠʷ 

(Emmavile, 

Torrington) 

 

ʂʘʟʘʭʩʪʘʥ 

(Delgebetey) 

ʅʠʛʝʨʠʷ 

(Kaduna) 
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(IIA) ʄʘʬʠʯʝʩʢʠʝ-ʫʣʴʪʨʘʤʘʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ɹʨʘʟʠʣʠʷ, ɸʚʩʪʨʠʷ); 

(IIB) ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ï ʯʝʨʥʳʡ ʩʣʘʥʝʮ (ʂʦʣʫʤʙʠʷ, ʂʘʥʘʜʘ, ʉʐɸ); 

(IIC) ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʂʠʪʘʡ, ɸʬʛʘʥʠʩʪʘʥ, ʉʐɸ); 

(IID) ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ I ʠʣʠ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʢʨʳʪʳʤʠ 

ʛʨʘʥʠʪʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ (ɸʚʩʪʨʠʷ, ɽʛʠʧʝʪ, ɸʚʩʪʨʘʣʠʷ, ʇʘʢʠʩʪʘʥ) ʠ ʥʝʢʦʪʦʨʳʝ 

ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʂʠʝʚʣʝʥʢʦ ʠ ʜʨ., 

1982) ʛʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʫʤʨʫʜʘ ʷʚʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: (1) ʧʥʝʚʤʘʪʦʣʠʪʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ, (2) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ. 

1. ʇʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʘʩʩʠʚʘʤ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʧʨʦʨʚʘʥʥʳʤ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ. ʀʟʫʤʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʣʶʜʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʛʨʘʥʠʪʥʳʤʠ ʠʥʪʨʫʟʠʷʤʠ, ʥʘ ʚʤʝʱʘʶʱʠʝ ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʥʦʩʷʪ ʪʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢ ʦʩʦʙʦʡ ʬʘʮʠʠ ʛʨʝʡʟʝʥʦʚ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʘʤ. ʂ 

ʵʪʦʤʫ ʪʠʧʫ ɽ.ʗ. ʂʠʝʚʣʝʥʢʦ ʩ ʩʦʘʚʪʦʨʘʤʠ (1982) ʦʪʥʦʩʠʪ ʤʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʘ. 

ɻʨʘʥʠʮʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠʤʠ ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʠʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥʦʤ çschist-

type depositsè ð çʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʣʶʜʷʥʳʭ ʩʣʘʥʮʘʭ (ʩʣʶʜʠʪʘʭ)è. 

2. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʟʚʝʩʪʥʳ ʚ ʂʦʣʫʤʙʠʠ. ʂ 

ʵʪʦʤʫ ʪʠʧʫ ʫʢʘʟʘʥʥʳʝ ʘʚʪʦʨʳ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʞʠʣʘʭ ʚ ɹʨʘʟʠʣʠʠ (ɹʨʫʤʘʜʦ) ʠ ɸʬʛʘʥʠʩʪʘʥʝ (ʜʦʣʠʥʘ ʨ. ʇʘʥʜʞʰʝʨ). ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʪʷʛʦʪʝʶʪ ʢ ʫʛʣʠʩʪʳʤ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʨʦʜʘʤ ʠ ʯʝʨʥʳʤ ʩʣʘʥʮʘʤ, ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʱʠʤ 

ʭʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨ 

ʠʟʫʤʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʦʙʲʝʤʥʳʝ ʤʝʪʘʩʦʤʘʪʥʪʳ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 

ʞʠʣʳ ʚʦ ʚʪʦʨʦʤ) ʠ, ʚʦ-ʚʪʦʨʳʭ, ʪʠʧ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʤʝʪʘʫʣʴʪʨʘʙʘʟʠʪʳ ʜʣʷ ʧʥʝʚʤʘʪʦʣʠʪʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ). 

ʅʘ ʚʟʛʣʷʜ (ɻʘʚʨʠʣʝʥʢʦ, ɼʘʰʝʚʩʢʘʷ, 1998), ʚʳʜʝʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝ 

ʩʦʚʩʝʤ ʦʧʨʘʚʜʘʥʦ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ:  

1. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʣʫʤʙʠʡʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ɹʝʫʩ, 1985). ʆʙʣʘʩʪʠ ʘʣʴʙʠʪʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʷʚʣʷʶʪʩʷ ʧʦʠʩʢʦʚʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʜʣʷ ʠʟʫʤʨʫʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʂʨʠʩʪʘʣʣʳ ʠʟʫʤʨʫʜʘ ʥʝʨʝʜʢʦ 

ʦʙʨʘʟʫʶʪʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʘʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʠʧʘ ʥʘʨʷʜʫ ʩ ʨʘʟʚʠʪʠʝʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʠʟʫʤʨʫʜʥʦʡ 
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ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʞʠʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʠʟʫʤʨʫʜ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʨʘʡʦʥʘ ʉʚʘʪ, ʇʘʢʠʩʪʘʥ). 

2. ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʯʘʩʪʦ 

ʷʚʣʷʶʪʩʷ ʧʣʘʩʪʳ ʩʣʶʜʠʩʪʳʭ, ʭʣʦʨʠʪʦʚʳʭ, ʪʨʝʤʦʣʠʪʦʚʳʭ ʠ ʪʘʣʴʢʦʚʳʭ ʩʣʘʥʮʝʚ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ (ʉʠʢʘʡʪ ʠ ʜʨ., ɽʛʠʧʝʪ; ʉʘʥʘʜʘʚʘʥʘ, ɿʠʤʙʘʙʚʝ), ʢʦʪʦʨʳʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʜʝʣʠʪʴ ʦʪ ʧʥʝʚʤʘʪʦʣʠʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʘʤ. 

3. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʨʠʛʠʥʘʣʴʥʦʤ ʛʝʥʝʟʠʩʝ ʢʦʣʫʤʙʠʡʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʝ ʩʚʷʟʘʥʥʦʤ ʩ ʧʨʠʚʥʦʩʦʤ Be ʠʟ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ (Cheilletz et al., 1994). 

2.4 ɻʨʝʡʟʝʥʳ  

ɻʨʝʡʟʝʥʦʚʳʝ ʬʦʨʤʘʮʠʠ ï ʧʦʨʦʞʜʝʥʠʝ ʧʣʫʪʦʥʦʛʝʥʥʳʭ ʧʦʩʣʝʠʥʪʨʫʟʠʚʥʳʭ ʚʳʩʦʢʦ- ʜʦ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ (ʬʪʦʨʦʚʦʜʦʨʦʜʥʦʛʦ, ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʛʦ, 

ʙʦʨʥʦʢʠʩʣʦʛʦ ʠ ʠʥʦʛʦ) ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʤʝʪʘʩʦʤʘʪʦʟʘ) (ʥʘʧʨʠʤʝʨ, ʂʦʨʞʠʥʩʢʠʡ, 1953; 

ɻʝʦʭʠʤʠʷé, 1964-1966; ɿʘʨʘʡʩʢʠʡ, 1989; ʠ ʜʨ.). ʊʝʤʧʝʨʘʪʫʨʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʥʝʝ 550-

600Áʉ, ʥʠʞʝ ʯʝʤ ʜʣʷ ʘʧʦʛʨʘʥʠʪʦʚ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʜʠʩʩʦʮʠʘʮʠʠ HF, HCl, H3BO3 ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʢʠʩʣʦʪ; ʬʣʶʠʜʳ ʩʪʘʥʦʚʷʪʩʷ ʩʠʣʴʥʦ ʢʠʩʣʳʤʠ, 

ʘʛʨʝʩʩʠʚʥʳʤʠ; ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʘʙʩʦʣʶʪʥʦ ʥʝ ʫʩʪʦʡʯʠʚʳ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʶʪʩʷ ʪʦʧʘʟʦʤ, 

ʤʫʩʢʦʚʠʪʦʤ, ʬʣʶʦʨʠʪʦʤ. 

ɻʨʝʡʟʝʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʙʝʨʠʣʣ, ʘ ʪʘʢʞʝ 

ʩʢʘʨʥʦʚʦ-ʛʨʝʡʟʝʥʦʚʳʝ ʠ ʧʝʛʤʘʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʥʦʨʤʘʣʴʥʳʤʠ, 

ʦʙʳʯʥʦ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ, ʛʨʘʥʠʪʘʤʠ (ʂʫʧʨʠʷʥʦʚʘ, 2016). ɹʝʨʠʣʣ-ʩʣʶʜʷʥʳʝ ʛʨʝʡʟʝʥʳ ʠ ʟʦʥʳ 

ʜʨʦʙʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʳʡ IV ʪʠʧ ʚ ʨʘʤʢʘʭ ʉʠʩʪʝʤʘʪʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʀ.ʀ. ʂʫʧʨʠʷʥʦʚʦʡ (2016 ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʨʘʙʦʪʳ). ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ (ʚ ʩʢʦʙʢʘʭ ʩʦʜʝʨʞʘʥʠʝ BeO, ʤʘʩ.%) ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʪʦʛʦ 

ʪʠʧʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʄʘʣʳʰʝʚʩʢʦʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʋʨʘʣʴʩʢʠʤ ʀʟʫʤʨʫʜʥʳʤ ʢʦʧ̫ʤ (0.14), 

ʉʥʝʞʥʦʝ ʚ ʉʘʷʥʘʭ (0.90), ɹʦʸʚʩʢʦʝ (0.12) ï ʈʦʩʩʠʷ, ʈʝʜʩʢʠʥ-ʐʪʦʢ (2) ï ʉʐɸ, ɹʦʘ-ɺʠʩʪʘ (0.25) 

ï ɹʨʘʟʠʣʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʝʥʘ ʢʘʢ 500-200Áʉ. ɼʨʫʛʦʡ ʪʠʧ 

ʛʨʝʡʟʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ ï ʵʪʦ VI ʪʠʧ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀ.ʀ. ʂʫʧʨʠʷʥʦʚʦʡ - 

ʢʦʤʧʣʝʢʩʥʳʝ (Be-W-Mo-Sn)-ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦ-ʛʨʝʡʟʝʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʤʝʨʘʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʩʪʫʧʘʶʪ ʂʘʟʳʨ (0.38) ï ʈʦʩʩʠʷ, ʂʘʨʘ-ʆʙʘ, ɸʢʯʘʪʘʫ, ʅʫʨʘ-ʊʘʣʜʳ (0.02-0.3) ï 

ʂʘʟʘʭʩʪʘʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʮʝʥʝʥʘ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

600-200Áʉ. 

ʕ.ʄ. ʉʧʠʨʠʜʦʥʦʚ (2019) ʩʨʝʜʠ ʙʝʨʠʣʣʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʛʨʝʡʟʝʥʦʚʳʭ 

ʬʦʨʤʘʮʠʡ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʝʪ ʮʚʠʪʪʝʨʳ. ʊʝʨʤʠʥ ʮʚʠʪʪʝʨ ʠʩʪʦʨʠʯʝʩʢʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ 

ʦʣʦʚʦʥʦʩʥʳʭ ʛʨʝʡʟʝʥʦʚ. ʎʚʠʪʪʝʨʳ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʬʪʦʨʠʩʪʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʛʨʫʧʧʳ ʛʨʝʡʟʝʥʦʚʳʭ ʬʦʨʤʘʮʠʡ (ɿʘʨʘʡʩʢʠʡ, 1989). ʆʪ 
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çʦʙʳʯʥʳʭè ʛʨʝʡʟʝʥʦʚ ʮʚʠʪʪʝʨʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Li, Rb, Cs, Ta, Nb, Sc. 

ʉʪʘʥʜʘʨʪʥʳʝ ʮʚʠʪʪʝʨʳ, ʟʘʤʝʩʪʠʚʰʠʝ ʛʨʘʥʠʪʳ, ʠʤʝʶʪ ʮʠʥʥʚʘʣʴʜʠʪ-ʢʚʘʨʮ-ʪʦʧʘʟʦʚʳʡ ʩʦʩʪʘʚ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʪʝʤʥʦʩʣʶʜʠʩʪʳʝ ʛʨʝʡʟʝʥʳ). ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʚʠʪʪʝʨʦʚ ʦʢʦʣʦ 

600Áʉ, ʥʘ 50-150Áʉ ʚʳʰʝ ʛʨʝʡʟʝʥʦʚ. ʇʦʵʪʦʤʫ ʮʚʠʪʪʝʨʳ, ʘ ʥʝ ʛʨʝʡʟʝʥʳ, ʩʦʜʝʨʞʘʪ ʮʠʥʥʚʘʣʴʜʠʪ ʠ 

ʙʦʛʘʪʳʡ ʩʢʘʥʜʠʝʤ ʚʦʣʴʬʨʘʤʠʪ, ʠʥʦʛʜʘ ï ʤʠʥʝʨʘʣʳ ʥʠʦʙʠʷ, ʦʙʠʣʴʥʫʶ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ʎʚʠʪʪʝʨʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʞʠʣʘʤʠ ʢʚʘʨʮʘ ʩ ʶʚʝʣʠʨʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʘʤʠ ʘʢʚʘʤʘʨʠʥʘ, ʪʦʧʘʟʘ, ʤʦʨʠʦʥʘ; ʱʝʪʢʘʤʠ ʢʨʠʦʬʠʣʣʠʪʘ-ʮʠʥʥʚʘʣʴʜʠʪʘ ʩ ʢʨʠʩʪʘʣʣʘʤʠ 

ʰʝʝʣʠʪʘ, ʪʦʧʘʟʘ, ʘʧʘʪʠʪʘ, ʠʥʦʛʜʘ ʠ ʚʦʨʦʙʴʝʚʠʪʘ (ʤʦʨʛʘʥʠʪʘ). ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʚʠʪʪʝʨʦʚ 

ʠʥʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʩʪʦʣʴʢʦ ʤʦʱʥʳʡ ʬʪʦʨʦʚʦʜʦʨʦʜʥʳʡ ʤʝʪʘʩʦʤʘʪʦʟ, ʯʪʦ ʥʘ ʤʝʩʪʝ ʠʩʭʦʜʥʳʭ 

ʛʨʘʥʠʪʦʚ ʚʦʟʥʠʢʘʶʪ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʢʚʘʨʮʘ, ï ʪʦʧʘʟʦʚʳʝ, ʮʠʥʥʚʘʣʴʜʠʪ-

ʪʦʧʘʟʦʚʳʝ ʠ ʪ.ʧ. (ʉʧʠʨʠʜʦʥʦʚ, 2019).  

ʅʝʨʝʜʢʦ ʧʨʦʮʝʩʩʳ ʬʪʦʨʦʚʦʜʦʨʦʜʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʤʘʪʝʨʠʥʩʢʠʭ ʣʝʡʢʦʛʨʘʥʠʪʥʳʭ ʧʣʫʪʦʥʦʚ. ʂʦʛʜʘ ʦʥʠ ʟʘʭʚʘʪʳʚʘʶʪ ʤʝʪʘʛʠʧʝʨʙʘʟʠʪʳ ʩ 

ʬʝʨʨʠʭʨʦʤʠʪʦʤ ʠ ʭʨʦʤʤʘʛʥʝʪʠʪʦʤ, ʚʦʟʥʠʢʘʁʪ ʮʚʠʪʪʝʨʳ ï ʩʣʶʜʠʪʳ (ʘʛʨʝʛʘʪʳ Li-Cs 

ʬʪʦʨʬʣʦʛʦʧʠʪʘ + ʬʣʶʦʨʠʪ, ʬʪʦʨʘʧʘʪʠʪ, ʧʣʘʛʠʦʢʣʘʟ, ʠʟʫʤʨʫʜ, ʭʨʠʟʦʙʝʨʠʣʣ, ʬʝʥʘʢʠʪ, Be- 

ʤʘʨʛʘʨʠʪ, ʪʫʨʤʘʣʠʥ ï ʬʪʦʨʜʨʘʚʠʪ ʠ ʤʘʛʥʝʟʠʦʬʦʡʪʠʪ, ʬʫʢʩʠʪ), ʬʪʦʨʘʢʪʠʥʦʣʠʪ-

ʬʪʦʨʬʣʦʛʦʧʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩ ɺʝ-ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʠʥʦʛʜʘ ʩ ʠʟʫʤʨʫʜʦʤ. ɺʦ ʚʥʝʰʥʝʡ ʟʦʥʝ 

ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʦʙʠʣʴʥʳ F-cʦʜʝʨʞʘʱʠʝ ʪʘʣʴʢ ʠ ʩʝʨʧʝʥʪʠʥ (ʉʧʠʨʠʜʦʥʦʚ, 

2019), ʚ ʢʦʪʦʨʦʤ ʠʟʨʝʜʢʘ ʥʘʭʦʜʷʪʩʷ ʠʟʫʤʨʫʜʳ. ɹʝʨʠʣʣʠʝʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʙʳʯʥʦ ʪʷʛʦʪʝʝʪ ʢ 

ʢʦʥʪʘʢʪʘʤ ʪʝʣ ʛʘʙʙʨʦʠʜʦʚ ʠʣʠ ʜʠʦʨʠʪʦʚ ʩ ʙʦʣʝʝ ʧʣʘʩʪʠʯʥʳʤʠ ʟʤʝʝʚʠʢʘʤʠ, ʪʘʣʴʢ-ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʣʘʥʮʘʤʠ (ɿʦʣʦʪʫʭʠʥ, 1996), ï ʠʤʝʥʥʦ ʚʜʦʣʴ ʵʪʠʭ ʢʦʥʪʘʢʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣʘ ʫʩʠʣʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʦʪʜʝʣʠʚʰʠʭʩʷ ʦʪ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʬʪʦʨʠʩʪʳʭ ʬʣʶʠʜʦʚ. 

ʎʚʠʪʪʝʨʳ-ʩʣʶʜʠʪʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʞʠʣʘʤʠ ʠ ʣʠʥʟʘʤʠ ʬʣʶʦʨʠʪʘ, ʤʘʨʛʘʨʠʪʘ, ʘʥʜʝʟʠʥʘ ʠʣʠ 

ʦʣʠʛʦʢʣʘʟʘ, ʘ ʪʘʢʞʝ ʢʚʘʨʮʘ (Ñ ʜʨʘʚʠʪ, ʮʠʥʥʚʘʣʴʜʠʪ) ʩ ʙʝʨʠʣʣʦʤ- ʘʢʚʘʤʘʨʠʥʦʤ, Cr-ʩʦʜʝʨʞʘʱʠʤ 

ʙʝʨʠʣʣʦʤ ʠ ʠʟʫʤʨʫʜʦʤ. Cr-ʩʦʜʝʨʞʘʱʠʡ ʙʝʨʠʣʣ (çʟʝʣʝʥʴè ʧʦ ʦʪʝʯʝʩʪʚʝʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ) ʠ 

ʠʟʫʤʨʫʜ ʦʢʨʘʰʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʯʘʩʪʦ ʟʦʥʘʣʴʥʦ, ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʘʣʶʤʦʭʨʦʤʠʪʘ ʠ 

ʭʨʦʤʤʘʛʥʝʪʠʪʘ. ʅʘʠʙʦʣʝʝ ʛʫʩʪʦ ʦʢʨʘʰʝʥʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʠʟʫʤʨʫʜ ʷʚʣʷʝʪʩʷ ʧʦʟʜʥʠʤ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʮʚʠʪʪʝʨʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚʝʱʝʩʪʚʘ 

ʨʘʥʥʠʭ ʦʙʳʯʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʢʨʘʰʝʥʥʳʭ ʠʟʫʤʨʫʜʦʚ ʠʣʠ çʠʟʫʤʨʫʜʥʦʡ ʟʝʣʝʥʠè (Cr-

ʩʦʜʝʨʞʘʱʝʛʦ ʙʝʨʠʣʣʘ). ʇʦʟʜʥʠʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʠʟʫʤʨʫʜ ʚ ʧʣʘʛʠʦʢʣʘʟʠʪʦʚʳʭ ʞʠʣʘʭ ʠ 

ʛʥʸʟʜʘʭ ʥʝʨʝʜʢʦ ʦʢʨʫʞʝʥ ʦʪʦʨʦʯʢʦʡ ʘʣʴʙʠʪ-ʦʣʠʛʦʢʣʘʟʘ ʠʣʠ ʘʣʴʙʠʪʘ, ʪʦʛʜʘ ʢʘʢ ʨʘʥʥʠʡ ʠʟʫʤʨʫʜ 

ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʥʜʝʟʠʥʦʤ ʠ ʦʣʠʛʦʢʣʘʟʦʤ (ʉʧʠʨʠʜʦʥʦʚ, 2019). ʂʨʫʧʥʝʡʰʝʡ ʟʘʣʝʞʴ  ʁʠʟʫʤʨʫʜʘ 

ʷʚʣʷʶʪʩʷ ʟʥʘʤʝʥʠʪʳʝ ʋʨʘʣʴʩʢʠʝ ʀʟʫʤʨʫʜʥʳʝ ʢʦʧʠ, ʧʨʦʪʷʛʠʚʘʶʱʠʝʩʷ ʧʦʣʦʩʦʡ ʜʣʠʥʦʡ 25 ʢʤ ʥʘ 

ʉʨʝʜʥʝʤ ʋʨʘʣʝ. ɺ ʵʪʠʭ ʞʝ ʟʦʥʘʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʪʦʨʦʚʦʜʦʨʦʜʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ 
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ʧʦʨʦʜʘʭ ʢʨʝʤʥʝʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʚʦʟʥʠʢʘʶʪ cʪʘʥʜʘʨʪʥʳʝ ʘʢʚʘʤʘʨʠʥ, ʪʦʧʘʟ, 

ʩʠʥʭʨʦʥʥʳʝ ʠʟʫʤʨʫʜʫ ʚ ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ. 

ʄʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʘ ʩʭʦʜʥʳ ʩ ʀʟʫʤʨʫʜʥʳʤʠ ʢʦʧʷʤʠ ï Chʘbʘchtal 

(ɸʚʩʪʨʠʷ), Sandawana, Karai (ɿʠʤʙʘʙʚʝ), Miku, Kitwe (ɿʘʤʙʠʷ), Manyara (ʊʘʥʟʘʥʠʷ), Carnaiba, 

Socoto, Esperana, Santa Teresina, Tana, Ceara, Salininha (ɹʨʘʟʠʣʠʷ), Swat, Khaltaro, Makhad, Nanga 

Parbat (ʇʘʢʠʩʪʘʥ), Wodgino, Poona (ɸʚʩʪʨʘʣʠʷ) (ʩʩʳʣʢʠ ʚ (ʉʧʠʨʠʜʦʥʦʚ, 2019). ʇʘʨʘʤʝʪʨʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ï 650-400Áʉ, 5-2 ʢʙʘʨ, ʙʦʛʘʪʳʝ ʬʪʦʨʦʤ ʚʳʩʦʢʦʩʦʣʸʥʳʝ ʬʣʶʠʜʳ (ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʚʢʣʘʜʘ ʤʝʪʝʦʨʥʳʭ ʚʦʜ). ʀʟʫʤʨʫʜʦʧʦʜʦʙʥʳʡ V-ʙʝʨʠʣʣ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʨʘʟʚʠʪ ʚ 

ʮʚʠʪʪʝʨʘʭ ï ʬʪʦʨʬʣʦʛʦʧʠʪʦʚʳʭ ʩʣʶʜʠʪʘʭ ʥʘ ʢʦʥʪʘʢʪʝ ʚʘʥʘʜʠʝʥʦʩʥʳʭ ʛʨʘʬʠʪʩʦʜʝʨʞʘʱʠʭ 

ʠʟʚʝʩʪʢʦʚʦ-ʩʠʣʠʢʘʪʥʳʭ ʤʝʪʘʤʦʨʬʠʪʦʚ (ʂʝʥʠʷ).  

ʆʨʠʛʠʥʘʣʴʥʘʷ çʰʘʭʤʘʪʥʘʷè ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ ʍ. ɼʠʣʣʘ (Dill , 

2010), ʧʦ ʩʫʪʠ ʜʝʣʘ, ʜʫʙʣʠʨʫʝʪ ʧʦʯʪʠ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʩʭʝʤʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. 

2.5 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

ʕʣʝʤʝʥʪ ʙʝʨʠʣʣʠʡ, ʩʘʤʳʡ ʣʝʛʢʠʡ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ, ʢʨʘʡʥʝ ʥʝʩʦʚʤʝʩʪʠʤ. 

ʇʦʵʪʦʤʫ ʦʥ ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʛʨʘʥʠʪʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʧʣʘʚʘʭ ʠ ʦʙʦʛʘʱʝʥ ʚ 

ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʚʰʠʭ ʛʨʘʥʠʪʘʭ ʠ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʘʭ. ɹʝʨʠʣʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ ʙʝʨʠʣʣʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʧʣʶʤʘʟʠʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʛʨʘʥʠʪʥʦ-ʧʝʛʤʘʪʠʪʦʚʳʡ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʜʠʷʭ 

(London, Evensen, 2002; Barton, Young, 2002). ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʝʨʠʣʣʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʦʙʨʘʟʫʝʪʩʷ (Henry, 2022). ɻʣʘʚʥʳʝ ʪʠʧʦʤʦʨʬʥʳʝ 

ʧʨʠʟʥʘʢʠ ʙʝʨʠʣʣʘ ʩʚʷʟʘʥʳ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʱʝʣʦʯʝʡ ʠʣʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ (ʂʫʧʨʠʷʥʦʚʘ, 1989).  

ʉʦʚʤʝʩʪʥʦʝ ʥʘʭʦʞʜʝʥʠʝ Be, Cr ʠ/ʠʣʠ V ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟʫʤʨʫʜʘ. ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʙʝʨʠʣʣʘ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚʤʝʱʘʶʱʝʛʦ 

ʨʠʦʣʠʪʘ ʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʭ ʬʘʟ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʤʳ 

ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ. ɸʢʚʘʤʘʨʠʥ ʠ ʛʝʣʠʦʜʦʨ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ (ʧʝʛʤʘʪʠʪ,r ʛʨʝʡʟʝʥ,r ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʨ.). 

ʇʝʛʤʘʪʠʪʦʚʳʝ ʠ ʛʨʝʡʟʝʥʦʚʳʝ ʬʦʨʤʘʮʠʠ ʚʢʣʶʯʘʶʪ ʛʣʘʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ 

ʦʨʫʜʝʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ Be ʩʦʩʨʝʜʦʪʦʯʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʝʨʠʣʣʝ. ɺ ʜʘʥʥʳʭ ʬʦʨʤʘʮʠʷʭ 

ʙʝʨʠʣʣ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʝʥʝʨʘʮʠʷʤʠ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʠ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʦʩʪʝʡ 

ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʠʪ ʩʫʜʠʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠ.̫ ʆʜʥʘʢʦ 

ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚʳʧʦʣʥʝʥʥʳʝ ʫʩʪʘʨʝʚʰʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ) ʦʪʣʠʯʘʣʠʩʴ ʬʨʘʛʤʝʥʪʘʨʥʦʩʪʴʶ ʢʘʢ ʚ ʧʝʨʝʯʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ (ʂʫʧʨʠʷʥʦʚʘ, 1989). ʊʘʢ, ʥʘ ʧʨʠʤʝʨʝ ʤʦʥʛʦʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
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ʅ.ɺ. ɺʣʘʜʳʢʠʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠ ̫Li  ʚ ʙʝʨʠʣʣʝ ʠʟ ʣʝʧʠʜʦʣʠʪʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʜʦʩʪʠʛʘʝʪ 

1000 ppm, ʚ ʙʝʨʠʣʣʝ ʠʟ ʤʫʩʢʦʚʠʪʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʩʦʜʝʨʞʘʥʠʝ Li ʚ 2-10 ʨʘʟ ʤʝʥʴʰʝ, ʘ ʚ ʙʝʨʠʣʣʝ 

ʠʟ ʛʨʝʡʟʝʥʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 300 ppm. ʆʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ Fe, Mg 

ʠ Mn ʚ ʙʝʨʠʣʣʝ ʦʪ ʩʦʩʪʘʚʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʩʨʝʜʥʝʤ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʝʨʠʣʣʝ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʨʝʡʟʝʥʦʚʦʡ ʛʨʫʧʧʳ. ʄʠʥʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Fe, Mg, Mn ʦʪʣʠʯʘʶʪʩʷ ʙʝʨʠʣʣʳ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʫʢʦʚʠʪʦʚʳʤʠ ʠ ʢʝʨʘʤʠʯʝʩʢʠʤʠ, ʘ ʜʣʷ ʛʨʝʡʟʝʥʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ çʚʥʫʪʨʠʛʨʘʥʠʪʥʳʭè ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʂʫʧʨʠʷʥʦʚʘ, 1989).  
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ɻʃɸɺɸ 3 ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʨʝʧʘʨʘʪʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʨʠʣʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʥʜʘʨʪʥʳʝ ʰʘʡʙʳ ʠʟ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʜʠʘʤʝʪʨ ʦʢʦʣʦ 1 ʜʶʡʤʘ) ʩ ʧʦʤʝʱʝʥʥʳʤʠ ʚ ʥʠʭ ʟʝʨʥʘʤʠ 

ʙʝʨʠʣʣʘ. ʇʨʠ ʧʦʣʠʨʦʚʢʝ ʰʘʡʙ, ʚ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʦʤʝʪʨʠʯʥʳʭ ʟʝʨʝʥ, ʦʥʠ ʚʳʚʦʜʠʣʠʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʠʭ ʪʦʣʱʠʥʳ. ɺ ʩʣʫʯʘʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʜʠʦʤʦʨʬʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ) ʧʝʨʝʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʧʨʝʧʘʨʘʪʘ ʦʥʠ ʙʳʣʠ 

ʨʘʟʨʝʟʘʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʷʤ ʧʨʠʟʤʳ (ʦʩʠ ʫʜʣʠʥʝʥʠʷ), ʯʪʦʙʳ ʚ ʰʘʡʙʝ ʙʳʣʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʫʯʠʪʴ ʨʦʩʪʦʚʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʙʝʨʠʣʣʘ ʧʦ ʪʨʘʚʝʨʩʫ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʙʘʟʘʣʴʥʦʤʫ ʧʠʥʘʢʦʠʜʫ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʦʚ (ʷʚʣʷʶʪʩʷ ʣʠ ʦʥʠ 

ʙʝʨʠʣʣʦʤ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʤ ɻʦʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʥʘ ʙʘʟʝ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ Renishaw InVia Reflex (ʘʥʘʣʠʪʠʢ ɽ.ɸ. ɺʘʩʠʣʴʝʚ). 

ʀʩʪʦʯʥʠʢʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʩʣʫʞʠʣ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʢʨʘʩʥʳʡ ʣʘʟʝʨ (520 ʥʤ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʘʟʝʨʘ ʙʳʣʘ ʩʥʠʞʝʥʘ ʜʦ 10%, ʚ ʩʣʫʯʘʷʭ ʩʠʣʴʥʦʡ ʣʶʤʠʥʠʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. ʈʘʟʨʝʰʝʥʠʝ ʧʨʠʙʦʨʘ 

ʩʦʩʪʘʚʣʷʣʦ ~1 ʤʢʤ, ʩ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʨʦʚʦʜʠʣʩʷ ʪʨʝʭʢʨʘʪʥʳʡ ʩʙʦʨ ʩʧʝʢʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ 

ʥʘʢʦʧʣʝʥʠʷ ʩʧʝʢʪʨʘ ï 30 ʩ. ʇʦʣʦʞʝʥʠʝ ʣʠʥʠʠ ʢʨʝʤʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘ 520.1 ʩʤ-1. 

3.1 ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ  

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʚʦʜʫ ʠ ʣʝʪʫʯʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʙʝʨʠʣʣʝ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-4f ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʪʦʨʠʯʥʳʭ 

ʠʦʥʦʚ (SIMS) ʚ ʗʨʦʩʣʘʚʩʢʦʤ ʬʠʣʠʘʣʝ ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤʝʥʠ ʂ.ɸ. ɺʘʣʠʝʚʘ 

ʈɸʅ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʘʭ (ʅʦʩʦʚʘ ʠ ʜʨ., 2002; ʇʦʨʪʥʷʛʠʥ ʠ ʜʨ., 2002; 

Portnyagin, 2008). ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʘ ʧʨʠʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʝʪʫʯʠʭ (Cl, F, H) ʠ ʣʝʛʢʠʭ (B, Li) ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʠ ʦʩʥʦʚʥʦʛʦ ʥʘʙʦʨʘ (Na, 

Mg, P, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Ga, Rb, Cs, Sr). 

ʇʝʨʚʠʯʥʳʡ ʧʫʯʦʢ ʠʦʥʦʚ O2
ï ʩ ʵʥʝʨʛʠʝʡ 10 ʢʵɺ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ 

ʧʷʪʥʦ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 20-30 ʤʢʤ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʦʢʘ ʧʝʨʚʠʯʥʳʭ ʠʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 5 ʥɸ 

(ʧʨʦʪʦʢʦʣ çʣʝʪʫʯʠʝè) ʠ 1.5 ʥɸ (ʦʩʥʦʚʥʦʡ ʧʨʦʪʦʢʦʣ). ʇʨʠ ʵʪʦʤ ʦʙʣʘʩʪʴ ʩʙʦʨʘ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ 

ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʧʦʣʝʚʦʡ ʜʠʘʬʨʘʛʤʦʡ ʜʠʘʤʝʪʨʦʤ 10 ʠ 25 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʪʦʨʠʯʥʳʝ ʠʦʥʳ 

ʩ ʵʥʝʨʛʠʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ 75-125 ʵɺ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

(ʧʨʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ). ʆʪʜʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʢʣʶʯʘʣʦ ʪʨʠ ʮʠʢʣʘ ʥʘʢʦʧʣʝʥʠʷ ʩ 

ʜʠʩʢʨʝʪʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʤʘʩʩ-ʧʠʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʠʟ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʢ ʤʘʪʨʠʯʥʦʤʫ ʠʦʥʫ 30Si+ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 
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ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʨʠʚʳʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʥʘʙʦʨʫ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʝʢʦʣ (Jochum 

et al., 2000; Jochum et al., 2006).  

ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʩʬʦʨʘ, ʩʢʘʥʜʠʷ, ʞʝʣʝʟʘ, ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʧʦʪʨʝʙʦʚʘʣʦ ʫʯʝʪʘ ʠʟʦʙʘʨʥʳʭ 

ʥʘʣʦʞʝʥʠʡ: 

Å ɺʢʣʘʜ 30Si1H+ ʚ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʦʮʝʥʠʚʘʣʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʦʙʣʘʩʪʠ 29 ʘ.ʝ.ʤ., ʬʦʨʤʠʨʫʝʤʦʛʦ ʠʦʥʘʤʠ 29Si+ ʠ 28Si1H+, ʠ ʧʨʠʨʦʜʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠʟʦʪʦʧʦʚ ʢʨʝʤʥʠʷ.  

Å ɺʳʯʠʪʘʥʠʝ ʩʠʛʥʘʣʘ ʠʦʥʦʚ 29Si16O+ + 28Si17O+ ʚ ʦʙʣʘʩʪʠ 45 ʘ.ʝ.ʤ. ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʢʘʥʜʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ 44-ʡ ʤʘʩʩʝ 

(28Si16O+ + 44Ca+). 

ɺʢʣʘʜ 44Ca+ ʥʘʭʦʜʠʣʩʷ ʧʫʪʝʤ ʧʝʨʝʩʯʝʪʘ ʠʟʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 42Ca+ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠʟʦʪʦʧʦʚ ʢʘʣʴʮʠʷ (Aurisicchio et al., 2018).  

Å ʉʠʛʥʘʣ 56Fe+ ʠ 59Co+ ʢʦʨʨʝʢʪʠʨʦʚʘʣʩʷ ʩ ʫʯʝʪʦʤ ʩʧʝʢʪʨʘ ʢʣʘʩʪʝʨʥʳʭ ʠʦʥʦʚ Si2
+ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠʦʥʦʚ Si+/Si2
+ ʜʣʷ ʜʘʥʥʦʡ ʤʘʪʨʠʮʳ ʠʟʚʝʩʪʥʦ 

ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʟʘʨʷʜʢʠ ʦʙʨʘʟʮʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

Å ɺʢʣʘʜ 46Ti16O+ ʫʯʠʪʳʚʘʣʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʝʛʦ 

62-ʛʦ ʠʟʦʪʦʧʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ TiO+ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʦʥʥʦʛʦ ʪʦʢʘ 47Ti+ ʠ ʠʟʚʝʩʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ Ti+/TiO+. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʨʳ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʬʦʥʘ. 

ɼʦ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʥʘʭʦʜʠʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ (10ï8 ʪʦʨʨ) 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʝ ʤʝʥʝʝ 12 ʯ. ɸʥʘʣʠʟ ʧʨʝʜʚʘʨʷʣʩʷ ʧʨʦʮʝʜʫʨʦʡ 

ʦʯʠʩʪʢʠ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʦʪ ʧʨʦʚʦʜʷʱʝʡ ʧʣʝʥʢʠ ʟʦʣʦʪʘ ʠ ʩʣʦʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʦʡ, ʠ ʧʨʦʮʝʜʫʨʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʧʦʪʝʥʮʠʘʣʘ ʦʙʨʘʟʮʘ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʧʝʨʚʠʯʥʳʡ ʧʫʯʦʢ ʧʝʨʝʢʨʳʚʘʣ ʦʙʣʘʩʪʴ ʩʙʦʨʘ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʜʠʘʤʝʪʨʦʤ 10 ʤʢʤ, 

ʩʦʚʤʝʱʝʥʥʫʶ ʩ ʮʝʥʪʨʦʤ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʧʣʦʱʘʜʢʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 40Ĭ40 ʤʢʤ. 

ʐʘʡʙʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʤʦʥʪʠʨʦʚʘʥʳ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ, ʩʦʜʝʨʞʘʣʠ ʟʝʨʥʦ 

ʙʝʟʚʦʜʥʦʛʦ ʩʠʣʠʢʘʪʘ (ʦʣʠʚʠʥʘ), ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʫʨʦʚʥʷ ʬʦʥʘ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʘʜʩʦʨʙʮʠʝʡ ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʦʣʝʢʫʣ ʠʟ ʦʩʪʘʪʦʯʥʦʡ ʘʪʤʦʩʬʝʨʳ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʧʨʠʙʦʨʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚʳʯʠʩʣʷʣʠʩʴ ʠʟ ʦʪʥʦʰʝʥʠʷ ʠʦʥʥʳʭ ʪʦʢʦʚ 1H+/30Si- ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

C[H2O]/C[SiO2] = (I(1H+) ï I(1H+)bg)/I(30Si+)ĬʂʆʏĬK(SiO2), 

ʛʜʝ C[H2O] ʠ C[SiO2] ï ʢʦʥʮʝʥʪʨʘʮʠʠ H2O ʠ SiO2, ʤʘʩ.%; I(
1H+), I(1H+)bg ʠ I(30Si+) ï 

ʠʟʤʝʨʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ, ʠʤʧ/ʩ; I(1H+)bg ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʥʦʚʦʛʦ 

ʩʠʛʥʘʣʘ; ʂʆʏ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; K(SiO2) ï ʧʦʧʨʘʚʦʯʥʳʡ 
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ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʂʆʏ ʦʪ ʩʦʜʝʨʞʘʥʠʷ SiO2, ʜʣʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ  

K(SiO2) = (1 ï (SiO2 ï 50)Ĭ0.0185). 

ʂʘʣʠʙʨʦʚʢʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʧʨʠʨʦʜʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʪʝʢʦʣ (ʚʩʝʛʦ 28 ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ), ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ SiO2 (41-77 ʤʘʩ.%) ʠ ʚʦʜʳ (0.1ï8 ʤʘʩ.%) (Danyushevsky et al., 2000; Kamenetsky et 

al., 2000; Shishkina et al., 2010; Sobolev, Chaussidon, 1996; Tamic et al., 2001), ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʈ.ɽ. ɹʦʯʘʨʥʠʢʦʚʘ). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʣʠʙʨʦʚʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʨʝʬʝʨʝʥʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʦ 15 %, ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ 7 %. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʪʦʨʘ ʠ ʭʣʦʨʘ. 

ʉʪʘʥʜʘʨʪʥʦʝ ʩʪʝʢʣʦ NIST-610 (Rocholl et al., 1997) ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʥʠʪʦʨʘ ʧʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʝʩʩʠʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 

10 % ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʰʝ, ʯʝʤ 1 ppm, ʠ 20 % ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 0.1-1 ppm. 

ʇʦʨʦʛ ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.005-0.010 ppm. 

3.2 ʆʙʨʘʙʦʪʢʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ  

ʇʝʨʚʠʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʦʚʝʨʝʥʳ ʥʘ ʧʨʝʜʤʝʪ ʚʳʙʨʦʩʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʪʘʢʠʝ ʪʦʯʢʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʧʘʜʘʥʠʝʤ ʚ ʦʙʣʘʩʪʴ ʘʥʘʣʠʟʘ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʜʨʫʛʦʛʦ 

ʤʠʥʝʨʘʣʘ. ʅʘʧʨʠʤʝʨ, ʤʠʢʨʦʚʢʣʶʯʝʥʠʝ ʙʠʦʪʠʪʘ ʚʳʟʳʚʘʝʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʘ ʚ ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ, ʩʦʜʝʨʞʘʥʠʝ K, Ti, Fe ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʝ ʘʥʘʣʠʟʳ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʚʳʙʦʨʢʠ. ʇʦʧʘʜʘʥʠʝ ʚ ʧʦʣʝ ʘʥʘʣʠʟʘ ʛʘʟʦʚʦ-ʞʠʜʢʦʛʦ 

ʚʢʣʶʯʝʥʠʷ ʚʳʟʳʚʘʝʪ ʘʥʦʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Na ʠ Cl. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʪʩʢʦʢʠ ʧʦ 

ʢʦʥʢʨʝʪʥʳʤ ʵʣʝʤʝʥʪʘʤ ʟʘʤʝʥʷʣʠʩʴ ʥʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ 

ʞʝ ʟʝʨʥʘ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʘ ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ (ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ) ʜʣʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʨʦʛʘ. ʇʦʩʢʦʣʴʢʫ ʩʭʝʤʘ ʫʯʝʪʘ 

ʠʟʦʙʘʨʥʳʭ ʥʘʣʦʞʝʥʠʡ ʜʣʷ ʈ ʥʝ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʡ, ʜʘʥʥʳʝ ʧʦ ʵʪʦʤʫ ʵʣʝʤʝʥʪʫ 

ʙʳʣʠ ʮʝʣʠʢʦʤ ʠʩʢʣʶʯʝʥʳ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ 

ʙʝʨʠʣʣʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʚʣʦʞʝʥʠʷ 

ʩʦʩʝʜʝʡ ʩ t-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (t-SNE). 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʘʟʨʘʙʦʪʘʥ ʚ 1933 ʛ. ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʝʦʣʦʛʠʠ ʙʦʣʝʝ 50 ʣʝʪ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʝ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ (ɹʝʣʦʥʠʥ ʠ ʜʨ., 1982; Dmitrijeva et al., 2019; Garber et al., 2017). 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʝʤʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʜʝʣʠʪʴ ʚʝʜʫʱʠʝ 

ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʜʠʩʧʝʨʩʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʜ 



52 

ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚʳʩʪʫʧʘʝʪ ʥʘʙʦʨ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʙʝʨʠʣʣʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʤʝʪʦʜʦʤ SIMS. ʄʝʪʦʜ PCA ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʧʠʩʘʪʴ ʚʘʨʠʘʮʠʠ ʧʨʠʟʥʘʢʦʚ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ 

(ʢʦʤʧʦʥʝʥʪ, ʬʘʢʪʦʨʦʚ) ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʜʠʩʧʝʨʩʠʠ ʤʝʞʜʫ ʥʠʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʘʠʙʦʣʝʝ 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʦʙʲʝʢʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʟʥʘʢʦʚ. 

ʇʦʩʢʦʣʴʢʫ PCA ʦʩʥʦʚʘʥ ʥʘ ʤʥʦʛʦʤʝʨʥʦʤ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ. ʇʨʦʚʝʨʢʘ ʪʠʧʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʝʨʠʣʣʝ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʦʣʴʢʦ ʜʣʷ ʚʦʜʳ ʚʳʧʦʣʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʍʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʙʦ ʣʦʛʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ, ʣʠʙʦ 

ʜʨʫʛʠʤ ʟʘʢʦʥʦʤ, ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʇʦʵʪʦʤʫ ʚ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʩʭʦʜʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʙʝʨʠʣʣʫ, 

ʢʨʦʤʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ, ʙʳʣʠ ʧʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʥʳ. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʥʦʨʤʘʣʠʟʘʮʠʷ ʚʩʝʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ (CLR-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ) (Aitchison, 1982), ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ 

ʠʩʢʘʞʝʥʠʷ, ʧʨʠʩʫʱʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʜʘʥʥʳʤ (Pawlowsky-Glahn, Egozcue, 2006). CLR-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʦʛʨʘʤʤʦʡ CoDaPack 2.0 (Comas-Cuf² et al., 2011). ʈʘʩʯʝʪʳ 

ʤʝʪʦʜʦʤ PCA ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Statistica 7.0. 

ʄʝʪʦʜ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʚʣʦʞʝʥʠʷ ʩʦʩʝʜʝʡ ʩ t-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (t-SNE ʤʝʪʦʜ) ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʚ 2008 ʛ. (Van der Maaten, Hinton, 2008). ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʚ ʜʚʫʭʤʝʨʥʦʤ ʠʣʠ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʤʥʦʛʦʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʧʦ ʛʝʦʭʠʤʠʠ ʙʝʨʠʣʣʘ (Wang, Krzemnicki, 2021). ɸʣʛʦʨʠʪʤ t-SNE ʚʳʯʠʩʣʷʝʪ ʤʝʨʫ 

ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʧʘʨʘʤʠ ʦʙʲʝʢʪʦʚ ʚ ʧʨʠʟʥʘʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʥʠʟʢʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ. ɿʘʪʝʤ ʦʥ ʧʳʪʘʝʪʩʷ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʠ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ 

ʩʭʦʜʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ t-SNE ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʡ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʧʣʝʢʩʠʷ (perplexity). ʇʝʨʧʣʝʢʩʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʝʧʝʥʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ ʩʦʩʝʜʥʠʭ ʪʦʯʝʢ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ 

ʦʧʪʠʤʠʟʘʮʠʠ t-SNE. ʇʨʠ ʨʘʩʯʝʪʘʭ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ (Liu et al., 2021) 

ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʧʝʨʧʣʝʢʩʠʠ ʦʪ 10 ʜʦ 50. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʝʪʦʜʦʤ PCA, ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ t-

SNE ʚʳʧʦʣʥʷʣʠʩʴ ʢʘʢ ʜʣʷ ʧʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʢʨʦʤʝ 

ʚʦʜʳ), ʪʘʢ ʠ ʜʣʷ ʜʘʥʥʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ CLR-ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʜʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python (ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022). 
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3.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ. 

ʇʦʤʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʟʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʧʦ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʙʝʨʠʣʣʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʘʤʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

(PCA) ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʚʣʦʞʝʥʠʷ ʩʦʩʝʜʝʡ ʩ t-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (t-SNE). 
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ɻʃɸɺɸ 4 ɻɽʆʍʀʄʀʗ ɹɽʈʀʃʃɸ 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ 

ʦʙʨʘʟʮʘʭ ʙʝʨʠʣʣʘ ʠʟ ʫʯʝʙʥʦʡ ʢʦʣʣʝʢʮʠʠ ʥʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʬʦʥʜʘ ɻʦʨʥʦʛʦ ʤʫʟʝʷ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʢʦʣʣʝʛʘʤʠ. ɺʩʝʛʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 108 ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ (506 

ʣʦʢʘʣʴʥʳʭ ʘʥʘʣʠʟʦʚ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ, ʩ ʫʯʝʪʦʤ ʦʪʙʨʘʢʦʚʢʠ ʚʳʙʨʦʩʦʚ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ ʨʝʰʘʶʱʠʡ ʚʢʣʘʜ ʚ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʬʦʥʜʦʚ ɻʦʨʥʦʛʦ ʤʫʟʝʷ 

(89 ʦʙʨʘʟʮʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 300 ʘʥʘʣʠʟʦʚ). ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʝʤʴ ʛʨʫʧʧ (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ ɹ.1). ɺ ʦʩʥʦʚʫ ʜʝʣʝʥʠʷ ʙʳʣʘ 

ʧʦʣʦʞʝʥʘ ʦʢʨʘʩʢʘ ʙʝʨʠʣʣʘ ï ʧʨʠʟʥʘʢ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʘʢ ʧʨʠ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʛʝʤʤʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʜʝʣʝʥʠʝ 

ʚʳʙʦʨʢʠ ʙʝʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʥʫʪʨʠ ʛʨʫʧʧ ʦʙʨʘʟʮʳ ʜʝʣʠʣʠʩʴ ʧʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʢ ʦʩʥʦʚʥʳʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʧʨʦʷʚʣʝʥʠʷʤ ʙʝʨʠʣʣʘ (ʧʝʛʤʘʪʠʪʘʤ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʳʤ ʠ ʛʨʝʡʟʝʥʘʤ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʤ). ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʦʙʨʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʦʪʥʝʩʝʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʝ. ʇʦʜʦʙʥʦʝ 

ʜʝʣʝʥʠʝ ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʮʚʝʪ), 

ʥʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʡ ʚʳʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʟʝʣʝʥʦʛʦ 

ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʮʚʝʪʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

210 ʘʥʘʣʠʟʦʚ ʚ 37 ʦʙʨʘʟʮʘʭ. ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ (ʙʠʢʩʙʠʪ), ʷʚʣʷʶʱʠʡʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʙʝʨʠʣʣʘ, ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ (7 ʘʥʘʣʠʟʦʚ). ʉʦʩʪʘʚ 

ʚʦʨʦʙʴʝʚʠʪʘ (ʤʦʨʛʘʥʠʪʘ) ʠʩʩʣʝʜʦʚʘʣʩʷ, ʧʦʩʣʝ ʨʘʩʰʠʨʝʥʠʷ ʚʳʙʦʨʢʠ, ʚ 17 ʦʙʨʘʟʮʘʭ (54 ʘʥʘʣʠʟʘ). 

ɺʳʙʦʨʢʘ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ (ʛʝʣʠʦʜʦʨʘ) ʙʳʣʘ ʤʝʥʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ï ʪʨʠ ʦʙʨʘʟʮʘ (28 

ʘʥʘʣʠʟʦʚ). ɻʨʫʧʧʘ ʙʝʨʠʣʣʘ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʛʦʣʫʙʦʛʦ (ʘʢʚʘʤʘʨʠʥ) ʠ ʩʠʥʝʛʦ (ʤʘʢʩʠʩ-ʙʝʨʠʣʣ) 

ʮʚʝʪʘ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜ 

ʦʙʱʠʤ ʪʝʨʤʠʥʦʤ çʘʢʚʘʤʘʨʠʥʳè ʠ ʚʢʣʶʯʘʝʪ 23 ʦʙʨʘʟʮʘ (97 ʘʥʘʣʠʟʦʚ). ʆʪʜʝʣʴʥʦ ʥʘ ʧʨʝʜʤʝʪ 

ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ʙʳʣ ʠʟʫʯʝʥ ʢʨʠʩʪʘʣʣ ʘʢʚʘʤʘʨʠʥʘ (33 ʘʥʘʣʠʟʘ ʚ ʪʨʝʭ 

ʩʝʯʝʥʠʷʭ). ɺ ʛʨʫʧʧʫ ʙʝʣʦʛʦ ʙʝʨʠʣʣʘ ʙʳʣ ʦʪʥʝʩʝʥ ʙʝʣʳʡ ʥʝʧʨʦʟʨʘʯʥʳʡ ʙʝʨʠʣʣ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 

ʪʠʧ ʦʢʨʘʩʢʠ ʢʦʪʦʨʦʛʦ ʥʝ ʧʦʟʚʦʣʷʣʠ ʚʢʣʶʯʠʪʴ ʝʛʦ ʚ ʜʨʫʛʠʝ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ ʮʚʝʪʘʤ, 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɺ ʩʦʩʪʘʚʝ ʙʝʣʦʛʦ ʙʝʨʠʣʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 13 ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʧʦʩʪʘʚʣʝʥʳ 48 ʪʦʯʝʢ ʘʥʘʣʠʟʘ. ɻʨʫʧʧʘ ʙʝʩʮʚʝʪʥʦʛʦ ʙʝʨʠʣʣʘ (ʛʦʰʝʥʠʪʘ) ʩʦʩʪʦʠʪ ʠʟ 13 ʦʙʨʘʟʮʦʚ 

(29 ʘʥʘʣʠʟʦʚ) (ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022). 

ʉʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʚʦʜʫ ʠ ʣʝʪʫʯʠʝ ʵʣʝʤʝʥʪʳ, ʚ ʙʝʨʠʣʣʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʠʦʥʥʦʤ ʤʠʢʨʦʟʦʥʜʝ Cameca IMS-4f ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʪʦʨʠʯʥʳʭ 

ʠʦʥʦʚ (SIMS) ʚ ʗʨʦʩʣʘʚʩʢʦʤ ʬʠʣʠʘʣʝ ʌʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤʝʥʠ ʂ.ɸ. ɺʘʣʠʝʚʘ 
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ʈɸʅ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021; ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022). ɸʥʘʣʠʟʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʘ ʧʨʠʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʝʪʫʯʠʭ 

(Cl, F, H) ʠ ʣʝʛʢʠʭ (B, Li) ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʠ ʦʩʥʦʚʥʦʛʦ ʥʘʙʦʨʘ (Na, Mg, P, K, Ca, Sc, Ti, V, 

Cr, Mn, Fe, Co, Ni, Ga, Rb, Cs, S). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʢʨʠʩʪʘʣʣʦʚ (ʷʚʣʷʶʪʩʷ ʣʠ ʦʥʠ ʙʝʨʠʣʣʦʤ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

4.1 ʈʦʩʪʦʚʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʙʝʨʠʣʣʘ 

ʉʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʙʝʨʠʣʣʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʠʣʩʷ ʦʛʨʦʤʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʤʠʥʝʨʘʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʤʠʥʝʨʘʣʳ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʦʙʨʝʪʘʶʪ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʢʦʥʳ ʨʦʩʪʦʚʦʡ 

ʘʥʘʪʦʤʠʠ ʢʨʠʩʪʘʣʣʦʚ (ɻʨʠʛʦʨʴʝʚ, 1979). ʉʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʙʲʷʩʥʷʶʪ ʨʘʟʣʠʯʠʝʤ çʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʠʣʳè, ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʦʩʪʘ ʛʨʘʥʝʡ 

ʨʘʟʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ, ʩʦʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʠ ʜʠʬʬʫʟʠʠ ʵʣʝʤʝʥʪʦʚ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (Watson, 1995, 1996), ʨʘʟʥʦʡ ʘʜʩʦʨʙʮʠʝʡ 

ʢʘʪʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠ (Dowty, 1976). ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʨʘʟʣʠʯʠʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ ʛʨʘʥʝʡ ʨʘʟʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ (ʇʦʧʦʚ, 1984, 2011; Reeder, Rakovan, 1999).  

ɼʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʜʢʠʭ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (REE) ʚ ʧʠʨʘʤʠʜʘʭ ʥʘʨʘʩʪʘʥʠʷ ʛʨʘʥʝʡ ʨʘʟʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʵʪʦʪ 

ʧʝʨʝʯʝʥʴ ʚʭʦʜʷʪ ʢʘʢ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ï ʘʧʘʪʠʪ (Hughes et al., 1991; Rakovan, Reeder, 1994, 

1996; Rakovan et al., 1997, 2008), ʪʠʪʘʥʠʪ (Paterson et al., 1989), ʬʣʶʦʨʠʪ (Bosze, Rakovan, 2002), 

ʢʩʝʥʦʪʠʤ ʠ ʬʣʦʨʝʥʩʠʪ (Repina, 2011; Repina et al., 2014), ʮʠʨʢʦʥ (Vavra, 1990; Vavra et al., 1996; 

Sturm, 2012; Levashova et al., 2020); ʪʘʢ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ï ʢʘʣʴʮʠʪ (Paquette, Reeder, 1995; 

Kukui, Skublov, 2008), ʦʨʪʦʧʠʨʦʢʩʝʥ (Schwandt, McKay, 2006), ʢʣʠʥʦʧʠʨʦʢʩʝʥ (Lofgren et al., 

2006), ʛʨʘʥʘʪ (Stowell et al., 2011). 

ɹʝʨʠʣʣ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʦʩʝʤʴʶ 

ʛʨʘʥʷʤʠ (Giuliani et al., 2019). ʐʝʩʪʴ ʛʨʘʥʝʡ ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʠʟʤʝ {101 0}, ʜʚʝ ʛʨʘʥʠ ï 

ʧʠʥʘʢʦʠʜʫ {0001} (ʨʠʩʫʥʦʢ 4.1.1).  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʩʴ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʘ ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ 

ʨʦʩʪʦʚʦʡ çʚʦʨʦʥʢʦʡè, ʢʦʛʜʘ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʦʩʠ ʫʜʣʠʥʝʥʠʷ ʧʨʠʟʤʳ, ʘ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʠʟʤʳ ʦʢʘʡʤʣʷʝʪ ʟʦʥʫ ʨʦʩʪʘ 

ʧʠʥʘʢʦʠʜʘ ʚ ʵʪʦʤ ʞʝ ʩʝʯʝʥʠʠ.  

ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ (ʧʣʦʱʘʜʠ ʚ ʧʣʦʩʢʦʤ ʩʝʯʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʩʠ 

ʫʜʣʠʥʝʥʠʷ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʝʨʠʣʣʘ) ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʠ ʧʨʠʟʤʳ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʣʠʟʦʩʪʠ ʢ ʫʩʣʦʚʥʦʤʫ ʮʝʥʪʨʫ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺʙʣʠʟʠ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ 

ʧʣʦʱʘʜʴ ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʤʠʥʠʤʘʣʴʥʘʷ, ʘ ʧʣʦʱʘʜʴ ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʧʨʠʟʤʳ 

ʤʘʢʩʠʤʘʣʴʥʘʷ. ʂ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ, ʥʘʧʨʦʪʠʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ï 
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ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʠʟʤʳ ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ, ʘ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʣʦʱʘʜʠ.  

 

ʈʠʩʫʥʦʢ ï 4.1.1 ʌʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʤʨʫʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʚʦʩʝʤʴʶ ʦʩʥʦʚʥʳʤʠ 

ʛʨʘʥʷʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʢʪʦʨʘʤʠ ʨʦʩʪʘ: ʰʝʩʪʴʶ {101 0} ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʛʨʘʥʷʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʜʚʫʤʷ ʧʠʥʘʢʦʠʜʘʣʴʥʳʤʠ {0001} ʛʨʘʥʷʤʠ, ʧʦ (Giuliani et al., 2019) 

ʀʟʚʝʩʪʥʦ ʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ 

ʟʦʥʘʣʴʥʦʛʦ ʙʝʨʠʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʠ (Lum et al., 2016). ɺ ʨʘʙʦʪʝ (Scandale, 

Lucchesi, 2000) ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ ʨʦʩʪʘ ʨʘʟʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ 

ʙʝʨʠʣʣʘ ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4.1.2).  

 

ʈʠʩʫʥʦʢ 4.1.2 ï ʈʘʟʣʠʯʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ Mg ʠ Na ʚ ʨʘʟʥʳʭ ʩʝʯʝʥʠʷʭ ʢʨʠʩʪʘʣʣʘ ʙʝʨʠʣʣʘ 

(Scandale, Lucchesi, 2000) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ Na ʠ Mg ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʠʟʤʳ ʧʦ ʤʝʨʝ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Mg ʧʨʦʷʚʣʝʥʘ ʙʦʣʝʝ 

ʢʦʥʪʨʘʩʪʥʦ, ʯʝʤ ʜʣʷ Na. ɿʥʘʯʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ Cr ʠ V ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʦʩʢʦʣʴʢʫ 

ʠʟʤʝʨʝʥʠʝ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ EPMA, ʪʦ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʧʨʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʮʠʪʠʨʫʝʤʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʘʷ, ʚ ʢʦʪʦʨʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʚʳʙʨʘʥʥʳʭ ʩʝʯʝʥʠʷʭ ʢʨʠʩʪʘʣʣʘ ʩʦ 

ʩʤʝʥʦʡ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ.  

ɺ ʨʘʙʦʪʝ (Sunagawa, Urano, 1999) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʨʠʟʤʳ {101 0} 

ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ {0001}. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʩʝʯʝʥʠʠ ʠʟʫʯʝʥʥʦʛʦ ʠʤʠ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʝʨʠʣʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʫʜʣʠʥʝʥʠʷ ʨʝʟʢʦ 

ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ (ʨʠʩʫʥʦʢ 4.1.3), ʘ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʠʟʤʳ ʠʤʝʝʪ ʨʝʟʢʦ 

ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʠʪʦʛʝ ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ çʨʦʩʪʦʚʘʷ ʚʦʨʦʥʢʘè, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ (Giuliani 

et al., 2019), ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʆʜʥʘʢʦ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʘʚʪʦʨʘʤʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

 

ʈʠʩʫʥʦʢ 4.1.3 ï (ʘ) ʄʦʟʘʠʯʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ ʠ (ʙ) ʵʩʢʠʟ 

ʨʘʟʨʝʟʘ (ʘ), ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ. ʄʝʪʢʠ ʦʪ A ʜʦ F ʚ (b) ʫʢʘʟʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ, ʚ 
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ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʣʦ ʯʘʩʪʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ (ʦʪ A ʜʦ E) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ (F). ʆʙʨʘʟʝʮ 

ˉ 10, ʰʘʭʪʘ ʍʝʬʬʝʨʥʘʥʘ, ɸʚʩʪʨʘʣʠʷ (Sunagawa, Urano, 1999) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʫʶ ʚ ʨʷʜʝ ʨʘʙʦʪ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 

ʙʝʨʠʣʣʘ, ʧʦʚʝʜʝʥʠʝ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʪʘʥʦʚʣʝʥʳʭ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʩʪʳʭ ʬʦʨʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ. 

ʅʠʞʝ, ʥʘ ʧʨʠʤʝʨʝ ʩʝʤʠ ʢʨʠʩʪʘʣʣʦʚ ʙʝʨʠʣʣʘ (ʘʢʚʘʤʘʨʠʥʘ ʠ ʠʟʫʤʨʫʜʘ), ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ 

ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʩʪʳʭ 

ʬʦʨʤ (ʧʨʠʟʤʳ {101 0} ʠ ʧʠʥʘʢʦʠʜʘ {0001}). 

4.1.1 ʆʙʨʘʟʝʮ ˉ SG 

ʆʙʨʘʟʝʮ SG ʦʪʦʙʨʘʥ ʠʟ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ Sn-W ʛʨʝʡʟʝʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʐʝʨʣʦʚʘʷ ɻʦʨʘ. ʀʟʫʯʝʥʥʳʡ ʙʝʨʠʣʣ ï ʵʪʦ ʧʨʦʟʨʘʯʥʳʡ, ʚ ʦʩʥʦʚʥʦʤ, çʯʠʩʪʳʡè ʢʨʠʩʪʘʣʣ, 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ, ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ, ʩʚʦʙʦʜʥʦ ʨʘʩʪʫʱʠʡ ʥʘ ʜʳʤʯʘʪʦʤ ʢʚʘʨʮʝ 

(ʨʠʩʫʥʦʢ 4.1.4).  

 

ʈʠʩʫʥʦʢ 4.1.4 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʙʝʨʠʣʣʘ (SG) ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʐʝʨʣʦʚʘʷ 

ʛʦʨʘ ʩ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʪʦʯʝʢ ʚʥʝ ʤʘʩʰʪʘʙʘ) ʚ ʩʝʯʝʥʠʷʭ ˉˉ SG-1,2,3. ʆʪʨʘʞʝʥʥʳʡ 

ʩʚʝʪ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ, ʥʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʦʚʳʤ ʚ ʧʨʠʣʦʞʝʥʠʠ ɺ.1. ʇʫʥʢʪʠʨʦʤ 

ʧʦʢʘʟʘʥʦ ʫʩʣʦʚʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʝʯʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ 
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ʆʢʨʘʩʢʘ ʠʟʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʨʘʚʥʦʤʝʨʥʘʷ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʥʘʣʠʯʠʷ ʟʦʥʳ ʦʞʝʣʝʟʥʝʥʠʷ ʚ ʦʩʥʦʚʘʥʠʠ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ 

çʛʦʣʦʚʢʝè ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʠʟ ʢʨʠʩʪʘʣʣʘ ʙʳʣʦ ʚʳʧʠʣʝʥʦ ʪʨʠ ʧʣʘʩʪʠʥʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʫʜʣʠʥʝʥʠʶ ʢʨʠʩʪʘʣʣʘ ʠʟ ʪʨʝʭ 

ʟʦʥ ï ʦʩʥʦʚʘʥʠʷ (ʩʝʯʝʥʠʝ 1), ʩʝʨʝʜʠʥʳ ʢʨʠʩʪʘʣʣʘ (ʩʝʯʝʥʠʝ 2) ʠ ʛʦʣʦʚʢʠ ʢʨʠʩʪʘʣʣʘ (ʩʝʯʝʥʠʝ 3). 

ʊʦʯʢʠ ʘʥʘʣʠʟʘ ʚ ʢʘʞʜʦʤ ʩʝʯʝʥʠʠ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʯʝʨʝʟ ʚʝʩʴ ʢʨʠʩʪʘʣʣ ʦʪ ʛʨʘʥʠ ʜʦ ʛʨʘʥʠ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʬʠʣʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ (ʨʠʩʫʥʦʢ 4.1.4). 

ʉʝʯʝʥʠʝ 1 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʥʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ ʠ ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʴ ʥʘʠʙʦʣʴʰʝʛʦ 

ʦʞʝʣʝʟʥʝʥʠʷ. ɺ ʩʝʯʝʥʠʠ ʧʨʦʚʝʜʝʥ ʧʨʦʬʠʣʴ ʯʝʨʝʟ ʮʝʥʪʨ ʢʨʠʩʪʘʣʣʘ, ʟʘʣʦʞʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʤʠʥʝʨʘʣʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʝʯʝʥʠ,̫ ʧʦʜ 

ʢʨʘʪʝʨʘʤʠ ʦʪ ʘʥʘʣʠʟʦʚ, ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʜʚʘ ʨʘʟʤʝʨʘ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʚʫʭʬʘʟʥʳʤ ʛʘʟʦʚʦ-ʞʠʜʢʠʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʨʠʠ 

ʚʢʣʶʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʧʨʝʦʙʣʘʜʘʁ ʪ 

ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ 0.1 ʤʤ ʠ ʙʦʣʝʝ (ʪʦʯʢʠ 5-8), ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ ʧʨʝʙʣʘʜʘʶʪ 

ʚʢʣʶʯʝʥʠʷ ʤʝʥʴʰʝ 7.5 ʤʢʤ (ʨʠʩʫʥʦʢ 4.1.5).  

  

ʈʠʩʫʥʦʢ 4.1.5 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʙʝʨʠʣʣʘ (SG-1) ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʚʢʣʶʯʝʥʠʡ 

ʇʨʦʬʠʣʴ ʩ ʪʦʯʢʘʤʠ ʘʥʘʣʠʟʦʚ ʩʦʜʝʨʞʠʪ 10 ʪʦʯʝʢ (ʨʠʩʫʥʦʢ 4.1.4). ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ 

ɺ.1, ʨʠʩʫʥʦʢ 4.1.6).  

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʈʘʩʧʨʝʜʝʣʝʥʠʝ Na ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʩʝʯʝʥʠʷ. ɺ ʪʦʯʢʝ 7 ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ 463 ppm, ʢʦʪʦʨʦʝ ʟʘʤʝʪʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʢ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 11) ʜʦ ʟʥʘʯʝʥʠʷ 378 ppm ʠ ʜʦ ʟʥʘʯʝʥʠʷ 398 ppm 

(ʪʦʯʢʘ 4), ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʦʩʪ ʜʦ ʟʥʘʯʝʥʠʷ 455 ppm ʚ ʪʦʯʢʝ 7 ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʚ ʪʦʯʢʝ 1 ʜʦ ʦʪʤʝʪʢʠ 416 ppm. 
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Cs ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 5-8 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 176 ppm. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʘʭ 10 ʠ 1 ï 438 ʠ 449 ppm. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ ʧʠʨʘʤʠʜ ʨʦʩʪʘ ʧʨʦʩʪʳʭ ʬʦʨʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʛʨʘʥʠʮʝ ʧʨʠʟʤʳ ʠ 

ʧʠʥʘʢʦʠʜʘ.  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ K ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

(ʪʦʯʢʠ 5-8) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʘ, ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʩʦʜʝʨʞʘʥʠʷ ï 84.6 ppm. ʂ ʪʦʯʢʝ 11 ʫʨʦʚʝʥʴ ʧʦʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 52.8 ppm. 

ʂ ʪʦʯʢʝ 1 ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 134 ppm.  

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Ca. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 

5-8) ʫʨʦʚʝʥʴ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 58.6-69.4 ppm, ʢ ʪʦʯʢʝ 11 ʩʦʜʝʨʞʘʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 24.8 

ppm, ʘ ʚ ʪʦʯʢʝ 3 ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 97.8 ppm, ʢʦʪʦʨʦʝ ʢ ʪʦʯʢʝ 1 ʩʥʠʞʘʝʪʩʷ ʜʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ï 67.6 ppm. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Rb ʚ ʢʨʠʩʪʘʣʣʝ ʥʝ ʜʦʩʪʠʛʘʝʪ 7 ppm. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʡ, ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 5.43 ʜʦ 6.30 ppm. ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ 6 ï 5.40 ppm. ʂ ʪʦʯʢʝ 1 ʫʨʦʚʝʥʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 6.30 

ppm, ʢ ʪʦʯʢʝ 12 ʫʨʦʚʝʥʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʦʪʤʝʪʢʠ 6.07 ppm, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʢ ʪʦʯʢʝ 11 

ʜʦ ʟʥʘʯʝʥʠʷ 5.43 ppm.  

ʉʦʜʝʨʞʘʥʠʝ Li ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 5-8 ʬʠʢʩʠʨʫʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ 64.7-70.0 ppm. ɺ ʪʦʯʢʘʭ 4 ʠ 9 ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ 

ʧʘʜʘʝʪ ʚ 2 ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 40.9 ppm, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʛʨʘʥʠʮʳ 

ʧʨʦʩʪʳʭ ʬʦʨʤ ʚ ʢʨʠʩʪʘʣʣʝ. ʂ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1 ʠ 11) ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ï 59.6 ppm. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʋʨʦʚʝʥʴ Fe ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʦʥʳ ʨʦʩʪʘ ʧʨʦʩʪʳʭ 

ʬʦʨʤ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 5-8) ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ (ʩʨʝʜʥʝʝ ï 1552 ppm) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʟʦʥʫ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ. ɺ ʪʦʯʢʘʭ 4 ʠ 9 ʫʨʦʚʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʷ 2248 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦ ʜʦ ʫʨʦʚʥʷ 2489 ppm. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʯʢʠ 1-4 ʠ 9-11 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʦʥʫ ʨʦʩʪʘ ʧʨʠʟʤʳ. 

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Sc. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï 10.3 ppm. ɿʘʪʝʤ ʫʨʦʚʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʦʯʢʝ 4 ʠ 

9 ʜʦ ʟʥʘʯʝʥʠʷ 53.0 ppm ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʣʘʚʥʦ ʧʦʜʥʠʤʘʪʴʩʷ ʜʦ 64.8 ppm ʚ ʢʨʘʝʚʳʭ ʪʦʯʢʘʭ 

ʢʨʠʩʪʘʣʣʘ. 
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ʈʠʩʫʥʦʢ 4.1.6 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ SG-1 

Mg ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 5-8) ï 27.2 ppm, ʢʘʢ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʦʩʪʦʡ 

ʬʦʨʤʳ ʧʠʥʘʢʦʠʜʘ {0001}. ʂ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 11.1 ppm ʚ ʪʦʯʢʝ 11 ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʟʤʳ.  

ʉʦʜʝʨʞʘʥʠʝ Mn ʥʝʧʦʩʪʦʷʥʥʦ ʠ ʦʙʣʘʜʘʝʪ ʥʝʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 66.4 ʜʦ 80.3 ppm. ʉʦʜʝʨʞʘʥʠʝ Ti ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʭʦʞʫʶ ʩ Mn ʪʝʥʜʝʥʮʠʶ. ʋʨʦʚʝʥʴ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 1.37 ʜʦ 4.60 ppm, ʙʝʟ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ.  

Ni ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ (ʪʦʯʢʠ 

5-8) ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚʳʜʝʨʞʘʥʥʦʝ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5.24-7.13 ppm, ʚ ʪʦʯʢʝ 1 



62 

ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 9.49 ppm ʠ ʟʘʪʝʤ ʥʝ ʤʝʥʷʝʪʩʷ ʜʦ ʢʨʘʷ ʢʨʠʩʪʘʣʣʘ. ɺ 

ʪʦʯʢʝ 11, ʥʘʦʙʦʨʦʪ, ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ï 4.22 ppm. 

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Cr, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʫʨʦʚʥʝʤ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ï 0.63 ppm. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʚʳʜʝʨʞʘʥ ʚ ʨʘʤʢʘʭ 0.51-0.63 ppm, ʚ ʪʦʯʢʝ 4 ʬʠʢʩʠʨʫʝʪʩʷ ʨʦʩʪ ʫʨʦʚʥʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 0.84 ppm, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 0.57 ppm ʢ 

ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʝ 9 ʪʘʢ ʞʝ ʬʠʢʩʠʨʫʝʪʩʷ ʨʦʩʪ ʫʨʦʚʥʷ, ʧʨʠ ʵʪʦʤ ʦʥ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʝʥ 

ï 0.73 ppm. ʊʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 11 ï 

0.37 ppm. 

ɼʣʷ ʩʦʜʝʨʞʘʥʠʷ V ʭʘʨʘʢʪʝʨʝʥ ʩʣʝʜʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 5-8) ï ʟʥʘʯʝʥʠʝ, ʚʳʜʝʨʞʘʥʥʦʝ ï 0.75 ppm, ʢ ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ʩʦʜʝʨʞʘʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 1.11 ʠ 1.24 ppm. ɺ ʪʦʯʢʝ 4 ʠ 9 ʧʨʦʭʦʜʠʪ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʟʦʥʦʡ ʨʦʩʪʘ 

ʧʨʦʩʪʳʭ ʬʦʨʤ ʧʨʠʟʤʳ ʠ ʧʠʥʘʢʦʠʜʘ.  

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʠ Ga. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʚʳʜʝʨʞʘʥ ʠ ʩʦʩʪʘʚʣʷʝʪ 10.3 ppm, ʚ ʪʦʯʢʘʭ 4 ʠ 9 ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ 16.8 ʠ 17.3 ppm, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Co ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 0.33 ʜʦ 0.46 

ppm.  

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʨʝʜʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʦʙʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ Cl, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʛʨʘʥʠʮʘʤʠ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ 

(ʪʦʯʢʠ 5-8) ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (134 ppm), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʦʥʝ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʠ ʢ ʢʨʘʝʚʳʤ ʟʦʥʘʤ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 91.1 ppm, ʚ ʟʦʥʝ ʨʦʩʪʘ 

ʧʨʠʟʤʳ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʧʨʦʬʠʣʝ ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 10813-12585 ppm, ʫʨʦʚʝʥʴ 

ʬʪʦʨʘ ʪʘʢ ʞʝ ʤʝʥʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʪ 13.7 ʜʦ 80.5 ppm.  

ʉʝʯʝʥʠʝ 2 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʢʨʠʩʪʘʣʣʘ ʠ ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝʥʠʡ ʠ ʙʝʟ ʦʞʝʣʝʟʥʝʥʠʷ (ʨʠʩʫʥʦʢ 4.1.4). ɺ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʦʜʥʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ ʤʝʥʴʰʝ 7.5 ʤʢʤ, ʢʦʪʦʨʳʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ L6, ʧʦ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1.7), ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʠ ʝʜʠʥʠʯʥʳʝ ʜʚʫʭʬʘʟʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʥʠʤʠ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʝʨʠʶ ʚʪʦʨʠʯʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ 

ʚʢʣʶʯʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ ʢ L6 ʠ ʜʦʩʪʠʛʘʶʱʠʭ ʚ ʨʘʟʤʝʨʝ 0.1 ʤʤ.  

ɺ ʩʝʯʝʥʠʠ ʧʨʦʚʝʜʝʥ ʧʨʦʬʠʣʴ ʯʝʨʝʟ ʮʝʥʪʨ ʢʨʠʩʪʘʣʣʘ ʠ ʩʦʜʝʨʞʠʪ 11 ʪʦʯʝʢ (ʧʨʠʣʦʞʝʥʠʝ 

ɺ.1, ʨʠʩʫʥʦʢ 4.1.8), ʢʦʪʦʨʳʝ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪ ʚʳʜʝʣʝʥʥr ʝ ʚʢʣʶʯʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 4.1.7 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʙʝʨʠʣʣʘ (SG-2) ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʚʢʣʶʯʝʥʠʡ 

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). Na ʚ ʧʨʝʜʝʣʘʭ ʩʝʯʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʎʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ (ʪʦʯʢʠ 5-9) ʦʙʦʛʘʱʝʥʘ Na, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʘʝʚʳʤʠ ʟʦʥʘʤʠ ʢʨʠʩʪʘʣʣʘ ʠ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ï 621 ppm. ɺ ʪʦʯʢʘʭ 4 ʠ 10 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦ 508 ʠ 461 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʨʦʜʦʣʞʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʢ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ 

ʜʦ ʟʥʘʯʝʥʠʷ 434 ppm. 

Cs ʩʦʭʨʘʥʷʝʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 5-

9 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 200 ppm. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʪʦʯʢʘʭ 4 ʠ 10 ï 372 ʠ 561 ppm. ʈʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ, ʚ ʦʜʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ (ʪʦʯʢʠ 

1-4) ʫʚʝʣʠʯʝʥʠʝ ʧʦʵʪʘʧʥʦʝ, ʚ ʪʦʯʢʝ 17 ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 534 ppm.  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ K ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ ʟʦʥʘʣʴʥʦ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

(ʪʦʯʢʠ 5-9) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ K, ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʷ ï 

101 ppm, ʨʝʟʢʠʤ çʧʨʦʚʘʣʦʤè ʜʦ ʦʪʤʝʪʢʠ 82.9 ppm ʚ ʪʦʯʢʝ 22. ʂ ʪʦʯʢʘʤ 2 ʠ 10 ʫʨʦʚʝʥʴ 

ʧʦʥʠʞʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʜʦ ʟʥʘʯʝʥʠʷ ï 92.7 ʠ 77.0 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ 

ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 110 ʠ 81.5 ppm.  

ʀʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Ca, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʫʶ ʪʝʥʜʝʥʮʠʶ 

ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʨʦʩʪʘ ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 6) 

ʬʠʢʩʠʨʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 25.4 ppm. ɿʘʪʝʤ, ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʜʦʩʪʠʛʘʝʪ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʦʥʮʘʭ ʢʨʠʩʪʘʣʣʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʯʢʝ 1 ï 102 ppm, ʪʦʛʜʘ ʢʘʢ ʚ 

ʪʦʯʢʝ 11 ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ 40.2 ppm.  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Rb ʚ ʢʨʠʩʪʘʣʣʝ ʥʝ ʜʦʩʪʠʛʘʝʪ 9 ppm. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʡ, ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʟʥʘʯʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5.77 ʜʦ 8.43 ppm. ʀʟ ʮʝʥʪʨʘ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 6), ʩ ʦʪʤʝʪʢʠ 7.51 ppm ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʢ ʪʦʯʢʝ 1 ʜʦ 
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ʟʥʘʯʝʥʠʷ 5.77 ppm, ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʢ ʪʦʯʢʝ 9 ʜʦ 8.43 ppm, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʟʢʠʤ 

çʩʧʘʜʦʤè ʚ ʪʦʯʢʝ 10 ʜʦ 6.52 ppm.  

 

ʈʠʩʫʥʦʢ 4.1.8 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ SG-2 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Li ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ 

ʪʦʯʢʘʭ 5-9 ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ 86.9-93.2 ppm. ɺ 

ʪʦʯʢʘʭ 4 ʠ 10 ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ ʚ 2 ʨʘʟʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʥʘ ʨʘʟʥʳʭ ʛʨʘʥʠʮʘʭ ʧʨʦʬʠʣʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 52.0 ʠ 56.7 ppm. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʋʨʦʚʝʥʴ Fe ʩʦʭʨʘʥʷʝʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 5-9) ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ (ʩʨʝʜʥʝʝ ï 2003 ppm). ɺ ʪʦʯʢʘʭ 4 ʠ 10 

ʫʨʦʚʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 2941 ʠ 2583 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ 

ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʜʦ ʫʨʦʚʥʷ 3009 ppm 

(ʪʦʯʢʘ 2).  
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ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Sc. ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï 11.0 ppm. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʫʨʦʚʝʥʴ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʦʯʢʘʭ 4 ʠ 9 ʜʦ ʟʥʘʯʝʥʠʷ 76.1 ʠ 53.9 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪ 

ʧʣʘʚʥʦ ʩʥʠʞʘʪʴʩʷ ʜʦ 46.7 ʠ 48.3 ppm ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ.  

Mg ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 5-9) ï 29.2 ppm. ʂ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 13.3 ʠ 10.6 

ppm ʚ ʪʦʯʢʘʭ 1 ʠ 11, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʦʜʝʨʞʘʥʠʝ Mn ʚ ʮʝʣʦʤ ʥʝʧʦʩʪʦʷʥʥʦ, ʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 69.7 ʜʦ 84.7 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Ti ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʫʶ ʩ Mn ʪʝʥʜʝʥʮʠʶ. ʋʨʦʚʝʥʴ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ 

ʦʪ 1.61 ʜʦ 3.01 ppm, ʙʝʟ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʥʦ ʩ ʥʘʣʠʯʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

7.72 ppm ʚ ʪʦʯʢʝ 5, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʟʘʭʚʘʪʘ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʜʨʫʛʦʡ ʬʘʟʳ.  

Ni ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʢʨʠʩʪʘʣʣʘ. ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʝʥʷʝʪʩʷ ʦʪ 3.26 ʜʦ 10.8 ppm ʚ ʪʦʯʢʘʭ 4-6. ʅʘʯʠʥʘʷ ʩ ʪʦʯʝʢ 3 ʠ 7 ʬʠʢʩʠʨʫʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

6.25 ppm, ʢʦʪʦʨʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. 

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Cr, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʫʨʦʚʥʝʤ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ï 0.65 ppm. ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʚʳʜʝʨʞʘʥ ʚ ʨʘʤʢʘʭ 0.74 ï 0.86 ppm, ʩ çʧʨʦʚʘʣʦʤè ʚ ʪʦʯʢʝ 6 ʜʦ ʦʪʤʝʪʢʠ 0.38 ppm. V 

ʧʦʚʪʦʨʷʝʪ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cr. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʷ ï ʦʪ 0.36 ʜʦ 0.79 ppm.  

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʠ Ga. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʚʳʜʝʨʞʘʥ ʠ ʩʦʩʪʘʚʣʷʝʪ 13.4 ppm, ʚ ʪʦʯʢʘʭ 5 ʠ 10 ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 16.7 ʠ 17.9 

ppm, ʢʦʪʦʨʦʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Co ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 0.20 ʜʦ 0.66 ppm 

ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʦʩʪʴʶ.  

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʨʝʜʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʦʙʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ Cl, ʥʦ ʠ F, ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʝʪ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ (ʪʦʯʢʠ 5-8) ʫʨʦʚʝʥʴ Cl ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (218 ppm), 

ʢʦʪʦʨʳʡ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ ʪʦʯʢʝ 4 ʜʦ ʦʪʤʝʪʢʠ 88.7 ppm ʠ ʢ ʢʨʘʝʚʳʤ ʟʦʥʘʤ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 144 

ppm. ɼʣʷ F ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ï 40.1 ppm, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 3.84 ppm ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʧʨʦʬʠʣʝ 

ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8266-11809 ppm. 

ʉʝʯʝʥʠʝ 3 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ çʛʦʣʦʚʢʫè ʢʨʠʩʪʘʣʣʘ ʠ ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʙʝʟ ʟʦʥ ʦʞʝʣʝʟʥʝʥʠʷ. ɺ ʚʝʨʰʠʥʝ ʢʨʠʩʪʘʣʣʘ 
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ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʝ ʪʠʧʳ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʝʯʝʥʠʷʭ, ʥʦ ʧʨʠ 

ʵʪʦʤ ʩʪʨʦʛʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʠʪʴ ʩʣʦʞʥʦ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 3-7) ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ (ʦʪ 7.5 ʤʢʤ ʜʦ 0.1 

ʤʤ), ʧʨʠ ʵʪʦʤ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ ʪʷʛʦʪʝʶʪ ʢ ʮʝʥʪʨʫ ʢʨʠʩʪʘʣʣʘ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʱʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1.9).  

  

ʈʠʩʫʥʦʢ 4.1.9 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʙʝʨʠʣʣʘ (SG-3) ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʚʢʣʶʯʝʥʠʡ 

ɺ ʩʝʯʝʥʠʠ ʧʨʦʚʝʜʝʥ ʧʨʦʬʠʣʴ ʯʝʨʝʟ ʮʝʥʪʨ ʢʨʠʩʪʘʣʣʘ ʠ ʩʦʜʝʨʞʠʪ 11 ʪʦʯʝʢ (ʧʨʠʣʦʞʝʥʠʝ 

ɺ.1, ʨʠʩʫʥʦʢ 4.1.4, ʨʠʩʫʥʦʢ 4.1.10).  

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). Na ʚ ʧʨʝʜʝʣʘʭ ʩʝʯʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʎʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ (ʪʦʯʢʠ 3 -7) ʦʙʦʛʘʱʝʥʘ Na, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʘʝʚʳʤʠ ʟʦʥʘʤʠ ʢʨʠʩʪʘʣʣʘ, ʠ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʚʘʨʴʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ 

ʧʨʝʜʝʣʘʭ 538-568 ppm. ɺ ʪʦʯʢʝ 2 ʠ 8 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦ 430 ʠ 466 ppm, 

ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ ʜʦ ʟʥʘʯʝʥʠʡ 494 ʠ 535 ppm. 

Cs ʩʦʭʨʘʥʷʝʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 3-

7 ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ï 190 ppm. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ 332 ppm ʚ ʪʦʯʢʝ 2 ʠ 379 ppm ʚ 

ʪʦʯʢʝ 8. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚ ʪʦʯʢʝ 1 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦ 377 ppm, ʚ ʜʨʫʛʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ï ʜʦ ʟʥʘʯʝʥʠʷ 

539 ppm (ʪʦʯʢʘ 11).  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ K ʥʝʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ. ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-8) ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 85.2 ʜʦ 100 ppm. ɺ ʪʦʯʢʝ 9 ʫʨʦʚʝʥʴ 

ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʠ 67.9 ppm ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ, ʚ ʪʦʯʢʝ 11 ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 106 ppm.  
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ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Ca. ɺ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʧʨʦʬʠʣʷ ʫʨʦʚʝʥʴ 

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪ 70.3 ʜʦ 94.6 ppm. ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʘʭ 6 ʠ 9 ʟʥʘʯʝʥʠʷ ʨʝʟʢʦ çʧʘʜʘʝʪè 

ʜʦ 44.9 ʠ 16.4 ppm.  

 

ʈʠʩʫʥʦʢ 4.1.10 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ SG-3 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Rb ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʧʨʝʜʝʣʘʭ 

ʧʨʦʬʠʣʷ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 5.82 ʜʦ 6.77 ppm. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 3-7) 

ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ï ʩʨʝʜʥʝʝ 6.61 ppm, ʚ ʪʦʯʢʝ 2 ʠ 8 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʩʥʠʞʝʥʠʝ ʜʦ ʟʥʘʯʝʥʠʷ 5.82 ʠ 5.86 ppm, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʨʦʩʪʦʤ ʜʦ ʦʪʤʝʪʢʠ 6.29 ʠ 

6.02 ppm ʚ ʪʦʯʢʝ 1 ʠ 11.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Li ʥʝʠʟʤʝʥʝʥ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 3-7 

ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ 86.9-

93.2 ppm. ɺ ʪʦʯʢʘʭ 2 ʠ 10 ʟʥʘʯʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ ʚ 2 ʨʘʟʘ ʜʦ ʦʪʤʝʪʢʠ 43.4 ppm, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʦʭʨʘʥʝʥʠʝʤ ʵʪʦʛʦ ʫʨʦʚʥʷ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. 
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ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ Fe ʩʦʭʨʘʥʷʝʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 3-7) ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʫʢʘʟʘʥʥʳʭ ʪʦʯʝʢ (ʩʨʝʜʥʝʝ ï 1803 ppm). ɺ ʪʦʯʢʘʭ 2 ʠ 8 

ʫʨʦʚʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 2570 ʠ 2762 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʜʦ ʫʨʦʚʥʷ 2992 ppm (ʪʦʯʢʘ 1). ʉʭʦʞʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Sc. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʩʪʦʷʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʝʢ 3-7 ï 9.96 ppm. ʇʦ ʤʝʨʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ ʫʨʦʚʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʪʦʯʢʘʭ 2 ʠ 8 ʜʦ ʟʥʘʯʝʥʠʡ 52.3 ʠ 58.7 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠʥʘʝʪ (ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ) ʧʣʘʚʥʦ ʩʥʠʞʘʪʴʩʷ ʜʦ 50.6 ppm 

(ʪʦʯʢʘ 11) ʠ ʧʣʘʚʥʦ ʨʘʩʪʠ ʜʦ 70.0 ppm (ʪʦʯʢʘ 1).  

Mg ʩʦʭʨʘʥʷʝʪ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 3-7) ï 25.7 ppm. ʂ ʢʨʘʝʚʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 

17.9 ʠ 12.6 ppm ʚ ʪʦʯʢʝ 2 ʠ 11, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʉʦʜʝʨʞʘʥʠʝ Mn ʥʝʧʦʩʪʦʷʥʥʦ ʠ ʦʙʣʘʜʘʝʪ ʥʝʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʋʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 68.6 ʜʦ 80.7 ppm. ʉʦʜʝʨʞʘʥʠʝ Ti ʚʳʜʝʨʞʘʥʦ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 1.37 ʜʦ 2.39 ppm.  

Ni ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʢʨʠʩʪʘʣʣʘ. ʋʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ 

ʚʳʜʝʨʞʘʥ ʠ ʤʝʥʷʝʪʩʷ ʦʪ 4.45 ʜʦ 11.8 ppm. ʆʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʫʨʦʚʝʥʴ ʤʝʥʷʝʪʩʷ 

ʘʩʩʠʤʝʪʨʠʯʥʦ, ʠʟ ʪʦʯʢʠ 6 ʩʦ ʟʥʘʯʝʥʠʝʤ 5.75 ppm ʢ ʪʦʯʢʝ 1 ʟʥʘʯʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʝʪ ʜʦ 10.5 

ppm, ʘ ʢ ʪʦʯʢʝ 11 ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 5.06 ppm. 

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Cr, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʫʨʦʚʥʝʤ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr ʜʣʷ ʜʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ï 0.79 ppm.  

ɼʣʷ V ʚ ʜʘʥʥʦʤ ʧʨʦʬʠʣʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʷ ï ʦʪ 0.36 ʜʦ 0.79 ppm. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 3-7) ʫʨʦʚʝʥʴ ʧʦʩʪʦʷʥʥʳʡ ï ʦʢʦʣʦ 0.43 ppm, ʘ ʢ ʢʨʘʷʤ 

ʢʨʠʩʪʘʣʣʘ ʫʨʦʚʝʥʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0.75 ppm. 

ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʠ Ga. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʳʡ, ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 11.3 ppm, ʚ ʪʦʯʢʘʭ 2 ʠ 8 ʦʥ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʜʦ ʟʥʘʯʝʥʠʡ 16.9 ʠ 17.8 ppm, ʠ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Co ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 0.27 ʜʦ 0.46 

ppm, ʟʦʥʘʣʴʥʦʩʪʴ ʥʝ ʧʨʦʷʚʣʝʥʘ.  

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʨʝʜʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʦʙʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ Cl. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʯʝʥʠʷ (ʪʦʯʢʠ 3-7) ʫʨʦʚʝʥʴ Cl ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (191 ppm) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʝʚʦʡ ʟʦʥʳ. ɺ 
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ʪʦʯʢʘʭ 2 ʠ 8 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʜʦ ʦʪʤʝʪʢʠ 87.6 ʠ 103 ppm, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʦʭʨʘʥʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ F ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʟʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʀʟ ʪʦʯʢʠ 6 ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 7.55 ppm ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ 

ʢ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ ʜʦ 18.8 ʠ 44.9 ppm. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʧʨʦʬʠʣʝ ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 11385-13758 ppm. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʭ ʩʝʯʝʥʠʡ ʢʨʠʩʪʘʣʣʘ ʘʢʚʘʤʘʨʠʥʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʚʳʜʝʣʠʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʬʠʣʷ (ʟʘʥʠʤʘʶʱʫʶ ʧʨʠʤʝʨʥʦ ʪʨʝʪʴ ʦʪ ʝʛʦ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ), ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ çʩʢʘʯʢʦʦʙʨʘʟʥʦʝè ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ʋʯʠʪʳʚʘʷ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚʳʰʝ ʨʦʩʪʦʚʫʶ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʙʝʨʠʣʣʘ, ʵʪʫ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʠʥʘʢʦʠʜʘ {0001}. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʘʝʚʳʝ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʷ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʨʠʟʤʳ {101 0}. 

ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʠʟʫʯʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʣʠʰʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʷʜ ʵʣʝʤʝʥʪʦʚ ʥʝ ʤʝʥʷʝʪ 

ʩʚʦʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʢ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʠʟʤʳ. ʈʷʜ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʦʪʠʚ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʛʨʘʥʠʮ ʟʦʥ ʨʦʩʪʘ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʟʦʥʝ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʠʥʘʢʦʠʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʢʦʧʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: Na, Li , Rb, Mg, Cl. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʥʝ ʨʦʩʪʘ ʧʨʠʟʤʳ: Cs, Fe, Sc, 

Ga.  

4.1.2 ʆʙʨʘʟʝʮ ˉ 24 

ʆʙʨʘʟʝʮ ˉ 24 ï ʧʨʦʟʨʘʯʥʳʡ ʙʝʨʠʣʣ ʩʚʝʪʣʦ-ʟʝʣʝʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ (ʠʟʫʤʨʫʜ), ʦʪʦʙʨʘʥ ʠʟ 

ʩʣʶʜʠʪʦʚ ʋʨʘʣʴʩʢʠʭ ʀʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ. ʅʘ ʩʨʝʟʝ ʢʨʠʩʪʘʣʣʘ ʟʘʤʝʪʥʦ ʟʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʮʚʝʪʘ. ʅʘʩʳʱʝʥʥʦʩʪʴ ʦʢʨʘʩʢʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʙʝʨʠʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 

ʢʨʠʩʪʘʣʣʘ ʦʪ ʙʝʩʮʚʝʪʥʦʛʦ ʜʦ ʟʝʣʝʥʦ-ʞʝʣʪʦʛʦ ʦʪʪʝʥʢʘ (ʨʠʩʫʥʦʢ 4.1.11ʘ). ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 80% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʦʣʫʧʨʦʟʨʘʯʥʫʶ ʦʙʣʘʩʪʴ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ 

ʚʢʣʶʯʝʥʠʡ. ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ï ʢʘʝʤʢʘ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʢʦʣʦ 

1 ʤʤ (ʧʨʠʤʝʨʥʦ 20% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ; ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021).  

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʚʠʜʠʤʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɼʣʷ ʦʙʨʘʟʮʘ 24 ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʚʫʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ ʜʦ 0.1 ʤʤ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 4-14) ʠ ʦʜʥʦʬʘʟʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1.12ʘ).  
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ʈʠʩʫʥʦʢ 4.1.11 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʨʠʣʣʘ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʀʟʫʤʨʫʜʥʳʝ ʢʦʧʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ) ʚ 

ʦʙʨʘʟʮʘʭ 24 (ʘ) ʠ ʦʙʨʘʟʮʘʭ 25 (ʙ). ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.2 ï ɺ.3. 

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ʫʩʣʦʚʥʘʷ ʛʨʘʥʠʮʘ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ ʯʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ 

ʘ 

 

 

 

 

 

 

 

 

ʙ 

 

ʈʠʩʫʥʦʢ 4.1.12 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʙʨʘʟʮʘ 24 (ʘ) ʠ ʦʙʨʘʟʮʘ 25 (ʙ) ʩ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ 

ʚʢʣʶʯʝʥʠʡ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʬʠʣʷʭ ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦ ʥʝʩʢʦʣʴʢʦ 

ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʪʨʘʚʝʨʩʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʦ ʚʥʝʰʥʝʡ ʟʝʣʝʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ. ʅʘʧʨʘʚʣʝʥʠʝ ʩʘʤʠʭ 

ʧʨʦʬʠʣʝʡ ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʪʨʝʱʠʥʳ ʣʠʙʦ ʚʢʣʶʯʝʥʠʷ. 

ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʧʦ 

ʦʢʨʘʩʢʝ ʠ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʢʣʶʯʝʥʠʡ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 5-12) 

ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʧʨʠʣʦʞʝʥʠʝ ɺ.2, 

ʨʠʩʫʥʦʢ 4.1.13). 
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ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Na ʤʝʥʷʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʧʨʠ ʵʪʦʤ ʢʦʨʨʝʣʠʨʫʷ ʩ ʮʚʝʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʙʝʩʮʚʝʪʥʦʡ ʟʦʥʝ (ʪʦʯʢʠ 5-13) ʩʦʜʝʨʞʘʥʠʝ Na ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʦʝ (ʚ ʩʨʝʜʥʝʤ 4879 ppm). ɺ 

ʢʨʘʝʚʦʡ ʟʦʥʝ (ʪʦʯʢʠ 1-3 ʠ 14-17) ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʨʝʜʥʝʤ ʜʦ 5570-5935 

ppm. 

 

ʈʠʩʫʥʦʢ 4.1.13 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 24 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Cs ʚ ʮʝʣʦʤ ʧʦʚʪʦʨʷʝʪ ʭʘʨʘʢʪʝʨ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦ Na. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 5-13) ʩʦʜʝʨʞʘʥʠʝ Cs ʚʘʨʴʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 245 

ppm. ɺ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʦʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 330-350 ppm. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʝʥʪʨʘ ʢ 

ʢʨʘʝʚʳʤ ʟʦʥʘʤ ʬʠʢʩʠʨʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ çʚʩʧʣʝʩʢʠè ʩʦʜʝʨʞʘʥʠʷ Cs ʥʘ ʫʨʦʚʥʝ 350 ppm (ʪʦʯʢʠ 4 

ʠ 14). ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ Rb ʜʫʙʣʠʨʫʝʪ ʧʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cs, ʥʦ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 
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ʩʦʜʝʨʞʘʥʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ Rb ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ 12.1 ppm, ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ï 25.2 

ppm. ɺ ʧʝʨʝʭʦʜʥʳʭ ʪʦʯʢʘʭ 4 ʠ 14 ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʷ Cs. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ca ʚ ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʮʚʝʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 1-5 ʠ 11-17 

(ʟʝʣʝʥʘʷ ʟʦʥʘ) ʩʦʜʝʨʞʘʥʠʝ ʉʘ ʩʪʘʙʠʣʴʥʦ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 100 ppm, ʪʦʛʜʘ ʢʘʢ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 6-12, ʙʝʩʮʚʝʪʥʘʷ ʟʦʥʘ) ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ca, 

ʜʦ ʫʨʦʚʥʷ ʦʢʦʣʦ 150 ppm. ɺ ʪʦʯʢʝ 7 ʦʪʤʝʯʝʥ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʨʦʩʪ ʜʦ 286 ppm, ʢʦʪʦʨʳʡ ʥʝ 

ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʝ K ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʦʥʘʣʴʥʦʩʪʴ. ɺ ʢʨʘʝʚʳʭ ʪʦʯʢʘʭ (1-6 ʠ 

11-17) ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʪʘʙʠʣʴʥʦ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʂ ʚ ʢʨʘʝʚʳʭ 

ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ. ɺ ʥʝʧʨʦʟʨʘʯʥʦʡ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʩʦʜʝʨʞʘʥʠʝ ʂ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 160 ppm, ʚ ʧʨʦʟʨʘʯʥʦʡ ï 204 ppm. ʉʦʜʝʨʞʘʥʠʝ ʂ ʚ ʮʝʥʪʨʝ 

ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 470 ppm (ʥʝ ʫʯʠʪʳʚʘʷ ʪʦʯʢʫ 7). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Li ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʜʝʘʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʱʠʤ ʩ ʮʚʝʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʘ. ʉʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʦ ʮʚʝʪʦʚʳʤ ʟʦʥʘʤ. ʊʘʢ, ʚ 

ʟʝʣʝʥʳʭ ʟʦʥʘʭ (ʪʦʯʢʠ 1-3 ʠ 14-17) ʩʦʜʝʨʞʘʥʠʝ Li ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 706-841 ppm. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 5-12) ʨʘʩʧʨʝʜʝʣʝʥʠʝ Li ʥʝʟʦʥʘʣʴʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 952 ppm. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʦʥʘʣʴʥʦʩʪʠ ʧʦ Li ʷʚʣʷʶʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ çʧʨʦʚʘʣʳè ʚ 

ʩʦʜʝʨʞʘʥʠʠ ʵʣʝʤʝʥʪʘ ʚ ʧʝʨʝʭʦʜʥʳʭ ʪʦʯʢʘʭ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ ʟʦʥʘʤʠ. ʊʘʢ, ʚ ʪʦʯʢʝ 4 

ʩʦʜʝʨʞʘʥʠʝ Li ʧʘʜʘʝʪ ʜʦ 744 ppm, ʚ ʪʦʯʢʝ 13 ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 706 ppm 

(ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ ʥʘʠʙʦʣʝʝ ʧʨʦʷʚʣʝʥʘ ʜʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Mg, Fe, Cr, V, Sc, Ga, Rb, 

Cs ʠ Na. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʦʜʝʨʞʘʥʠʝ Mg ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʦʝ (ʚ ʩʨʝʜʥʝʤ 

1145 ppm). ɺ ʢʨʘʝʚʦʡ ʟʦʥʝ ʦʥʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦ, ʚ 2.5 ʨʘʟʘ ʠ ʙʦʣʝʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ) ʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ ʥʘ ʩʘʤʦʡ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ (2709 ppm ʚ ʪʦʯʢʝ 1 ʠ 2879 ppm ʚ ʪʦʯʢʝ 17, ʧʨʠʣʦʞʝʥʠʝ 

ɺ.2.). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Fe ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 405 ppm (ʨʠʩʫʥʦʢ 4.1.13). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Fe ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʪʘʢ ʨʝʟʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Mg. ʈʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʣʘʚʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʤʝʨʥʦ ʚ 1.5 ʨʘʟʘ, ʚ ʩʨʝʜʥʝʤ ʜʦ 810-833 ppm.  

ʉʦʜʝʨʞʘʥʠʝ Mn ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ ʤʝʥʷʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ (ʦʪ 71.9 ʜʦ 89.1 

ppm), ʦʜʥʘʢʦ, ʠ ʜʣʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʬʠʢʩʠʨʫʝʪʩʷ ʨʦʩʪʦʚʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1.13). ɽʩʣʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 4-13) ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʷʝʪʩʷ 74.7 ppm, ʪʦ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʦʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 81.0 ppm. 
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ʉʦʜʝʨʞʘʥʠʝ Ti ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʝʪʩʷ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʦʤ (ʛʜʝ ʚ 

ʩʨʝʜʥʝʤ 13.0 ppm), ʥʦ ʥʝ ʩʠʤʤʝʪʨʠʯʥʦ (ʨʠʩʫʥʦʢ 4.1.13).  ɺ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʦʡ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʩʦʜʝʨʞʘʥʠʝ Ti ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 7.4 ppm, ʘ ʚ ʤʝʥʝʝ ʧʨʦʟʨʘʯʥʦʡ ï 10.3 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Sc ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ ʪʘʢʞʝ ʚʘʨʴʠʨʫʝʪ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 3.9 

ʜʦ 12.4 ppm), ʥʦ ʟʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʥʝʛʦ ʧʨʦʷʚʣʝʥʘ ʢʦʥʪʨʘʩʪʥʦ ï ʩʦʜʝʨʞʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʢʨʘʝʚʦʡ ʟʦʥʝ ʚ ʩʨʝʜʥʝʤ ʜʦ 9.09 ppm, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 4.79 ppm ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ Ni ʠ Ga ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2-12 ppm, ʧʨʠ ʵʪʦʤ ʚ ʢʨʘʝʚʦʡ ʥʝʧʨʦʟʨʘʯʥʦʡ 

ʯʘʩʪʠ (ʪʦʯʢʠ 1-4) ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦ ʧʦʚʪʦʨʷʝʪ Ni 

ʚʧʣʦʪʴ ʜʦ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʦʯʢʘʭ 1-4, ʥʦ ʥʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʤ ʫʨʦʚʥʝ (ʥʝ ʙʦʣʝʝ 1 ppm).  

ʅʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʵʣʝʤʝʥʪʘ-ʭʨʦʤʦʬʦʨʘ Cr ï ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʥ ʨʘʩʧʨʝʜʝʣʝʥ ʢʨʘʡʥʝ ʚʳʜʝʨʞʘʥʥʦ ʦʪ 28 ʜʦ 32 ppm (ʧʨʠ ʩʨʝʜʥʝʤ 

ʩʦʜʝʨʞʘʥʠʠ 30 ppm). ɺ ʢʨʘʝʚʦʡ ʟʦʥʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 99 ʠ 121 

ppm ʚ ʪʦʯʢʘʭ 2 ʠ 16 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʥʘ ʩʘʤʦʤ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʚ ʪʦʯʢʘʭ 1 ʠ 17) ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ, ʧʨʠʤʝʨʥʦ ʚ ʧʷʪʴ ʨʘʟ, ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr ʜʦ 18-21 ppm. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ-ʭʨʦʤʦʬʦʨʘ ï V, çʦʪʚʝʯʘʶʱʝʛʦè ʟʘ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ 

ʙʝʨʠʣʣʘ ʥʘʨʷʜʫ ʩ Cr, ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʢ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʩʦʜʝʨʞʘʥʠʝ V ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ (ʩ 16 ʜʦ 47-52 ppm). ɺ ʧʨʝʜʝʣʘʭ ʢʨʘʝʚʦʡ ʟʦʥʳ ʦʥʦ 

ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʪʦʯʢʘʭ 2-4. ʅʘ ʩʘʤʦʤ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʩʦʜʝʨʞʘʥʠʝ V ʚ 

ʦʙʦʠʭ ʧʨʦʬʠʣʷʭ ʧʘʜʘʝʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ, ʜʦ 34-35 ppm (ʧʨʠʣʦʞʝʥʠʝ ɺ.2). ʉʦʜʝʨʞʘʥʠʝ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ppm (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʟʦʥʘʣʴʥʦʩʪʠ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 33662 ppm, F ï 10 ppm, Cl ï 

1803 ppm (ʨʠʩʫʥʦʢ 4.1.13). ɼʣʷ ʪʦʯʢʠ 3 ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʧʠʢʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʚʦʜʳ ʠ F. Cʦʜʝʨʞʘʥʠʝ Cl, ʥʘʧʨʦʪʠʚ, ʚ ʪʦʯʢʝ 3 ʧʦʥʠʞʘʝʪʩʷ. ɺ ʮʝʣʦʤ, ʩʦʜʝʨʞʘʥʠʝ Cl 

ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʚ ʩʨʝʜʥʝʤ 1909 ppm) ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʚ ʧʨʦʟʨʘʯʥʦʡ ʢʨʘʝʚʦʡ 

ʟʦʥʝ (1669 ppm). ʉʦʜʝʨʞʘʥʠʝ ɺ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʙʝʨʠʣʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʥʝ ʧʨʝʚʳʰʘʝʪ 0.5 

ppm. 

ɼʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ) 

ʠʣʠ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ (ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʠʟʤʳ). ʇʝʨʚʳʤ ʪʠʧʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʙʣʘʜʘʝʪ Li ʠ Ti, ʚʪʦʨʦʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ: Fe, Rb, Cs, Na, Mg, Sc, Mn, Ga. ʉʪʦʠʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ Cr ʠ V 

ʚʦʟʤʦʞʥʦ ʥʘʢʦʧʣʝʥʠʝ ʢʘʢ ʧʦ ʦʜʥʦʡ ʩʭʝʤʝ, ʪʘʢ ʠ ʧʦ ʚʪʦʨʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 
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4.1.3 ʆʙʨʘʟʝʮ ˉ 25 

ʆʙʨʘʟʝʮ 25 ï ʧʨʦʟʨʘʯʥʳʡ ʙʝʨʠʣʣ ʩ ʥʘʩʳʱʝʥʥʦʡ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʦʡ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʟʦʥʘʤʠ 

ʨʘʟʥʦʡ ʦʢʨʘʩʢʦʡ (ʨʠʩʫʥʦʢ 4.1.8ʙ). ʊʘʢʞʝ ʦʪʦʙʨʘʥ ʠʟ ʩʣʶʜʠʪʦʚ ʋʨʘʣʴʩʢʠʭ ʀʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ. 

ʇʝʨʚʘʷ ʟʦʥʘ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʛʦ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ 

(ʪʦʯʢʠ 3-13) ʠ ʥʝ ʠʤʝʝʪ ʯʝʪʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʛʨʘʥʠʮ. ʕʪʘ ʦʙʣʘʩʪʴ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʨʘʟʤʳʪʘ ʠ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʫʜʣʠʥʝʥʠʶ ʢʨʠʩʪʘʣʣʘ. ɺʩʷ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ (ʚʪʦʨʘʷ 

ʟʦʥʘ) ʣʠʙʦ ʩʣʘʙʦʦʢʨʘʰʝʥʥʘʷ, ʣʠʙʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʮʚʝʪʥʘʷ. ɺ ʦʙʨʘʟʮʝ 25 ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚʦ-

ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʤʝʥʴʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ 24, ʧʨʠ ʵʪʦʤ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ (ʪʦʯʢʠ 3-

13) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʜʥʦʬʘʟʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʘ ʥʘ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 

ʢʨʠʩʪʘʣʣʘ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʜʚʫʭʬʘʟʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʘ ʦʜʥʦʬʘʟʥʳʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 4.1.12ʙ). ʇʨʦʬʠʣʴ ʩ ʪʦʯʢʘʤʠ 1-8 ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʝʨʭʥʝʡ ʣʝʚʦʡ 

ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʦʬʠʣʴ ʩ ʪʦʯʢʘʤʠ 9-16 ʚ ʚʝʨʭʥʝʡ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʛʨʘʥʷʤ ʧʨʠʟʤʳ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 

ɺ ʦʙʨʘʟʮʝ 25 ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʮʝʣʦʤ, ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʘʙʣʶʜʘʝʤʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʧʦ ʦʢʨʘʩʢʝ (ʧʨʠʣʦʞʝʥʠʝ ɺ.3, ʨʠʩʫʥʦʢ 4.1.14). 

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʉʦʜʝʨʞʘʥʠʝ Na ʤʠʥʠʤʘʣʴʥʦʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 4-11) ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʷʝʪʩʷ 4512 ppm. ɺ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʠʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ Na ʧʨʠʤʝʨʥʦ ʜʦ 6540 ppm, ʥʦ ʥʘ ʩʘʤʦʡ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ ʩʦʜʝʨʞʘʥʠʝ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 6046 ppm. 

Cs ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʢʨʠʩʪʘʣʣʝ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 218-368 ppm, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʘʞʝ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʦʯʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʪʦʯʢʠ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʛʦ ʮʚʝʪʘ (1-9) ʠʤʝʶʪ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ 335 ppm. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 10-16), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 13, 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cs ʛʦʨʘʟʜʦ ʥʠʞʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 261 ppm. 

Cʦʜʝʨʞʘʥʠʝ Li ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʚ ʩʨʝʜʥʝʤ 396 ppm (ʪʦʯʢʠ 4-12). ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 2.5 ʨʘʟʘ, ʜʦ 853 ppm.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Rb ʘʥʘʣʦʛʠʯʝʥ Li, ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʨʦʚʥʝ ʩʦʜʝʨʞʘʥʠʷ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ Rb ʚ ʩʨʝʜʥʝʤ 14 ppm, ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 26 ppm.  

ʉʦʜʝʨʞʘʥʠʝ Ca ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʟʝʣʝʥʦʡ ʟʦʥʝ (ʪʦʯʢʠ 1-9, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 3) ʠ ʚ ʩʨʝʜʥʝʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ppm. ɺ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʦʡ ʟʦʥʝ ʩʦʜʝʨʞʘʥʠʝ 

Ca ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʪʦʯʢʠ 12 (240 ppm), ʧʦʩʣʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʥʷʝʪʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ Ca ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʜʦʩʪʠʛʘʷ ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 16) ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ 67 ppm.  
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ʉʦʜʝʨʞʘʥʠʝ K ʨʘʚʥʦʤʝʨʥʦ ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʡ ʦʢʨʘʩʢʦʡ ʠ 

ʜʦ ʪʦʯʢʠ 11 ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 117 ppm. ɺ ʪʦʯʢʝ 12 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ 

ʩʦʜʝʨʞʘʥʠʷ ʂ ʜʦ 512 ppm c ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 

16) ʜʦ 107 ppm (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 

 

ʈʠʩʫʥʦʢ 4.1.14 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 25 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʉʦʜʝʨʞʘʥʠʝ Fe ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ 

ʯʘʩʪʷʭ ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 5-11) ʩʦʜʝʨʞʘʥʠʝ Fe ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʪʦʯʢʠ 7 (679 

ppm) ʢ ʛʨʘʥʠʮʘʤ ʵʪʦʡ ʟʦʥʳ, ʛʜʝ ʚ ʪʦʯʢʝ 11 ʦʪʤʝʯʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 526 ppm. ɼʘʣʝʝ, 

ʚ ʢʘʞʜʦʡ ʢʨʘʝʚʦʡ ʟʦʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ Fe ï ʜʦ 878 ppm ʚ ʪʦʯʢʝ 1 ʠ 818 ppm ʚ 

ʪʦʯʢʝ 15. 

 ʉʦʜʝʨʞʘʥʠʝ Mn ʠʤʝʝʪ ʩʭʦʞʠʡ ʩ Fe ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʢʨʠʩʪʘʣʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Mn (ʚ ʩʨʝʜʥʝʤ 78 ppm), ʘ ʝʛʦ ʢʨʘʝʚʳʝ 
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ʯʘʩʪʠ ï ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 92 ppm (ʪʦʯʢʠ 2 ʠ 15).  ʇʨʠ ʵʪʦʤ ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 82 ppm (ʪʦʯʢʠ 1 ʠ 16). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Mg ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʮʝʥʪʨʝ ʬʠʢʩʠʨʫʝʪʩʷ, ʢʘʢ ʠ ʜʣʷ Fe, ʚ ʪʦʯʢʝ 7 (3173 ppm). ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʢʨʘʷʤ ʩʦʜʝʨʞʘʥʠʝ Mg 

ʧʦʥʠʞʘʝʪʩʷ, ʥʦ çʚʦʣʥʘʤʠè, ʧʦ ʩʠʥʫʩʦʠʜʝ. ɺ ʪʦʯʢʘʭ 1-6 ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 2774 

ppm, ʚ ʪʦʯʢʘʭ 11-16 ï 2557 ppm. 

 ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ti ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ʂʨʘʝʚʳʝ ʟʦʥʳ ʢʨʠʩʪʘʣʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti ʚ ʧʨʝʜʝʣʘʭ 6-7 ppm. ʊʦʛʜʘ ʢʘʢ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʩʪʘʙʠʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ 5-12 ppm.  

Sc ʠʤʝʝʪ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʀʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʦʥʦ ʧʣʘʚʥʦ ʧʦʥʠʞʘʝʪʩʷ ʢ ʢʨʘʶ ʦʪ 53 ʜʦ 27 ppm (ʪʦʯʢʠ 4-12). ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʠ 

ʩʦʜʝʨʞʘʥʠʝ ʚʳʜʝʨʞʘʥʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Ni ʠ Co ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʯʝʥʴ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ, ïʦʪ 4 ʜʦ 9 ppm ʜʣʷ Ni ʠ ʦʪ 0.4 ʜʦ 

1 ppm ʜʣʷ Co. ʆʜʥʘʢʦ ʜʣʷ ʦʙʦʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʢʘʭ 2 ʠ 15 ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʣʝʩʢ ʩʦʜʝʨʞʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ. 

ʉʦʜʝʨʞʘʥʠʝ Ga ʪʘʢʞʝ ʠʤʝʝʪ ʩʭʦʜʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ (ʪʦʯʢʠ 5-12) ï ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Ga ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ppm. ɺ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 7-9 ppm, ʥʦ ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʚ 

ʪʦʯʢʘʭ 1 ʠ 16. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ-ʭʨʦʤʦʬʦʨʦʚ Cr ʠ V ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʟʦʥʘʣʴʥʦʩʪʠ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. ʉʦʜʝʨʞʘʥʠʝ Cr ʤʘʢʩʠʤʘʣʴʥʦ ʚ ʪʦʯʢʝ 7 (439 

ppm). ʅʘ çʣʝʚʦʡè ʛʨʘʥʠʮʝ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʳ (ʪʦʯʢʠ 4 ʠ 5) ʦʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʧʨʠʤʝʨʥʦ 300 

ppm, ʥʘ çʧʨʘʚʦʡè ʛʨʘʥʠʮʝ (ʪʦʯʢʠ 12 ʠ 13) ï ʜʦ 155 ppm. ɺ ʦʙʝʠʭ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cr ʚʧʣʦʪʴ ʜʦ 4 ppm ʚ ʢʨʘʡʥʠʭ ʪʦʯʢʘʭ 1 ʠ 16. 

ʉʦʜʝʨʞʘʥʠʝ V ʪʘʢʞʝ ʨʝʟʢʦ ʧʦʥʠʞʘʝʪʩʷ ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-3 ʠ 12-16) ʜʦ 

45 ppm. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 4-11) ʨʘʩʧʨʝʜʝʣʝʥʠʝ V, ʚ ʦʪʣʠʯʠʝ ʦʪ Cr, ʠʤʝʝʪ 

ʙʦʣʝʝ çʧʣʦʩʢʠʡè ʭʘʨʘʢʪʝʨ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ V ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 85 ppm.  

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ɺʦʜʘ, Cl, F, ʠʟʤʝʨʝʥʥʳʝ ʚ ʢʨʠʩʪʘʣʣʝ ʙʝʨʠʣʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ Cl ʚ ʢʨʠʩʪʘʣʣʝ ʘʥʘʣʦʛʠʯʥʦ ʭʘʨʘʢʪʝʨʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ga ʠ Li. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 4-11) 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 940 ppm. ʂ ʢʨʘʶ (ʪʦʯʢʠ 2 ʠ 14) ʦʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʜʦ 1900 ppm, 

ʧʦʪʦʤ ʧʦʥʠʞʘʷʩʴ ʧʨʠʤʝʨʥʦ ʜʦ 1770 ppm ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʡ ʦʢʨʘʩʢʦʡ (ʪʦʯʢʠ 1-9) 

ʩʦʩʪʘʚʣʷʝʪ 33583 ppm. ɺ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʥʠʞʝ (ʚ ʩʨʝʜʥʝʤ 
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31063) ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʧʦʥʠʞʝʥʠʷ ʢ ʢʨʘʶ (29229 ppm ʚ ʪʦʯʢʝ 15), ʦʧʷʪʴ 

ʚʦʟʨʘʩʪʘʷ ʜʦ 32588 ppm ʚ ʪʦʯʢʝ 16.  

ʉʦʜʝʨʞʘʥʠʝ F, ʥʘʧʨʦʪʠʚ, ʚ ʯʘʩʪʠ ʩ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʡ ʦʢʨʘʩʢʦʡ (ʪʦʯʢʠ 1-9) ʩʦʩʪʘʚʣʷʝʪ ʚ 

ʩʨʝʜʥʝʤ 11 ppm, ʘ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ï 16 ppm (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 

ɼʣʷ ʜʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʭʘʨʘʢʪʝʨʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-

ʭʨʦʤʦʬʦʨʦʚ ʩ ʮʚʝʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ ʦʪ ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɼʣʷ V, Cr ʠ Sc ʟʦʥʦʡ ʥʘʢʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʠʥʦʢʦʠʜʘ. ʊʦʛʜʘ ʢʘʢ Li, Fe, Rb, Co, Na, Cl, Ga 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʥʘ ʩʪʘʜʠʷʭ ʨʦʩʪʘ ʧʨʠʟʤʳ. 

4.1.4 ʆʙʨʘʟʝʮ ˉ 28 

ʆʙʨʘʟʝʮ ˉ 28 ï ʢʨʠʩʪʘʣʣ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʘ) ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ (ʦʢʦʣʦ 3 ʤʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʦʢʦʣʦ 5 ʤʤ ʧʦ ʫʜʣʠʥʝʥʠʶ), ʧʨʦʠʩʭʦʞʜʝʥʠʝ ï ʚr ʨʘʙʦʪʢʠ ʚ ʤʠʘʨʦʣʦʚʳʭ 

ʧʝʛʤʘʪʠʪʘʭ ʚ ʛʦʨʝ ɸʜʫʥ-ʏʝʣʦʥ ʚ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʤ ʢʨʷʞʝ ʤʝʞʜʫ ʨʝʢʘʤʠ ʋʥʜʦʶ ʠ ʆʥʦʥ-ɹʦʨʟʝʶ. 

ʆʙʨʘʟʝʮ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ ʥʘʯʘʣʫ ʦʩʚʦʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 1830-ʭ ʛʦʜʘʭ. ʆʙʣʦʤʦʢ 

ʢʨʠʩʪʘʣʣʘ ʠʤʝʝʪ ʪʨʘʚʷʥʠʩʪʦ-ʟʝʣʝʥʳʡ ʦʪʪʝʥʦʢ ʦʢʨʘʩʢʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ 

(ʨʠʩʫʥʦʢ 4.1.15) ʠ ʝʜʠʥʠʯʥʳʝ ʦʜʥʦʬʘʟʥʳʝ ʠ ʜʚʫʭʬʘʟʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʣʠʙʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʦʥ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʣʠʙʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ (ɻʘʚʨʠʣʴʯʠʢ, 2021) (ʨʠʩʫʥʦʢ 4.1.16).  

 

ʈʠʩʫʥʦʢ 4.1.15 ï ʌʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʨʠʣʣʘ ʠʟ ʚʳʨʘʙʦʪʢʠ ʚ ʛʦʨʝ 

ɸʜʫʥ-ʏʝʣʦʥ ʚ ɸʜʫʥ-ʏʝʣʦʥʩʢʦʤ ʢʨʷʞʝ ʤʝʞʜʫ ʨʝʢʘʤʠ ʋʥʜʦʶ ʠ ʆʥʦʥ-ɹʦʨʟʝʶ ʚ ʦʪʨʘʞʝʥʥʦʤ 

ʩʚʝʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʠʣʦʞʝʥʠʶ ɺ.4. 
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ʈʠʩʫʥʦʢ 4.1.16 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʙʨʘʟʮʘ 8 ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʚʢʣʶʯʝʥʠʡ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣ ʙʳʣ ʨʘʟʨʝʟʘʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʷʤ ʧʨʠʟʤʳ, ʯʪʦʙʳ ʙʳʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʨʦʩʪʦʚʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʦʪ ʝʛʦ ʢʨʘʷ ʢ ʮʝʥʪʨʫ, ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʙʘʟʘʣʴʥʦʤʫ ʧʠʥʘʢʦʠʜʫ. ʊʦʯʢʠ ʘʥʘʣʠʟʘ (14 ʰʪ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʚʜʦʣʴ ʧʨʦʬʠʣʷ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʮʝʥʪʨʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʛʨʘʥʠ ʧʨʠʟʤʳ. ʉʨʝʜʠ 

ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ ɺ.4, ʨʠʩʫʥʦʢ 

4.1.17). 

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʉʦʜʝʨʞʘʥʠʝ Rb ʚ ʪʦʯʢʘʭ 1-6 ʠʤʝʝʪ 

ʧʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ, ʚ ʩʨʝʜʥʝʤ 6.57 ppm, ʥʘʯʠʥʘʷ ʩ ʪʦʯʢʠ 7 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʫʨʦʚʥʷ ʚ 3 ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ ʚ ʪʦʯʢʝ 8 ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 30.1 ppm ʩ ʜʘʣʴʥʝʡʰʠʤ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʜʦ ʟʥʘʯʝʥʠʷ 13.5 ppm (ʨʠʩʫʥʦʢ 4.1.17).  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Cs ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ, 

ʥʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʧʣʘʚʥʦ ʠʟ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ ʢ ʪʦʯʢʝ 8 ʩ ʟʥʘʯʝʥʠʷ 181 ppm ʜʦ 1258 ppm, ʘ ʢ 

ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʝʛʦ ʚ 1.5 ʨʘʟʘ ʜʦ 729 ppm.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʘ ʪʘʢʞʝ ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ. ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ 

ʚʦʟʨʘʩʪʘʝʪ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-7) ʩ 34.5 ʜʦ 81.8 ppm, ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ 

çʧʨʦʚʘʣè ʚ ʪʦʯʢʝ 6 ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 28.6 ppm. ɺ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢ ʪʦʯʢʝ 11 ʥʘ ʟʥʘʯʝʥʠʠ 34.6 ppm ʠ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ ʦʧʷʪʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 66.1 ppm (ʨʠʩʫʥʦʢ 4.1.17).  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Na ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʎʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-6) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 510 ppm, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 2, ʚ ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʫʝʪʩʷ 
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çʩʢʘʯʦʢè ʜʦ 829 ppm. ɺ ʪʦʯʢʝ 7 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 837 ppm, 

ʢʦʪʦʨʳʡ ʩ ʥʝʙʦʣʴʰʠʤ çʧʨʦʚʘʣʦʤè ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 935 ppm ʠ ʢ ʢʨʘʶ 

ʢʨʠʩʪʘʣʣʘ ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 778 ppm ʚ ʪʦʯʢʝ 14. 

 

ʈʠʩʫʥʦʢ 4.1.17 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 28 

ɼʣʷ Li ʭʘʨʘʢʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 2), ʢʦʪʦʨʦʝ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ ʚ ʪʦʯʢʝ 3 ʚ ʜʚʘ ʨʘʟʘ (ʩ 110 ʜʦ 40 ppm) ʠ ʟʘʪʝʤ ʫʨʦʚʝʥʴ ʣʠʪʠʷ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

34.9-59 ppm ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 3-14). 

ʉʦʜʝʨʞʘʥʠʝ ʂ ʦʪʣʠʯʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʪʦʯʢʘʭ 1-6 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʫʨʦʚʝʥʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 117 ʜʦ 161 ppm, ʚ ʪʦʯʢʝ 

7 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʟʥʘʯʝʥʠʷ ʜʦ 266 ppm. ʂ ʪʦʯʢʝ 11 ʩʦʜʝʨʞʘʥʠʝ ʚʥʦʚʴ ʧʘʜʘʝʪ ʜʦ 126 

ppm, ʥʦ ʟʘʪʝʤ ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʜʦ ʟʥʘʯʝʥʠʷ 212 ppm (ʨʠʩʫʥʦʢ 4.1.17). 
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ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʉʨʝʜʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ Fe ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ (3816 ppm) ʠ ʦʙʣʘʜʘʝʪ ʥʝʣʠʥʝʡʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ (ʪʦʯʢʘ 1) ʢ ʢʨʘʝʚʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ. ɼʦ ʪʦʯʢʠ 6 

ʩʦʜʝʨʞʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ ʦʪ 1911 ʢ 2619 ppm, ʚ ʪʦʯʢʝ 7 ï ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ʚ 2 ʨʘʟʘ ʜʦ 5076 ppm (ʨʠʩʫʥʦʢ 4.1.17). ʂ ʪʦʯʢʝ 12 ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 6456 ppm ʠ ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 13) ʬʠʢʩʠʨʫʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʜʦ 2650 

ppm, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 14) ʧʨʦʠʩʭʦʜʠʪ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦ 3837 ppm. 

ʉʦʜʝʨʞʘʥʠʝ Mg ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʥʝʣʠʥʝʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 2-6) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ ʩ 128 ppm ʜʦ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 36.9 ppm. ɺ ʪʦʯʢʝ 7 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 

104 ppm ʠ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʷʛʦʪʝʝʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ, ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʷʩʴ ʜʦ 72.1 ppm. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Mn ʪʷʛʦʪʝʝʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ. ɿʥʘʯʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 1 ï 71.1 ppm) ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 12 ï 89.1 ppm ʠ ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 13-14) ʫʨʦʚʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 82.7 ppm. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Ti ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʦʙʣʘʩʪʠ. ʊʦʯʢʠ 1-3 ʠ 13-14 ʦʙʣʘʜʘʶʪ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ï 7.23 ppm, ʪʦʛʜʘ ʢʘʢ ʚ ʪʦʯʢʘʭ 4-12 ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 63.7 ppm 

ʠ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʜʦ 26.1 ppm ʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 30.9 ppm. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Sc ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʝʪ ʩ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ti. ɺ ʪʦʯʢʘʭ 

1-2 ʬʠʢʩʠʨʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 15.1 ppm, ʟʘʪʝʤ ʦʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 73.7 ppm ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʜʦ ʟʥʘʯʝʥʠʷ 18.2 ppm (ʨʠʩʫʥʦʢ 4.1.17). 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ga ʩʦʩʪʘʚʣʷʝʪ 17.9 ppm. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʝʡʥʳʡ ï 

ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʩʝʯʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩ 13.4 ʜʦ 22.9 ppm. 

ɼʣʷ V ʭʘʨʘʢʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ï 7.59 ppm (ʪʦʯʢʘ 2), 

ʢʦʪʦʨʦʝ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚ ʪʦʯʢʝ 3 ʚ ʜʚʘ ʨʘʟʘ ʜʦ 3.39 ppm. ʉ ʪʦʯʢʠ 3 ʠ ʜʦ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ 

ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 12 ï 0.83 ppm. 

Ni ʦʙʣʘʜʘʝʪ ʠʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-2) 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 0.92 ppm, ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʪʦʯʢʝ 4 ʚ 2 ʨʘʟʘ ʜʦ 2.86 ppm ʠ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʦ ʪʦʯʢʠ 11. ɺ ʢʨʘʝʚʦʡ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 12-14) ʧʨʦʠʩʭʦʜʠʪ 

ʫʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 0.88 ppm.  

ʉʦʜʝʨʞʘʥʠʝ ʉr ʚʘʨʴʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ 0.60 ppm ʜʦ 1.60 ppm.  
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ʉʦ ʦʙʣʘʜʘʝʪ ʣʠʥʝʡʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʬʠʣʷ ï ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ ʢ ʝʛʦ ʢʨʘʶ ʩ 0.50 ppm ʜʦ 0.33 ppm. 

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ (Cl, F, ʚʦʜʘ) ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ Cl ʥʝʟʦʥʘʣʴʥʦʝ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʚ ʩʨʝʜʥʝʤ 100 ppm, ʢʨʦʤʝ ʨʝʟʢʦʛʦ 

ʨʦʩʪʘ ʚ ʪʦʯʢʝ 2 ʜʦ 207 ppm, ʢʦʪʦʨʳʡ ʩʣʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ F ʠʤʝʝʪ 

ʚʳʨʘʞʝʥʥʳʡ ʪʨʝʥʜ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ ʢ ʝʛʦ ʢʨʘʷʤ ʩ 11 ppm ʜʦ 2 ppm. 

ʊʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ ʦʪ ʝʛʦ ʮʝʥʪʨʘ ʩ 12 

ʜʦ 16 ʤʘʩ.% (ʨʠʩʫʥʦʢ 4.1.17). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʚʳʜʝʣʠʪʴ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʬʠʣʷ (ʟʘʥʠʤʘʶʱʫʶ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʫ ʦʪ ʝʛʦ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ), ʥʘ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ çʩʢʘʯʢʦʦʙʨʘʟʥʦʝè ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ʕʪʫ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ 

ʧʠʥʘʢʦʠʜʘ {0001}. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʨʘʝʚʳʝ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʷ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ 

ʧʨʠʟʤʳ {101 0}. ʈʷʜ ʵʣʝʤʝʥʪʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʛʨʘʥʠʮ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ 

ʧʠʥʘʢʦʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: Mg, Li , Cl ʠ F. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʝʢʪʦʨʝ 

ʨʦʩʪʘ ʧʨʠʟʤʳ: Rb, Fe, K Ñ Mn, Ga, Cs, Na (ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʚ ʩʧʠʩʢʝ ʵʣʝʤʝʥʪʦʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʤʝʥʝʝ ʦʯʝʚʠʜʥʘʷ).  

4.1.5 ʆʙʨʘʟʝʮ ˉ 59 

ʆʙʨʘʟʝʮ 59 ï ʵʪʦ ʦʙʣʦʤʦʢ ʠʜʠʦʤʦʨʬʥʦʛʦ ʰʝʩʪʠʛʨʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʙʝʨʠʣʣʘ, ʦʪʥʝʩʝʥʥʦʛʦ 

ʢ ʛʨʫʧʧʝ ʘʢʚʘʤʘʨʠʥʘ (ʨʠʩʫʥʦʢ 4.1.18). ʂʨʠʩʪʘʣʣ ʙʝʨʠʣʣʘ ʚʟʷʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʫʯʝʙʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʥʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʬʦʥʜʘ ɻʦʨʥʦʛʦ ʤʫʟʝʷ, ʦʥ ʙʳʣ ʦʪʦʙʨʘʥ ʠʟ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ 

ʚ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʘʭ ʚ ʛʦʨʝ ʉʴʝʨʨʘ ʜʝ ʆʧʦʩʫʨʘ (Sierra de Oposura) ʚ ʰʪʘʪʝ ʉʦʥʦʨʦ ʚ 

ʄʝʢʩʠʢʝ. ʂʨʠʩʪʘʣʣ ʥʝʧʨʦʟʨʘʯʥʳʡ, ʙʣʝʜʥʦ-ʩʝʨʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʩ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ 

ʛʨʘʥʷʤʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʘʪʦʚʘʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʦʥʘʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 5 ʪʦʯʝʢ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩ ʨʘʚʥʳʤ ʰʘʛʦʤ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʜʦ ʝʛʦ ʢʨʘʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʷʤ ʧʨʠʟʤʳ. ɺ ʢʨʠʩʪʘʣʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʚʝ ʮʚʝʪʦʚʳʝ ʟʦʥʳ ï ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʥʘʩʳʱʝʥʥʦ ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ (ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1 ʤʤ ʚ ʜʠʘʤʝʪʨʝ, 

ʪʦʯʢʠ 1 ʠ 2), ʙʣʠʞʝ ʢ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ (ʩ ʪʦʯʢʠ 3) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ ʩʤʝʥʘ ʥʘ ʩʠʥʝ-

ʩʝʨʫʶ ʦʢʨʘʩʢʫ (ʪʦʯʢʠ 4-5), ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ ʚʠʜʠʤʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʫʩʪʘʥʦʚʠʪʴ ʥʝ 

ʫʜʘʣʦʩʴ.  
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ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʉʘʤʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʙʣʘʜʘʝʪ ʥʘʪʨʠʡ ï ʚ ʩʨʝʜʥʝʤ 3893 ppm (ʧʨʠʣʦʞʝʥʠʝ ɺ.5, ʨʠʩʫʥʦʢ 4.1.19). ʉʦʜʝʨʞʘʥʠʝ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʫʨʦʚʥʷ (ʛʨʘʥʠʮʘ ʪʝʤʥʦ-ʩʠʥʝʡ ʟʦʥʳ) ʚ ʪʦʯʢʘʭ 1-3 ï 3461-3481 ppm, 

ʩ ʥʝʙʦʣʴʰʠʤ ʧʦʥʠʞʝʥʠʝʤ ʚ ʪʦʯʢʝ 2 ʜʦ 3077 ppm. ɺ ʪʦʯʢʝ 4 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʜʦ 4937 ppm ʠ ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ ʚ ʪʦʯʢʝ 5 ʫʨʦʚʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 

4510 ppm. 

 

ʈʠʩʫʥʦʢ 4.1.18 ï ʌʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʨʠʣʣʘ ˉ59 ʠʟ ʢʚʘʨʮʝʚʦʡ 

ʞʠʣʳ ʚ ʛʦʨʝ ʉʴʝʨʨʘ ʜʝ ʆʧʦʩʫʨʘ (Sierra de Oposura) ʚ ʰʪʘʪʝ ʉʦʥʦʨʦ ʚ ʄʝʢʩʠʢʝ ʚ ʦʪʨʘʞʝʥʥʦʤ 

ʩʚʝʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʠʣʦʞʝʥʠʶ ɺ.5 

ʉʦʜʝʨʞʘʥʠʝ ʂ ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. ɺ ʪʦʯʢʝ 1 ʩʦʜʝʨʞʘʥʠʝ ʂ ʤʘʢʩʠʤʘʣʴʥʦʝ ï 350 ppm, ʧʦʪʦʤ ʦʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 202 ppm 

ʚ ʪʦʯʢʝ 2 ʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 263 ppm ʚ ʪʦʯʢʝ 4, ʚ ʪʦʯʢʝ 5 ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ʩʥʠʞʘʝʪʩʷ ʜʦ 

261 ppm (ʨʠʩʫʥʦʢ 4.1.19).  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Li ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 218-260 ppm ʠ ʧʦʚʪʦʨʷʝʪ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Na ʠ K. ɺ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 1) ʩʦʜʝʨʞʘʥʠʝ Li  ʩʦʩʪʘʚʣʷʝʪ 238 ppm, ʟʘʪʝʤ ʚ 

ʪʦʯʢʝ 2 ʬʠʢʩʠʨʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 218 ppm. ʂ ʛʨʘʥʠʮʝ ʪʝʤʥʦ-ʩʠʥʝʡ ʟʦʥʳ (ʪʦʯʢʘ 3) 

ʫʨʦʚʝʥʴ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 260 ppm, ʟʘʪʝʤ ʚ ʪʦʯʢʝ 4 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʷ ʜʦ 242 ppm ʠ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʚ ʪʦʯʢʝ 5 ʫʨʦʚʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʥʠʤʘʝʪʩʷ 

ʜʦ 254 ppm. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉs ʩʦʚʧʘʜʝʪ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ çʧʨʦʚʘʣʘè 

ʚ ʪʦʯʢʝ 2. ɺ ʪʦʯʢʝ 1 ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʝ ï 188 ppm ʠ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ 

ʜʦ 411 ppm ʚ ʪʦʯʢʝ 4. ɺ ʪʦʯʢʝ 5 ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʩʧʘʜ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 372 ppm. 
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ʉʦʜʝʨʞʘʥʠʝ Ca ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, 

ʦʧʠʩʘʥʥʳʤ ʜʣʷ Na ʠ Li. ʆʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 1) ʜʦ ʪʦʯʢʠ 4 ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪ 76.1 ppm ʜʦ 129 ppm, ʧʨʠ ʵʪʦʤ ʚ ʪʦʯʢʝ 2 ʬʠʢʩʠʨʫʝʪʩʷ çʧʘʜʝʥʠʝè ʜʦ 

59.9 ppm. ʂʨʘʝʚʘʷ ʟʦʥʘ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 5) ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʩʥʠʞʝʥʠʝʤ 

ʫʨʦʚʥʷ, ʜʦ 88.4 ppm.  

 

ʈʠʩʫʥʦʢ 4.1.19 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 59 

ʉʦʜʝʨʞʘʥʠʝ Rb ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʪʘʢ ʞʝ, ʢʘʢ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ LILE-

ʵʣʝʤʝʥʪʳ. ɺ ʪʦʯʢʝ 1 ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 38.2 ppm, ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 2 (34.5 ppm) ʠ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ 

ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 54.4 ppm (ʨʠʩʫʥʦʢ 4.1.19). ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ 

çʧʨʦʚʘʣʘè ʚ ʪʦʯʢʝ 5, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ ʨʷʜʷ ʵʣʝʤʝʥʪʦʚ (Ca, Cs, K). ɺ ʩʨʝʜʥʝʤ ʫʨʦʚʝʥʴ Rb 

ʥʝ ʧʨʝʚʳʰʘʝʪ 42.3 ppm ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʧʨʦʬʠʣʷ.  
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ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fe ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Rb 

(ʧʨʠʣʦʞʝʥʠʝ ɺ.5, ʨʠʩʫʥʦʢ 4.1.19), ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʫʨʦʚʥʝʤ ʩʦʜʝʨʞʘʥʠʷ. ɺ ʪʦʯʢʝ 1 ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 3185 ppm, ʢ ʪʦʯʢʝ 2 ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʩʧʘʜ ʜʦ 3058 ppm, ʠ ʟʘʪʝʤ 

ʟʘʤʝʪʥʳʡ ʧʦʜʲʝʤ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 3877 ppm ʚ ʪʦʯʢʝ 4. ʂʨʘʷ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 5) ʥʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʝʜʥʝʥʳ ʞʝʣʝʟʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʦʤ ʢʨʠʩʪʘʣʣʘ ï 3593 ppm. 

Mg ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ Fe ï ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʦʪ 

ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʘ (940 ppm ʚ ʪʦʯʢʝ 1) ʜʦ 2043 ppm ʚ ʪʦʯʢʝ 4 ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ çʧʨʦʚʘʣʦʤè (913 

ppm) ʚ ʪʦʯʢʝ 2. ɺ ʪʦʯʢʝ 5 ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦ 1699 ppm.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Mn ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fe ʠ Mg. ɺ 

ʪʦʯʢʘʭ 1-4 ʟʘʤʝʪʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʩ 102 ppm ʜʦ 113 ppm ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʧʘʜʝʥʠʠ ʜʦ 96.2 ppm ʚ ʪʦʯʢʝ 2. ɺ ʪʦʯʢʝ 5, ʚ ʦʪʣʠʯʠʝ ʦʪ Fe ʠ Mg, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʜʦ 136 ppm (ʨʠʩʫʥʦʢ 4.1.19).  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ti ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʩʦʚʧʘʜʘʝʪ ʩ Mn: ʧʦʩʪʝʧʝʥʥʳʡ ʨʦʩʪ ʩ 9.69 

ppm ʚ ʪʦʯʢʝ 1 ʜʦ ʟʥʘʯʝʥʠʷ 13.6 ppm ʠ ʥʘʣʠʯʠʝ ʧʨʦʚʘʣʘ ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʦʯʢʝ 2 ʜʦ ʫʨʦʚʥʷ 8.43 

ppm. ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʝ 4 ʬʠʢʩʠʨʫʝʪʩʷ ʧʘʜʝʥʠʝ ʜʦ 11.1 ppm. ʋʨʦʚʝʥʴ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʝ 5 ï 7.45 ppm.  

Sc ʦʙʣʘʜʘʝʪ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Sc ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʝʪ ʩʦ ʟʥʘʯʝʥʠʷ 35.5 ppm ʚ 

ʪʦʯʢʝ 1 ʜʦ ʟʥʘʯʝʥʠʷ 52.9 ppm ʚ ʪʦʯʢʝ 5. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʷʚʣʷʝʪʩʷ ʥʝ ʩʦʚʩʝʤ 

ʣʠʥʝʡʥʳʤ, ʧʨʠʩʫʪʩʪʚʫʝʪ çʚʩʧʣʝʩʢè ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʦʯʢʝ 3 ʜʦ ʟʥʘʯʝʥʠʷ 49.8 ppm.  

ʉʦʜʝʨʞʘʥʠʝ Ni ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʚ ʪʦʯʢʝ 1 ï 2.22 ppm ʠ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʜʦ 1.48 ppm. ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʪʦʯʢʝ 3 ï 1.33 ppm. ʉʦʜʝʨʞʘʥʠʝ Co ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 0.22 ppm 

ʜʦ 0.55 ppm ʠ ʥʝ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʛʦ ʪʨʝʥʜʘ. ʉʦʜʝʨʞʘʥʠʝ Cr ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 4.00 ppm ʠ 

ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ Mn (ʨʠʩʫʥʦʢ 4.1.19). ʉ ʪʦʯʢʠ 1 ʜʦ ʪʦʯʢʠ 4 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 1.5 ʨʘʟʘ ʩ 2.36 ppm ʜʦ 4.00 ppm. ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʝ 5 ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʜʘʝʪ ʜʦ 2.91 ppm.  

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ V ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ V ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 143 ppm ʜʦ 163 ppm. ɺ ʮʝʣʦʤ, ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʚ ʪʦʯʢʝ 1 ʜʦ ʢʨʘʝʚʦʡ ʟʦʥʳ (ʪʦʯʢʘ 5), ʧʨʠ ʵʪʦʤ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʯʢʠ çʩʧʘʜʘè, ʚ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʦʯʢʘ 2 ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 134 ppm ʠ ʚ ʪʦʯʢʝ 4 ʩʥʠʞʝʥʠʝ ʜʦ 142 ppm. 

Ga ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ. ʆʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʦʩʪ ʩ 17.75 ppm ʜʦ 

21.4 ppm, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʚ ʪʦʯʢʘʭ 2 ʠ 4 ʜʦ 17.1 ʠ 18.1 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ P ʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ (ʪʦʯʢʠ 1 ʠ 2) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʳʤʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 107 ʠ 240 ppm, ʘ ʢ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʫʨʦʚʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʜʦ ʟʥʘʯʝʥʠʷ 17.8 ppm ʚ ʪʦʯʢʝ 5.  

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ (ʧʨʠʣʦʞʝʥʠʝ ɺ.5, ʨʠʩʫʥʦʢ 4.1.19). ʉʦʜʝʨʞʘʥʠʝ Cl ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 493 ppm 

ʜʦ 583 ppm. ɺ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʟʘʤʝʪʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʦʪ 561 ppm (ʪʦʯʢʘ 1) ʢ 493 

ppm ʚ ʪʦʯʢʝ 3. ʂ ʪʦʯʢʝ 4 ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʜʲʝʤ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ï 583 ppm ʠ ʟʘʪʝʤ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ (ʪʦʯʢʘ 5) ʜʦ 527 ppm.  

ʉʦʜʝʨʞʘʥʠʝ F ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʝʚʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɺ ʦʪʣʠʯʠʠ ʦʪ Cl, 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 2 ï 12.2 ppm ʠ ʪʦʯʢʘ 1 ï 9.94 

ppm) ʠ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦ ʩʥʠʞʝʥʠʝ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 5.23 ppm ʚ ʪʦʯʢʝ 4. ɺ 

ʢʨʘʝʚʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 5) ʦʪʤʝʯʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʟʥʘʯʝʥʠʷ ʜʦ 8.41 ppm. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 25382-26623 ppm ʠ ʦʙʣʘʜʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

25382 ppm ʥʘ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 26623 ppm ʚ ʮʝʥʪʨʝ.  

ɺ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ ʥʝʪ ʚʠʜʠʤʳʭ (ʚ ʪ.ʯ. ʮʚʝʪʦʚʳʭ) ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʭ ʛʨʘʥʠʮ ʤʝʞʜʫ 

ʩʝʢʪʦʨʘʤʠ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʠ ʧʨʠʟʤʳ, ʦʜʥʘʢʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ: F 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʢʨʠʩʪʘʣʣʘ (ʩʝʢʪʦʨ ʨʦʩʪʘ 

ʧʠʥʘʢʦʠʜʘ), ʘ ʨʷʜ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (Rb, Fe, K, Li , Mn, Ga, Cs, Na, Mg), ʥʘʦʙʦʨʦʪ, 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʠʟʤʳ. 

4.1.6 ʆʙʨʘʟʝʮ ˉ 409 

ʆʙʨʘʟʝʮ 409 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʦʤʦʢ ʢʨʠʩʪʘʣʣʘ ʥʝʧʨʦʟʨʘʯʥʦʛʦ ʙʝʨʠʣʣʘ ʩʚʝʪʣʦ-

ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ (ʠʟʫʤʨʫʜʘ) ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʨʘʣʴʩʢʠʝ ʀʟʫʤʨʫʜʥʳʝ ʢʦʧʠ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ 

ʄ.ʇ. ʇʦʧʦʚʳʤ. ɺ ʦʙʣʦʤʢʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʟʦʥʳ ʨʘʟʣʠʯʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ï ʥʝʧʨʦʟʨʘʯʥʘʷ 

ʙʝʣʦ-ʟʝʣʝʥʘʷ ʟʦʥʘ (ʪʦʯʢʠ 1-5) ʠ ʧʨʦʟʨʘʯʥʘʷ ʩʚʝʪʣʦ-ʟʝʣʝʥʘʷ ʟʦʥʘ (ʪʦʯʢʠ 6-10), ʥʘʣʠʯʠʝ ʭʦʨʦʰʦ 

ʚʠʜʠʤʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʨʦʩʪʦʚʦʡ 

ʟʦʥʘʣʴʥʦʩʪʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 10 ʪʦʯʝʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʫʜʣʠʥʝʥʠʷ ʦʙʣʦʤʢʘ ʩ 

ʨʘʚʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1.20).  

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ʈʘʩʧʨʝʜʝʣʝʥʠʝ Na ʠʤʝʝʪ ʟʦʥʘʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʧʨʠʣʦʞʝʥʠʝ ɺ.6, ʨʠʩʫʥʦʢ4.1.21). ɺ ʪʦʯʢʝ 1 ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 

6335 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʢ ʪʦʯʢʝ 5 ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 5080 ppm ʠ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ 

ʩʥʠʞʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʦʪʤʝʪʢʠ 4745 ppm.  
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ʉʦʜʝʨʞʘʥʠʝ ʂ ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʩ Na ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʥʘʯʘʣʝ ʧʨʦʬʠʣʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 555 ppm, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 281 

ppm ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ. 

 

ʈʠʩʫʥʦʢ 4.1.20 ï ʌʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʨʠʣʣʘ ˉ 409 ʠʟ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀʟʫʤʨʫʜʥʳʝ ʢʦʧʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ 

ʚʥʝ ʤʘʩʰʪʘʙʘ). ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.6 

 ʉʦʜʝʨʞʘʥʠʝ Ca ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʧʦʜ ʚʳʰʝʦʧʠʩʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  ʆʪ ʪʦʯʢʠ 

2 ʩʦ ʟʥʘʯʝʥʠʝʤ 526 ppm ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

326 ppm ʚ ʪʦʯʢʝ 9 (ʨʠʩʫʥʦʢ 4.1.21). ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʩʫʪʩʪʚʫʝʪ çʧʨʦʚʘʣè ʚ ʪʦʯʢʝ 4 (ʜʦ 368 ppm) ʠ çʚʩʧʣʝʩʢè ʚ ʪʦʯʢʝ 10 (ʜʦ 454 ppm). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Cs ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ ʧʦ ʪʝʥʜʝʥʮʠʷʤ ʭʘʨʘʢʪʝʨ. ɺ ʥʘʯʘʣʝ ʧʨʦʬʠʣʷ, ʚ ʪʦʯʢʝ 1, 

ʫʩʪʘʥʦʚʣʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ï 264 ppm, ʢʦʪʦʨʦʝ ʧʦʩʪʝʧʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 309 ppm ʚ ʪʦʯʢʝ 7 ʠ ʧʦʪʦʤ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 864 ppm ʚ ʪʦʯʢʝ 10.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Rb ʘʥʘʣʦʛʠʯʝʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cs. ʂ ʪʦʯʢʝ 7 ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 19.8 ʜʦ 27.3 ppm, ʘ ʟʘʪʝʤ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 33.1 ppm 

ʚ ʪʦʯʢʝ 10.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Li ʧʦʚʪʦʨʷʝʪ ʚʳʜʝʣʝʥʥʫʶ ʨʘʥʝʝ ʟʦʥʘʣʴʥʦʩʪʴ. ʀʟ ʮʝʥʪʨʘ 

ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 1) ʩʦ ʟʥʘʯʝʥʠʝʤ 1169 ppm, ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 940 ppm ʚ ʪʦʯʢʝ 10. ʇʨʠ ʵʪʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʧʨʠʩʫʪʩʪʚʫʝʪ 

çʧʨʦʚʘʣè ʜʦ ʟʥʘʯʝʥʠʷ 886 ppm ʚ ʪʦʯʢʝ 5.  

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʉʦʜʝʨʞʘʥʠʝ Mg ʟʦʥʘʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ 

(ʧʨʠʣʦʞʝʥʠʝ ɺ.6, ʨʠʩʫʥʦʢ 4.1.21). ɺ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-3) ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ 

ʚʳʜʝʨʞʘʥ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1461 ppm, ʚ ʪʦʯʢʝ 4 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʜʦ 
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ʦʪʤʝʪʢʠ 931 ppm ʠ ʜʦ ʪʦʯʢʠ 7 ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʧʨʝʜʝʣʘʭ 850-1095 ppm. 

ɺ ʪʦʯʢʝ 8 ʫʨʦʚʝʥʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 

ʦʪʤʝʪʢʠ 1860 ppm.  

 

ʈʠʩʫʥʦʢ 4.1.21 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 409 

Fe ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʥʘʯʘʣʝ ʧʨʦʬʠʣʷ (ʪʦʯʢʠ 1-4) 

ʩʦʜʝʨʞʘʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ (ʦʪ 629 ʜʦ 694 ppm), ʚ ʪʦʯʢʝ 5 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʜʦ 1204 ppm, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʨʦʩʪʦʤ ʜʦ 1222 ppm.  

Mn ʥʝ ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 72.1-102 ppm, ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ çʚʩʧʣʝʩʢʦʤè ʚ ʪʦʯʢʝ 5 ʜʦ ʦʪʤʝʪʢʠ 117 

ppm. 

ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Sc ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʩ ʦʪʤʝʪʢʠ 12.2 ppm ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʘ 1) 

ʜʦ ʦʪʤʝʪʢʠ 5.99 ppm ʚ ʪʦʯʢʝ 4, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʦʭʨʘʥʝʥʠʠ ʫʨʦʚʥʷ ʚ ʧʨʝʜʝʣʘʭ 6-8 ppm ʜʦ 
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ʢʦʥʮʘ ʧʨʦʬʠʣʷ ʚ ʪʦʯʢʝ 10. ʉʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʠ Ti, ʫʤʝʥʴʰʝʥʠʝ 

ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ ʩ 13.8 ʜʦ 6.68 ppm. 

ʉʨʝʜʠ ʪʨʘʥʟʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ V ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʂ ʮʝʥʪʨʫ 

ʧʨʦʬʠʣʷ (ʪʦʯʢʘ 4) ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʧʘʜʘʝʪ ʦʪ 15.3 ʜʦ 6.52 ppm. ɺ ʪʦʯʢʘʭ 4-7 ʫʨʦʚʝʥʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 7.49 ppm, ʥʦ ʢ ʪʦʯʢʝ 10 ʫʨʦʚʝʥʴ ʚʥʦʚʴ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʦʪʤʝʪʢʠ 16.0 ppm.  

ʉʦʜʝʨʞʘʥʠʝ Ni ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 4.60 ʜʦ 

7.41 ppm. ʉʦʜʝʨʞʘʥʠʝ Co ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦʝ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ, ʥʦ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ï 0.54-1.10 ppm. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʬʠʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 2.75 ppm. 

ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ 

3, ʚ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 15.2 ppm. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ P ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 186-853 ppm ʠ ʥʝ ʦʙʣʘʜʘʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. Ga, ʢʘʢ ʠ ʤʥʦʛʠʝ 

ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʪʨʘʥʟʠʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʝ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɽʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 7.64 ʜʦ 10.6 ppm, ʩ ʨʝʟʢʠʤ çʚʩʧʣʝʩʢʦʤè ʫʨʦʚʥʷ ʜʦ 

14.3 ppm. 

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʨʝʜʠ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʧʨʠʣʦʞʝʥʠʝ ɺ.6, ʨʠʩʫʥʦʢ 4.1.21). ɿʦʥʘʣʴʥʦʩʪʴ ʜʣʷ ʚʦʜʳ, ʩʦʚʧʘʜʘʝʪ ʩ 

ʟʦʥʘʣʴʥʦʩʪʴʶ ʜʣʷ F ï ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʝʢ 1-5 ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʥʠʤʘʣʴʥʦʝ ʠ 

ʥʝʠʟʤʝʥʥʦʝ, ʚ ʪʦʯʢʝ 6 ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʢʦʪʦʨʳʡ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʢʦʥʮʘ ʧʨʦʬʠʣʷ. ɼʣʷ ʚʦʜʳ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ 27619 ʜʦ 158396 ppm, ʜʣʷ 

ʬʪʦʨʘ ï ʩ 19.4 ʜʦ 666 ppm.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Cl ʦʪʣʠʯʘʝʪʩʷ. ɺ ʪʦʯʢʘʭ 1-4 ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʘ ï 2349 ppm, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʦʪʤʝʪʢʠ 1740 ppm ʠ ʜʦ 

ʢʦʥʮʘ ʧʨʦʬʠʣʷ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʤʦʡ ʮʚʝʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʙʝʨʠʣʣʝ ʠ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʝʯʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʛʨʘʥʠʮʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

çʩʢʘʯʢʦʦʙʨʘʟʥʦʝè ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ʎʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʩʝʯʝʥʠʷ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʠʥʘʢʦʠʜʘ {0001}. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʨʘʝʚʳʝ ʫʯʘʩʪʢʠ ʧʨʦʬʠʣʷ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʨʠʟʤʳ {101 0}. ɺ ʩʝʢʪʦʨʝ ʨʦʩʪʘ 

ʧʠʥʘʢʦʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: Cl, Mg, V, Ñ Li, Na, Ca, Sc. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʠʟʤʳ: Fe, Rb, F ʠ ʚʦʜʳ.  
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4.1.7 ʆʙʨʘʟʝʮ ˉ 303 

ʆʪʦʙʨʘʥʥʳʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚ, 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩʦ ʩʣʶʜʷʥʳʤʠ ʩʣʘʥʮʘʤʠ) ʠʟ ʪ.ʥ. ʌʘʨʘʦʥʦʚʳʭ ʢʦʧʝʡ ɽʛʠʧʪʘ, ʨʘʡʦʥ Wadi 

Nugrus, ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʇʫʩʪʳʥʷ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʝʛʠʧʝʪʩʢʠʤʠ ʢʦʣʣʝʛʘʤʠ (Gawad et al., 2022). 

ɹʝʨʠʣʣ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʢʣʶʯʝʥʠʡ ʩʣʶʜʳ 

(ʨʠʩʫʥʦʢ 4.1.22). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʪʦʯʢʠ 6-19) ʢʦʣʠʯʝʩʪʚʦ ʩʣʶʜʳ ʤʘʢʩʠʤʘʣʴʥʦʝ, 

ʧʦʵʪʦʤʫ ʮʚʝʪ ʢʨʠʩʪʘʣʣʘ ʩʪʘʥʦʚʠʪʩʷ ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʳʤ, ʘ ʢʨʘʝʚʘʷ ʟʦʥʘ ʢʨʠʩʪʘʣʣʘ (ʪʦʯʢʠ 1-5 ʠ 

20-25) ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʢʨʘʩʢʠ ʜʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʨʘʚʷʥʠʩʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʀʟ ʦʙʩʫʞʜʝʥʠʷ ʙʳʣʠ ʫʙʨʘʥʳ ʪʦʯʢʠ 

ʘʥʘʣʠʟʦʚ 9, 13, 14, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʷʚʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʚʢʣʶʯʝʥʠʝ ʜʨʫʛʦʡ ʬʘʟʳ 

(ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʣʶʜʳ). ɼʣʷ ʜʚʫʭ ʢʦʥʪʨʘʩʪʥʳʭ ʟʦʥ, ʫʚʝʨʝʥʥʦ ʚʳʜʝʣʷʝʤʳʭ ʜʘʞʝ ʚʠʟʫʘʣʴʥʦ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʫʜʣʠʥʝʥʠʶ ʩʝʯʝʥʠʠ, ʭʘʨʘʢʪʝʨʥʦ ʟʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (Gawad et al., 2022). 

 

ʈʠʩʫʥʦʢ 4.1.22 ï ʌʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʨʠʣʣʘ ˉ303 ʠʟ 

ʨʘʡʦʥʘ Wadi Nugrus, ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʇʫʩʪʳʥʷ, ɽʛʠʧʝʪ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.7 

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʉs ʩʦʩʪʘʚʣʷʝʪ 93 ppm, ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 281 ʠ 228 ppm, 

ʠ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 194 ʠ 144 ppm (ʧʨʠʣʦʞʝʥʠʝ ɺ.7, ʨʠʩʫʥʦʢ 4.1.23). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Na ʥʝ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʦ ʩʦʭʨʘʥʷʝʪ ʪʝʥʜʝʥʮʠʠ, 

ʦʧʠʩʘʥʥʳʝ ʜʣʷ Cs. ʂʨʘʝʚʘʷ ʟʦʥʘ (ʪʦʯʢʠ 1-5 ʠ 20-28), ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 6-

19), ʟʘʤʝʪʥʦ ʦʙʦʛʘʱʝʥʘ Na. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 14631 ppm (ʨʠʩʫʥʦʢ 4.1.23). ʂʨʘʝʚʘʷ ʟʦʥʘ 

0.1 ʤʤ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʤ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 16568 ʠ 15107 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʜʘʝʪ Rb, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʫʨʦʚʥʝʤ 

ʟʥʘʯʝʥʠʷ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ï 17.2 ppm, ʘ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʦ 23.9 ʠ 18.2 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʜʝʨʞʘʥʠʝ Ca ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʪʦʯʢʠ 6-19) 

ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʤʝʥʷʝʪʩʷ ʚ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 480 ppm. 

ɺ ʪʦʯʢʘʭ 1-5 ʠ 20-25 ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʘʝʪ ʠ ʚ ʢʨʘʝʚʳʭ ʪʦʯʢʘʭ ʜʦʩʪʠʛʘʝʪ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 327 ʠ 218 ppm.  

 

ʈʠʩʫʥʦʢ 4.1.23 ï ɿʦʥʘʣʴʥʦʩʪʴ ʧʦ ʨʝʜʢʠʤ ʵʣʝʤʝʥʪʘʤ ppm ʚ ʦʙʨʘʟʮʝ ʙʝʨʠʣʣʘ ˉ 303 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ K ʦʙʣʘʜʘʝʪ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʆʪ ʮʝʥʪʨʘ ʧʨʦʬʠʣʷ (ʪʦʯʢʘ 

12) ʢ ʦʜʥʦʤʫ ʢʨʘʶ (ʪʦʯʢʘ 1) ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 559 ʜʦ 763 ppm, ʘ ʢ 

ʜʨʫʛʦʤʫ (ʪʦʯʢʘ 28) ʫʨʦʚʝʥʴ ʟʘʤʝʪʥʦ ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 222 ppm.  

Li ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʎʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʦʙʦʛʘʱʝʥʘ ʵʪʠʤ 

ʵʣʝʤʝʥʪʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʝʚʦʡ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Li ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʪʦʯʝʢ 6-19 ï 

166 ppm, ʜʣʷ ʪʦʯʝʢ 1-5 ï 142 ppm, ʜʣʷ ʪʦʯʝʢ 20-28 ï 162 ppm. 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ. Mg ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʨʠʩʫʥʦʢ 

4.1.23), ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʷʩʴ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʢ ʢʨʘʝʚʦʡ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

Mg ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 13618 ppm ʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʚ ʪʦʯʢʘʭ 5 ʠ 23 ʜʦ ʟʥʘʯʝʥʠʷ 

16077 ʠ 15307 ppm, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʚʘʨʴʠʨʫʝʪ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ.  

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Fe ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʚʳʜʝʣʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʜʣʷ Mg. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 1836 ppm, ʟʘʪʝʤ ʚ 

ʪʦʯʢʘʭ 5 ʠ 25 ʩʦʜʝʨʞʘʥʠʝ Fe ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 2567 ʠ 2109 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʢ ʢʨʘʷʤ ʢʨʠʩʪʘʣʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 2198 ʠ 2077 ppm.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Mn ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ (ʨʠʩʫʥʦʢ 4.1.23), ʧʦʩʢʦʣʴʢʫ ʥʝ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ 

(ʪʦʯʢʠ 6-19) ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 75 ppm, ʘ ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ, ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʩʧʘʜ ʫʨʦʚʥʷ ʜʦ ʟʥʘʯʝʥʠʡ 57 ʠ 54 ppm ʚ ʪʦʯʢʘʭ 1 ʠ 28. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ti ʪʷʛʦʪʝʝʪ ʢ ʨʘʚʥʦʤʝʨʥʦʤʫ ʠ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʚʳʷʚʣʝʥʥʳʭ ʨʘʥʝʝ ʯʝʪʢʠʭ 

ʟʦʥʘʣʴʥʦʩʪʝʡ. ʋʨʦʚʝʥʴ ʵʣʝʤʝʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 15.3 ʜʦ 33.8 ppm (Gawad et al., 2022). 

Cr, ʢʘʢ ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ-ʭʨʦʤʦʬʦʨ, ʥʝ ʦʙʣʘʜʘʝʪ ʯʝʪʢʦ ʚʳʜʝʣʷʝʤʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣ ʦʙʣʘʜʘʝʪ ʨʘʚʥʦʤʝʨʥʦʡ ʦʢʨʘʩʢʦʡ. ɺ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 587 ʜʦ 970 ppm. ɺ ʪʦʯʢʝ 28 ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 

1235 ppm. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ V, ʢʘʢ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ-ʭʨʦʤʦʬʦʨʘ, ʥʘʦʙʦʨʦʪ ʦʙʣʘʜʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ. ɺ ʪʦʯʢʘʭ 6-19 ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 320 ppm), ʘ ʢ 

ʢʨʘʝʚʦʡ ʟʦʥʝ (ʪʦʯʢʠ 3 ʠ 24) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦ 417 ʠ 463 ppm.  

ʉʭʦʞʝʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʠ Sc. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï 176 ppm ʠ ʢ ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ ʫʨʦʚʝʥʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 282 ʠ 267 ppm ʚ ʪʦʯʢʘʭ 24 ʠ 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʚ ʪʦʯʢʘʭ 1 

ʠ 26 ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 216 ʠ 198 ppm).  
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ Ni ʠ Co ʨʘʚʥʦʤʝʨʥʦʝ ʚ ʧʨʝʜʝʣʘʭ ʢʨʠʩʪʘʣʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10.7 ʠ 1.12 

ppm, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʝʢ 10 ʠ 16, ʚ ʢʦʪʦʨʳʭ çʚʩʧʣʝʩʢè ʟʥʘʯʝʥʠʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥ ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ P ʩʭʦʜʥʦ ʩ Ca, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʪʥʳʤ ʦʙʦʛʘʱʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʚ ʩʨʝʜʥʝʤ 364 ppm), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʘʝʚʳʤʠ ʯʘʩʪʷʤʠ (245 ʠ 185 ppm, 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ) (Gawad et al., 2022). 

ʃʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʚʦʜʘ, Cl ʠ F) ʥʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʯʝʪʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 4.1.23). ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

36375 ppm ʜʦ 46382 ppm. ʉʦʜʝʨʞʘʥʠʝ F ʦʙʣʘʜʘʝʪ ʩʭʦʞʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5.32-36.4 ppm. ʋʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ Cl ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ ʦʪ 

950 ʜʦ 1241 ppm.  

ɼʣʷ ʠʟʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠʟʫʤʨʫʜʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʦʙʳʭ ʭʘʨʘʢʪʝʨʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ, ʨʷʜ ʵʣʝʤʝʥʪʦʚ (ʉa, Li  ʠ Mn) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʢʪʦʨʫ ʨʦʩʪʘ 

ʧʠʥʘʢʦʠʜʘ, ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʝʢʪʦʨʫ ʨʦʩʪʘ ʧʨʠʟʤʝ. ɺ ʜʨʫʛʦʤ 

ʩʣʫʯʘʝ, ʩʧʨʘʚʝʜʣʠʚʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʛʜʘ ʨʷʜ ʵʣʝʤʝʥʪʦʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʢʨʘʝʚʦʡ ʟʦʥʝ (ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʠʟʤʳ), ʢʘʢ ʥʘʧʨʠʤʝʨ: Mg, Fe, Rb, Na, Cs, Sc ʠ V. ɺ ʨʷʜʫ ʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʣʠʰʴ Cs, Rb, Sc, Fe ʠ Mg ʠʤʝʶʪ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, 

ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʩʢʦʨʝʝ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʰʴ ʪʝʥʜʝʥʮʠʠ (Gawad et al., 2022). 

4.1.8 ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 4.1 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ (ʧʨʠʟʤʳ {101 0} ʠ ʧʠʥʘʢʦʠʜʘ {0001}) ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʨʷʜ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʦʡʯʠʚʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ʚ ʧʠʨʘʤʠʜʝ ʨʦʩʪʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʨʦʩʪʦʡ ʬʦʨʤʳ (ʨʠʩʫʥʦʢ 4.1.24). ʈʷʜ ʵʣʝʤʝʥʪʦʚ 

(ʥʘʧʨʠʤʝʨ, Ni, Ti, Co) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ 

ʩʝʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʇʦʚʝʜʝʥʠʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (Mn, K, 

F, B ʠ H2ʆ) ʥʝʟʘʢʦʥʦʤʝʨʥʦ.  

ʇʨʦʬʠʣʠ Fe, Sc, Cs, Na ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠʣʠ ʢʨʘʝʚʦʡ ʯʘʩʪʷʭ ʦʪʣʠʯʘʶʪʩʷ çʩʢʘʯʢʦʦʙʨʘʟʥʳʤè 

ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʡ. ʇʨʠ ʵʪʦʤ, ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʝʢʪʦʨ 

ʨʦʩʪʘ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʧʠʥʘʢʦʠʜʘ {0001}, ʘ ʢʨʘʝʚʫʶ ʯʘʩʪʴ ï ʢʘʢ ʩʝʢʪʦʨ ʨʦʩʪʘ ʧʨʠʟʤʳ {1010}. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚʳʜʝʣʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ 
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ʈʠʩʫʥʦʢ 4.1.24 ï ʈʷʜ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ ʦʜʥʦʡ ʠʟ 

ʧʠʨʘʤʠʜ ʨʦʩʪʘ ʧʨʦʩʪʳʭ ʬʦʨʤ ʙʝʨʠʣʣʘ (ʧʨʠʟʤʳ {101 0} ʠʣʠ ʧʠʥʘʢʦʠʜʘ {0001}) 
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ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʣʠʙʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʢʨʘʩʢʠ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʜʨ.), ʣʠʙʦ ʩ ʥʘʣʠʯʠʝʤ ʠ/ʠʣʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝʥʠʡ (ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʠ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ). ʏʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ï Na, Mg, Sc, Rb, ʠ Ca ï ʜʣʷ ʢʦʪʦʨʳʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 

ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚʳʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʢ ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʠʟʤʳ {1010}, ʪʘʢ ʠ ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ {0001}. ɼʣʷ Fe, Ga, Cs, Li 

ʠ Cl ʭʘʨʘʢʪʝʨʥʦ ʩʪʘʙʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʧʨʦʬʠʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʝʢʪʦʨʝ 

ʨʦʩʪʘ ʧʨʠʟʤʳ {1010} ʚ ʠʟʫʯʝʥʥʳʭ ʩʝʯʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ Fe, Ga ʠ Cs (ʯʝʨʥʳʝ ʪʦʯʢʠ 

ʥʘ ʨʠʩʫʥʢʝ 4.1.24), ʘ ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ {0001} ʩʪʘʙʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Li 

ʠ Cl (ʢʨʘʩʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥʢʝ 4.1.24).  

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Ga ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʨʠʟʤʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʦʚʘʣʝʥʪʥʳʤ ʟʘʤʝʱʝʥʠʝʤ Al3+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʥʘ ʠʦʥʳ Ga3+ ʧʦ ʧʨʦʩʪʦʡ ʩʭʝʤʝ 

VIAl 3+ ź VIM3+ (Henry, 2022). ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ Fe ʠ Cs ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ ʯʘʩʪʠʯʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʤʝʱʝʥʠʝʤ Al3+ ʥʘ Fe2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʤʧʝʥʩʘʮʠʝʡ ʙʘʣʘʥʩʘ ʟʘʨʷʜʦʚ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ Cs+ ʚʘʢʘʥʪʥʳʭ ʧʦʟʠʮʠʡ ʚ ʢʘʥʘʣʘʭ ʩʪʨʫʢʪʫʨʳ 

ʙʝʨʠʣʣʘ ʧʦ ʩʭʝʤʝ VIAl 3+ + C  ź VIM2+ + Cʉs+. ʅʘʢʦʧʣʝʥʠʝ Li ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ, 

ʚʦʟʤʦʞʥʦ, ʚʳʟʚʘʥʦ ʚʭʦʞʜʝʥʠʝʤ Li+ ʚ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʥʘ ʤʝʩʪʦ Be2+ (Aurisicchio et al., 

1988), ʣʠʙʦ ʩ ʚʭʦʞʜʝʥʠʝʤ Li+ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʥʘ ʚʘʢʘʥʪʥʳʝ ʧʦʟʠʮʠʠ (Staatz et al., 1965; 

Andersson, 2006). ʌʦʨʤʘ ʠ ʤʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ Cl ʚ ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ ï ʜʠʩʢʫʩʩʠʦʥʥʳʡ ʚʦʧʨʦʩ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʥʘʢʦʧʣʝʥʠʝ Cl ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʧʠʥʘʢʦʠʜʘ ʩʚʷʟʘʥʦ ʩ ʚʭʦʞʜʝʥʠʝʤ ʭʣʦʨʘ ʚ 

ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʙʝʨʠʣʣʘ ʚ ʚʠʜʝ ʤʦʣʝʢʫʣ HCl (Mascovtsev, Solntsev, 2002). 

ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʧʨʠʟʤʳ ʠ ʧʠʥʘʢʦʠʜʘ 

ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʛʨʘʥʝʡ {1010} ʠ {0001} ï 

ʧʦʩʣʦʡʥʳʡ, ʩ ʫʯʘʩʪʠʝʤ ʚʠʥʪʦʚʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ (Sunagawa, Urano, 1999). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠ ʘʢʚʘʤʘʨʠʥʘ ʚʳʩʪʫʧʘʝʪ ʠʭ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ. ʇʠʨʘʤʠʜʳ ʨʦʩʪʘ ʛʨʘʥʝʡ 

ʧʠʥʘʢʦʠʜʘ {0001} ʦʙʦʛʘʱʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Li ʠ Cl, ʧʠʨʘʤʠʜʳ ʨʦʩʪʘ ʛʨʘʥʝʡ ʧʨʠʟʤʳ 

{10 1 0} ï Fe, Ga ʠ ʉs. 

4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ (ʧʦ ʚʩʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ) 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʛʨʫʧʧʘ ʙʝʨʠʣʣʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʘʩʴ ʧʦ ʨʘʟʣʠʯʥʦʡ ʮʚʝʪʦʚʦʡ ʦʢʨʘʩʢʝ, ʘ 

ʟʘʪʝʤ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʠʟʥʘʢ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʣʠʯʘʝʪ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʝʛʦ ʩʚʦʡʩʪʚʘ (ʌʝʢʣʠʯʝʚ, 

1964). ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʛʣʘʚʥʝʡʰʠʝ ʧʨʠʤʝʩʠ ʚ ʙʝʨʠʣʣʝ ï ʱʝʣʦʯʠ (ʠʭ ʩʫʤʤʘ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ɻʠʥʟʙʫʨʛʘ ʠ ɸ.ɸ. ɹʝʫʩʘ). ʆʜʥʘʢʦ, ʢʘʢ 
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ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʤʝʯʝʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺ.ɻ. ʌʝʢʣʠʯʝʚʘ (1964), çʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʝʨʠʣʣʘ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʱʝʣʦʯʝʡ ʩʪʨʘʜʘʶʪ ʥʝʢʦʪʦʨʦʡ ʦʜʥʦʩʪʦʨʦʥʥʦʩʪʴʶ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʧʨʠʤʝʩʠ, ʪʘʢʠʝ ʢʘʢ Fe, Mg, Ca, Cr, Sc.è ʉʣʝʜʫʝʪ 

ʜʦʙʘʚʠʪʴ, ʯʪʦ ʥʘʙʦʨ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʳʡ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʚ ʙʝʨʠʣʣʝ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʙʳʣ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ ʚ ʩʠʣʫ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʪʦʛʦ ʧʝʨʠʦʜʘ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʜʘʥʥʳʭ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʤʝʪʦʜʘ SIMS, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʥʘʙʦʨ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚ ʙʝʨʠʣʣʝ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, 

ʚʢʣʶʯʘʷ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʂʘʢ ʦʪʤʝʯʘʝʪ ɺ.ɻ. ʌʝʢʣʠʯʝʚ (1964), çʧʦʜʨʘʟʜʝʣʝʥʠʝ ʙʝʨʠʣʣʘ, ʦʩʥʦʚʘʥʥʦʝ ʜʘʞʝ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʝʛʦ ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʩʝ ʞʝ ʥʝ ʙʫʜʝʪ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʠ ʪʦʯʥʳʤ, ʝʩʣʠ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʠ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺʝʜʴ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʙʝʨʠʣʣ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʦʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʩʪʨʝʯʘʝʪʩʷ ʙʝʨʠʣʣ ʨʘʟʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʩ ʨʘʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʙʝʨʠʣʣʘ ʧʦ ʚʩʝʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʛʦ ʩʚʦʡʩʪʚ.è ɺ.ɻ. ʌʝʢʣʠʯʝʚ ʧʨʝʜʣʘʛʘʝʪ ʦʧʨʝʜʝʣʷʪʴ ʛʝʥʝʟʠʩ ʙʝʨʠʣʣʘ ʠ ʝʛʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʪʠʧʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʦʡʩʪʚ: ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ. ʂ ʧʦʩʣʝʜʥʠʤ, ʙʝʟʫʩʣʦʚʥʦ, ʦʪʥʦʩʠʪʩʷ ʠ ʦʢʨʘʩʢʘ ʙʝʨʠʣʣʘ. 

ʇʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʷʜʝ ʦʙʦʙʱʘʶʱʠʭ ʨʘʙʦʪ (ʥʘʧʨʠʤʝʨ, ʂʦʩʘʣʩ, ʈʳʣʦʚ, 1977; ʂʫʧʨʠʷʥʦʚʘ, 1989). 

ʆʜʥʘʢʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʦʙʦʙʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪ ʦʢʨʘʩʢʫ ʙʝʨʠʣʣʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ çʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʷʨʢʠʤ 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤè ʜʣʷ ʦʪʣʠʯʠʷ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ. ʎʚʝʪ ʙʝʨʠʣʣʘ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘè, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʠʧʦʤʦʨʬʥʦʛʦ ʧʨʠʟʥʘʢʘ (ʌʝʢʣʠʯʝʚ, 1964). ɺ ʠʟʚʝʩʪʥʳʭ ʦʙʦʙʱʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʩʧʨʘʚʦʯʥʠʢʝ 

çʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚè (ʂʫʧʨʠʷʥʦʚʘ, 1989) ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʝʨʠʣʣʝ ʠʟ çʦʙʳʯʥʳʭ ʛʨʘʥʠʪʥʳʭè ʠ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʛʨʝʡʟʝʥʦʚ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ 

ʧʦʨʦʜ ʙʝʟ ʫʯʝʪʘ ʠʭ ʦʢʨʘʩʢʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʝʛʤʘʪʠʪʳ, 

ʤʠʘʨʦʣʦʚʳʝ ʧʝʛʤʘʪʠʪʳ ʠ ʛʨʝʡʟʝʥʳ) ʪʨʝʙʫʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʜʥʦʡ ʮʚʝʪʦʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 108 ʦʙʨʘʟʮʦʚ 

ʙʝʨʠʣʣʘ (ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʮʝʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʘʤʠ), 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʦʩʥʦʚʥʳʤ ʮʚʝʪʦʚʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. ʅʠʞʝ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ 
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ʙʝʨʠʣʣʘ ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʜʣʷ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 

ʨʝʜʢʠʭ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ 

ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ). 

ɺ ʪʘʙʣʠʮʝ 4.2.1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʜʳ, ʥʝ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ 

ʩʨʝʜʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ (Med). ʊʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ (Min) ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ (Max) ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. ʄʝʨʦʡ ʦʮʝʥʢʠ ʨʘʟʙʨʦʩʘ 

ʟʥʘʯʝʥʠʡ, ʥʘʠʤʝʥʝʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʳʙʨʦʩʦʚ, ʙʳʣ ʤʝʞʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ (IQR), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 75-ʤ ʠ 25-ʤ ʧʨʦʮʝʥʪʠʣʷʤʠ (Sammon, McDonough, 2021). 

ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʤʘʣʳʡ ʜʣʷ ʙʝʨʠʣʣʘ ʵʣʝʤʝʥʪ Mg ʠ ʨʘʩʩʝʷʥʥʳʡ ʵʣʝʤʝʥʪ Ga 

(ʛʝʦʭʠʤʠʯʝʩʢʠʡ çʜʚʦʡʥʠʢè Al) ʚ ʙʝʨʠʣʣʝ ʟʘʤʝʱʘʶʪ Al ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ Y 

(ʂʫʧʨʠʷʥʦʚʘ, 1989; Andersson, 2006; Staatz, et al, 1965). ʇʦ ʩʦʜʝʨʞʘʥʠʶ Cr ʨʝʟʢʦ ʚʳʜʝʣʷʝʪʩʷ 

ʟʝʣʝʥʳʡ ʙʝʨʠʣʣ. ɼʣʷ ʥʝʛʦ ʩʨʝʜʥʝʝ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʤʝʜʠʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ) ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 254 ppm. ɺ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʙʝʨʠʣʣʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

Cr ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1-3 ppm. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 2.8 ppm 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ, ʤʠʥʠʤʘʣʴʥʦʝ 0.7 ppm ï ʜʣʷ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ (ʉʢʫʙʣʦʚ ʠ ʜʨ., 

2022). 

ɿʝʣʝʥʳʡ ʙʝʨʠʣʣ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ V ï 88 ppm. ʉʨʝʜʠ 

ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ V ʚʳʜʝʣʷʝʪʩʷ ʙʝʣʳʡ ʙʝʨʠʣʣ ï 7.0 ppm. ɺ 

ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ V ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.6 ppm (ʢʨʘʩʥʳʡ ʠ ʞʝʣʪʳʡ ʙʝʨʠʣʣ) ʜʦ 

1.8 ppm ʚ ʙʝʩʮʚʝʪʥʳʭ ʙʝʨʠʣʣʘʭ. 

ʉʦʜʝʨʞʘʥʠʝ Ni ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ, ʛʜʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 46 ppm. 

ʉʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Ni ʚʳʜʝʣʷʝʪʩʷ ʟʝʣʝʥʳʡ ʙʝʨʠʣʣ (ʚ ʩʨʝʜʥʝʤ 6.1 ppm), ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʦʜʝʨʞʘʥʠʝ Ni ʚʘʨʴʠʨʫʝʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 0.5 ppm (ʞʝʣʪʳʡ ʙʝʨʠʣʣ) ʜʦ 3.2 ppm (ʙʝʣʳʡ 

ʙʝʨʠʣʣ). 

ʉʦʜʝʨʞʘʥʠʝ Co ʚ ʙʝʨʠʣʣʝ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʘ ʦʜʠʥʘʢʦʚʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʥʝ ʙʦʣʝʝ 1 

ppm. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Sc ʟʘʤʝʪʥʦ ʚʳʰʝ ʚ ʢʨʘʩʥʦʤ, ʟʝʣʝʥʦʤ ʠ ʞʝʣʪʦʤ ʙʝʨʠʣʣʝ (26-43 ppm). 

ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʦʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 3.6-6.3 ppm. 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Mn ï ʚ ʩʨʝʜʥʝʤ 2861 ppm. 

ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ï ʦʪ 77 ʜʦ 93 ppm. 

.  
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ʊʘʙʣʠʮʘ 4.2.1 ï ʉʦʩʪʘʚ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ ʧʦ ʨʝʜʢʠʤ ʠ ʤʘʣrʤ ʵʣʝʤʝʥʪʘʤ 

ʇʨʠʤʝʯʘʥʠʝ. Median - ʩʨʝʜʥʝʝ ʤʝʜʠʘʥʥʦʝ, Min - ʤʠʥʠʤʘʣʴʥʦʝ, Max - ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. IQR - ʤʝʞʢʚʘʨʪʠʣʴʥʳʡ ʜʠʘʧʘʟʦʥ. ʉʦʜʝʨʞʘʥʠʝ 

ʧʨʠʚʝʜʝʥʦ ʚ ppm. 

ʂʦʤʧʦ-

ʥʝʥʪ 

ɿʝʣʝʥʳʡ ʙʝʨʠʣʣ (n = 210) ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ (n = 7) ɺʦʨʦʙʴʝʚʠʪ (n = 42) ɾʝʣʪʳʡ ʙʝʨʠʣʣ (n = 28) 

Median Min Max IQR Median Min Max IQR Median Min Max IQR Median Min Max IQR 

Li  285 11.1 1626 754 264 207 364 99.0 4828 2184 10154 2030 71.4 32.0 186 67.5 

B 0.31 0.01 4.24 0.95 6.44 4.73 15.7 2.81 0.73 0.08 12.0 0.52 0.27 0.08 0.35 0.19 

Na 5065 436 24940 9915 791 178 2908 770 12643 366 19176 4816 517 353 854 305 

Mg 1809 29.4 16213 9922 734 404 944 113 30.5 6.25 166 33.3 11.6 2.32 18.1 6.45 

K 332 43.6 6336 342 1231 854 3371 633 330 133 747 148 78.6 40.5 247 76.3 

Ca 197 9.03 1052 303 194 66.3 391 98.5 97.8 29.4 1764 63.7 43.9 2.96 60.3 18.2 

Sc 34.8 0.63 346 116 43.3 34.8 53.8 5.86 5.32 0.75 43.6 6.72 26.2 1.77 43.2 30.5 

Ti 12.4 1.91 180 12.7 2144 1109 3062 584 8.97 3.60 47.1 9.11 3.74 2.23 93.8 15.1 

V 87.6 0.23 13763 336 0.61 0.40 1.73 0.23 2.14 0.63 12.6 1.14 0.60 0.18 1.98 0.66 

Cr 254 0.59 4387 896 2.78 1.61 3.87 0.63 1.23 0.62 50.0 0.81 0.71 0.13 1.02 0.23 

Mn 77.4 38.1 230 15.5 2861 1949 3366 678 87.1 70.6 175 15.5 74.7 36.2 88.3 4.01 

Fe 1486 27.8 7261 1241 11569 7755 12096 1101 209 27.9 1749 724 1690 1270 4667 514 

Co 0.67 0.06 3.53 0.62 0.42 0.31 0.66 0.21 0.29 0.06 2.56 1.06 0.16 0.06 0.46 0.06 

Ni 6.08 0.38 46.6 7.14 45.8 12.2 78.3 29.6 4.55 0.94 370 20.1 0.47 0.14 5.08 0.52 

Ga 7.93 1.83 47.6 5.04 40.5 28.2 52.8 7.45 10.5 3.29 31.1 6.10 16.9 5.36 33.4 14.6 

Rb 21.5 0.84 189 18.7 433 249 514 129 154 34.4 1043 260 6.53 1.97 87.5 23.0 

Cs 288 3.42 1807 292 2613 1440 3682 834 18990 1147 45332 18819 296 106 1011 466 

Cl 1080 13.7 4350 1609 862 462 3820 614 9926 5381 14437 4198 157 69.8 454 156 

F 9.78 0.09 132 9.85 4.93 2.32 60.3 23.8 1.5 3.65 342 9.10 10.7 7.30 18.5 3.76 

H2O 29575 8407 47072 18355 109 59.1 783 94 34165 20881 53246 9783 12537 10621 15149 2253 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.2.1  

ʂʦʤʧʦ-

ʥʝʥʪ 

ɸʢʚʘʤʘʨʠʥ (n = 130) ɹʝʣʡr ʙʝʨʠʣʣ (n = 48) ɹʝʩʮʚʝʪʥʳʡ ʙʝʨʠʣʣ (n = 29) 

Median Min Max IQR Median Min Max IQR Median Min Max IQR 

Li  108 29.9 2994 305 672 48.2 2056 742 77 9.42 991 125 

B 0.59 0.08 45.1 0.56 0.24 0.09 17.9 0.33 0.45 0.03 4.27 0.45 

Na 1836 378 18827 4660 4009 520 7150 3660 1418 598 5215 960 

Mg 77.9 10.6 13706 1179 289 22.9 2645 1061 806 0.92 3406 1020 

K 135 46.2 1609 123 338 59.3 1507 243 75.7 29.4 759 282 

Ca 67.0 9.07 409 56.1 293 17.6 1008 311 49.8 5.34 164 53.8 

Sc 9.69 1.21 169 30.8 4.77 0.68 270 5.29 2.98 0.92 280 33.6 

Ti 4.37 1.37 593 5.89 10.7 4.32 43.3 4.52 7.84 1.66 292 16.1 

V 1.06 0.26 197 7.96 6.97 0.35 45.3 14.3 1.82 0.16 56.0 17.6 

Cr 1.07 0.35 25 1.87 1.69 0.49 79.1 1.74 1.48 0.48 3.92 0.83 

Mn 78.8 58.4 1165 32.6 86.8 74.2 123 13.6 80.6 65.9 271 29.0 

Fe 2606 446 25544 2018 859 271 3521 1055 1303 65.5 5945 1564 

Co 0.40 0.02 2.91 0.17 0.42 0.12 6.06 0.36 0.25 0.09 0.71 0.10 

Ni 2.18 0.36 31.0 4.94 3.19 0.65 12.2 3.23 1.48 0.45 11.7 0.83 

Ga 13.4 0.95 47.3 8.53 9.19 4.43 20.1 5.98 14.7 3.87 50.0 13.4 

Rb 6.73 0.97 149 18.1 24.6 2.55 81.7 24.2 8.54 0.42 148 34.6 

Cs 196 33.2 4179 274 442 47.1 2840 362 303 0.70 3707 549 

Cl 266 50.1 6606 1127 1541 102 4631 1448 248 5.83 970 369 

F 14.3 0.59 165 29.2 23.4 5.67 616 26.3 6.53 0.21 25.2 6.78 

H2O 18199 8266 53118 13568 24796 14474 34137 6203 13623 2571 32555 7050 

 



99 

ʉʦʜʝʨʞʘʥʠʝ Mg ʤʘʢʩʠʤʘʣʴʥʦʝ ʚ ʟʝʣʝʥʦʤ ʙʝʨʠʣʣʝ (ʚ ʩʨʝʜʥʝʤ 1809 ppm) ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʜʣʷ ʚʦʨʦʙʴʝʚʠʪʘ (31 ppm) ʠ ʛʝʣʠʦʜʦʨʘ (12 ppm). ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Mg 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ï 360-833 ppm. 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣ ʚʳʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Fe (ʚ ʩʨʝʜʥʝʤ 11569 ppm). 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ Fe ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʚ ʘʢʚʘʤʘʨʠʥʝ (2606 ppm). ʄʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʦʨʦʙʴʝʚʠʪʝ (209 ppm). ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

Fe ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1045-1690 ppm. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ti ʜʦʩʪʠʛʘʝʪ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ 2144 ppm ʚ ʢʨʘʩʥʦʤ 

ʙʝʨʠʣʣʝ. ɼʣʷ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 3.7-12 ppm. 

ʂʨʘʩʥʳʡ ʙʝʨʠʣʣʳ ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ga ï ʚ ʩʨʝʜʥʝʤ 41 ppm. 

ɺ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Ga ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 7.1-17 ppm 

(ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022). 

ʂʨʫʧʥʦʠʦʥʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (LILE) ʚʭʦʜʷʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʙʝʨʠʣʣʘ ʚ ʢʘʥʘʣʳ ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʠʟ ʢʨʝʤʥʝʢʠʩʣʦʨʦʜʥʳʭ ʪʝʪʨʘʵʜʨʦʚ (Giuliani, et al, 2019). 

ʉʦʚʤʝʩʪʥʦ ʩ ʵʪʦʡ ʛʨʫʧʧʦʡ ʨʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ Na, ʂ ʠ Ca, ʘ ʪʘʢʞʝ Li, 

ʟʘʤʝʱʘʶʱʝʛʦ Be. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cs (18990 ppm) ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʚʦʨʦʙʴʝʚʠʪʘ. ɺ 

ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ ʩʦʜʝʨʞʘʥʠʝ Cs ʥʠʞʝ ï 2613 ppm. ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʙʝʨʠʣʣʘ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Cs ʚʘʨʴʠʨʫʝʪ ʦʪ 442 (ʙʝʣʳʡ ʙʝʨʠʣʣ) ʜʦ 196 ppm (ʘʢʚʘʤʘʨʠʥʳ). 

ʇʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Rb ʦʪʣʠʯʘʝʪʩʷ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ (ʚ ʩʨʝʜʥʝʤ 433 ppm). ɺ 

ʚʦʨʦʙʴʝʚʠʪʝ Rb ʤʝʥʴʰʝ (ʚ ʩʨʝʜʥʝʤ 154 ppm). ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʦʜʝʨʞʘʥʠʝ Rb ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ ï ʦʪ 29 ʜʦ 6.5 ppm. ʄʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Rb ʦʪʣʠʯʘʶʪʩʷ ʞʝʣʪʳʡ ʙʝʨʠʣʣ ʠ 

ʘʢʚʘʤʘʨʠʥʳ. 

ʉʦʜʝʨʞʘʥʠʝ Na ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ ʚ ʚʦʨʦʙʴʝʚʠʪʝ, ʙʝʣʦʤ ʠ ʟʝʣʝʥʦʤ ʙʝʨʠʣʣʝ (ʚ ʩʨʝʜʥʝʤ ʜʦ 

12643 ppm). ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Na ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʘʩʥʦʛʦ (ʚ ʩʨʝʜʥʝʤ 791 ppm) ʠ 

ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ (517 ppm). 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʂ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ (ʚ ʩʨʝʜʥʝʤ 1231 ppm). ɺ ʦʩʪʘʣʴʥʳʭ 

ʛʨʫʧʧʘʭ ʂ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ï ʦʪ 330 ppm (ʚʦʨʦʙʴʝʚʠʪ) ʜʦ 79 ppm (ʞʝʣʪʳʡ ʙʝʨʠʣʣ). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʘ ʧʦ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʙʝʨʠʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ. ɺ ʙʝʣʦʤ, 

ʟʝʣʝʥʦʤ ʠ ʢʨʘʩʥʦʤ ʙʝʨʠʣʣʝ ʉʘ ʙʦʣʴʰʝ (293-194 ppm) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (90-

44 ppm). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Li ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʚʦʨʦʙʴʝʚʠʪʝ ï 4828 ppm, ʜʘʣʝʝ ʩʣʝʜʫʝʪ 

ʙʝʣʳʡ ʙʝʨʠʣʣ ï 672 ppm. ʄʠʥʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪʤʝʯʝʥʦ ʜʣʷ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ ï 71 

ppm. ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Li ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 285-188 ppm. 
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ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ɺ ʨʘʚʥʦʤʝʨʥʦ ʥʠʟʢʦʝ (ʥʝ ʙʦʣʝʝ 1 ppm) ʜʣʷ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʙʝʨʠʣʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʨʘʩʥʦʛʦ (6.4 ppm). 

ʇʦʤʠʤʦ LILE, ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʥʘʣʳ ʙʝʨʠʣʣʘ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ/ʠʣʠ ʆʅľ 

ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʛʘʣʦʛʝʥʳ (Cl ʠ F). 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ ʚʦʨʦʙʴʝʚʠʪʘ (34165 ppm), 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ (29575 ppm). ɺ ʨʷʜʫ ʙʝʣʳʡ ï ʙʝʩʮʚʝʪʥʳʡ ï 

ʘʢʚʘʤʘʨʠʥʳ ï ʞʝʣʪʳʡ ʙʝʨʠʣʣ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 24796 ʜʦ 12537 ppm. 

ɸʥʦʤʘʣʴʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʦʪʤʝʯʝʥʦ ʜʣʷ ʢʨʘʩʥʦʛʦ ʙʝʨʠʣʣʘ ï ʚʩʝʛʦ ʣʠʰʴ ʥʘ ʫʨʦʚʥʝ 

109 ppm. 

ɺʦʨʦʙʴʝʚʠʪ ʪʘʢʞʝ ʚʳʜʝʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cl (ʚ ʩʨʝʜʥʝʤ 9926 ppm). 

ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ ʞʝʣʪʦʛʦ ʙʝʨʠʣʣʘ (157 ppm). ɺ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧʘʭ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cl ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ 1541-493 ppm. ʉʦʜʝʨʞʘʥʠʝ F ʚʘʨʴʠʨʫʝʪ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 23 (ʙʝʣʳʡ ʙʝʨʠʣʣ) ʜʦ 4.9 ppm (ʢʨʘʩʥʳʡ ʙʝʨʠʣʣ) (ʉʢʫʙʣʦʚ ʠ 

ʜʨ., 2022).  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʘ (ʧʦ ʦʪʜʝʣʴʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ) 

4.2.1 ɿʝʣʝʥʳʡ ʙʝʨʠʣʣ (ʠʟʫʤʨʫʜ)  

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ, ʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʄʠʨʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʳʙʦʨʢʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 210 ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʥʘʣʠʟʦʚ (37 ʦʙʨʘʟʮʘʭ). ɺʳʙʦʨʢʘ ʙʳʣʘ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʘ ʥʘ 

6 ʛʨʫʧʧ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʫʯʝʪʦʤ ʧʦʩʣʝʜʥʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠʟʫʤʨʫʜʘ (Giuliani et al., 2019), ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʨʠʣʣʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʧʨʘʚʦʯʥʠʢʝ çʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚè: 1. ʀʟʫʤʨʫʜ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʋʨʘʣʴʩʢʠʭ ʠʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ ʧʨʝʜʩʪʘʚʣʝʥ 90 ʘʥʘʣʠʟʘʤʠ (ʦʙʨʘʟʮʳ 12, 23, 24, 25, 26, 27, 37, 409, 

410, 411 ï ʨʠʩʫʥʦʢ 4.2.1, 4.2.2), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʠʧʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʤʨʫʜʦʥʦʩʥʳʤʠ ʩʣʶʜʠʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ (ɻʘʚʨʠʣʴʯʠʢ ʠ ʜʨ., 2021). 2. ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ 

ʈʦʩʩʠʠ ʠ ʄʠʨʘ (ʢʨʦʤʝ ɽʛʠʧʪʘ) ʧʨʝʜʩʪʘʚʣʝʥ 49 ʘʥʘʣʠʟʘʤʠ (ʦʙʨʘʟʮʳ, 88 ï ʩʣʶʜʦʥʦʩʥʳʝ 

ʧʝʛʤʘʪʠʪʳ; 11, 16, 17, 41, 42, 67, 85, 200 ï ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʝʛʤʘʪʠʪʳ; 13, 15, 66 - 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʡ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʧʝʛʤʘʪʠʪ; 9, 8, 28, 43, 54- ʭʨʫʩʪʘʣʝʥʦʩʥʳʝ ʧʝʛʤʘʪʠʪʳ; ï 

ʨʠʩʫʥʦʢ 4.2.3, 4.2.4). 3. ʀʟʫʤʨʫʜ ʠʟ ʪ.ʥ. ʌʘʨʘʦʥʦʚʳʭ ʢʦʧʝʡ ɽʛʠʧʪʘ, ʨʘʡʦʥ Wadi Nugrus, ʖʛʦ-

ɺʦʩʪʦʯʥʘʷ ʇʫʩʪʳʥʷ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 32 ʘʥʘʣʠʟʘʤʠ (ʦʙʨʘʟʮʳ 63, 64, 303 ï ʨʠʩʫʥʦʢ 4.2.5). 

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ (Gawad et al., 2022). ʕʪʠ ʘʥʘʣʠʟʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ 

ʦʪʜʝʣʴʥʫʶ ʦʪ ʧʝʛʤʘʪʠʪʦʚ ʛʨʫʧʧʫ, ʧʦʪʦʤʫ ʯʪʦ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (Khaleal et al., 2022 ʠ ʩʩʳʣʢʠ 

ʪʘʤ) ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ, ʚʦʟʤʦʞʥʦ, ʛʝʥʝʪʠʯʝʩʢʫʶ, ʩʚʷʟʴ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ (ʩʣʶʜʷʥʳʤʠ ʩʣʘʥʮʘʤʠ). 4. ʀʟʫʤʨʫʜ ʠʟ Sn-W ʠ Mo-Be ʛʨʝʡʟʝʥʦʚ 
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ʂʘʟʘʭʩʪʘʥʘ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ 26 ʪʦʯʢʘʭ (ʦʙʨʘʟʮʳ 10, 71, 72, 80, 84 ï ʨʠʩʫʥʦʢ 4.2.6). 5. 

ʀʟʫʤʨʫʜ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud, ʨʘʡʦʥ Eidsvoll, ʶʛʦ-ʚʦʩʪʦʢ ʅʦʨʚʝʛʠʠ (ʦʙʨʘʟʝʮ 65) ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ 9 ʪʦʯʢʘʭ (ʨʠʩʫʥʦʢ 4.2.7). ɼʣʷ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʩʚʟ̫ʴ ʩ ʚʤʝʱʘʶʱʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ (Rondeau et al., 2008), ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ 

ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʝʛʦ ʢ ʊʠʧʫ 1B ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠʟʫʤʨʫʜʘ (Giuliani et al., 2019) ʠ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʧʣʫʪʦʥʦʛʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʞʠʣʘʤʠ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ.  

 

ʈʠʩʫʥʦʢ 4.2.1 ï ʌʦʪʦʛʨʘʬʠʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ (ʩ ʥʠʞʥʝʡ ʧʦʜʩʚʝʪʢʦʡ) ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 
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ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). ʅʦʤʝʨ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʫʢʘʟʘʥ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ 

ʜʣʷ ʢʘʞʜʦʛʦ ʟʝʨʥʘ. ʅʦʤʝʨʘ ʪʦʯʝʢ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8  

 

ʈʠʩʫʥʦʢ 4.2.2 ï ʌʦʪʦʛʨʘʬʠʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ (ʩ ʥʠʞʥʝʡ ʧʦʜʩʚʝʪʢʦʡ) ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ) 

 

ʈʠʩʫʥʦʢ 4.2.3 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

 ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8 
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ʈʠʩʫʥʦʢ 4.2.4 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8 

 

ʈʠʩʫʥʦʢ 4.2.5 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8 
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ʈʠʩʫʥʦʢ 4.2.6 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8 

 

ʈʠʩʫʥʦʢ 4.2.7 ï ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʨʠʣʣʘ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʘʥʘʣʠʟʘ (ʜʠʘʤʝʪʨ ʚʥʝ ʤʘʩʰʪʘʙʘ). 

ʅʦʤʝʨʘ ʪʦʯʝʢ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʶ ɺ.8 
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6. ʀʟʫʤʨʫʜ ʠʟ ʂʦʣʫʤʙʠʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʫʟʦ (ʦʙʨʘʟʝʮ 47 ï ʨʠʩʫʥʦʢ 4.2.7) ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʚ 4 ʪʦʯʢʘʭ. ʂʦʣʫʤʙʠʡʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʤʨʫʜʦʚ ʷʚʣʷʶʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ. ʀʭ ʛʝʥʝʟʠʩ ʩʚʷʟʘʥ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʣʶʠʜʦʚ 

ʥʘ ʚʤʝʱʘʶʱʠʝ ʦʩʘʜʦʯʥʳʝ (ʢʘʨʙʦʥʘʪʥʳʝ) ʧʦʨʦʜʳ. ʇʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʭ ʦʪʥʦʩʷʪ ʢ 

ʊʠʧʫ IIB (Giuliani et al., 2019), ʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʀ.ʀ. ʂʫʧʨʠʷʥʦʚʦʡ ʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʧʣʫʪʦʥʦʛʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʞʠʣʘʤʠ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ/ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ (ʪʘʙʣʠʮʘ 4.2.1), ʟʝʣʝʥʳʡ ʙʝʨʠʣʣ ʦʞʠʜʘʝʤʦ 

ʚʳʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ-ʭʨʦʤʦʬʦʨʦʚ (Cr ʠ V). ɼʣʷ ʥʝʛʦ 

ʪʘʢʞʝ ʬʠʢʩʠʨʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Mg ʠ ʧʦʚʳʰʝʥʥʦʝ ï Ni ʠ Sc (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʜʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ 

ʧʨʦʪʦʣʠʪʦʤ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʩʪʫʧʘʶʪ ʩʣʶʜʠʪʳ, ʙʦʛʘʪʳʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ Mg ʚʳʰʝ ʚ ʟʝʣʝʥʦʤ ʙʝʨʠʣʣʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʩʣʘʥʮʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʣʫʤʙʠʡʩʢʦʛʦ ʪʠʧʘ (Popov et al., 2021). 

ʉʨʝʜʠ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʣʴʢʦ ʜʣʷ Na, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʠ ʣʝʪʫʯʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʥʝʤ 

ʫʨʦʚʥʝ, ʘ ʩʦʜʝʨʞʘʥʠʝ Cs ï ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʨʠʣʣʘ 

(ʉʢʫʙʣʦʚ ʠ ʜʨ., 2022).  

ʅʠʞʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ (ʧʨʠʣʦʞʝʥʠʝ ɺ.8) ʧʦ 

ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʠʟʫʤʨʫʜʘ, ʩ ʫʯʝʪʦʤ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʛʨʫʧʧʳ (ʩʤ. ʚʳʰʝ). ɺ ʢʘʯʝʩʪʚʝ 

ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʘʨʳ 

ʵʣʝʤʝʥʪʦʚ, ʣʠʙʦ ʪʠʧʦʤʦʨʬʥʳʭ ʜʣʷ ʠʟʫʤʨʫʜʦʚ, ʣʠʙʦ ʟʘʥʠʤʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦʟʠʮʠʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʙʝʨʠʣʣʘ. 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Cr ʠ V ï ʜʚʫʭ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʭʨʦʤʦʬʦʨʦʚ ʜʣʷ ʠʟʫʤʨʫʜʘ (ʨʠʩʫʥʦʢ 

4.2.9), ʦʙʱʘʷ ʚʳʙʦʨʢʘ ʘʥʘʣʠʟʦʚ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ. ʄʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Cr ʠ V ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʫʤʨʫʜ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʙʝʟ ʷʚʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 

1.4 ppm, V ï 4.0 ppm. ʇʨʠ ʵʪʦʤ ʦʙʘ ʵʣʝʤʝʥʪʘ-ʭʨʦʤʦʬʦʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ (r = 0.85). ɼʣʷ ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʩʦʜʝʨʞʘʥʠʝ Cr ʥʝ ʧʨʝʚʳʰʘʝʪ 3 

ppm, V ï ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1-10 ppm. Cr/V ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.50. ʀʟʫʤʨʫʜʳ, 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʛʨʫʧʧʝ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʭʨʦʤʦʬʦʨʦʚ (Cr ʦʪ 0.7 ppm ʜʦ 933 ppm; V ʦʪ 1.7 ʜʦ 203 ppm).  

ʀʟʫʤʨʫʜ ʠʟ ʩʣʶʜʠʪʦʚ ʋʨʘʣʴʩʢʠʭ ʀʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʫʤʨʫʜʘ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʠ V, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 
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ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 4.2.9). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 

83.5 ppm, V ï 50.9 ppm. ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʦʙʨʘʟʫʝʪ ʚʳʪʷʥʫʪʫʶ ʧʦʣʦʩʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʠʥʪʝʨʚʘʣʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦ Cr ï ʦʪ 10 ʜʦ 4000 ppm, ʧʦ V ï ʦʪ 10 ʜʦ 700 ppm. Cr 

ʠ V ʜʣʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʪʘʢʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (r = 0.90). Cr/V 

ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2.08.  

ʀʟʫʤʨʫʜ ʠʟ ʛʨʝʡʟʝʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʠ V (ʚ ʩʨʝʜʥʝʤ 1424 ʠ 

239 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʱʝʛʦ ʪʨʝʥʜʘ 

ʜʣʷ ʠʟʫʤʨʫʜʦʚ ʠʟ ʩʣʶʜʠʪʦʚ ʋʨʘʣʘ. Cr/V ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 9.1.  
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ʈʠʩʫʥʦʢ 4.2.8 ï ʉʦʦʪʥʦʰʝʥʠʝ Cr ʠ V ʜʣʷ ʠʟʫʤʨʫʜʘ. ɿʜʝʩʴ ʠ ʥʘ ʨʠʩʫʥʢʘʭ 4.2.9-4.2.15 ʧʦʢʘʟʘʥ 

ʩʦʩʪʘʚ ʠʟʫʤʨʫʜʘ ʠʟ: 1) ʩʣʶʜʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʴʩʢʠʭ ʠʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ; 2) ʤʠʘʨʦʣʦʚʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʄʠʨʘ; 3) ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʠ ʄʠʨʘ; 4) ʨʝʜʢʦʟʤʝʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ; 5) 

ʩʣʶʜʦʥʦʩʥrʭ ʧʝʛʤʘʪʠʪʦʚ ʄʘʤʩʢʦ-ʏʫʡʩʢʦʡ ʧʨʦʚʠʮʠʠ; 6) ʛʨʝʡʟʝʥʦʚ ʂʘʟʘʭʩʪʘʥʘ; 7) ʪ.ʥ. 

ʌʘʨʘʦʥʦʚʳʭ ʢʦʧʝʡ ɽʛʠʧʪʘ, ʨʘʡʦʥ Wadi Nugrus, ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʇʫʩʪʳʥʷ; 8) ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

Byrud, ʨʘʡʦʥ Eidsvoll, ʶʛʦ-ʚʦʩʪʦʢ ʅʦʨʚʝʛʠʠ; 9) ʂʦʣʫʤʙʠʠ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ ʦʪʣʠʯʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ Cr (ʦʪ 580 ʜʦ 1390 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 838 ppm) ʠ V (ʦʪ 230 ʜʦ 

460 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 354 ppm). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 
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ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʦ (ʨʠʩʫʥʦʢ 4.2.8). Cr/V ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 2.44, ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ Cr ʠ V (r = 0.48). ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʘʥʘʣʠʟʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʱʝʛʦ ʪʨʝʥʜʘ ʜʣʷ ʠʟʫʤʨʫʜʦʚ ʠʟ ʩʣʶʜʠʪʦʚ ʋʨʘʣʘ. 

ʀʟʫʤʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud (Eidsvoll, ʶʛʦ-ʚʦʩʪʦʢ ʅʦʨʚʝʛʠʠ) ʨʝʟʢʦ ʚʳʜʝʣʷʝʪʩʷ ʩʨʝʜʠ 

ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ V (ʦʪ 5200 ʜʦ 13800 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 

6216 ppm). ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʦʙʦʩʦʙʣʝʥʳ ʦʪ ʦʙʱʝʛʦ ʪʨʝʥʜʘ ʩʦʩʪʘʚʦʚ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʫʤʨʫʜʦʚ. ʉʦʜʝʨʞʘʥʠʝ Cr ʚ ʥʝʤ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ (ʦʪ 800 ʜʦ 

1900 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 898 ppm). Cr/V ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0.14, 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʘ ʢ ʠʜʝʘʣʴʥʦʡ (r = 0.99). 

ʀʟʫʤʨʫʜ ʠʟ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʦʣʫʤʙʠʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ Cr ʠ V ʙʣʠʟʦʢ ʢ 

ʠʟʫʤʨʫʜʫ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ. ɺ ʥʝʤ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Cr ʩʦʩʪʘʚʣʷʝʪ 1073 ppm, V ï 370 

ppm. Cr/V ʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3.05, ʜʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (r = 0.58). 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Sc ʠ Na (ʨʠʩʫʥʦʢ 4.2.9) ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʨʫʧʧʳ ʠʟʫʤʨʫʜʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʠʟʫʤʨʫʜ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ (Sc ʚ ʩʨʝʜʥʝʤ 201 ppm, Na ï ʚ ʩʨʝʜʥʝʤ 15220 ppm), ʦʙʨʘʟʫʶʱʠʡ ʢʦʤʧʘʢʪʥʦʝ  
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ʈʠʩʫʥʦʢ 4.2.9 ï ʉʦʦʪʥʦʰʝʥʠʝ Sc ʠ Na ʜʣʷ ʠʟʫʤʨʫʜʘ 

ʧʦʣʝ ʥʘ ʛʨʘʬʠʢʝ. ʀʟʫʤʨʫʜ ʠʟ ʛʨʝʡʟʝʥʦʚ ʠ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud ʪʘʢʞʝ ʦʪʣʠʯʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Sc (ʚ ʩʨʝʜʥʝʤ 127 ʠ 91.6 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʦ ʧʨʠ ʤʝʥʴʰʝʤ 
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ʩʦʜʝʨʞʘʥʠʠ Na (ʚ ʩʨʝʜʥʝʤ 1797 ʠ 743 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʵʪʦʤ ʠʟʫʤʨʫʜ ʠʟ ʛʨʝʡʟʝʥʦʚ 

ʦʪʣʠʯʘʝʪʩʷ ʚʘʨʠʘʮʠʷʤʠ ʚ ʩʦʜʝʨʞʘʥʠʠ Sc ʠ Na, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʠʟʫʤʨʫʜ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥ ʚ ʦʪʥʦʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ Na (Sc ʚ ʥʝʤ ʪʘʢʞʝ ʚʘʨʴʠʨʫʝʪ). ʀʟʫʤʨʫʜ ʠʟ 

ʩʣʜʁʠʪʦʚ ʋʨʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Sc (ʦʪ 1 ʜʦ 100 ppm 

ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 9.99 ppm), ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Na (ʦʪ 4000 ʜʦ 25000 

ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 5715 ppm). ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʠʤʝʝʪ ʩʭʦʞʝʝ ʩʦ ʩʣʶʜʠʪʘʤʠ 

ʩʦʜʝʨʞʘʥʠʝ Sc (ʚ ʩʨʝʜʥʝʤ 24.5 ppm), ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ Na (ʚ ʩʨʝʜʥʝʤ 2397 

ppm). ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʠʟʫʤʨʫʜʘ ʢʘʢ ʠʟ ʩʣʶʜʠʪʦʚ, ʪʘʢ ʠ ʠʟ ʦʙʱʝʡ ʛʨʫʧʧʳ 

ʧʝʛʤʘʪʠʪʦʚ, ʦʙʨʘʟʫʶʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ, ʥʦ ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ, ʧʦʣʷ ʥʘ ʜʠʘʛʨʘʤʤʝ 

(ʨʠʩʫʥʦʢ 4.2.9). ʇʨʠ ʵʪʦʤ ʚʥʪʫʨʠ ʛʨʫʧʧʳ ʧʝʛʤʘʪʠʪʦʚ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ, ʦʪʚʝʯʘʶʱʠʝ 

ʠʟʫʤʨʫʜʘʤ ʠʟ ʤʠʘʨʦʣʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʧʝʨʝʩʝʢʘʶʪʩʷ ʩ ʧʦʣʷʤʠ ʪʦʯʝʢ ʠʟʤʨʫʜʦʚ ʠʟ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ. ʀʟʫʤʨʫʜ ʠʟ ʂʦʣʫʤʙʠʠ ʧʦʧʘʜʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 

ʮʝʥʪʨ ʜʠʘʛʨʘʤʤʳ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 34.0 ppm ʜʣʷ Sc ʠ 2247 ppm ʜʣʷ Na. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʷ Cs ʠ Mg (ʨʠʩʫʥʦʢ 4.2.10) ʧʦʣʷ ʩʦʩʪʘʚʦʚ ʠʟʫʤʨʫʜʘ ʠʟ 

ʩʣʶʜʠʪʦʚ ʠ ʦʙʱʝʡ ʛʨʫʧʧʳ ʧʝʛʤʘʪʠʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʩʝʢʘʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʠʟʫʤʨʫʜ 

ʠʟ ʩʣʶʜʠʪʦʚ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙ·ʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg (ʚ ʠʥʪʝʨʚʘʣʝ 1000-13000 ppm).  
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ʈʠʩʫʥʦʢ 4.2.10 ï ʉʦʦʪʥʦʰʝʥʠʝ Cs ʠ Mg ʜʣʷ ʠʟʫʤʨʫʜʘ 

ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Mg ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 50-2000 ppm. ʇʦ 

ʩʦʜʝʨʞʘʥʠʶ Cs ʵʪʠ ʜʚʝ ʛʨʫʧʧʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ 100-1500 ppm. ʀʟʫʤʨʫʜ ʠʟ 
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ʛʨʝʡʟʝʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Mg (ʚ ʠʥʪʝʨʚʘʣʝ 170-1800 ppm) ʠ 

ʧʦʥʠʞʝʥʥʳʤ Cs ï ʜʠʘʧʘʟʦʥ 70-270 ppm. ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʜʣʷ 

ʛʨʝʡʟʝʥʦʚ, ʩʦʜʝʨʞʘʥʠʝ Cs, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ Mg ï ʦʢʦʣʦ 1400 ppm. ʀʟʫʤʨʫʜ 

ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud ʠ ʂʦʣʫʤʙʠʠ ʚʳʜʝʣʷʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Cs ï 28.1 ʠ 3.65 ppm, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʫ ʠʟʫʤʨʫʜʘ ʠʟ ʂʦʣʫʤʙʠʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Mg (ʚ ʩʨʝʜʥʝʤ 

1985 ppm). 

ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ Rb ʠ Fe ʨʝʟʢʦ ʚʳʜʝʣʷʝʪʩʷ ʢʦʣʫʤʙʠʡʩʢʠʡ ʠʟʫʤʨʫʜ (ʨʠʩʫʥʦʢ 4.2.11). ɼʣʷ 

ʥʝʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ï ʦʢʦʣʦ 1 ppm ʜʣʷ Rb ʠ ʚ ʩʨʝʜʥʝʤ  
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ʈʠʩʫʥʦʢ 4.2.11 ï ʉʦʦʪʥʦʰʝʥʠʝ Rb ʠ Fe ʜʣʷ ʠʟʫʤʨʫʜʘ 

155 ppm ʜʣʷ Fe. ɼʣʷ ʠʟʫʤʨʫʜʘ ʠʟ ʦʙʱʝʡ ʛʨʫʧʧʳ ʧʝʛʤʘʪʠʪʦʚ, ʠʟ ʛʨʝʡʟʝʥʦʚ ʠ ʠʟ ʫʨʘʣʴʩʢʠʭ 

ʩʣʶʜʠʪʦʚ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ Rb ʠ Fe. ɺ 

ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʩʦʜʝʨʞʘʥʠʝ Rb ʚʘʨʴʠʨʫʝʪ ʧʨʠʤʝʨʥʦ ʦʪ 3 ʜʦ 100 ppm. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ Fe ʧʨʠʩʫʱʝ ʠʟʫʤʨʫʜʫ ʠʟ ʧʝʛʤʘʪʠʪʦʚ, ʥʘʠʤʝʥʴʰʝʝ ï ʠʟʫʤʨʫʜʫ ʠʟ ʩʣʶʜʠʪʦʚ, 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʤʝʞʜʫ ʥʠʤʠ ï ʠʟʫʤʨʫʜʫ ʠʟ ʛʨʝʡʟʝʥʦʚ. ʀʟʫʤʨʫʜʳ ʠʟ ʙʠʤʝʪʘʣʴʥʳʭ ʛʨʝʡʟʝʥʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ Rb ʠ Fe ʪʘʢʞʝ ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʪʝʨʘ. ʀʟʫʤʨʫʜ ʠʟ ʙʝʨʠʣʣ-

ʤʦʣʠʙʜʝʥʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ʦʙʦʛʘʱʝʥ Rb ʠ Fe, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʫʤʨʫʜʦʤ ʠʟ ʚʦʣʴʬʨʘʤ-

ʤʦʣʠʙʜʝʥʦʚʳʭ ʛʨʝʡʟʝʥʦʚ. ʀʟʫʤʨʫʜ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ 

ʠʟʫʤʨʫʜʘ ʠʟ ʩʣʶʜʠʪʦʚ. ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ ʪʷʛʦʪʝʝʪ ʢ ʧʦʣʶ ʠʟʫʤʨʫʜʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ. 
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ɼʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ Li ʠ ʚʦʜʳ (ʨʠʩʫʥʦʢ 4.2.12) ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʩʧʝʮʠʬʠʢʫ ʩʦʩʪʘʚʘ ʠʟʫʤʨʫʜʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ ï ʦʙʣʘʩʪʴ ʠʭ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʥʝ 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʩ ʧʦʣʷʤʠ, ʟʘʥʠʤʘʝʤʳʤʠ ʜʨʫʛʠʤʠ ʛʨʫʧʧʘʤʠ.  ɺ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ Li  ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 50 ʜʦ 200 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 154 ppm. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʚ 

ʠʥʪʝʨʚʘʣ ʦʪ 36300 ʜʦ 47100 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 41180 ppm.  

ʂ ʧʦʣʶ ʝʛʠʧʝʪʩʢʦʛʦ ʠʟʫʤʨʫʜʘ ʧʨʠʤʳʢʘʝʪ ʧʦʣʝ ʠʟʫʤʨʫʜʘ ʠʟ ʩʣʶʜʠʪʦʚ ʋʨʘʣʘ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Li, ʠ ʤʝʥʴʰʠʤ ï ʚʦʜʳ. ʉʦʜʝʨʞʘʥʠʝ Li ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 260 ʜʦ 

1700 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 838 ppm. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ ʦʪ 25100 ʜʦ 

43600 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 32468 ppm. ʆʙʝ ʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʪʨʝʥʜ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʪʠʷ ʠ ʚʦʜʳ (r = ï0.54 ʜʣʷ ʠʟʫʤʨʫʜʘ ɽʛʠʧʪʘ, r 

= ï0.73 ʜʣʷ ʫʨʘʣʴʩʢʦʛʦ ʠʟʫʤʨʫʜʘ). ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʘʢʦʝ ʩʭʦʜʩʪʚʦ ʥʝʩʣʫʯʘʡʥʦ. ɻʝʥʝʟʠʩ 

ʙʝʨʠʣʣʦʥʦʩʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ʇʫʩʪʳʥʠ ɽʛʠʧʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

ʩʣʶʜʷʥʳʭ ʩʣʘʥʮʝʚ (Khaleal et al., 2022). 
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ʈʠʩʫʥʦʢ 4.2.12 ï ʉʦʦʪʥʦʰʝʥʠʝ Li ʠ H2O ʜʣʷ ʠʟʫʤʨʫʜʘ 

ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ (ʢʨʦʤʝ ʝʛʠʧʝʪʩʢʠʭ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʠʡ ʨʘʟʙʨʦʩ ʩʦʩʪʘʚʘ ʧʦ 

ʣʠʪʠʶ ʠ ʚʦʜʝ, ʧʝʨʝʩʝʢʘʷʩʴ ʩ ʧʦʣʝʤ ʫʨʘʣʴʩʢʦʛʦ ʠʟʫʤʨʫʜʘ (ʨʠʩʫʥʦʢ 4.2.12). ɼʣʷ ʠʟʫʤʨʫʜʘ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ʩʦʜʝʨʞʘʥʠʝ Li ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 20 ʜʦ 1000 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 128 

ppm. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ ʦʪ 8400 ʜʦ 39400 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 21993 
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ppm. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʡ ʛʨʫʧʧʳ ʠʟʫʤʨʫʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʪʠʷ ʠ 

ʚʦʜʳ ʧʦʣʦʞʠʪʝʣʴʥʘʷ (r = 0.72). 

ʀʟʫʤʨʫʜ ʠʟ ʛʨʝʡʟʝʥʦʚ, ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud ʠ ʢʦʣʫʤʙʠʡʩʢʠʡ ʠʟʫʤʨʫʜ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʣʠʪʠʷ, ʠ ʚʦʜʳ (Li  ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

10-60 ppm, ʚʦʜʘ, ʚ ʦʩʥʦʚʥʦʤ, ï ʚ ʠʥʪʝʨʚʘʣʝ 15000-20000 ppm). ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʠʟʫʤʨʫʜ ʠʟ ʙʝʨʠʣʣ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʫʤʨʫʜʘ ʠʟ ʚʦʣʴʬʨʘʤ-

ʤʦʣʠʙʜʝʥʦʚʳʭ ʛʨʝʡʟʝʥʦʚ ʧʦʥʠʞʝʥr ʤ ʩʦʜʝʨʞʘʥʠʝʤ Li (16.2 ʠ 49.3 ppm, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʇʦʢʘʟʘʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʩʦʦʪʥʦʰʝʥʠʷ Cl ʠ ʚʦʜʳ (ʨʠʩʫʥʦʢ 4.2.13). ʉʫʤʤʘʨʥʦ 

ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʦʙʨʘʟʫʶʪ ʩʚʦʝʛʦ ʨʦʜʘ çʚʝʝʨè, ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʦʪ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cl ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʷ ʫʨʘʣʴʩʢʦʛʦ ʠʟʫʤʨʫʜʘ (ʦʪ 550 ʜʦ 4350 

ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 1864 ppm). ʀʟʫʤʨʫʜ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ɽʛʠʧʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʘ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 1064 ppm, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʦʚʘʪʴ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʦʠʭ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʠʟʫʤʨʫʜʘ ʠʟ ʛʨʝʡʟʝʥʦʚ, ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Byrud ʠ ʜʣʷ ʢʦʣʫʤʙʠʡʩʢʦʛʦ 

ʠʟʫʤʨʫʜʘ. ɼʣʷ ʠʟʫʤʨʫʜʘ ʠʟ ʧʝʛʤʘʪʠʪʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʘʤʳʝ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʭʣʦʨʘ ï ʦʪ 10 ʜʦ 1750 ppm ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 1750 ppm, ʯʪʦ ʦʪʨʘʞʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ʬʣʶʠʜʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ. 
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ʈʠʩʫʥʦʢ 4.2.13 ï ʉʦʦʪʥʦʰʝʥʠʝ Cl ʠ H2O ʜʣʷ ʠʟʫʤʨʫʜʘ 
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʟʝʣʝʥʦʛʦ ʙʝʨʠʣʣʘ (ʠʟʫʤʨʫʜʘ) ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʨʠʩʫʥʦʢ 4.2.14), ʩ ʫʯʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʘʢʣʶʯʝʥʠʝ. ɿʝʣʝʥʳʡ ʙʝʨʠʣʣ ʠʟ 

ʧʝʛʤʘʪʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Cr, V, Mg ʠ Na, 

ʧʦʚʳʰʝʥʥʳʤ ï Fe ʠ Ga. ɹʝʨʠʣʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʬʣʶʠʜʦʚ ʥʘ ʩʣʶʜʷʥʳʝ ʩʣʘʥʮʳ, ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, Cl, 

Na, Li ʠ Mg; ʥʘ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ï ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ, Cl, Cs, Li ʠ Fe, 

ʧʦʚʳʰʝʥʥʳʤ ï Cr ʠ V.  

 

ʈʠʩʫʥʦʢ 4.2.14 ï ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠʟʫʤʨʫʜʘ ʨʘʟʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. 

ɿʜʝʩʴ ʠ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʨʠʩʫʥʢʘʭ ʥʠʞʝ ʧʦʢʘʟʘʥʳ: çʷʱʠʢè ï ʵʪʦ ʤʝʞʢʚʘʨʪʠʣʴʥʳʡ ʨʘʟʤʘʭ IQR 

(Q3-Q1), ʪʦʯʢʦʡ ʚʥʫʪʨʠ çʷʱʠʢʘè ï ʤʝʜʠʘʥʘ, çʫʩʘʤʠè ï ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʙʝʟ ʚʳʙʨʦʩʦʚ  














































































































































































